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INNOVATION CYCLES AS A
STRATEGIC METHODOLOGICAL
OBJECTIVITY OF THE NEW
TECHNOLOGICAL PARADIGM OF
SOCIO-ECONOMIC DEVELOPMENT

The object of research is the processes of socio-economic development in the context of technological transformation, taking into

account innovation cycles. The paper examines the role of innovation cycles as a strategic methodological objectivity that determines the
dynamics of socio-economic development in the context of the transition to a new technological paradigm. The relevance of the topic is
due to the global challenges of our time: digitalization, digitalization of the economy, development of artificial intelligence, transition
to a green economy and the need to formulate adaptive development strategies that can respond to the pace of technological change.
Innovation cycles are viewed as a multi-stage process that includes emergent ideas, new technologies, mass adoption of innovations and
their impact on the structure of production, employment and institutional models.

On the basis of historical and theoretical analysis, the paper traces the evolution of industrial revolutions — from Industry 1.0 to the
anticipated Industry 6.0. It is noted that each new phase of industrial development is accompanied by the formation of a new technologi-
cal paradigm that changes the principles of interaction between technology, capital, labor and knowledge. Industry 6.0, as the expected
next stage, is associated with the symbiosis of artificial and biological intelligence, autonomous economies, decentralized management
structures and value-oriented innovation development.

The author substantiates the need to understand innovation cycles not only as an empirical phenomenon, but also as a method-
ological basis for strategic planning. In this context, the paper proposes a conceptual model that provides for the integration of cyclical
analysis into the processes of state regulation, forecasting and formation of sustainable growth policies. The conclusions presented are
of interdisciplinary importance and can serve as a basis for further research in the fields of economics, sociology, public administration

and technological development.
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1. Introduction

In today’s context of global transformation of socio-economic sys-
tems, innovation processes that shape new technological modes and
determine the vectors of society’s development are of particular impor-
tance. One of the key concepts that allows to understand the dynamics
of such processes is innovation cycles — periodic waves of technological
renewal that significantly affect the productive forces, economic struc-
ture and social institutions. In the context of the formation of a new
technological paradigm, innovation cycles are not only an empirical
phenomenon, but also a strategic methodological objectivity that opens
up opportunities for targeted development management.

The study of the nature, patterns, and methodological foundations
of innovation cycles allows to better understand the mechanisms of
society’s adaptation to radical technological change, which is extremely
relevant in light of current challenges, from digital transformation to
environmental modernization. In view of this, the analysis of inno-
vation cycles in the context of strategic management is becoming an

important scientific and practical issue that requires a comprehensive
interdisciplinary approach.

The modern era is characterized by a rapid change in technological
modes, where digital transformations, artificial intelligence, biotechnology,
and energy innovations radically alter production and socio-economic pro-
cesses. In this context, innovation cycles act as a key indicator and develop-
ment mechanism that determines the strategic directions of transformation
of the economy; society and public administration. The formation of a new
technological paradigm requires not only the introduction of the latest
technologies, but also a deep understanding of their methodological status,
the logic of the evolution of innovations and their social consequences.
That is why the study of innovation cycles as a strategic methodological
objectivity is relevant given the need for new approaches to change man-
agement, adaptation of economic policy, and sustainable development.

Noting the multifaceted and multidisciplinary nature of the topic,
it is possible to focus on several aspects, namely: studies aimed at de-
fining the innovation cycle; changes in technological paradigms and
individual components of the innovation cycle.
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Studies [1, 2] consider innovation cycles as periodic phases of
renewal that reflect the dynamics of the innovation environment in
the economy. In [2], attention is focused on the relationship between
the stages of the innovation life cycle and management strategies,
emphasizing the importance of adaptive models in the context of tech-
nological change. Paper [1] develops the idea of cyclical innovation
renewal at the macro level, analyzing the impact of global challenges
on innovation policy. Both authors emphasize the need to strategically
anticipate the next phases of innovation development.

The issue of technological paradigmaticity is discussed in [3, 4].
The authors of [3] study the evolution of scientific discourse in the edu-
cational and technological context, defining paradigms as knowledge
systems that influence management and research practices. Paper [4],
in turn, emphasizes the importance of reflection within the framework
of changing technological modes, pointing to a shift in focus from tech-
nocentrism to humanities-oriented models. These works demonstrate
that the paradigm shift encompasses not only technical but also cultural
and social dimensions.

Some elements of the innovation cycle are the innovation lag
and certain types of innovations. In [5, 6], the innovation lag is inter-
preted as a key barrier to the introduction of new technologies. Both
authors identify external and internal factors that affect the dura-
tion of the lag, including institutional unreadiness, infrastructure
constraints, and investor caution. They propose the development
of tools to reduce the lag as a means of increasing the innovation
efficiency of the economy.

Works [7, 8] provide a detailed classification of innovations by
novelty, functional purpose, scope, etc. The authors emphasize the im-
portance of a differentiated approach to managing different types of
innovations, including products, processes, organizational and social.
The authors also emphasize the need to take into account the specifics
of industries and the level of innovation culture.

However, the impact of the stages of industrial evolution on the
duration of innovation cycles, combined with the challenges to the
new technological paradigm within the framework of strategic manage-
ment, has not been sufficiently considered by either domestic or foreign
researchers and scholars.

The aim of research is to substantiate the role of innovation cycles
as a strategic methodological objectivity in the formation of a new tech-
nological paradigm of socio-economic development. This will make it
possible to identify effective tools and mechanisms for influencing the
long-term transformation of socio-economic systems in the strategic
management of innovation development.

2. Materials and Methods

The object of research is the processes of socio-economic develop-
ment in the context of technological transformation, taking into account
innovation cycles.

The subject of research is innovation cycles as a methodological ba-
sis and strategic tool for the formation of a new technological paradigm
of socio-economic development.

To analyze scientific concepts, views of various authors on the
development of technological modes, transformation of production
paradigms and identification of key characteristics of Industries 4.0, 5.0
and 6.0, the method of theoretical generalization was used. This method
allowed to form a holistic view of the stages of industrial evolution and
its relationship with innovation processes.

The method of comparison helped to identify differences in tech-
nological modes, made it possible to identify signs of continuity and
gaps between stages, and to assess the impact of each industry on the
duration and nature of the innovation cycle.

The logic-structural analysis was used to model the relationship
between the innovation lag, types of innovations, financial support, and

the innovation cycle. On the basis of this method, a generalized struc-
tural scheme of the dynamics of innovation processes in the context of
modern technological changes was built.

Mathematical methods of analysis were used to formalize the rela-
tionships between quantitative indicators of innovation development,
in particular, when building models for prioritizing industries and en-
terprises by the level of innovation activity, investment attractiveness
and efficiency of financing.

By applying an interpretive approach, the content of key concepts
related to the innovation index, industrial structures and methods of
measuring innovation activity is substantiated.

3. Results and Discussion

Since the Industry 4.0 stage, the global economy has entered a
phase of deep digital transformation, which involves the massive intro-
duction of cyber-physical systems, the Internet of Things, big data, and
artificial intelligence. These technologies have fundamentally changed
approaches to managing production, logistics, communications, and
employment. In the context of this revolution, it is possible to observe
a significant reduction in the duration of the innovation cycle - from
idea to commercialization. Previously, this cycle could last for decades,
but nowadays innovations are realized within 2-5 years, and sometimes
in real time [9-11].

The transition to Industry 5.0, which emphasizes a human-cen-
tered approach, ethical use of technology, sustainable development,
and human-machine collaboration, requires a rethinking of not only
innovations themselves but also the paradigmatic foundations on which
modern technology policy is based. Technology is no longer an end in
itself; it must work for the benefit of people, society, and the environ-
ment. In the context of an accelerating innovation process, this means
the need to integrate an interdisciplinary approach and new forms of
strategic foresight.

The concept of Industry 6.0, which is emerging at the intersection
of biotechnology, neuroscience, nanotechnology, and artificial intelli-
gence, envisages an even deeper transformation of socioeconomic sys-
tems. It contains the potential for autonomous, decentralized, ethically
governed eco-economies that require a complete revision of not only
the technological order, but also the value system, institutional archi-
tecture, and interaction models. All of this indicates the inevitability of
revising the technological paradigm from the dominance of efhciency
to the priority of viability, sustainability, and humanity. A generalized
view of the evolution of industrial stages, the innovation cycle and the
technological paradigm is presented in Table 1.

Table 1
Evolution of industrial stages, innovation cycle
and technological paradigm
Stage Key character- Implications for the Need for a para-
8 istics innovation cycle digm shift
. Significant reduction | Transition from
Cyber-physical . . .
Industry of the innovation cycle: | mechanistic to
systems, IoT, Al . . L .
4.0 . from idea to implemen- | digitally adaptive
automation ) !
tation — 25 years logic
Human-centered- | Innovations should The need to hu-
Industry | ness, sustainable | take into account manize technolo-
5.0 development, social, environmental | gies and change
cthical Al and ethical factors value orientations
. Rethinking the in-
Integration of Lo
. teraction “human-
Industry | bio-, neuro-, Cycles become non-
. . technology-ecosys-
6.0 nanotechnolo- | linear, partially autono- » .
: tem”, formation of
(future) | gies, autonomous | mous, permanent .
a new civilization
systems
model
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Thus, industrial revolutions from 4.0 to 6.0 not only demonstrate
the stages of technological development, but also impose qualitatively
new requirements for: the way of thinking; strategic planning; and
management of innovation cycles. Therefore, they become not linear
but adaptive, fast and systematically linked to ethical, social and envi-
ronmental imperatives.

In the context of strategic management of innovation activities,
it is of particular importance to build a logically interconnected
model that explains the formation and effectiveness of the innova-
tion cycle (Fig. 1).

Evolutionary development stage
(Industry 4.0 — 6.0, etc.)

The index is a recognized global tool for comparative analysis of the
innovation potential of countries and identification of strengths and
weaknesses of national innovation systems [12].

The Innovation Index consists of two main sub-indices:

L. Innovation Input Sub-Index — characterizes the conditions for
creating innovations:

— institutions (political environment, regulation, business environ-

ment);

— human capital and research (education, research);

- infrastructure (ICT, energy, logistics);

- market development (access to finance, investment, compe-

tition);

- business development (knowledge work, cooperation, clustering).

2. Innovation Output Sub-Index — demonstrates actual results:

- knowledge and technology creation (patents, scientific publica-
tions, technological output);
— creative activity (brands, cultural products, digital content).

A4

Innovation cycle

Fig. 1. Model of the innovation cycle in the strategic management
of socio-economic development

The proposed model includes three main structural elements:

1. Innovation lag — depending on the stage of industrial evolution, it
plays an increasingly important role. It is defined as the period of time
between the creation of an innovation and its actual implementation.
The implementation and aging stages of an innovation are rapidly de-
creasing. There may be various reasons for this, from lack of investment
to resistance to change. In this case, the longer the lag, the greater the

\ v v
Innovation lag |« Using certain types Duration of the
of innovations innovation cycle

\

Each of the variables in the sub-indices is scored (from 0 to 100)
and then weighted. The overall index is the arithmetic mean of the
sub-indices of inputs and outputs. Data sources include interna-
tional databases (WHO, World Bank, UNESCO), as well as GII’s
own analytical data.

The GII is used by governments, think tanks, academics, and
businesses to:

— assessing the effectiveness of national innovation systems;

- identifying barriers and drivers of innovation;

— developing development strategies and attracting investment;

— monitoring progress in the global innovation environment.

Fig. 2 shows a generalized description of the twenty countries with
the highest level of innovation development and Ukraine’s place in this
ranking in 2024.

loss of innovation potential in the market.

2. The length of the innovation cycle. The S Ukraine |
lag directly affects the overall duration of the B Luxembourg | I
cycle. The current environment requires ; Ireland |
shortening cycles to a minimum through % Hong Kong, China
flexible management, digital tools, and pro- ~ :Austria e —
active implementation policies. o g E—
3. Use of certain types of innovations. Ef- = e ———1
fective cycle time management is possible | Canads
with the right choice and combination of | f B —
types of innovations: product, process, orga- : apan
nizational, or marketing. A successful combi- = Frar.lce
nation of different types can not only speed - China
up the cycle but also increase the efficiency  — Denmark
of market entry. 2 Qemany  —
The end result is a full-fledged innova- *  Netherlands (ngdom) T ——
tion cycle that covers all stages — from the = : Finland  SE——
idea to its scalable implementation. Well- © Republic ofK'ore.a A —————,
proven models of such cycles are the basis | " Grea‘t Britain  SE——_—_—_—
for strategic planning and the formation of |~ Singapore  HEEEE——_—_.
the next waves of innovation. « United States of America S —_—_—_—,
Thus, this analytical model allows to in- o Sweden A ———
tegrate the multi-level elements of the inno- ™~ Switzerland  IIIImmm——
vation process into a single management log- 0 10 20 30 40 50 60 70

ic, in which reducing the lag and competent
use of types of innovations become key levers
for accelerating innovation development.
One of the indicators that characterizes the level of innovation in
a country is the innovation index. The Global Innovation Index (GII)
is an international indicator that annually determines the level of inno-
vative development of countries around the world. It is developed and
published by the World Intellectual Property Organization (WIPO),
INSEAD and Cornell University in cooperation with other partners.

Fig. 2. Ranking of countries by the Innovation Development Index in 2024 [12]

The leaders of innovation are countries with a high level of digita-
lization, investment in R&D, and effective cooperation between busi-
ness, science, and the state. These countries use a systematic approach
to innovative development, which ensures their competitiveness at the
global level.

Ukraine ranks only 60th in this ranking (Table 2).
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Ukraine’s position in the GII (2020-2024) [4] Table 2
Year Position Index (points)
2020 45 3632
2021 49 35.60
2022 57 100
2023 55 32.80
2024 0 950

In recent years, Ukraine has become one of the top 3 countries
with lower average incomes, behind only India and Vietnam [12].
This is a consequence of full-scale military operations on the territory
of Ukraine.

After analyzing the state of innovation activity of enterprises, the
results of which are presented in Fig. 3, it is possible to say that, despite
the rather low level of the country’s Innovation Index, some sectors of
the national economy are developing.

from 121 to 260, and, accordingly, the share of activity increased
from 6.4% to 17%.

A rapid increase in the total number of enterprises from 185 to 437
is observed in the financial and insurance sectors of the economy. And
the number of innovatively active companies increased from 12 to 84,
which was reflected in the share of innovation activity, which rose from
6.5% to 19.2%.

In other words, the most dynamic growth is observed in the I'T and
finance sectors, which indicates the intensification of digital transfor-
mations and the introduction of high technologies in key industries.

Despite the difficult period of the state’s existence, the government
has identified strategic priority areas of innovation activity, which are
as follows [14, 15]:

1) technological renewal and development of the national security
and defense sectors;

2) development of new energy transportation technologies, intro-
duction of energy-eflicient, resource-saving technologies, development
of alternative energy sources;

3) development of new technologies for the high-tech development

W437 84
Financial and b irs
insurance activities 85— 12
526 260
Information and
telecommunications 8T8 121
3oz (41
Transport,
E3E9m (33

warehousing, postal
and courier activities

Industry

0 4000 8000 12000

= Number of enterprises (innovatively active and non-innovative), units
= Number of innovatively active enterprises, total

16000

of the transport system, rocket and space industry, aircraft and
shipbuilding, armaments and military equipment;

4) development of new technologies for the production
of materials, their processing and connection, creation of the
nanomaterials and nanotechnology industry;

5) technological renewal and development of the agro-
industrial complex;

6) introduction of new technologies and equipment for
quality medical care, treatment, and pharmaceuticals;

7) widespread use of cleaner production and environmental
protection technologies;

8) development of modern information and communica-
tion technologies, robotics.

Strategic directions of socio-economic development
through increased innovation activity of both individual enter-

Fig. 3. Innovative activity of Ukrainian enterprises by economic sectors,
2018-2022 [13]

The following results of the analysis can be observed for individual
sectors of the economy over four years (2018-2022).

Industry - the total number of enterprises decreased from 12072
to 11459. The number of innovatively active enterprises increased from
1552 to 1611. The level of innovation activity increased from 12.9%
to 14.1%.

Transport and logistics — there were a decrease in the total number
of enterprises: from 3691 to 3293, but an increase in innovation-active
enterprises: from 133 to 141. The share of active enterprises increased
from 3.6% to 4.3%.

In information technology and telecommunications, the situ-
ation is similar to the previous industry, namely: against the back-
ground of a decrease in the total number of enterprises from 1878
to 1526, the number of innovatively active enterprises is growing:

prises and sectors of the national economy require a revision
of the research methodology. One of the tasks is to identify the
key factors influencing innovation development and formalize
the dependence between sectoral priorities. That is, which sector of the
economy has a priority position in relation to others in terms of finan-
cial support with the possibility of using significant amounts of com-
bined sources of financing, and the innovative activity of enterprises.
As part of the research, the authors propose models of innova-
tive development, which have become a relevant tool for analyzing,
planning and optimizing technological renewal processes both at the
level of an individual enterprise and at the industry level. Their use
is based on a systematic approach to determining the structure of the
innovation cycle, taking into account the innovation lag, typology
of innovations, financial parity and reduction of the duration of the
innovation cycle.
Tables 3 and 4 show the key factors of prioritizing the innovative
development of industries and individual enterprises.

Table 3

Key factors of prioritization of innovative development of industries

No. Factor Designation Characteristics Approximate weight (W)

1 | Industry multiplier effect F1 Impact on related industries, ability to create chain effects 0.30

2 The ICV?I of technological readiness of F2 Availability of infrastructure, personnel, digital solutions 0.25
enterprises
The volume of innovation activity of . . . . .

3 . F3 Share of innovatively active enterprises in the industry 0.20
enterprises

4 | Value-added potential F4 Economic feasibility of innovations, ROI 0.15

5 | Export potential of the industry Fs External demand for products and technologies 0.10
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Table 4
Key factors of prioritizing innovative development of an enterprise
No. Factor Description Approximate weight (W)
1 | The company's innovation strategy Availability of a clearly defined innovation policy and development plan 0.25
2 | Investment capacity Level of financial readiness to implement innovations 0.20
3 | Human resources and R&D competencies Clufahﬁ.cc-{ staff, research and development departments, cooperation with 020
universities

4 | Technological base Level of equipment modernization, digital infrastructure 0.15
5 | Flexibility and ability to change Speed of adaptation to new conditions, corporate culture of innovation 0.10
6 | Market position and competitiveness Market potential for new products, market share 0.10

L. Basic model of industry priority: The sector priority index (P) is
calculated as a weighted sum of the key factors

P = W,F,+ W,F, + W,F, + W,F, + W,E,, (1)

where F, - the multiplier effect (W, = 0.30); F, - the level of techno-
logical readiness (W, = 0.25); F, — the innovation activity of enterprises
(W, =0.20); F, - the value-added potential (W, = 0.15); F; — the export
potential (W; = 0.10).

Sectoral priority indicators (F;) are determined on the basis
of an expert study of individual sectors of the economy and are
normalized within the range [0; 1]. Moreover, the scale of values of
priority indicators should differ depending on the selected sector
of the economy.

2. Basic model of financial support

FZ=aP+BA+yR, ®)

where FZ — the amount of financing of innovations in the industry;
P - the priority of the industry; A — the innovative activity of enter-
prises; R — the parity of financing sources; o, 5, y — the weighting factors
(for example, 0.5, 0.3, 0.2, respectively).

3. The model takes into account the duration of the innovation cycle:
The efficiency of the cycle is taken into account through the reduction
factor C

C= TBenchmark/ T; (3)

where T - the actual duration of the innovation cycle in the indus-
try; Thenchmark — the desired (reference) duration, for example, 3 years.

If the cycle is shorter than the benchmark - C > 1C > 1C > 1, the
innovation process is effective.

Ifitis longer - C < 1C < 1C < 1, the process is slow.

Updated formula

FZ=(aP+pA+yR)-C. (4)

Thus, shortening the cycle (C > 1) increases funding, while length-
ening it reduces the effectiveness of support.

— High priority industries with short cycles receive an advantage in

funding.

— If the cycle is too long, even the priority industry loses a share of

funding, as the risks of implementing innovations increase.

The key factors that determine the priority of innovation develop-
ment at the level of an individual enterprise differ from the sectoral
ones in that they focus on the company’s internal potential, strategy
and resources

IPE = W,E, + WF, + WyF, + W,E, + W.F, + W,F,, (5)

where F; - the normalized value of each factor (in the range from 0 to 1).

Similar to the sectoral priority indicators, the key factors of prior-
ity for the innovative development of an enterprise are determined on
the basis of expert assessment. The value of the indicators should differ
depending on the type of enterprise and its belonging to a particular
sector of the economy.

Capabilities of the models:

— high analytical flexibility: the models allow to adapt to different

types of enterprises and industries;

— quantitative assessment of innovation attractiveness and efficiency

not only of an individual enterprise, but also of the economy sector;

— support for strategic decision-making in the field of innovation

investment;

— possibility to formalize the relationship between the technological

paradigm and the financing structure;

— consideration of the multifactorial nature of innovation.

Limitations of the models:

— the need for high quality and completeness of input data (expert

opinions, market statistics, etc.);

— the possibility of subjectivity in determining the weights of fac-

tors;

- limited consideration of socio-cultural and political factors of in-

novation activity;

- not all models fully cover the synergy effects when combining dif-

ferent types of innovations.

In a further study, it would be interesting to obtain practical confir-
mation of the proposed judgments regarding the use of models of inno-
vative development of sectors of the national economy and individual
enterprises with the identification of key priority factors. The proposed
models provide an effective basis for making informed management
decisions regarding the innovative development potential of not only an
individual enterprise, but also the economy sector. Given their multidis-
ciplinary nature, practical implementation is possible when integrated
with modern digital analytical platforms, which allows to improve the
accuracy of forecasting and strategic planning of socio-economic devel-
opment in the context of rapid technological change.

4. Conclusions

The study found that innovation cycles are a crucial element in the
formation of a new technological paradigm of socio-economic develop-
ment. The analysis has shown that accelerating the pace of technologi-
cal change, reducing the innovation lag and shortening the duration
of innovation cycles are key characteristics of the current stage of eco-
nomic evolution. This necessitates a systematic review of strategies for
managing innovation development at both the macro and micro levels.

The proposed approach to the interpretation of the innovation
cycle as a strategic methodological objectivity allows to form more flex-
ible and effective management decisions in the context of the transition
to a new technological paradigm. The role and place of the innovation
lag, types of innovations and financing mechanisms in shaping the in-
novation dynamics of enterprises and industries are determined. It is
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confirmed that optimization of the structure of the innovation process
in accordance with the latest challenges ensures an increase in the
competitiveness and sustainability of the economy in the long term.

Particular attention in the study is paid to the construction and sub-
stantiation of models that reflect the relationship between the duration
of the innovation cycle, innovation lag, types of innovations and their
combination. The significance of such models lies in their ability to:

— provide a systemic vision of innovation dynamics at the enterprise

and industry levels;

— formalize decision-making processes regarding the priority of in-

novations, areas of investment and optimization of technological

development;

- adapt management strategies to reduce the duration of innovation

cycles and reduce the innovation lag;

- serve as a tool for quantifying the level of innovation capacity and

attractiveness.

Thus, the models presented in the article are not only of theoretical
value, but also play an important role in applied analysis and strategic
management of innovative development of socio-economic systems in
the context of rapid technological change.
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