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ASSESSMENT OF THE IMPACT OF
TECHNOLOGICAL CHANGES ON
THE DYNAMICS OF ENTERPRISES’
ECONOMIC DEVELOPMENT

The object of this research is the impact of technological changes on the dynamics of economic development of enterprises. The main
hypothesis is the assumption of the presence of such an impact for a significant number of companies.
The implementation of this research made it possible to make a certain contribution to the process of solving the problem of finding

ways to accelerate the economic development of business entities. At the same time, technological changes were divided into three groups,
namely: resource-saving; changes that ensure the improvement of the quality of the enterprise’s products; changes that ensure the im-
provement of management, sales and other processes at enterprises. A methodological approach to assessing the impact of technological
changes on the dynamics of economic development of companies was also developed. This approach involves the implementation of two
main methods of assessment, namely: establishing the presence or absence of such an impact and determining the magnitude of the
impact of technological changes on the dynamics of economic development of enterprises.

The testing of the developed tool on a sample of industrial enterprises showed that the impact of technological changes on the dynamics
of their economic development exists and is statistically significant. At the same time, the average impact of technological changes on the
growth of financial results of enterprises is quite high. In particular, the average values of the indicator of the impact of technological
changes on the net profit of those enterprises that have undergone at least two types of such changes, by type of economic activity, range
from 11.25% to 13.32%. Since a significant number of the enterprises studied have not carried out technological changes in recent years,
at least some of these enterprises may have significant potential to accelerate their economic development.

The developed toolkit for assessing the impact of technological changes on the dynamics of economic development of enterprises can
be used to establish the presence and extent of such an impact both at the level of an individual company and at the industry level. This
will allow owners and managers of enterprises to increase the validity of the strategies for technological renewal of these enterprises.
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1. Introduction

In many countries, there is currently a need to raise social stan-
dards. At the same time, such an increase is impossible without en-
suring permanent macroeconomic development, first of all, without
increasing the national product. In turn, in order to achieve sustainable
economic growth at the macro level, it is necessary to ensure economic
development at the enterprise level [1, 2]. This is due to the fact that
the dynamics of financial and economic results of economic activity
received by companies, in particular the increase in the size of their
income and profits, ultimately determines the pace of macroeconomic
growth [3, 4]. In this case, it is necessary to take into account the fact
that the economic development of enterprises is directly related to its
other varieties, in particular with technical and technological [5], envi-
ronmental [6] and resource-saving development [7].

In order to accelerate the economic development of firms, it is nec-
essary, in particular, that the owners and managers of these firms be able
to manage at least some of the factors that directly affect the dynamics

of such development [8, 9]. However, the ability to exercise such man-
agement depends, among other things, on the availability of current
and reliable data by enterprise managers on the extent of the impact
of certain potentially controllable factors on the dynamics of economic
growth of companies [10, 11]. In particular, such factors include the
volume of investments [12], the level of innovative activity [13, 14], the
competencies available to the personnel of enterprises [15], etc. The
specified information may also be of interest to those state bodies and
local self-government bodies that develop and implement regulatory
policy in the economy of the state and regions [16].

Considering the factors that determine the dynamics of economic
development of enterprises, it is impossible not to note the various types
of technological changes taking place [17], in particular, changes of a la-
bor-saving [18], energy-saving [19] and other nature. At the same time,
taking into account the significance of these changes from the point
of view of ensuring economic development, there is an objective need
to create effective mechanisms by which owners and managers could
manage the process of technological changes at enterprises [20, 21].
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For this, a preliminary assessment of the impact of technological chang-
es on various aspects of economic activity related to the economic
development of enterprises is necessary. In view of this, in [22] a study
of the relationships between financial efficiency, technological innova-
tions and the state of the environment was carried out, and the role
played in ensuring these relationships by various factors, in particular
investments, was also clarified. In [23], ecological technological in-
novations are considered and the importance of these innovations for
ensuring sustainable development is shown. At the same time, in [24],
a significant impact is revealed that technological innovations have
on the sustainability of companies in the conditions of ecological resto-
ration. This impact was also established by the authors of [25], who con-
ducted an empirical study using data from the economy of the United
Kingdom. At the same time, in [26], the achievement of sustainable
development goals on the basis of technological progress is considered
through the prism of the relationships that exist between social, ecologi-
cal and environmental factors. In addition, the scientific literature has
conducted a study of the impact of technological changes occurring
in the economy on the market value of companies. The importance
of these studies in the context of assessing the impact of technologi-
cal changes on the dynamics of economic development of companies
is that the growth of the market value of firms is one of the main criteria
for such development. At the same time, as noted in [27], the process
of modeling the impact of technological changes on the value of enter-
prises must necessarily take into account the risk factor. At the same
time, in [28], technological innovations are considered as an intermedi-
ate link that provides an indirect impact that the digital economy has
on the value of firms.

The multifaceted consequences of technological change have led
to the fact that various researchers have studied the impact of such
changes on a number of properties of enterprises, which indirectly
determine the dynamics of their economic development. In particular,
it is about such properties as environmental efficiency [29], competi-
tiveness [30], the speed of technological innovation [31], financial de-
velopment [32], employment and corporate investment [33], financial
condition [34], etc. It is also necessary to note the presence in the sci-
entific literature of fruitful studies that have studied the direct impact
of technological change on economic development. Thus, the pres-
ence of such an impact has been revealed according to the economies
of the BRICS countries [35], in particular China [36], Tanzania [37],
ECOWAS countries [38], etc. [39]. Among other things, the authors
of these and other works have convincingly proven the importance
of technological change for achieving economic development of com-
panies and countries as a whole. At the same time, it should be noted
that in modern scientific literature the issue of developing a formal-
ized toolkit, with the help of which it would be possible to perform
a comprehensive assessment of the impact of technological changes
on the dynamics of the economic development of enterprises, has not
been finally resolved. Therefore, this issue requires further research.

Taking into account the above, the aim of this research is to develop
and use a toolkit for comprehensively assessing the impact of tech-
nological changes occurring at enterprises on the dynamics of their
economic development. This will allow owners and managers of enter-
prises to increase the validity of the strategies for technological renewal
of these enterprises. In order to achieve the aim, the following main
objectives were solved in the process of the research:

— to build a system of indicators for assessing the level of technologi-

cal changes occurring at enterprises;

- to develop a methodological approach to assessing the impact

of technological changes on the dynamics of the economic develop-

ment of companies;

— to test the developed toolkit for assessing the impact of technologi-

cal changes occurring at enterprises on the dynamics of their eco-

nomic development on a sample of industrial companies.

2. Materials and Methods

The object of research is the impact of technological changes on the
dynamics of economic development of enterprises. The main hypoth-
esis of this research is the assumption of the presence of such an impact
for a significant number of companies.

The theoretical basis for the implementation of this research was
the works devoted to the issues of modeling technological changes oc-
curring at enterprises, implementing measures for technological re-
newal and ensuring the economic development of business entities.

When conducting empirical analysis, statistical, accounting and
management accounting materials of a number of industrial enterprises
were collected and processed. In addition to company reporting, the re-
sults of a questionnaire survey of enterprise owners and managers were
used to obtain input information. These enterprises belong to three
industries, namely: woodworking, production of building materials
and instrument making.

For each of these three types of economic activity, a preliminary
sample of 60 randomly selected companies in the western region
of Ukraine was formed. After that, questionnaires were sent to each
enterprise, and data from open sources were analyzed. Ultimately,
taking into account the completeness of the collected data and the
willingness of enterprises to provide them, a final sample of the studied
companies was formed, which in total for all three industries consisted
of 112 enterprises. These enterprises included: 37 woodworking com-
panies, 41 enterprises that produce building materials, and instru-
ment-making enterprises.

Various methods of scientific knowledge were used in the research
process. In particular, when developing a methodological approach
to assessing the impact of technological changes on the dynamics of the
economic development of enterprises, economic and mathematical
modeling was applied. The need for such modeling is due to the com-
plexity of the specified impact, which necessitates the need to formalize
the impact of factors that determine the dynamics of the economic
development of enterprises.

When building a system of indicators for assessing the level of tech-
nological changes occurring at enterprises, grouping and generalization
methods were used. The use of these methods made it possible to iden-
tify types of technological changes, as well as develop appropriate indi-
cators for assessing their level.

In order to build a model of the impact of technological changes
on some types of financial and economic results of economic activity,
the method of system analysis was used. The feasibility of using this
method is due to the need to systematize the relationships between
factors that affect the formation of financial and economic results of en-
terprises.

When conducting empirical studies of the impact of technological
changes on the dynamics of economic development of enterprises,
methods of economic analysis and technical and economic calculations
were used. To conduct a survey at enterprises, in particular to assess the
quality of management, sales and other processes at them, the question-
naire survey method was used.

In order to process the results obtained, methods of mathematical
statistics were used, in particular one-factor analysis of variance [40].
In addition, when performing empirical research, the tools developed
in this work were used.

To visually display the results obtained in the process of the re-
search, graphical and tabular methods were used.

When discussing the results obtained, as well as for the purpose
of their generalization in the process of forming conclusions, an ab-
stract-logical method was used. This made it possible to highlight the
most significant results of the conducted research, identify the reasons
that determined the specified results, and outline possible directions for
further study of the issues considered.

C
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3. Results and Discussion

3.1. Construction of a system of indicators for assessing the level
of technological changes at enterprises

Assessing the level of technological changes occurring at enter-
prises requires the use of appropriate indicators, each of which must
correspond to a certain type of the specified changes. At the same time,
technological changes, according to the purpose of their implementa-
tion, should be divided into three groups, namely:

1) resource-saving technological changes, the purpose of the
implementation of which is to reduce the costs of relevant resources
per unit of manufactured products. The specified changes should,
first of all, include: energy-saving, labor-saving, capital-saving and
other technological changes that ensure a decrease in the specific costs
of resources;

2) changes that ensure an improvement in the quality of the enter-
prises products. These changes, in turn, can be divided into those that
ensure an improvement in only one parameter of product quality, and
those that ensure an improvement in several parameters of product
quality at the same time;

3) changes that ensure an improvement in management, sales and
other processes at the enterprise. These changes, in turn, can be divided
into the following three groups:

— changes that ensure the improvement of information support

for the processes of developing and implementing management

decisions. Such changes include, among others, the introduction

of artificial intelligence technologies, cloud technologies, big data
analysis, blockchain, etc. into the practice of management at en-
terprises;
— changes that ensure the improvement of the quality of customer
service processes. Such changes include, in particular, the intro-
duction of integrated CRM systems, unified platforms for commu-
nication, virtual and augmented reality technologies, technologies
for using social networks and messengers, etc. into the practice
of companies;
— changes that ensure the improvement of the quality of other pro-
cesses that occur at enterprises, in particular the processes of fi-
nancing and investing in economic activities. Such changes include,
among others, the introduction of modern ERP systems, artificial in-
telligence, crowdfunding technologies, smart contracts, etc. into the
practice of financial and investment activities of companies.

The proposed system of indicators for assessing the level of tech-
nological changes at enterprises is presented in Table 1. As follows from
the information provided in this table, all the proposed indicators are
relative in nature. Their application involves comparing the values of cer-
tain parameters of economic processes occurring at enterprises after the
implementation of technological changes with the basic (i. e., before
such implementation) values of these parameters. At the same time,
with regard to changes that ensure the improvement of product quality,
itis possible to distinguish two groups of indicators for assessing the level
of these changes, namely: direct assessment of quality by the relevant
parameters and indirect assessment.

Table 1

System of indicators for assessing the level of various types of technological changes that can occur at enterprises

1.3. Capital-saving

Groups of types . Eormulas for calculat- Decoding of symbols in formulas for calculating the level of techno-
of technological Types of technological changes ing the level of tech- .
. logical changes
changes nological change
i111, f110 — average level of energy efficiency for the enterprise for a given
1.1. Energy-saving Iy =i/ o type (types) of energy resources, respectively, as a result of the implemen-
tation of technological changes and before such implementation
i121, i120 — average level of labor productivity for the enterprise, re-
1.2. Labor-saving Iy =i/ o spectively, as a result of the implementation of technological changes
1. Resource- and before such implementation
saving i131, 1130 — average level of return on capital for the enterprise, respec-

I3 =131/ #130

tively, as a result of the implementation of technological changes and
before such implementation

1.4. Technological changes that reduce the
specific costs of other types of resources

L4 =141/ f140

i141, i140 — average level of efficiency of use of another type of re-
source, respectively, as a result of the implementation of technological
changes and before such implementation

Ly =i/ o

ix11, f210 — average level of a given product quality parameter, respec-
tivcly, as a result of the implcmcntation of tcchnological changcs and
before such implementation

2.1. Changes that improve only one
paramf:tcr Ofproduct quality

2. Changes that

ensure improve-

Ly =iy / iano

i21, 220 — average level of product prices for the enterprise, respec-
tively, due to the implementation of technological changes and
before such implementation, provided that these changes provide
an improvement in only one quality parameter products

ment of product

3.2. Changes that improve the quality

sales and other .
of customer service

processes at the

walit ) . i231, 230 — average enterprise-wide general level of product quality
quality bz = i1/ 1230 : . .
as a result of technological changes and prior to such changes
2.2. Changes that improve several param- i241, 240 — average enterprise-wide level of product prices as a result
eters of product quality ar the same time Lim i /i of technological changes and prior to such changes, provided that
24 = adn 11240 these changes provide simultaneous improvement of several product
quality parameters
. . . #311, 1310 — average enterprise-wide level of information support for
3.1. Changes that improve the information 311 2310 5 p . . pp
3. Changes . . . the processes of development and implementation of management
support of the processes of developing and Ly =i311/ 310 I . .
that ensure . . . - decisions as a result of technological changes and prior to such
. implementing management decisions
improvement changes
of management,

I3 =431/ 4320

i31, 320 — average enterprise-wide level of customer service quality
as a result of technological changes and prior to such changes

enterprise 3.3. Changes that improve the quality

of other processes

I35 =331 / 1330

i331, £330 — average enterprise-wide level of quality of other processes
as a result of technological changes and prior to such changes
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The second approach to assessment is based on the fact that
a higher level of product quality should be reflected in a higher price
for it, at which buyers will agree to purchase this product. In oth-
er words, this approach involves assessing the quality of products
by consumers in the process of setting their prices. It should also
be noted that the assessment of changes that ensure the improve-
ment of management, sales and other processes may require the use
of ordinal (rank) scales.

For example, the level of information support for the processes
of developing and implementing management decisions can be as-
sessed on a five-point scale (from very low (1 point) to very high
(5 points)). In this case, such an assessment requires conducting a sur-
vey of enterprise personnel, and if necessary, involving additional ex-
perts who are specialists in the relevant fields.

The use of the system of indicators given in Table 1 is a neces-
sary condition for further assessment of the impact that various types
of technological changes have on certain properties of enterprises,
in particular on the dynamics of their economic development.

3.2. Development of a methodological approach to assessing
the impact of technological changes on the dynamics of economic
development of companies

The impact of technological changes on the growth of financial
and economic results of enterprises is generally indirect, that s,
it occurs due to the action of intermediate factors. This statement
is influenced, in particular, by the model of the impact of techno-
logical changes on the growth of net profit and excess profit of the
enterprise shown in Fig. 1. At the same time, the second type of fi-
nancial and economic results of economic activity is calculated

as the difference between the growth of the enterprise’s net profit
and the product of the investments that caused this growth, on their
rate of profitability.

In this case, investments are understood as one-time expenses
incurred in implementing technological changes at the enterprise.
Regarding the rate of return on investments, this rate refers to the
minimum ratio acceptable to the owners of the enterprise between
the amount of net profit growth and the amount of investment that
caused this growth.

Since the impact of technological changes on the dynamics of eco-
nomic development of enterprises is indirect, it is necessary to de-
velop a special methodological approach to assessing this impact. The
specified approach should provide for the implementation of two main
methods of assessing the impact of technological changes on the dy-
namics of economic development of companies, namely:

1. Establishing the presence or absence of such an impact. Solving this
problem requires creating a sample of enterprises with their subsequent
division into groups according to the level of a certain type of techno-
logical changes on them.

For example, it is possible to identify enterprises with low, me-
dium and high levels of technological changes that occurred during
the studied time period. At the same time, for each such group of en-
terprises, it is necessary to average the values of the levels of a certain
type of technological changes. Then, using the method of one-factor
analysis of variance, it is possible to establish the presence of statistically
significant differences between these averaged values. If such differences
exist, this means that there is a clear impact of technological changes
on the dynamics of economic development of the enterprises under
study (Fig. 2).

Basic excess

The level of economic development of the

product quality -
production

. . '«— Excess profit growth
profit enterprise by excess profit P &
A A
The level of economic development of the enterprise by net profit
A
Increase in the company's net profit
Basic net profit i
Change in .
. . Change in
Change in prices for the Change in physical unit finangcial
company's products production volumes operating costs
costs
A L) 'y | T A A
. Change in the volume of specific costs .
Improving Increase in the total value of the

of certain types of resources for the

company's assets

A Y

Implementation of measures to implement technological changes at the enterprise

Fig. 1. Model of the impact of tcchnological changcs on the dynamics of economic dcvclopmcnt of an enterprise
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1. Formation of a sample of enterprises in a certain industry

2. Division of enterprises by the level of this type of technological change

Enterprises with low levels of
technological change

Enterprises with an average
level of technological change

Enterprises with a high level
of technological change

3. Assessment of the growth rate of the financial and economic result of economic activity for each
enterprise

4. Averaging the growth rates of financial and economic results of economic activity by groups of
enterprises

5. Assessment of the statistical significance of the relationship between the level of technological
change and the average values of the growth rates of the financial and economic results of economic
activity

The corresponding
relationship is statistically

Completion of the
assessment procedure

Identifying opportunities for individual enterprises to accelerate their economic development based
on technological change

Fig. 2. Sequence of assessing the impact of a certain type of technological change on the dynamics of economic
development of enterprises by some financial and economic results of their activities

2. Establishing the magnitude of the impact of technological changes
on the dynamics of economic development of enterprises. The procedures
for such establishment depend on the types of these changes that are
considered and on the specific types of financial and economic results.
In particular, if to consider energy-saving technological changes, and
the growth of net profit and excess profit of the enterprise are chosen
as development criteria, then the indicators for assessing the impact
of technological changes on the dynamics of economic development
of the enterprise will look like this:

_AR+4F

I
AP

1)

| _APFAP -
2 AP ’

s

®)

where I} — the indicator of the impact of energy-saving technologi-
cal changes on the net profit of the enterprise; APy — the increase
in the net profit of the enterprise in the reporting period compared
to the base period, due to the increase in net income as a result of the

implementation of energy-saving technological changes; AP, - the
increase in the net profit of the enterprise in the reporting period com-
pared to the base period, due to the decrease in costs as a result of the
implementation of energy-saving technological changes; AP - the
total increase in the net profit of the enterprise in the reporting period
compared to the base period; I — the indicator of the impact of ener-
gy-saving technological changes on the net profit of the enterprise;
I - the amount of investment made by the enterprise in implementing
these changes, at the expense of its own sources of funds; n — the rate
of return on investment in fractions of a unit; AP, — the total increase
in the excess profit of the enterprise in the reporting period compared
to the base period.

If to consider the entire set of technological changes that have oc-
curred at the enterprise, leaving the same development criteria, then
the indicators for assessing the impact of technological changes on the
dynamics of the enterprise’s economic development will have a form
similar to expressions (1) and (2). At the same time, the indicators of net
profit growth and investment volumes in this case should be calculated
as the sum of their respective values, corresponding to each of the types
of technological changes that have occurred at this enterprise during
the period under study.
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3.3. Testing the toolkit for assessing the impact of technological
change on the dynamics of economic development of enterprises

The study conducted on a sample of enterprises in three industries
showed that for most types of technological changes, the scale of their
implementation by the totality of the studied enterprises during
2020-2024 was small. As follows from the data presented in Table 2,
only energy-saving technological changes can be considered to be their
implementation on a fairly large scale. During the period 2020-2024,
such changes were implemented by 43.24% to 50% of the studied
enterprises in various types of economic activity. The most common
types of technological changes that occurred in the studied companies
(although in a much smaller number than energy-saving ones) in-
clude two more. This refers to labor-saving technological changes and
technological changes that provide improvements in several product
quality parameters at the same time. Therefore, in the future, it was
these three types of technological changes listed above that were given
the main attention.

Using the criteria for dividing the studied enterprises into classes
according to the levels of different types of technological changes given
in Table 3, these enterprises were divided into their respective classes.
In doing so, the corresponding indicators from Table 1 were used.
As follows from the data presented in Table 4, for all types of economic
activity, the vast majority of the studied enterprises belong to the class
of companies with a low level of technological changes.

As for enterprises belonging to the classes of companies with medi-
um and high levels of the corresponding types of technological changes,

their number is approximately the same for all these types. At the same
time, as follows from the data summarized in Table 5, for enterprises
belonging to the class of companies with a low level of technological
changes, the average level of these changes is equal to or approaches uni-
ty. This means that the majority of such enterprises did not undergo any
corresponding technological changes during the studied time period.

Thus, in most of the studied business entities, the level of techno-
logical changes during 2020-2024 was extremely low. Therefore, these
enterprises may have the potential for economic growth based on the
implementation of technological changes in them. At the same time,
in order for this potential to really exist, it is first necessary to establish
that the impact of technological changes that have already occurred
at enterprises on their economic development exists and is sufficiently
significant. The presence of such an impact in this case is easiest to ver-
ify for energy-saving technological changes, since there are relatively
many enterprises that have implemented such changes. As follows from
the data presented in Table 6, with an increase in the level of energy-
saving technological changes for all types of financial and economic
results of economic activity considered, the growth rate of these results
increases. Therefore, there is a relationship between an increase in the
level of technological changes and the economic development of enter-
prises. Using the sequence of actions shown above in Fig. 2 made it pos-
sible to establish the statistical significance of this relationship. This
conclusion was obtained based on the application of one-way analysis
of variance, according to which the actual values of the F-criterion,
given in Table 6, are greater than the critical ones.

Table 2
Distribution of the studied enterprises by types of technological changes that occurred at them during 2020-2024
Distribution of enterprises by type of economic activity
Types of technological changes Woodworking industry Manufalc]izz:rioaﬁsbuilding Instrumentation engineering
Number % Number % Number %
1.1. Energy-saving 16 43.24 19 46.34 17 50.00
1.2. Labor-saving 4 10.81 3 7.32 5 14.71
1.3. Capital-saving 0 0.00 1 2.44 1 2.94
1.4. Technological changes that reduce the specific 1 270 ) 488 1 2.94
costs of other types of resources
2.1. Changes th.at improve only one parameter 0 0.00 ] 2 44 2 5.88
of product quality
2.2. Changes th:at improve scver.al parameters 2 541 2 488 - 2059
of product quality at the same time
3.1. Changes that improve the information support
of the processes of developing and implementing 1 2.70 1 2.44 1 2.94
management decisions
3.2. Changcs that improve the quality of customer 1 270 1 2 44 2 5.88
service
3.3. Changes that improve the quality of other 0 0.00 0 0.00 1 2.94
processes
Table 3

Criteria for dividing the studied enterprises into classes according to the levels of different types of technological changes

Ranges of values of the levels of relevant technological changes, at which the enterprise belongs

to a certain class according to these values

Types of technological changes

Enterprises with a low level
of technological changes

Enterprises with a medium level
of technological changes

Enterprises with a high level
of technological changes

1. Energy-saving

Less than 1.05

From 1.05 to 1.15

More than 1.15

2. Labor-saving

Less than 1.05

From 1.05 to 1.15

More than 1.15

3. Changes that improve several product quality
parameters at the same time

Less than 1.05

From 1.05 to 1.15

More than 1.15

s
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Table 4
Distribution of the studied enterprises by levels of different types of technological changes
Number of enterprises belonging to the relevant classes
Types of technological changes Enterprises with a low level |  Enterprises with a medium | Enterprises with a high level
of technological changes | level of technological changes | of technological changes
1 2 3 4
1. Woodworking industry
1.1. Energy-saving 21 9 7
1.2. Labor-saving 33 2 2
1.3. Changes‘that provide simultaneous improvement of several 35 1 1
product quality parameters
2. Production of building materials
2.1. Energy-saving 22 10 9
2.2. Labor-saving 38 2 1
2.3. Changes.that provide simultaneous improvement of several 39 1 1
product quality parameters
3. Instrument-making

3.1. Energy-saving 17 8 9
3.2. Labor-saving 29 3 2
3.3. Changcs'that provide simultancous improvement of several 27 4 3
product quality parameters

Table 5
Indicators of the average level of individual types of technological changes by enterprises
Average levels of technological change across enterprises
Types of technological changes Enterprises with a low level | Enterprises with a medium | Enterprises with a high level
of technological changes | level of technological changes |  of technological changes
1. Woodworking industry
1.1. Energy-saving 1.00 1.09 1.22
1.2. Labor-saving 1.01 1.08 1.24
[1) f:).di?tagiziEl}'fla;api‘:r\llglecr:imultancous improvement of several 100 Lo7 118
2. Production of building materials

2.1. Energy-saving 1.00 1.11 1.19
2.2. Labor-saving 1.00 1.09 1.20
ﬁidiilfglgljiz?a;a}::::rzimultaneous improvement of several 1.00 L2 123

3. Instrument-making
3.1. Energy-saving 1.00 1.10 1.20
3.2. Labor-saving 1.00 1.07 1.18
z;?).di?::lgliiglegﬁzziil:rzimultaneous improvement of several 100 L1l 127

Table 6

Indicators of assessing the impact of energy-saving technological changes (ETC) at the studied enterprises on the dynamics
of individual indicators of their economic development

Growth rates of the values of the relevant indicators in 2024 compared
Indicatf)r Enterprise groups by their ETC level to 2020 by type of cconorrfic -activity -
names Woodworking indusry Manufacture ?f building Instru'ment.atxon
materials engineering
1.1. Enterprises with a low ETC level during 2020-2024 1.18 1.23 1.09
1. Net 1.2. Enterprises with an average ETC level during 2020-2024 1.29 1.36 1.21
income 1.3. Enterprises with a high ETC level during 2020-2024 1.37 1.40 1.32
Estimated value of the F-test 5.98 5.43 6.24
2.1. Enterprises with a low ETC level during 2020-2024 1.13 1.16 1.07
2. Gross 2.2. Enterprises with an average ETC level during 2020-2024 1.38 1.41 1.25
profit 2.3. Enterprises with a high ETC level during 2020-2024 1.51 1.56 1.38
Estimated value of the F-test 5.54 6.32 6.76
3.1. Enterprises with low ETC levels during 2020-2024 1.11 1.13 1.05
3. Net 3.2. Enterprises with medium ETC levels during 2020-2024 1.33 1.39 1.23
profit 3.3. Enterprises with high ETC levels during 2020-2024 1.39 1.46 1.34
Estimated value of F-test 6.08 7.12 6.55
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The results of consideration of a more general case, which assumes
the possibility of simultaneous influence of a number of types of tech-
nological changes on the dynamics of economic development of enter-
prises, are given in Table 7.

The data given in this table allow to identify some patterns. In par-
ticular, the average growth rates of those enterprises in which, in addi-
tion to energy-saving changes, at least one other type of technological
changes occurred are higher than those in enterprises in which only
energy-saving changes occurred. At the same time, the average growth

rates of the results of the activities of those enterprises under study
in which only energy-saving technological changes occurred are higher
than those in companies in which no technological changes occurred
atall. Sufficiently high values of the F-criterion indicate that this pattern
is statistically significant.

Based on the above expressions (1) and (2), the averaged indicators
of the impact of technological changes on the growth of net profit and
surplus profit of these enterprises were calculated. The corresponding
data are given in Table 8.

Table 7

Indicators of assessment of the impact of various types of technological changes on the enterprises under study on the dynamics
of individual financial and economic results of their activities

Growth rates of the values of the relevant indicators
Names of financial in 2024 compared to 2020 by type of economic activity
d . | Enterprise groups by their ETC level
and economic results Woodworking Manufacture Instrumentation
industry of building materials engineering
1.1. Enterprises that did not undergo technological changes
during 2020-2024 L17 122 109
1.2. Enterprises that underwent only energy-saving
technological changes during 2020-2024 132 130 1.27
1. Net income
1.3. Enterprises that underwent at least one other type
of technological change in addition to energy-saving 1.39 1.38 1.35
technological changes during 2020-2024
Estimated value of the F-test 5.45 6.57 5.98
2.1. Enterprises that did not undergo technological changes
during 2020-2024 L12 L15 107
2.2. Enterprises that underwent only energy-saving
technological changes during 2020-2024 141 144 1.28
2. Gross profit
2.3. Enterprises that underwent in addition to energy-saving
technological changes, at least one other type of technological 1.46 1.51 1.36
change took place
Estimated value of the F-test 7.01 6.76 6.08
3.1. Enterprises in which technological changes did not take L11 L2 105
place during 2020-2024 ’ ’ ’
3.2. Enterprises in which only energy-saving technological
changes took place during 2020-2024 1.36 142 127
3. Net profit
3.3. Enterprises in which in addition to energy-saving
technological changes, at least one other type of technological 1.43 1.51 1.39
change took place during 2020-2024
Estimated value of the F-test 6.12 5.77 6.32
Table 8

Results of the calculations of the averaged indicators of the impact of technological changes on the growth of net profit
and surplus profit of these enterprises

Average values of indicators for the relevant groups of enterprises
Names of financial by type of economic activity, %
d . | Names of indicators
and economic results Woodworking Manufacture Instrumentation
industry of building materials engineering

1.1. Indicator of the impact of energy-saving technological
changes on the net profit of enterprises that underwent only 7.98 11.14 9.03
this type of technological change during 2020-2024

1. Net profit
1.2. Indicator of the impact of technological changes on the net
profit of enterprises that underwent at least two types of such 12.07 13.32 11.25
changes during 2020-2024
2.1. Indicator of the impact of energy-saving technological
changes on the net profit of enterprises that underwent only 5.65 8.75 6.24
this type of technological change during 2020-2024

2. Excess profit
2.2. Indicator of the impact of technological changes on the net
profit of enterprises that underwent at least two types of such 7.23 10.87 8.60
changes during 2020-2024

;20
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As follows from the data in Table 8, the average impact of techno-
logical changes on the growth of net profit and surplus profit of these
enterprises is quite high. In particular, the average values of the indicator
of the impact of technological changes on the net profit of enterprises
that experienced at least two types of such changes by type of eco-
nomic activity range from 11.25% to 13.32%. At the same time, the value
of such an indicator for surplus profit ranges from 7.23% to 10.87%.

3.4. Discussion of the developed tool for assessing the impact
of technological changes on the dynamics of economic development
of enterprises

The study showed that assessing the impact of technological
changes on the dynamics of economic development of enterprises
should be based on the application of the appropriate tool. This tool,
in turn, should be based on the system of indicators for assessing the
level of technological changes occurring at enterprises, constructed
in this work. In this case, three groups of technological changes should
be taken into account, namely: resource-saving; changes that ensure
the improvement of the quality of the enterprise’s products; changes
that ensure the improvement of management, sales and other processes
at the enterprise. For each type of technological change, a relative in-
dicator was proposed, which involves comparing the values of certain
parameters of economic processes that occur at enterprises after the
implementation of technological changes with the basic values of these
parameters. The use of this system of indicators is a necessary condition
for assessing the impact that various types of technological changes
have on the dynamics of the economic development of enterprises.

In order to assess the impact of technological changes on the dy-
namics of the economic development of enterprises, two main methods
were developed, namely:

1. Establishing the presence or absence of the specified impact. Solv-
ing this problem requires creating a sample of enterprises with their
further division into groups according to the level of a certain type
of technological changes on them. For example, it is possible to distin-
guish enterprises with low, medium and high levels of technological
changes that occurred during the studied time period. In this case, for
each such group of enterprises, it is necessary to average the values
of the levels of a certain type of technological changes. Then, using the
method of one-way analysis of variance, it is possible to establish the
presence of statistically significant differences between these averaged
values. If such differences exist, this means that there is a clear impact
of technological changes on the dynamics of economic development
of the enterprises under study.

2. Establishing the magnitude of the impact of technological changes
on the dynamics of economic development of enterprises. The procedures
for such establishment depend on the types of these changes under con-
sideration and on the specific types of financial and economic results.
In particular, indicators of the impact of energy-saving technological
changes on net profit and excess profit of enterprises were constructed.

The developed toolkit for assessing the impact of technological
changes on the dynamics of economic development of enterprises can
be used to establish the presence and determine the extent of such
impact both at the level of an individual company and at the industry
level. This will allow owners and managers of enterprises to increase the
validity of the strategies for technological renewal of these enterprises.

The effectiveness of the developed toolkit was established dur-
ing its testing on a sample of industrial enterprises belonging to three
industries. This testing showed, in particular, that there is a statistically
significant relationship between the increase in the level of techno-
logical changes and the economic development of enterprises. At the
same time, a sufficiently high averaged impact of technological changes
on the growth of net profit and excess profit of companies was revealed.

The effectiveness of the developed toolkit is due, first of all, to the
expansion of the system of indicators for assessing the level of techno-

logical changes at enterprises compared to those indicators that are used
in particular in works [29-34]. Also, in comparison with the results
obtained in the works [35-39], the degree of formalization of the pro-
cess of assessing the impact of technological changes on the dynamics
of economic development of companies was increased. In general, the
developed toolkit sufficiently fully covers the issue of assessing the im-
pact of technological changes occurring at enterprises on the dynamics
of their economic development. This is achieved due to the fact that the
use of such a toolkit makes it possible to perform the specified assess-
ment fully and with due accuracy. Therefore, the information obtained
as a result of using the specified toolkit makes it possible to substantiate
the ways of realizing the potential of economic development of com-
panies on the basis of implementing technological changes in them.

The specified toolkit will be especially useful after the end of mar-
tial law in Ukraine and the beginning of large-scale reconstruction of its
economy, since technological renewal should become an important
component of such reconstruction. At the present time, martial law
and military activity do not allow for the full realization of the potential
of such renewal.

At the same time, a limitation of this research is that it does not take
into account the existing level of technological development of enter-
prises at the beginning of the period under study. It is possible that this
level was already high enough and some enterprises did not need new
technological changes. Also, a certain limitation is the consideration
of enterprises of only three types of economic activity. Eliminating these
limitations should be directions of further research.

4. Conclusions

In the course of research, a system of indicators for assessing the
level of technological changes occurring at enterprises was built, among
other things. The specified changes were divided into three groups. The
first group includes resource-saving technological changes (energy-
saving; labor-saving; capital-saving; technological changes that en-
sure a decrease in the specific costs of other types of resources). The
second group includes technological changes that improve product
quality (changes that ensure the improvement of only one parameter
of product quality; changes that ensure the improvement of several
parameters of product quality at the same time). Finally, the third group
includes technological changes that ensure the improvement of man-
agement, sales and other processes at the enterprise (changes that en-
sure the improvement of the quality of: information support for the
development and implementation of management decisions, customer
service, and other processes).

For each type of technological change, a corresponding relative its
application involves comparing the values of certain parameters of eco-
nomic processes that occur at enterprises after the implementation
of technological changes with the base (i. e., before such implementa-
tion) values of these parameters.

A methodological approach to assessing the impact of technologi-
cal changes on the dynamics of economic development of companies
was also developed. This approach involves implementing two main
methods of such assessment, namely: establishing the presence or ab-
sence of the specified impact and establishing the magnitude of the
impact of technological changes on the dynamics of economic develop-
ment of enterprises.

The testing of the developed toolkit on a sample of industrial
enterprises showed, in particular, that with an increase in the level
of energy-saving technological changes for all types of financial and
economic results of economic activity that were considered, the growth
rate of these results increases. Therefore, there is a relationship between
the increase in the level of technological changes and the economic
development of enterprises. At the same time, this relationship is sta-
tistically significant.
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Similar results were obtained for a more general case, which involves
the possibility of the simultaneous impact of a number of types of techno-
logical changes on the dynamics of economic development of enterprises.
It turned out that the average growth rates of those enterprises in which,
in addition to energy-saving changes, at least one other type of change
occurred are higher than those in which only energy-saving changes oc-
curred. At the same time, the average growth rates of the results of the ac-
tivities of those enterprises under study in which only energy-saving tech-
nological changes occurred are higher than those in companies in which
no technological changes occurred at all. At the same time, the average im-
pact of technological changes on the growth of net profit and surplus profit
of these enterprises, averaged across enterprises, is quite high. In particular,
the average value of the indicator of the impact of technological changes
on net profit of enterprises in which at least two types of such changes oc-
curred, by type of economic activity, ranges from 11.25% to 13.32%. At the
same time, the value of such an indicator for surplus profit ranges from
7.23% to 10.87%. Given that a significant number of the enterprises stud-
ied have not implemented technological changes in recent years, at least
some of these enterprises may have significant potential to accelerate their
economic development by implementing such changes.
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