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Abstract

Investment and innovative development of industrial enterprises is driven by the 
influence on the sensitive indicators of their activity, which characterize technolog-
ical singularity. Therefore, it is expedient to define them using adequate economic 
and mathematical methods that will identify the development and growth points 
that are characterized by the accumulation of information and are a manifestation 
of singularity. The purpose of the article is to determine the main sensitive indica-
tors of the investment and innovative development of industrial enterprises, which 
are the points of technological singularity. The article proposes conceptual provi-
sions for evaluating the investment-innovation activity of enterprises as a basis 
for their development. These provisions consider the activity of economic entities 
according to three states (functioning, growth, and development); evaluation of 
investment and innovation activities, both individually and in conjunction with 
the official statistical reporting of enterprises using a well-founded minimum suf-
ficient system of partial indicators defined through the multidimensional factor 
analysis and combined into integral and summarizing indicators; determination of 
technological singularity points as a result of prediction of partial and summariz-
ing indicators’ values via the neural networks method. A methodological approach 
is developed to substantiate the technological singularity points, the managerial 
influence on which is provided by the development of enterprises. The method-
ological approach is based on considering the investment-innovation activity non-
linearity, both explicit and latent tendencies of development, situationality and 
variability of its goals, strategic orientation and possible technological singularity 
of an enterprise. The proposals submitted were implemented based on statistical 
reports of the machine-building enterprises for 2014–2018.
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INTRODUCTION

Current socio-economic processes are characterized by volatility, 
randomness, riskiness, dynamism, and increased changes in their 
trends. This applies to all aspects of modern economics and man-
agement, namely, financial-economic, social, innovative, technical, 
technological, which can be considered as a certain manifestation 
of singularity that is closely analyzed by scientists. Therefore, it is 
necessary to carefully investigate the subject areas of singularity in 
economics and management related to investment and innovation 
processes.
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1. LITERATURE REVIEW

Many scientists have investigated the singular-
ity (Caragliu, de Bo, & Nijkamp, 2009; Kurzweil, 
2008; Lombardi et al., 2012; Nicolescu, 2016; 
Vinge, 1993, among others). They note that singu-
larity manifests itself in the case of critical accu-
mulation of experience and information, that is 
information is a leading singularity feature.

Komninos (2006), Giffinger et al. (2007), Hollands 
(2008), and Caragliu et al. (2009) emphasize the 
importance of accumulating information for the 
development of socio-economic systems, given 
the economic viability of its possible trajectories, 
which contributes to the creation of knowledge, 
digital structures and managerial decisions.

Lombardi et al. (2012) focus on the inclusiveness 
and improvement of socio-economic systems 
through the functioning of universities, industry 
structures, and government. Giffinger et al. (2007) 
hold the similar opinion. They emphasize the im-
portance of industry, training, and technological 
infrastructure that contribute to the singularity of 
socio-economic systems.

According to More and Vita-More (2013), the 
accumulation of complexity and volume of in-
formation and innovation disrupts the tradi-
tional course of life processes of simple, and 
most importantly, complex systems, which is a 
singularity. Munoz and Naqvi state that unique 
human characteristics, namely consciousness, 
intelligence, creativity, peculiar response to the 
demands of survival, evolutionary conditioning 
and human behavior, create the complexity of 
life as a process and system. On this basis, it is 
possible to draw an analogy with an enterprise, 
which is also advisable to consider as a function-
al dynamic system, which requires the use of 
not only material but also intangible resources, 
whose key role is constantly growing in achiev-
ing the technological singularity. According to 
Munoz and Naqvi (2017), the field of artificial 
intelligence prevails currently in the “technolog-
ical sky”, which attracts large investments and is 
characterized by significant results in their use. 
A clear distinction is made between heterono-
mous machines (those not capable of learning 
or adaptation) and autonomous machines with 

the prevalence of the former, which activates the 
singularity processes.

Along with the proponents of the singularity, 
there are scholars who do not recognize its exist-
ence and influence. One of the first scientists to 
doubt the existence of the singularity was Nicolas 
de Condorcet, the French mathematician of the 
18th century, the philosopher and revolutionary. 
In his 1794 essay “Sketch for a Historical Picture 
of the Progress of the Human Mind”, he stated that 
nature has not given any definition of the human 
ability perfection, that human perfection is truly 
uncertain, and that the progress of that perfection, 
henceforth independent of any force that might 
want to stop it, has no limit but the duration of the 
globe to which nature threw us (Condorcet, 1794, 
p. 5). In various fields of science, however, there 
are more supporters of singularity than critics.

The concept of singularity (its special aspects) is 
common in many fields of science and technology 
and is characterized by a certain specificity and vari-
ety. Summarizing the thoughts of many prominent 
scientists, one can conclude that there are different 
types of singularities, namely, cosmological, gravita-
tional, mathematical, biological, and technological.

Kurzweil (2005) emphasizes the importance of bi-
ological singularity for human development and 
suggests that innovative advances will allow hu-
mans to protect their bodies from the effects of 
aging and to make their life expectancy limitless. 
He argues that technological advances in med-
icine will allow us to constantly renew and re-
place defective body components, extending life 
to an indefinite age, as evidenced by the achieve-
ments in biomedical engineering. In addition, the 
achievements in bioengineering will continue to 
be extended to other industries, such as food, light 
industry, etc. Therefore, progressive innovation is 
gradually accelerated and limited by the exclusive-
ly existing human brain intelligence, which has 
not changed fundamentally over the millennia.

As to the enterprises’ activity, they tend to have a 
technological singularity, which is related to in-
vestment and innovation activity and causes, due 
to investment, the emergence, use and diffusion of 
innovations in general and technological innova-
tions in particular.
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The “technological singularity” term was origi-
nally adopted by Vinge (1993), the mathematician 
and scientist, who argued that artificial intelli-
gence, that is biological human enhancement or 
brain-computer interfaces, could be the possible 
causes of the singularity. He outlined the main 
ways in which singularities would be associated 
with the development of computer networks and 
the human interface.

Nicolescu (2016), Vinge (1993), and Kurzweil 
(2005) considered technological singularity as a 
hypothetical event in which artificial intelligence 
would be capable of recursive self-improvement or 
autonomous creation of smarter and more power-
ful machines than it is itself, up to an intellectual 
explosion that generates intelligence going beyond 
all current human control or understanding. That 
is why technological singularity characterizes in-
novation processes and their financial support, that 
is, investment processes and investment activities.

Many authors have linked singularity to obser-
vations of the exponential growth of innovations 
in different technologies, using such observations 
as a basis for predicting that singularity is likely 
to occur in our century. Kurzweil (2008) predicts 
that the singularity will occur about 2045, and 
according to Vinge (1993), this will take place 
around 2030.

Labunska et al. (2019) argue that the lack of meth-
odological approaches to analyzing the effective-
ness of innovative projects hinders innovation 
promotion in the Ukrainian market. The lack of 
appropriate methodological approaches results in 
companies abandoning innovations due to uncer-
tainty of the final economic results, which should 
be interpreted as having a singularity. This is im-
portant to ensure the development of enterprises, 
but not sufficient to achieve technological singu-
larity, which is impossible without the efficient use 
of investment resources.

Ponomarenko and Gontareva (2017) conducted an 
analysis that shows the reduction of the number of 
innovative enterprises by reducing the sources of 
financing from the state and big business, which 
makes it impossible to achieve technological sin-
gularity by other enterprises.

According to Nordhaus (2015), singularity can 
arise both from the demand side and the sup-
ply side that result from the substitution of 
high growth rates of inputs or outputs as well 
as the abandonment of traditional resources. 
Concerning the demand, the author emphasiz-
es that the singularity will happen if the benefits 
are such that the consumption costs will increase 
in the high-performance industries. Concerning 
the supply, Nordhaus (2015) believes that the sin-
gularity will be reached if production is charac-
terized by a sufficient degree of substitutability to 
allow the input volume to rapidly improve infor-
mation capital, which will contribute to the im-
provement of all other types of capital. All this 
will eventually lead to the rapid development of 
enterprises.

Thus, the technological singularity is clos-
est to the field of economics and management. 
Considering the singularity as a foreseeable short 
period of extremely rapid technological progress, 
which is supported by the vast majority of scien-
tists in substantial terms, it is important to find 
a state of innovation processes that would en-
courage the active introduction of innovation by 
business entities. In this aspect, the technolog-
ical singularity is the point in time after which 
progress becomes too active and incomprehen-
sible to humans, and therefore uncontrollable. 
This idea was first described by Friedrich Engels 
(1861), who believed that science moves forward 
in proportion to the bulk of knowledge it inher-
ited from the previous generation. According to 
Engels, the rate of progress increases in propor-
tion to the square of the distance in time from its 
occurrence. 

The time between events is shrinking rapidly, in-
dicating the theoretical possibility and correct-
ness of the statement. So when will the singu-
larity point come? That is the point on the time 
stream that started the technological singularity, 
a scientific breakthrough. In the context of an 
enterprise, it can be interpreted as the value of 
indicators of investment and innovation activity, 
which will provide and achieve significant results 
in the activation of innovation activity, that is, 
the indicators most sensitive to changes, increas-
ing the values of which will allow the company 
to achieve the best results with the lowest costs 
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in the short run. Given the assumption about the 
management process, the values of these indica-
tors can be considered as singularity points.

Thus, the gradual investment and innovative de-
velopment of industrial enterprises is the basis 
for achieving technological singularity. Therefore, 
there is an essential need to substantiate concep-
tual provisions and develop a methodological ap-
proach to determine the results of investment and 
innovative development of industrial enterprises, 
which will contribute to its activation and accel-
erate the achievement of technological singularity.

Aims

The main purpose of the article is to identify the 
key sensitive indicators of investment and innova-
tion activity that can significantly accelerate it at 
the level of economic entities, that is, to provide 
a singularity manifestation that can be justified 
based on the refinement of conceptual provisions 
and a methodological approach to investment and 
innovation activity assessment.

2. RESEARCH METHODOLOGY

To achieve the purpose of the research, a system 
of general scientific and special methods and ap-
proaches was used, in particular: abstract-logi-
cal and structural-logical analysis was employed 
to substantiate conceptual provisions of evalu-
ating investment and innovative activity of an 
enterprise; multidimensional factor analysis and 
cluster analysis methods – to develop a meth-
odological approach to evaluating investment 
and innovation activities in their relationship 
as to industrial enterprises; additive convolu-
tion method was used to estimate integral indi-
cators of investment and innovation activity of 
enterprises and to summarize integral index of 
their investment and innovation activity; neu-
ral networks were applied to determine sensitive 
indicators of investment and innovation activi-
ty, which can be considered as singularity points, 
and to predict the quantitative values of the 
summarizing integral indicator of investment 
and innovation activity of industrial enterpris-
es; graphical method was applied to demonstrate 
the results of the study.

A methodological approach to the evaluation of in-
vestment and innovation activity of enterprises to 
ensure reliability and validity should be based on 
the proven conceptual provisions. Therefore, the 
article presents substantiated basic conceptual pro-
visions for the evaluation of investment and inno-
vation activity of enterprises (Figure 1), whose pe-
culiarities lie in taking into account the nonlinearity 
of its course; focusing (basing) on the official statis-
tical reporting of the enterprise, which ensures the 
accuracy and objectivity of the evaluation; taking 
into account both explicit and latent trends; the use 
of a summarizing integral indicator that allows to 
take into account the situationality and variability 
of the goals of investment and innovation activity 
and strategic orientation of the enterprise.

Given the conceptual provisions of the evaluating 
investment and innovation activity of enterprises, 
the main features of the methodological approach, 
which should be taken into account, are as follows:

• the reliability and objectiveness of the esti-
mates, which can be ensured by using official 
statistical reporting of enterprises as official 
sources of data;

• comparability of the initial information that 
can be achieved by logarithmization of the in-
dicator values, or their representation through 
the relative share (specific gravity) model to a 
certain basic value;

• combining partial indicators that characterize 
certain features of investment and innovation 
activities into an integral indicator, taking in-
to account the impact of each partial indicator 
on the course of a certain type of activity and 
comparing it with the best (reference) value of 
the corresponding partial indicator achieved 
by other similar (according to key economic 
indicators) enterprises;

• the main method allowing for distinguish-
ing explicit and latent tendencies inherent in 
a certain activity is a multidimensional factor 
analysis; to identify groups of homogeneous 
enterprises, a multidimensional cluster anal-
ysis should be used; and to calculate the inte-
gral indicator for each enterprise, an additive 
convolution method is employed.
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Taking into account the peculiarities noted, the 
main stages of the proposed methodological ap-
proach to the evaluation of investment and inno-
vation activity are the following:

• identifying primary partial indicators that 
accurately and objectively characterize a par-
ticular activity; 

• identifying multiple correlation relationships 
between selected partial indicators to elimi-
nate duplication of information; 

• using multivariate factor analysis to reduce 
the number of partial indicators and to identi-

fy the most significant ones for evaluating the 
relevant activity;

• forming a sound system of indicators for eval-
uating the investment and innovation activity 
of enterprises;

• calculation of significance coefficients for 
each partial indicator of investment and inno-
vation activity according to its factor loading;

• grouping enterprises into clusters by using 
cluster analysis according to influential par-
tial indicators, which are determined as a re-
sult of multi-dimensional factor analysis, to 

Figure 1. The main conceptual provisions for assessing  

the investment and innovation activity of enterprises

Critical points in assessing investment 
and innovation activity of enterprises

Life activity in general, like an investment 
and innovation activity, is a non-linear and 
dynamic process

Investment and innovation activities (as 
complex processes) are analyzed separately 
in the external and internal environment of 
economic entities at the microeconomic 
level to identify main trends and their 
correlation using quantitative and 
qualitative assessment methods

The predominant characteristics of both 
inputs and output estimates are reliability 
and objectiveness achieved by using official 
statistical reporting of business entities on 
all economic levels and adequate 
assessment methods for the subject and 
object of research

Partial indicators of investment 
and innovation activities are integrated into 
integral ones taking into account the 
influence of each partial index on the course 
of complete business. Investment and 
innovation activities are assessed taking into 
account their integral indicators that are 
combined into the summarizing integral 
indicator given the importance of each 
activity for the selected activity 
implementation

The calculated value of the summarizing 
integral indicator is predicted for the 
required period, but not less than a year, via 
the neural networks, which are determined 
and approximated by the algorithmic 
construction of human thinking

The most sensitive indicators of investment 
and innovation activities characterize the 
singularity points, the influence on which 
will allow for intensifying innovation 
introduction and providing them with 
sufficient investment resources. This will 
contribute to the enterprise development 
in accordance with the life trajectory
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allocate homogeneous groups of enterprises 
in order. This is done to increase the validi-
ty of benchmarks chosen to calculate the in-
tegral index of a certain type of activity of 
each enterprise in a homogeneous group of 
enterprises for a certain period (one year in 
this case);

• interpreting values of integral and summariz-
ing indicators of investment and innovation 
activity of enterprises for making sound man-
agement decisions about their progress;

• predicting the values of the summarizing in-
dicator of investment-innovation activity and 
identifying their most sensitive indicators as 
singularity points for managerial influence in 
order to intensify investment and innovation 
processes.

The methodological approach to assessing invest-
ment and innovation activity was applied to a set 
of machine-building enterprises of the Kharkiv 
region, which had positive financial results, car-
ried out investment activity and developed, pro-
duced and sold innovative products for industrial 
and technical purposes.

3. EMPIRICAL RESULTS

In order to evaluate investment activity, the fol-
lowing partial indicators have been used, which 
characterize the activity and can be calculated 
using the forms of official statistical reporting 
during the last 5 years: x

1 
is the share of fixed 

capital investment in the total capital; x
2
 is the 

share of equity investment in equity funds; x
3
 

is the share of capital investment in total capi-
tal; x

4
 is the share of capital investment in equity 

funds; x
5 

is the share of tangible investment in 
the total amount of capital investment; x

6
 is the 

share of investment in advertising in the total 
amount of investment in innovation; x

7
 is the 

share of investment in innovations in the total 
amount of capital investment; x

8
 is the share of 

investment in computer hardware and software 
in the total amount of intangible investments; x

9
 

is the share of intangible investment in the total 
value of non-current assets; x

10
 is the share of 

intangible investment in the total value of assets.

Accordingly, it is proposed to use the following 
set of partial indicators to estimate innovation 
based on reporting statistics: X

1
 is the share of 

investment in innovation in total capital; X
2
 is 

the share of equity investment in total capital; X
3
 

is the share of R&D expenditure in total innova-
tion costs; X

4
 is the share of the costs on machin-

ery, equipment and software related to the imple-
mentation of innovation, in the total amount of 
innovation costs; X

5
 is the share of inventors and 

innovators in the average number of staff; X
6
 is 

the share of own investments in technological 
innovations in the total amount of innovation 
expenses; X

7
 is the share of budget investment 

in technological innovations in the total volume 
of investment in innovations; X

8
 is the share of 

domestic investors’ investment in the total inno-
vation expenses; X

9
 is the proportion of foreign 

investors’ investment in the total cost of innova-
tions; X

10
 is the share of shipped innovative prod-

ucts in the total volume of sales; X
11 

is the share 
of the shipped products, characterized by sig-
nificant technological changes or re-introduced 
within three years, in the total volume of the 
products shipped; X

12
 is the share of the shipped 

products, for which the manufacturing process 
has been improved, in the total volume of the 
shipped products; X

13
 is the share of transmitted 

new technologies in Ukraine in the total amount 
of technologies transmitted; X

14
 is the share of 

transmitted new technologies abroad in the to-
tal amount of technologies transmitted; X

15
 is the 

share of new products in total production; X
16

 is 
the proportion of new products put up for export 
in the total amount of new products.

As is commonly known, the socio-economic phe-
nomenon can be characterized by several fea-
tures. With a significant set of such features in 
the correlation-regression analysis, detecting and 
interpreting the impact of the ties become diffi-
cult. Therefore, according to Pliuta (1980), there 
is a need for compaction of information, that is, 
the description of the phenomenon (object) inves-
tigated using more integrated indicators, the so-
called “key components”. Correlation matrix con-
tains the initial information needed for inclusion 
of indicators in the evaluation. Based on this ma-
trix, using the principal component method, the 
evaluation of values of the studied indicators (fea-
tures) can be continued.
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In order to reduce the initial data, the most in-
formative factors that form the main components 
have been identified. The universal integrated sys-
tem STATISTICA 12 was used for this purpose. 
While using the multidimensional factor analysis, 
it is possible to investigate the structure of the rela-
tionship between variables and reduce the number 
of regressors, that is, indicators in the model.

The use of the Varimax Factor Rotation Method 
made the factors easy for interpretation because it 
allowed minimizing the number of variables with 
high factor loading while maintaining the factor 
orthogonality. As a result, the main components 
were selected according to the indicator of total 
(cumulative) dispersion, namely 84.4029% by in-

vestment activity (Table 1) and 73.848% according 
to innovation activity (Table 2).

Factor loading with the value not exceeding 0.7 
is the criterion for selecting and including a par-
tial indicator in the system of indicators to evalu-
ate investment (Table 3) and innovative (Table 4) 
activities.

The structure of the components as to highlight-
ing important partial indicators of the investment 
activity is the following: component І (investment 
in information support for innovations): x

6 
– the 

share of investment in advertising in the total 
amount of investment in innovation; x

7 
– the share 

of investment in innovations in the total amount 

Table 1. Dispersion and eigenvalues of main components of the investigated enterprises’ investment 
activity

Component Eigenvalue
Total dispersion 

percentage, %
Cumulative eigenvalue Cumulative percentage 

of total dispersion, %

І 2.9270 29.2703 2.9270 29.2703

ІІ 2.2088 22.0884 5.1359 51.3587

ІІІ 1.8231 18.2314 6.9590 69.5901

ІV 1.4813 14.8128 8.4403 84.4029

Table 2. Dispersion and eigenvalues of the main components of the investigated enterprises’ 
innovation activities

Component Eigenvalue
Total dispersion 

percentage, %
Cumulative eigenvalue Cumulative percentage 

of total dispersion, %

І 2.3866 23.8660 2.3866 23.8660

ІІ 1.8955 18.9550 4.2821 42.8210

ІІІ 1.43569 14.3569 5.7178 57.1780

ІV 0.9382 9.3820 6.6560 66.5600

V 0.51669 5.1669 7.1727 71.7270

VІ 0.21210 2.1210 7.3848 73.8480

Table 3. Factor loading of investment activity indicators of machine-building enterprises  
of the Kharkiv region

Indicator
Component

І ІІ ІІІ ІV
The share of fixed capital investment in the total capital (x

1
) –0.1237 0.9343 0.0228 0.0115

The share of equity investment in equity funds (x
2
) 0.0247 0.0957 –0.0165 0.9648

The share of capital investment in total capital (x
3
) –0.0519 0.9351 0.0823 0.0986

The share of capital investment in equity funds (x
4
) 0.0808 0.0066 –0.0147 0.9690

The share of tangible investment in the total amount of capital investment (x
5
) –0.6501 0.2987 –0.0526 0.0060

The share of investment in advertising in the total amount of investment in 
innovation (x

6
)

0.9568 –0.0610 0.1668 0.0584

The share of investment in innovations in the total amount of capital 
investment (x

7
)

0.9562 –0.0596 0.1679 0.0593

The share of investment in computer hardware and software in the total 
amount of intangible investments (x

8
)

0.4319 0.3494 –0.1936 0.1324

The share of intangible investment in the total value of non-current assets (x
9
) 0.0934 0.0428 0.9785 –0.0103

The share of intangible investment in the total value of assets (x
10

) 0.1941 0.0438 0.9665 –0.0215
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of capital investment; component ІІ (investment in 
fixed capital): x

1 
– the share of fixed capital invest-

ment in the total capital; x
3
 – the share of capital 

investment in total capital; component ІІІ (intan-
gible investment): x

9
 – the share of intangible in-

vestment in the total value of non-current assets; 
x

10 
– the share of intangible investment in the total 

value of assets; component ІV (equity investment): 
x

2
 – the share of equity investment in equity funds; 

x
4 
– the share of capital investment in equity funds.

Accordingly, the structure of each component for 
highlighting important partial indicators of inno-
vation activity is as follows: component І (market-
ing of products in domestic and foreign markets): 
Х

10 
– the share of shipped innovative products in 

the total volume of sales; Х
15

 – the share of new 
products in total production; Х

16
 – the propor-

tion of new products put up for export in the to-
tal amount of new products; component ІІ (R&D 
investment): Х

8
 – the share of domestic investors’ 

investments in the total innovation expenses; Х
9
 – 

the proportion of foreign investors’ investment in 
the total cost of innovations; Х

3
 – the share of R&D 

expenditure in total innovation costs; component 
ІІІ (purchase and upgrade of machines, equip-
ment and software): Х

4
 – the share of the costs on 

machinery, equipment and software related to the 
implementation of innovation, in the total amount 
of innovation costs; component ІV (introduction 
of technology innovations and their promotion 
to foreign markets): Х

11
 – the share of the shipped 

products, characterized by significant technologi-
cal changes or re-introduced within three years, 
in the total volume of the products shipped; Х

14
 – 

the share of transmitted new technologies abroad 
in the total amount of technologies transmitted; 
component V (availability of competent special-
ists for innovation activities): Х

5
 – the share of in-

ventors and innovators in the average number of 
staff; component VІ (promotion of technological 
innovations in domestic markets): Х

13
 – the share 

of transmitted new technologies in Ukraine in the 
total amount of technologies transmitted.

Thus, the indicators resulting from the multivari-
ate factor analysis are such that accurately and ob-
jectively characterize the investment and innova-

Table 4. Factor loadings of innovation activity indicators of machine-building enterprises  
of the Kharkiv region

Indicator
Component

І ІІ ІІІ ІV V VI
The share of investment in innovation in total capital (Х

1
) –0.2409 –0.0788 0.6454 0.0702 –0.1475 –0.1444

The share of equity investment in total capital (Х
2
) –0.1808 –0.1364 0.4688 –0.0952 –0.0168 0.1337

The share of R&D expenditure in total innovation costs (Х
3
) –0.0074 0.8458 0.0191 0.0464 0.0306 0.2090

The share of the costs on machinery, equipment, and software related to the 
implementation of innovation, in the total amount of innovation costs (Х

4
)

–0.0903 –0.0189 0.9026 0.0276 –0.0633 0.0136

The share of inventors and innovators in the average number of staff (Х
5
) 0.1506 –0.2011 –0.1618 0.1342 0.8823 0.0888

The share of own investments in technological innovations in the total 
amount of innovation expenses (Х

6
)

0.0096 0.0778 0.6419 0.0252 0.6653 0.1740

The share of budget investment in technological innovations in the total 
volume of investment in innovations (X

7
)

0.0023 0.1074 0.5212 0.0362 0.5272 0.1693

The share of domestic investors’ investments in the total innovation 
expenses (Х

8
)

0.0968 0.7061 –0.0222 0.4564 –0.1390 –0.0234

The proportion of foreign investors’ investment in the total cost of 
innovations (Х

9
)

0.1278 0.7454 –0.0803 0.2658 –0.1543 0.0977

The share of shipped innovative products in the total volume of sales (Х
10

) 0.9634 0.0068 –0.0945 –0.0241 0.0571 0.1095

The share of the shipped products, characterized by significant technological 
changes or re-introduced within three years, in the total volume of the 
products shipped (Х

11
)

0.2290 0.2927 0.1066 0.7164 –0.0771 0.2343

The share of the shipped products, for which the manufacturing process has 
been improved, in the total volume of the shipped products (Х

12
)

0.0792 0.3751 0.2257 –0.4273 0.5231 –0.3497

The share of transmitted new technologies in Ukraine in the total amount of 
technologies transmitted (Х

13
)

0.1532 0.1901 0.0617 –0.0203 0.1099 0.8986

The share of transmitted new technologies abroad in the total amount of 
technologies transmitted (Х

14
)

–0.0336 0.1659 0.0215 0.8475 0.2025 –0.1533

The share of new products in total production (Х
15

) 0.9634 0.0068 –0.0945 –0.0241 0.0571 0.1095

The proportion of new products put up for export in the total amount of 
new products (Х

16
)

0.7849 0.1835 0.1242 0.3008 0.2759 –0.1328
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tion activities for the set of the studied enterpris-
es, and they should be included in the system of 
its evaluation as partial indicators, which make it 
possible to calculate the integral indicators of in-
vestment and innovation activities.

To maintain reliability and objectivity, when com-
paring indicators in the process of evaluating in-
vestment and innovation activities, it is advisable to 
group the enterprises into homogeneous groups by 
indicators allocated as a result of multidimensional 
factor analysis. This will allow calculating their in-
tegral indicators of investment and innovation ac-
tivities as relative values within the 0 to 1 intervals, 
and that is preferred when approaching 1. 

The use of the tree clustering method (hierarchi-
cal clustering) made it possible to determine the 
number of clusters in the set of machine-building 
enterprises of the Kharkiv region, whose invest-
ment and innovation activities are being investi-
gated. Subsequent use of the k-means clustering 
allows determining the structure of clusters of ho-
mogeneous machine-building enterprises of the 
Kharkiv region. The k-means clustering method is 
the most widespread and most studied of all clus-
tering techniques. The prevalence of the k-means 
method is due to its principal advantages: sim-
plicity, flexibility, fast convergence. The k-means 
method is implemented on the principle of a sin-
gle bond (the close neighbor method), which in-
volves joining an enterprise to a cluster if it is close 
to at least one representative of this cluster by the 
studied indicators. The cluster structure of the 
machine-building enterprises of the Kharkiv re-
gion is shown on the dendrogram (Figure 2).

Using the k-means method made it possible to cre-
ate six clusters by investment activity at the most 
and four related enterprise clusters according to 
innovation activity.

As the results of multidimensional factor analysis 
determined significant indicators to characterize 
investment and innovation activities, and the re-
sults of cluster analysis grouped the companies by 
the similarity of the results in investment and in-
novation activities, their integral evaluation was 
conducted using the integral indicators of each 
activity calculated through the additive convolu-
tion method:

1

,
m

ink
n i

i ienk

x
I w

x=

= ⋅∑  (1)

where nI  is an integral indicator of corresponding 
activity of the n  enterprise; m  is the number of 
partial indicators of the corresponding activity of 
the enterprise; iw  is a significance factor of the i  
partial indicator of corresponding activity; inkx  is 
the value of the i  partial indicator of correspond-
ing activity of the n  enterprise of the k  cluster; 

ienkx  is the value of the i  partial benchmark of 
corresponding activity of the n  enterprise of the 
k  cluster.

As the benchmark, its best value among the enter-
prises that have been included in the cluster dur-
ing the survey year is selected.

To determine the significance factors of the partial 
indicators, they are normalized by factor loadings, 
which allows to avoid the influence of subjective 
factors on the study results and to obtain a quan-
titative assessment, taking into account the objec-
tive impact of each indicator on the phenomenon 
under study:

1

,i
i m

i

f
w

f
=

=

∑
 (2)

where iw  is a significance factor of the i partial 
indicator of corresponding activity, which is influ-
ential; if  is the factor loading of the i partial fac-
tor of corresponding activity, which is influential.

While using the same methodology, a summariz-
ing integral indicator of investment and innova-
tion activity is calculated. It should be borne in 
mind that not only partial but integrated indica-
tors for each activity are integrated to determine it. 
For this purpose, the additive convolution meth-
od was used with factor loadings normalization of 
all partial indices that participated in the previous 
calculations.

While identifying the singularity points, it is im-
portant to determine not so much the retrospective 
values of the summarizing integral indicator of in-
vestment and innovation activity as the predictive 
ones and on their basis, the performance indicators 
that are most sensitive to changes in the course of 
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the enterprises’ investment and innovation activi-
ty. Particularly partial indicators that are sensitive 
to changes can be considered as singularity points 
of investment and innovation activity. Since neural 
networks are the closest method to human think-
ing algorithms that can be used to justify the pres-
ence of singularity points, the values of this indi-
cator, taking into account the partial indicators of 
investment and innovation activity, selected as a 
result of using the multivariate factor analysis as in-
put, is forecasted using the method.

The above method has the following principal ad-
vantages: an approximation to cognitive thinking, 
the ability to learn models, taking into account the 
management process non-linearity, which corre-
sponds to the conceptual provisions of assessing 
investment and innovation activities. According 
to Kizim, Iastremska, and Senchukov (2007), it 
is expedient to use Statistica Neural Networks 
(StatSoft Inc.), an application software package, 
which provides a wide choice of different types of 
neural networks. Neural network models for the 

Figure 2. The dendrogram constructed based on investment and innovation activity indicators

b) according to the innovation activity indicators

а) according to the investment activity indicators
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surveyed industrial enterprises have also been de-
signed and investigated in order to determine the 
most suitable model for predicting a summarizing 
integral index.

Partial indicators of investment and innovation 
activity, resulting from a multidimensional factor 
analysis, were used as input indicators of the mod-
els, while the output index was a summarizing in-
tegral indicator of investment and innovation ac-
tivity. In the interactive mode, using the Sensitivity 
Analysis module, based on the analysis of sensitiv-
ity to each of the input indicators, the most suita-
ble neural network models are constructed.

In total, 24 neural network models were formed: 
three models of radial-basis functions, six linear, 
and 15 models of a multilevel perceptron. The pref-
erence for the number of nonlinear multilevel per-
ceptron models corresponds to the conceptual po-
sition of evaluating investment and innovation ac-
tivity with respect to its nonlinearity and dynamics.

By comparing error values, model efficiency, num-
ber of indicators and latent layers, the best mul-
tilevel perceptron model number 24 was selected. 
The model has an error value of 0.03903, 18 input 
indicators, one latent layer consisting of nine indi-
cators, model efficiency value of 0.4317142; given 
characteristics confirm its adequacy to the phe-

nomenon investigated, namely innovation and 
investment activity. The best model characteriz-
es investment-innovation activity as complex and 
non-linear, which confirms sound conceptual 
provisions for its evaluation.

The quality of the selected model is proved by the 
indicators presented in Table 5. They testify to the 
possibility to qualitatively use it while forecasting 
a summarizing integral indicator of investment 
and innovation activity.

Such indicators are the correlation coefficient of 
0.957343, the Error S.D. to Data S.D. ratio (ration-
ality coefficient), characterizing the error to the 
model informativeness (0.389) ratio.

Comparison of error, efficiency, and sensitivity 
rates allowed us to make a rational decision on the 
type of neural network model to predict the sum-
marizing integral indicator of investment and in-
novation activity.

The sensitivity of the partial indicators is present-
ed in Table 5. It is advisable to use these indicators 
when making managerial decisions on improving 
the results of investment and innovation activity 
and its development by changing their quantitative 
values; that is, the identified indicators are the tech-
nological singularity points of economic entities’ life.

Table 5. Quality characteristics of the multilevel perceptron model
Characteristic Code name Value

The mean value of the output DataMean 0.29687

The mean square deviation of the output values Data S.D. 0.0698253

Output mean error ErrorMean 5.524e-06
The mean square deviation of the output’s error values Error S.D. 0.02786

The absolute average error of the output’s value Abs E. Mean 0.00961

The Error S.D. to Data S.D. ratio S.D. Ratio 0,389
Correlation coefficient Correlation 0.957343

Table 6. Rank, calculation error and indicator sensitivity of the selected multilevel perceptron model
Characteristic Х

1
Х

2
Х

3
Х

4
Х

6
Х

7
Х

9
Х

10

Partial indicators of the investment activity
Rank 4 7 10 14 15 16 5 13

Error 0.0183 0.0169 0.0145 0.0132 0.0131 0.0125 0.0180 0.0134

Ratio 1.4923 1.3798 1.1837 1.0776 1.0677 1.0183 1.4674 1.0966

Partial indicators of the innovation activity
Characteristic Х

3
Х

4
Х

5
Х

9
Х

10
Х

11
Х

13
Х

14
Х

15
Х

16

Rank 6 18 17 9 3 2 1 11 12 8

Error 0.0173 0.0124 0.0124 0.0146 0.0184 0.0191 0.0363 0.0139 0.0138 0.0157

Ratio 1.4092 1.0095 1.0141 1.1937 1.5026 1.5557 2.9637 1.1344 1.1277 1.2835
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Thus, in accordance with the singularity points, 
enterprises generally need to pay attention to 
managing the most sensitive indicators, i.e. the 
management of innovation processes, namely in-
dicators such as the share of transmitted new tech-
nologies in Ukraine in the total number of trans-
mitted technologies (rank 1), the share of shipped 
products that have undergone significant techno-
logical changes or been reintroduced within three 
years, in the total volume of goods shipped (rank 
2); the share of shipped innovative products in to-
tal sales (rank 3). The identified indicators char-
acterize the technological singularity of enterprise 
operation and prove the predominance of innova-
tion for their development. Managing them will 
allow enterprises to improve their investment and 
innovation performance.

In accordance with the quantitative values of the 
model quality criteria, the main of which is the 
sensitivity of the input indicators (Table 1), and 
the Ratio value greater than 1, the feasibility of us-
ing the proposed partial indicators to evaluate the 
investment-innovation activity is confirmed and 
the validity of the performance indicators of in-
vestment and innovation activities is also verified.

Table 6 presents the forecast values of the summa-
rizing integral indicator of investment and inno-
vation activity of enterprises for 2019.

Analyzing the predicted values of the summarizing 
integral index of investment and innovation activ-
ity of industrial enterprises, one can conclude that 
the tendency of their change is ambiguous. At eight 
enterprises, these values will deteriorate if they do 
not develop investment and innovation activity 
projects, which confirms the decrease in quantita-
tive values of summarizing integral indicator.

To make sound management decisions based on 
the evaluation of investment and innovation ac-
tivity, quantitative values of the summarizing in-
tegral indicator of investment and innovation ac-
tivity should be classified into qualitative levels. 
According to Kizim, Iastremska, and Senchukov 
(2007), it is expedient to use the Harrington scale 
adapted to the economic conditions in Ukraine, 
which was developed for machine-building 
enterprises.

The use of fuzzy set theory provisions for con-
structed membership functions, which charac-
terize the boundaries of clear and fuzzy intervals, 
gives the following levels: from 0 to 0.19 – low, 
from 0.19 to 0.30 – medium or low, from 0.30 to 
0.37 – medium, from 0.37 to 0.56 – high or medi-
um and from 0.56 to 1.0 – a high level.

Since the implementation of fuzzy intervals makes 
it difficult to make managerial decisions about the 

Table 7. Predictive value of the summarizing integral indicator of investment and innovation activity 
of enterprises for 2019 using the multilevel perceptron model

Enterprise The summarizing integral indicator value

Kharkiv Bearing Plant 0.3593

Electromashina 0.3220

Kharkiv Machine-tool Building Plant 0.1580

Kharkivskyi Elektroaparatnyi Zavod 0.1915

HELZ PUBJSC 0.3070

Vovchansk Standard Unit Plant 0.4104

Kharkiv Tractor Plant 0.2735

Transzv’yazok, Kharkiv Electrical Engineering Plant 0.2611

Promzv’yazok, PAT 0.3220

Svitlo Shakhtaria Kharkiv Machine Building Plant 0.2176

Frunze Kharkiv Plant 0.1862

KHZSHP 0.2223

Teploautomat R&D enterprise 0.4238

TPK NOVA, Togoviy Dim 0.2849

Merefa mechanical plant 0.2675

Turboatom, Open Joint-Stock Company 0.3148

FED, Kharkiv Machine Building Plant 0.3416

Ukrpolitekhservis Private R&D enterprise 0.1884

Kupiansk Machine Building Plant 0.1516
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direction of changes in investment and innovation 
activity, it is advisable to move to clear intervals of 

“low”, “medium” and “high” via splitting fuzzy in-
tervals into the congruent segments. This can be 
done in accordance with the typical distribution 
of membership functions. Thus, the limits of clear 
intervals of qualitative levels of the summarizing 
indicator of investment and innovation activity of 
enterprises are as follows: low level – [0.0–0.245], 
medium [0.245–0.455], high [0.455–1.0]. Using 
the presented limits of clear intervals of the sum-
marizing integral index of investment and inno-

vation activity, the studied enterprises, according 
to its forecast values, will be distributed as follows: 
eight enterprises fall into the interval of low sum-
marizing integral indicator (42.1%), 11 enterprises 
get themselves to the medium level (57.89%). This 
distribution confirms the need to improve the 
results of investment and innovation activities 
and the desire for their development. This can be 
achieved by developing special measures that will 
contribute to the achievement of the main goal – 
the development of investment and innovation 
activities.

CONCLUSION

Given theoretical generalization of research on singularity, technological singularity, peculiarities of 
investment-innovation activity and development, conceptual provisions for estimating investment-in-
novation activity are grounded, taking into account nonlinearity and dynamics of their course and 
singularity in manifestation. The proposed conceptual provisions are the basis for the developed meth-
odological approach to evaluating the investment and innovation activities of enterprises.

A methodological approach to the evaluation of investment and innovation activity of the enterprise is 
proposed, which allows determining the main most sensitive indicators of investment and innovation 
activity, i.e., technological singularity points that can significantly accelerate its activity at the level of 
economic entities, i.e. to ensure the manifestation singularity.

The methodological approach to evaluate investment and innovation activities of the enterprise is built 
using multidimensional factor and cluster analyzes. The first allowed to identify the most important 
partial indicators of investment and innovation activities that can provide an innovative breakthrough 
for enterprises, that is, their technological singularity. Metrics selected by the additive convolution 
method are combined into an integral one, which is calculated by enterprise clusters, separated accord-
ing to the identified indicators during multidimensional factor analysis. The methodological approach 
is tested using 19 engineering enterprises for the period from 2014 to 2018.

The main stages of a methodological approach to assessing investment and innovation activities are 
as follows: identifying primary partial indicators that reliably and objectively characterize a particu-
lar activity; identifying multiple correlation relationships between selected partial metrics to eliminate 
duplication of information; using multidimensional factor analysis to reduce the number of partial in-
dicators and to highlight the most relevant ones for evaluation; forming a sound system of indicators 
for evaluating the activity of enterprises; calculating the significance indices for each partial indicator 
of investment and innovation activity by its factor loading; grouping of enterprises into clusters using 
cluster analysis of influential partial indicators, selected as a result of multivariate factor analysis, to dis-
tinguish homogeneous groups of enterprises in order to increase the validity of the choice of reference 
indicators for calculating the integral index of a certain type of activity of each enterprise in a homo-
geneous group of enterprises within a year; interpreting values of integral indicators of investment and 
innovation activity of enterprises to make sound management decisions about its progress.

The value of the generalized integral index of investment and innovation activity of the investigated 
enterprises for 2019 is forecasted based on the neural network method according to the best multilevel 
perceptron model, which proves the nonlinearity and dynamics of the progress of investment and inno-
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vation activity. The analysis of the obtained values indicates their possible deterioration, which requires 
the enterprises to make decisions on effective measures, which would be able to provide activation of 
investment and innovation activity.

Based on the use of the neural network method, the article identified the most sensitive to changes in-
dicators of investment and innovation activity, which should be understood as technological singularity 
points. Exercising managerial influence on the identified indicators will ensure activation of investment 
and innovation activity of enterprises with minimal costs in the shortest possible time. In accordance 
with the singularity phenomenon, the accumulation of this information will allow increasing exponen-
tially the level of innovation of enterprises as a whole, which will allow them to ensure their competi-
tiveness and strengthen their position in the markets. 
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