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A SYSTEM OF INDICATORS FOR SELECTING INNOVATION
TRIGGERS TO DRIVE SUSTAINABLE DEVELOPMENT

CUCTEMA IHJIUKATOPIB BUBOPY IHHOBAIIIMHUX TPUT'EPIB
JJA CIPUAHHA CTAJTIOMY PO3BUTKY

Summary. The foundation of sustainable development lies in innovation, technology, and entrepreneurship,
which have significant positive impacts on socio-economic aspects of life. This study examines the indicators nec-
essary for selecting innovation triggers that can lead country’s sustainable development. Innovation trigger system
is mechanism that initiates and drives the development of new technologies and processes, essential for sustainable
development by facilitating the transition to more sustainable practices. However, not all innovation triggers suc-
ceed or offer long-term benefits for sustainable development. This study aims to identify the indicators necessary
to select effective innovation trigger for sustainable country development. It has been described hype cycle phases
of main technologies in the 21-st century, and defines that there is no one duration of hype cycle phases for Al, IoT,
AR and VR, blockchain technologies. It has been proposed the innovation trigger system indicators to select benefi-
cial innovation trigger that divided into two groups, set of lagging indicators and set of leading indicators. Lagging
indicators assess the effectiveness of past strategies and investments, while leading indicators provide insights into
future performance and potential outcomes. By utilizing both types of indicators, a more balanced and comprehen-
sive analysis can be achieved when selecting the most beneficial innovation trigger for a country’s development.
The final choice of innovation trigger in each country will ultimately depend on its prioritized development goals.
Additionally, it has been applied and modified the Bass Model to forecast the diffusion of Al among industrial en-
terprises in Ukraine. The basic Bass model has been extended to include a developer influence coefficient, which
accounts for the role of Al developers in technology diffusion. Understanding the processes of diffusion and the
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effectiveness of innovation triggers, as well as the phases of the hype cycle, provides guidance for policymakers,
business structures, and enterprises in technology implementation and the use of innovation for development, which
determines the sustainability of national economic progress.

Keywords: bass model, diffusion of innovation, forecast of innovation, hype cycle, technology, technological
wave.

AHoTaunisi. OCHOBOIO CTaJIOr0 PO3BUTKY HAIlIOHAJILHOTO FOCIIOAPCTRA € IHHOBAIIIT, TEXHOJIOTIT Ta MiANPUEMHH-
LITBO, SIKI MAOTh 3HAYHWIA TO3UTUBHUI BIUIMB Ha COIIAIbHO-CKOHOMIYHI aCIIeKTH KHTTS B KpaiHi. Cuctema iHHO-
BallifHUX TPUTEPIB, IO CKIIATAETHCS 3 MPOIECIB MPOAYKYBaHHS, TECTyBaHHs, MU(y3ii IHHOBAIlIl, € MEXaHI3MOM,
IO iHILIIOE Ta CTHUMYIIOE€ PO3BUTOK HOBUX TEXHOJOTIH 1 MPOILECIB, SIKI € BaXIIMBUMU AJSI PO3BUTKY, CIPHIIOUN
Mepexoy A0 MPOAYKTUBHIIIMX CTAIMUX MPAKTUK HAL[IOHAIBHOTO rocnoaapcTsa. OHaK He BCl iIHHOBALIKHI TpUTEpH
€ e(eKTUBHUMH JUTS IMIZIEMEHTAI(iT B BUPOOHMYI MPOIECH HAIIOHAILHOTO TOCIOAApCTBa. METOM J0CHIKCHHS €
BHU3HAYCHHS CHCTEMH MOKAa3HUKIB, HEOOXITHHUX JUIsI BHOOPY €(PEKTHBHOTO IHHOBAIlIHHOTO TpUTEpa ISl CIIPUSHHS
crasioMy po3BuTKy. Omrcano $hazu hype-1uKiry OCHOBHHX TEXHOJIOTiH 21-ro cTomiTTs. Bu3HaueHo, 10 TpUBalIicTh
(a3 hype-nuKiIy U MITyYHOTO iHTEJIEKTY, IHTEPHETY pedeii, TOMOBHEHOI Ta BipTyalbHOI pealbHOCTI, OIOKYCHH-
TEXHOJIOTIH € pi3HO0. 3alpONOHOBAHO CHCTEMY MOKa3HHKIB BHOOpY e€(heKTHBHOTO IHHOBAIIMHOTO Tpurepa, siki
MOJUIAIOTHCS Ha JIBl TPyIH: HaOlp MOKa3HMKIB, L0 BiJCTalOTh, Ta HAOIp BUIIEpEKAIOYNX MOKa3HUKIB. [Toka3HuKH,
0 BiJICTAlOTh, OIIHIOKTh €()EKTUBHICTh MUHYJIMX CTpATEriil Ta IHBECTHIIH, TOAl SIK BUIEPEIKAIOUl TTOKA3HUKH
HAJaf0Th YSBICHHS PO MalOyTHIO €()EKTHBHICTh Ta MOTCHIIIHHI pe3yJIbTaTH BIIPOBAKEHHsI IHHOBAIIMHUX TPHTe-
piB. BukopucraHHs MoKa3HUKIB 000X IpyIl 3a0e3meuye 30alaHCOBaHIIIMN aHali3 y BUOOP1 IHHOBAIIHHOTO TpUTepa
JUIS pO3BHUTKY KpaiHu. OcTaTouHMi BUOIp IHHOBAIIHHOTO TpHUrepa B KOXKHIHM KpaiHi 3aleXHUTh BiJl MPIOPUTETHUX
Iine po3BUTKY. 3aCTOCOBaHO MoaM(iKoBaHy MoAeb bacca At MpOrHO3yBaHHSI MOMIMPEHHS MITYYHOTO iHTEIEKTY
Cepe/l IPOMUCTIOBHX MiAIPUEMCTB B YKpaiHi. I[o 6a3oBoi mozeni bacca BkitoueHo koeilieHT BIUIUBY p03p06HHKa
SIKHI BPAaXOBY€E POIb p03pO6HI/IKlB LTy YHOTO IHTEJIEKTY B nomnpeHm TeXHONOTIH. Po3yMiHHs nporieciB qudys3ii Ta
e(eKTHBHOCTI IHHOBALLIfHUX TpUTepiB, pa3 hype-wukiy GopMye OpiEHTHPH MONITHKAM, Gi3HEC-CTPYKTypaM, Mil-
NPUEMCTBAM Y BIIPOBAJUKCHHI TEXHOIOT1i, BAKOPHCTAHHI IHHOBALLIT /TSl POBUTKY, 110 BU3HAYA€ CTAIlCTb IIOCTYITY
HAI[IOHAJIBHOTO TOCIIOJIAPCTBRA.

KurouoBi ciaoBa: maudysis inHOBamiil, moxenb baca, mporHo3 iHHOBawil, CTaJWd PO3BUTOK, TEXHOJOTIS,

TEXHOJOTTYHUH yKia, hype mukiI.

Problem statement. Sustainable development
aims to meet the needs of the present without
compromising the ability of future generations to meet
their own needs [1]. It encompasses economic growth,
social inclusion, and environmental protection. The
foundation of sustainable development is innovation,
technology, and entrepreneurship. New technologies
and innovations positively impact socio-economic
aspects of life, and entrepreneurship is a source of
innovation. The relationship between innovation
and sustainability has been widely discussed, with
various researchers pointing out the necessity of
creating systems that promote the diffusion and
implementation of new technologies.

The idea of an "innovation trigger system"
emerges as a strategic mechanism to identify, foster,
and propagate technologies capable of accelerating
sustainable practices. This system involves selecting
key indicators, both lagging and leading, that can
help determine the long-term viability and potential
impact of an innovation on national sustainable
development.

In this context, the present article seeks to explore
the development of an innovation trigger system,
focusing on forming indicators that guide the selection
of innovation triggers specifically suited to enhance
sustainability goals.

Analysis of recent research and publications.
The limited interdependence between economic
growth and sustainable development is emphasized in
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the research by Chaparro-Banegas N. et al. [2]. At the
same time, the authors highlight that countries with
higher levels of economic development invest more in
institutional, educational, and research systems based
on innovation to stimulate national development.
Thus, the promotion of innovation is a key element in
driving sustainable development.

Technological solutions are effective only when
they are diffused, as argued by Coenen L. and other
researchers [3]. The process of innovation diffusion
is defined as such that “even after a new product,
production process, or organizational form is developed,
its economic and/or social significance still depends
on its acceptance among potential customers” [4].

Rekers J. V. identifies local factors influencing
the diffusion of innovations in the fields of theatrical
activities and pharmaceutical vaccines. The author
argues that the diffusion of innovations is not a rational
process but depends on the social environment and
the product's reputation and legitimacy, which are
shaped by intermediary organizations. The specifics
of the industry and the legal framework of local
markets also play a significant role in this process [5].

The case study method used by Scherrer M. et al.
shows that the diffusion of Industry 4.0 technologies
into business activities is associated with the
formation of a clear value proposition. The authors
argue that the implementation of new technologies
requires analysis and decomposition of the business
model [6].
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Rogers E. identifies the key factors that determine
the diffusion of innovations, such as relative
advantage, compatibility, complexity, trialability, and
observability [7]. Keupp M. and other researchers
support the claim regarding the positive impact of
resource constraints on the production of radical
innovations in manufacturing companies [8].
The study by Perera S. et al. highlights the potential
for the diffusion of blockchain technology into the
construction industry through investments and startup
activity [9].

Christofi M. et al. focus on the factors and processes
of value formation in technological innovations
during mergers and acquisitions [10]. The research
by Graebner et al. also focuses on mergers and
acquisitions as a method of technological innovation
diffusion [11].

Tidd J. contend that the adoption of an innovation
hinges on the interplay between demand-side and
supply-side factors. The researcher examines various
models of innovation diffusion and argues different
ways of their dissemination through communication,
awareness, marketing processes, and understanding
the value of innovation [12].

So innovation trigger system is mechanism
that initiates and drives the development and
implementation of new ideas, technologies, and
processes. This system is important for achieving
sustainable development goals as it facilitates the
transition to more sustainable practices and solutions.
Innovation trigger system is a framework or processes
that catalyze the creation and adoption of innovative
solutions [13].

But not all innovation trigger is successful and
have potential for long term benefit for country
sustainable development [14].

The purpose of the article is to form innovation
triggers system indicators to drive sustainable
development.

The research question addressed in this study
is: What are indicators necessary to use to select
innovation  triggers for sustainable country
development?

Materials and Methods. The paper uses structural
analysis and synthesis to form innovation trigger
system indicators system for achieving country’s
sustainable development.

The article is structured as follows. We begin with
a discussion and analysis of the key issues of the
hype cycle of innovation. The next section provides
description of hype cycle phases of some technologies
in the last decades of 20-th and 21-st centuries.
Following, the lagging and leading indicators of
innovation trigger system is developed to select
innovation trigger for support country’s sustainable
development. Then adaptation of the Bass Model,
incorporating a developer influence coefficient,
to forecast the diffusion of Al among industrial

enterprises in Ukraine is developed. The final section
provides discussion and main findings of research.

Summary of the main research material. The
hype cycle is a graphical representation developed
by Gartner to illustrate the maturity, adoption,
and social application of specific technologies
[15-16]. It describes the typical progression of
an innovation from initial excitement to eventual
productivity [17-21]. The model reflects the
phenomenon of overestimating the short-term impact
of a transformative discovery on its long-term
consequences.

The hype cycle constructs in coordinates of
expectations and time (See Fig. 1). It consists of five
phases. At the first stage, name “Innovation trigger”
a potential technology breakthrough kicks things off.
Early proof-of-concept stories and media interest
trigger significant publicity. Often, no usable products
exist and commercial viability is unproven. Basically,
it's commonly termed a "technology trigger," wherein
the announcement of technological advancements
sparks sudden interest.

Second stage ‘“Peak of inflated expectations”
characterizes early publicity produces a number
of success stories, often accompanied by scores of
failures. Some companies take action; many do not.

Then at the third phase “Trough of disillusionment”
interest wanes as experiments and implementations
fail to deliver. Producers of the technology shake out
or fail. Investments continue only if the surviving
providers improve their products to the satisfaction of
early adopters. Fourth stage “Slope of enlightenment”
provides more instances of how the technology
can benefit the enterprise start to crystallize and
become more widely understood. Second- and
third-generation products appear from technology
providers. More enterprises fund pilots; conservative
companies remain cautious. At the last phase “Plateau
of productivity” mainstream adoption starts to take
off. Criteria for assessing provider viability are more
clearly defined. The technology’s broad market
applicability and relevance are clearly paying off.

Innovation triggers are events or developments
that initiate new waves of technological advancement
and drive economic and social change. In the last
decades of 20-th century and in 21-st century several
key innovation triggers have significantly impacted
various industries and societies. These triggers often
lead to the emergence of new technologies, products,
and services that redefine markets and create new
opportunities. Some of them are cloud computing,
Al, Internet of Things (IoT), blockchain, quantum
computing, CRISPR and gene editing technologies
[22-23]. Examples of technologies in the hype cycle
in the 21-st century are demonstrated at Table 1 with
description for every phase.

Thus, there is no one duration of hype cycle phases
for Al, IoT, AR and VR, blockchain technologies.
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Figure 1 — The hype cycle of innovation

Source: [15]

Also it is important to notice that phase ‘“Peak of
inflated expectations” in 21-st century can be not too
long (3-5 years).

Notably, it is risky and not easy process of
selection and development some innovation trigger.
It deals with many socio-economic factors. But still
it is possible to form framework for work out with
trigger selection.

We propose the innovation trigger system
indicators to select beneficial innovation trigger.
There is list of lagging and leading indicators that
could be used to select it (See Table 2). Dividing the
set of indicators into lagging and leading is important
for several reasons. Lagging indicators provide
information on what has already occurred. They are
typically outcome-based and show the results of past
activities. For example, the number of startups and
total R&D expenditure reveal the level of innovation
and investment that has historically taken place.
Also these indicators help in evaluating the
effectiveness of past strategies and investments.

Leading indicators offer insights into future
performance and potential outcomes. They are often
input-based and can signal changes that are likely to
occur. For instance, the start-up success rate and the
percentage of R&D as a portion of GDP can indicate
the potential for future innovation and economic
growth.

Using both types of indicators ensures a
more balanced and comprehensive analysis in
selection beneficial innovation trigger for country’s
development.

The final decision on selecting an innovation
trigger using this set of indicators in each country
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will depend on the prioritized development goals
(e.g., reducing carbon emissions or enhancing
production efficiency) and the infrastructural capacity
(existing or to be developed).

And next important question after innovation
trigger selection (when it comes to other stage of
hype cycle) is period of it diffusion in country’s
economy. We would like to present simple modelling
of diffusion Al technology in Ukraine’s industry.

Given the macro-level context of industrial Al
diffusion in Ukraine the Bass Model is applied and
adopted to estimate the diffusion of Al [32-34].

Initial Assumptions and Data:

(1) Number of industrial enterprises (NE):
102,500 (2022) [35]

(2) Number of Al developers (AD): 4,200 (2023) [36]

(3) Initial adopters: 500

(4) Coefficient of innovation (P): 0.01

(5) Coefficient of imitation (Q): 0.3

We add the developer influence coefficient (R),
whichaccounts fortherole of developers in technology
diffusion. Let this coefficient be proportional to the
number of developers, normalized to the number of
industrial enterprises. Assume that each developer
can influence 10 enterprises per year (I).

R= 4D *1 (1)
NE
R=4,200/102,500%10~0.41

(6) Coefficient of developer influence (R): 0.41

The formulas of the Bass model with an additional
factor “Coefficient of developer influence, R”:

(1) The proportion of new users at time t taking
into account R:



CTAZINV PO3BUTOK EKOHOMIKM

N 4 (51), 2024

Table 1 — Description of Hype Cycle Phases of Some Technologies in the 21-st Century

Phase | Period | Description
Al
Innovation trigger 1970-1975 Early. research and development in neural networks and machine learning
algorithms
Peak of inflated Hype around AI’s potential to transform industries, with breakthroughs
. 1975-1985 |. . X

expectations in deep learning and successes like AlphaGo
Trough of 1985-1995 Realization of the limitations of Al, challenges in data privacy,
disillusionment bias in algorithms, and high costs of implementation
Slope of enlightenment 1995-2005 Focus on practical applications in business analytics, automation,

and customer service, with improved tools and frameworks

Plateau of productivity

2005-present

Al integrated into mainstream applications, driving efficiency
and innovation across multiple sectors

Blockchain

The creation of Bitcoin by Satoshi Nakamoto and the underlying

Innovation trigger 2008-2010 blockchain technology

Peak of inflated 2010-2017 Massive media attention and hype around Bitcoin and other

expectations cryptocurrencies, with Bitcoin reaching nearly $20,000 in December 2017

Trough of Market correction, regulatory crackdowns, and numerous failed projects
S 2017- present . .

disillusionment and scams leading to scepticism

Virtual

reality (VR) and Augmented reality (AR)

Early VR devices like the Oculus Rift and AR apps like Pokémon Go

Innovation trigger 2010-2014 . .
gaining attention
Peak of inflated High expectations for VR and AR to revolutionize gaming, entertainment,
. 2014-2017 ; o
expectations and business applications
Trough of Technical limitations, high costs, and lack of compelling content leading to
s 2017-2019 .
disillusionment decreased enthusiasm

Slope of enlightenment

2019- present

Focus on enterprise applications, training, and education, with improved
hardware and software

IoT

Innovation trigger 1999-2010 | Conceptualization and early development of connected devices and sensors
Peak of inflated Predictions of billions of connected devices transforming homes, cities,
. 2010-2018 . .
expectations and industries
Trough of Security concerns, interoperability issues, and unclear ROI leading to
S 2018-2021 .
disillusionment scepticism

Slope of enlightenment

2021- present

Development of standardized protocols and successful implementations
in industrial IoT, healthcare, and smart cities

Source: created by authors based on [21; 23-31]

f(t)=(P+QF (1)+RF)))(1-F(1)) (2
(2) Cumulative adoption (F (t)) taking into account R:
1— e—(P+Q+R)t
F(1)

B 1+ Q +R e—(P+Q+R)t

)

Main figures of calculation present in Table 3.

So it seems more than 15-25 years is period for
Al diffusion in Ukraine’s industry (in the presence
of all other necessary conditions (investments,
infrastructure, etc.).

For a more accurate forecast for the following
years, calculations should be continued, taking into
account the data from the first two years and adjusting
the model based on the actual dynamics of Al adoption
among industrial enterprises in Ukraine.

Thus selecting and nurturing the right innovation
triggers is advancement for sustainable development,
demanding strategic investments and supportive
policies. The integration of both lagging and leading
indicators in this process enables countries to harness
the full potential of technological advancements,
driving long-term socio-economic growth and
sustainability, reduced resource consumption, and
lower CO? emissions [37], thus contributing to
sustainable development.

Conclusions. The findings wunderscore the
importance of a multifaceted approach to innovation
diffusion.

The diffusion of innovations is based on a
broad social context of their normative and cultural
acceptance, provided there is a stable network of
intermediaries. Some technologies are rejected or
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Table 2 — Lagging and Leading Indicators of Innovation Trigger

Group of indicators

Lagging Indicator

Leading Indicator

1. Startup activity Number of startups

Startup success rate

R&D expenditure

2. R&D investment level

R&D as a percentage of GDP

Market size

3. Market metrics the new technology

Percentage of potential users or businesses adopting

Normalized volume of search queries in Google

4. Scientific publications Number of publications

and citations Citation index

5. Venture capital funding | Total VC funding

(He Ni) Number of funding rounds

Number of patents

6. Patents filling and grants

Number of patents granted, indicating successful
innovations and legal protection

Decreasing CO2 emissions

7. Sustainable development

Less resources consumption,
higher productivity

Source: created by authors based on [9; 18; 22]

Table 3 — Calculation of New Al Users among Industrial Enterprises in Ukraine

Year/Parameter F f N
Year 1 0.0144 0.01993 2042
Year 2 0.0428 0.0387 3968

abandoned. For example, in the 1970s, the U.S. Army
reduced research and development for defence against
biological weapons. At the same time, the Soviet
Union was creating the world's largest biological
weapons program, and the invention of genetic
engineering sparked what later became known as the
biotechnology revolution.

There is set of indicators that could use foe
selection of innovation trigger. As example, He Ni et
al. demonstrate that venture capital has a positive but
limited impact on the production of innovations in
the Chinese market. The authors identify firm growth
potential and government support as additional
factors that determine the effectiveness of innovation
creation by venture capital.

The analysis results allow us to conclude
that innovation trigger initiate and promote
the development and adoption of new ideas,
technologies, and processes, are it is important for
transitioning to more sustainable practices. However,
not all innovation triggers are equally successful or
beneficial in the long term. It is valuable to carefully
select and support those that align with sustainable
development goals.

The research identifies leading and lagging
indicators groups that can guide the selection of
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effective innovation trigger. These include startup
activity, R&D investment levels, market metrics,
scientific publications and citations, venture capital
funding, patent filings and grants, and sustainable
development metrics. By leveraging these indicators,
policymakers and businesses can better identify
and foster innovation triggers that contribute to
sustainable growth.

The diffusion of technologies like Al within a
country's economy can be modelled to estimate
the timeline and impact. For example, applying the
Bass Model with a developer influence coefficient
to Al diffusion in Ukraine's industry indicates a
potential diffusion period of 15-25 years, given
the necessary conditions such as investments and
infrastructure.

To summarize, the effective selection and support
of innovation trigger, guided by well-defined
indicators and an understanding of the hype cycle,
are necessary for achieving sustainable development.

While this study offers a framework for identifying
and promoting innovation trigger to support
sustainable development, several limitations should
be acknowledged. The study’s analysis of lagging
and leading indicators is essentially static, providing
a snapshot based on available data at a given time.
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However, the innovation landscape is dynamic and
constantly evolving. Indicators that are relevant
today may become less significant over time, and
new indicators may emerge. A longitudinal approach,
which tracks these indicators over time, would
provide more nuanced insights. The role of cultural
and social factors in the diffusion of innovation is

not extensively covered in this study. These factors
can significantly influence how new technologies are
perceived and adopted. Future research should aim
to address these limitations by incorporating more
diverse datasets, refining modelling approaches, and
considering a broader range of factors that influence
innovation diffusion.
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