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TECHNOLOGY GAPS: THE CONCEPT,  
MODELS, AND WAYS OF OVERCOMING

Introduction. The Fourth industrial revolution and accelerated development of Industry 4.0 disruptive technolo-
gies are accompanied by the formation of new value creation networks and the redistribution of production fa-
cilities that partially return to advanced economies. 

Problem Statement. Processes of technological development and new value chains’ formation are turbulent, 
so that some countries have taken lead in the sphere of technology, while others have become outsiders. Between 
them, new technology gaps are emerging or existing ones are changing, and this, in turn, has a critical impact on 
the development of national economies: productivity, job creation, profitability of businesses, employment, and 
population income.

Purpose. To develop a framework for defining the concept and estimating the size of technology gaps between 
countries with different levels of industrial development in the context of the Fourth industrial revolution.

Materials and Methods. Historical analysis of technology gap economic concepts, statistical analysis of in-
dicators of economic and R&D development of world economies, economic and mathematical modeling of the 
cyber-physical technology life cycle.

Results. Within the economic theory of the technology life cycle, an emendated concept of technology gap has 
been proposed. It is mainly related to jump transition from one technology curve to another. To assess the size of 
technology gaps, a logistic function has been proposed. It determines the relationship between labor productivity 
and capital/labor ratio taking into account the interdependence of physical and digital capital. Using this func-
tion, technology gaps between industrialized European economies and Ukraine, which manifest themselves as 
multiple lags in productivity, have been identified.

Conclusions. In order to reduce the technology gaps between Ukraine and European countries, it is necessary 
to create a new, innovation-oriented business ecosystem that is formed in the course of gene-cultural-technologi-
cal co-evolution and, above all, requires a set of measures to accelerate the development of Ukrainian R&D 
sphere, as well as related culture and institutions.

K e y w o r d s : industrial revolution, technology gap, cyber-physical technology, technology curve, and business 
ecosystem.
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The fourth industrial revolution accelerates 
the technological development and changes all 
spheres of human activity. The world is getting 
more digitalized, the human being is becoming 
more cybernetic-oriented, the production is cont-
rolled by artificial intelligence and robots. in the 
upcoming years, the internet of Things can radi-
cally change manufacture, power engineering, ag-
riculture, transportation and other sectors of the 
real economy accounting for almost two-thirds of 
world GDP [1]. in fact, it is a global process of 
forming new networks of value creation and re-
distribution of production facilities that are re-
turning, at least, partly, to advanced economies 
[2] and new global centers of economic power.

Therefore, nowadays, the problems of techno-
logical development in the context of the fourth 
industrial revolution and the formation of in-
dustry 4.0 has attracted considerable attention. 
There have appeared numerous publications on 
the processes of industry 4.0 formation [3—5], 
the use of new key technologies, such as micro- 
and nano-electronics, nanotechnology, industrial 
biotechnology, advanced materials, photonics, 
big data, and blockchain, the effects of digitaliza-
tion and robotic automation of production using 
artificial intelligence capabilities [7, 8], etc. [6, 7]. 

These processes of technological development 
are very irregular, turbulent. There are leaders, 
and there are outsiders. Between them, there are 
emerging new technology gaps or, conversely, 
decreasing and disappearing the existing ones, 
which have a critical impact on national econo-
mies: output, job creation, business profitability, 
employment, and household income. Against this 
background, it is extremely important to deter-
mine the place of every country in this newly crea-
ted reality.

Today, there are many different ratings: by in-
novation [10], economic complexity [11], digiti-
zation [12], etc. All of them, on the one hand, are 
really helpful and allow countries to critically eva-
luate themselves and to make the necessary mana-
gement decisions to enhance their strengths and 
to eliminate weaknesses. on the other hand, such 

rankings are nothing more than rankings, usual-
ly based on expert evaluations, which does not 
make it possible to determine, in terms of usual 
economic criteria, the size of gaps between cer-
tain countries and groups of countries, how they 
can be estimated, and which steps are necessary 
to overcome, or at least to reduce, critical techno-
logical backwardness of national industries from 
the most industrialized economies, based on these 
estimates.

Proceeding from the above, the purpose of re-
search is to develop a conceptual approach to de-
fining the concept and estimating the size of tech-
nology gaps between countries with different le-
vels of industrial development in the conditions 
of the fourth industrial revolution and accelera-
ted development of industry 4.0 technologies.

PRObLEMS RELATED  
TO CONCEPTuALIzATION  
AND DEFINITION  
OF TECHNOLOGY GAPS

The process of technological development world-
wide is not uniform and influenced by many fac-
tors that differ depending on the place and time, 
so that some countries today are technological 
leaders, while others are outsiders. The distance 
between the level of their development in the 
post-Soviet scholarly research literature was 
ca lled “the technology gap”. in english-langua-
ge academic literature, the situation is not so 
unambiguous: there are two terms “technology 
gaps” and “technology lags” and both them are 
used by researchers.

According to B. Godin, a researcher in the field 
of innovation history, the concept of "lags" 1 and 
"gaps" comes from the theory of cultural lags in 
sociology. in 1920—1930, its founder, the Ameri-
can sociologist W.F. ogburn, suggested that in 
society there was a significant increase in the 
number of inventions, most of which were not 
implemented in practice because of a significant 

1  B. Godin defines lag as time interval between the appearan-
c e of invention and its commercialization [13, 35].
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2  M. Posner does not take into consideration transportation 
costs, difficulties related to the trans-border traffic, govern-
ment monetary and fiscal policies. 

3 Provided they take place in the same industry. if techno-
logical transformations occur in the one industry, in one 
country, and in other industry, in the other country, the 
balance can be kept, but the international trade structure 
changes.  

lag of the tangible culture from the intangible 
(adaptive) one. That is, such a society may not be 
ready for new technical means and technologies, 
and for overcoming the lag needs consolidated ef-
forts of the whole society [13, 35—36].

Almost 30 years after the creation of the cultu-
ral lag theory, it evolved into an economic theory.

At the first stages, the idea of how different 
levels of technological development could affect 
the economy was developed in the context of in-
ternational trade theory, in particular, the famous 
heckscher-ohlin model [14], which explains ex-
port/import specialization of countries by sur-
plus/deficit of individual production factors.

M. Posner, a British economist, is believed to 
be an author of one of the first ideas of technology 
gaps. in his research International Trade and Tech-
nical Change (1961), he notes that if two coun-
tries have the same factors of production, the 
same structure of industry, and a parity in terms 
of balance of trade, then the only thing that can 
turn the tide in favor of one of them (all other 
things being equal 2) are innovations and imp-
lementation of technical and technological chan-
ges 3 [15, 323].

if one country takes the lead, to overcome the 
gap the other one needs time for learning (adap-
tation of innovation by enterprises, consumers, 
competitors); for imitation of innovation in the 
domestic market (change in the technical and 
technological conditions of business operation in 
order to obtain the same profits as innovating en-
terprises); for dissemination of technology until 
it becomes typical for the industry); for imitation 
of innovation in the foreign market (development 
of new technologies by foreign competitors of the 
innovating firm); and for generation of demand.

each such period of time is called ‘lag”, “lear-
ning lag”, “domestic imitation lag” “foreign imi-
tation lag”, and “demand lag”. The longer the du-
ration of each one, the greater the opportunity 
for innovative enterprises to make higher profits, 
and the harder it for competitors, both within and 
outside the country, to overcome the gap.

According to M. Posner, in aggregate, all lag pe-
 riods are called “net lag”. The author defines it as:

Net lag = L — l,                         (1)

where  l — is demand lag; L is total imitation lag, 
L = l1 + l2 + l3; l1 — is foreign imitation lag; l2 is 
domestic imitation lag; l3 is learning lag.

This time interval may be different for diffe-
rent innovations (product, process, organization, 
etc.), different industries and different countries, 
but this has not been thoroughly discussed by the 
author.

Theoretically, at the end of net lag, a country 
that is chasing the innovating country can either 
master the production of a similar product or re-
duce its costs on an already existing product and 
abandon the import of innovative product, which 
should eventually lead to a rebalancing of trade 
between countries.

however, another problem arises: during this 
time, the innovating country can accumulate new 
knowledge and resources (including those from 
international trade) and invest them in new deve-
lopments and solutions. And if such innovations 
are continuous, one after another, or arise simul-
taneously over a period that is shorter than the 
duration of the net lag, the outsider country, in 
fact, have no chance of catching up with the lea-
der 4. That is, not only the time for imitation and 
adaptation of new tech nologies (the net lag), but 
also the rate of inno vation (number, speed, and pro-
ductivity) is important to determine the impact 
of technological prog ress on international trade.

M. Posner defines the net lag and the rate of 
in novation together as dynamism of national eco-

4  except for the case where the outsider country is realizing 
innovations in an industry other than that where it is not a 
leader.
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nomy. it is the ability of economy to quickly and 
massively imitate the best technologies and prod-
ucts and/or to create new ones. it shows how fast 
the economy and positive trade balance will grow. 
in addition, such a country will possess sufficient 
resources and time to ensure maturing the next 
innovations and retaining its leadership.

in the 1970s, attempts were made to determi-
ne the impact of technology and technological 
chan ges on international trade in a formalized 
man  ner, in particular, a model proposed by influ-
ential American international trade economist 
r. Jones [16], which is an evolution of the model 
by heckscher-ohlin and their followers. That is, 
it is a theoretical model of international trade ba-
lance, in which there are two countries, each pro-
ducing two types of goods (manufactures (indust-
rial commodities) and food) using two types of 
resources (labor and land). The factors of produc-
tion in each country are con sidered to be fully ope-
rational and immobile.

The author notes that technological innova-
tion helps reduce the price of products due to a 
relative decrease in the cost and the amount of 
resources required for this purpose. Therefore, the 
innovating country gains competitive advanta-
ges over its trade partner and can export larger 
quantities of its products at a lesser cost.

r. Jones set a task to determine how the diffe-
rence in the production functions of countries 
emerging from the influence of technical inno-
vation changed the basic model of trade balance. 
At the same time, like his predecessors, he assu-
med that the consumer preferences were the same 
in both countries and ignored monetary and fis-
cal policies of the countries as well as transporta-
tion costs.

To solve this problem, the researcher analy-
zed relative change in prices for goods within the 
model:

(PM — PF) = |Θ| (w — r) — (pM — pF),  

|Θ| = ΘLM — ΘLF ,                     
 (2)

where  M is manufactures (industrial commodi-
ties); F is food; L is labor; PM, PF are changes in 

prices for manufactures and food, respectively; w 
is relative change in wage; r is relative change in 
land rent; pM, pF is relative decrease in the cost 
of manufactures and food, respectively; ΘLM, ΘLF 
is labor share in the manufactures and food, res-
pectively.

A sign of |Θ| shows which goods are more labor- 
intensive. if in both countries the manufactures 
are more labor-intensive (i.e., |Θ| is positi ve), the 
country with lower wage has an advantage. 

equation (2) makes it possible to clarify this 
statement in the light of the impact of technolo-
gical change: the production of more labor-inten-
sive goods may be more expensive in the low-wa-
ge country if the other country has a sufficient ly 
large technological advantage in producing such 
goods. That is, if technological innovation is con-
sidered, then, according to the theory of compa-
rative advantage, in this case, the difference in 
la bor productivity is crucial.

At the same time, if land (an immobile factor of 
production) is replaced by capital and the latter 
is assumed a mobile factor (for example, foreign 
investment), in this case, technical innovation 
may lead to an increase in capital investment. 
This even tually leads to country’s specialization 
in the production of goods that provide a higher 
return on investment.

Further, through international trade, prices for 
factors of production in international markets may 
have become on a par with each other, but the 
shares of these factors in the cost of final products 
(innovative in the one country and non-innova-
tive in the other) are increasingly different, and 
the technological development of these count ries is 
different as well. Thus, products manufactured in 
different countries may be the same, ho wever, be-
cause of differences in the prices and the correla-
tion of factors of production, the national pro-
duction functions differ.

in general, a new technology may be transfer-
red to a less developed country, but it requires 
significant capital investment (for example, fo-
reign investment), skilled workers, and mana gers 
familiar with it. At the same time, as M. Pos ner 
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emphasizes, such transfer requires, at least, time 
and other inputs for mastering the skills to use 
them. if it is impossible to borrow a new technol-
ogy for some reason, in order to catch up with its 
competitors such a country needs to develop its 
own technology, which also takes time and mon-
ey. That is, according to M. Posner, the transfer of 
technology and/or the creation of its own one is 
associated with the lag and its closing. 

As a whole, like the previous studies based on 
the heckscher-ohlin model, r. Jones's model is ve-
ry abstract. Moreover, statements on diffe ren ces in 
the production functions of countries with differ-
ent level of technological development and the 
transfer of new technology from one country to 
another are not formalized. They are nothing 
more than subjective conclusions of the author.

A notable further step in understanding the 
technology gaps was the well-known monograph 
by McKinsey & Company former director r. Fos-
ter Innovation: The Attacker’s Advantage (1986) 
[16; 18], in which he considers the problem from 
the standpoint of the dynamics of the technology 
itself and its life cycle described by S-curve rather 
than in the context of international trade theory 
and comparative advantages.

r. Foster's idea was that while developing, eve-
ry new technology passes through three main sta-
ges. At first, each technology requires a consider-
able amount of time, money and effort to bring 
it to a useful product. At the next stage, at the 
upper section of S-curve, a considerable return 
on the use of this technology is achieved at a rela-
tively low cost. At the final stage of the techno-
logy life cycle, significant investments result in a 
incomparably smaller return. That is, at the final 
stage, the technology has exhausted its capacity 
and needs to be replaced by a new one.

At the same time, r. Foster notes that S-curves 
almost always go in pairs (Fig. 1), and the tech-
nology gap [18, 273]) conveys the sense of a break 
from one technology to another.

That is, unlike the previous ideas, for example, 
of M. Posner, according to r. Foster, the technolo-
gy gap is the replacement of one technology by 

another (often, radically different from the previ-
ous one), a steep transition (turbulent, disruptive 
development), rather than a period of time dur-
ing which it is necessary to learn a new technolo-
gy, to imitate it or to create a similar one (laminar, 
gradual development).

r. Foster did not propose any specific methods 
for constructing technology curves and deter-
mining gaps. There were no formal models of 
these curves in his works. As an example, accord-
ing to the available statistical information for a 
certain period of time, he analyzed the technolo-
gy curve in the field of creation and implantation 
of an artificial heart, with time spent for research 
as inputs and lifetime of patient with an implant 
as outcome. The limitation of application of each 
technology, the assessment of technology gaps, as 
well as the definition of measures to overcome 
them is an independent task of each corporation 
that wants to remain a leader [18, 87].

The conceptual vision of r. Foster's problem 
[16] involves the consideration of technology 
curves and discontinuities at the micro level, i.e. 
at the level of individual enterprises and corpo-
rations (groups of companies). This complicates 
the analysis in terms of assessing the technolo-
gical development of national economy as a who-
le, since the technology curves in different sec-
tors of industry can overlap, with different stages 
of these different technology curves inevitably 
intersecting, which complicates generalization of 

Fig. 1. Technology life cycle and technology gaps in the 
context of cyber-physical systems of industry 4.0
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situation in the economy as a whole and cross-
national comparisons.

Another approach to understanding the prob-
lem of technology gaps enabling cross-national 
comparisons was proposed by Norwegian re-
searcher J. Fagerberg. in his research published 
in 1988 [19], he put forward the theory of tech-
nology gaps in economic growth, which was based 
on the concept of evolutionary economics [20]. 
in his opinion, this theory was a kind of response 
to the inability of neoclassical theories of eco-
nomic growth to explain the particular role of in-
novation and diffusion of production technolo-
gies in the context of global economic growth. 
According to him, technology gaps are significant 
technological differences between rich and poor 
countries [21, 1292].

J. Fagerberg developed a model linking eco-
nomic growth and balance of payments within 
the framework of international competitiveness 
theory. in this model, his approach to assessing 
the level of technological development of count-
ries is of particular interest. According to him, 
changes in exports and imports depend on a ratio 
of the technological development of the country 
under review and that of advanced economies.

he designated it as        , where Q  is technological

development of the country under review and Q* 
is technological development of advan ced eco-
nomies [19].

it follows that in the case of comparing the 
technological development of advanced econo-
mies, this ratio approaches 1, and as the difference 
in technological development of countries in-
creases, its value tends to zero. A rather high ratio 
means that there is a technology lag between 
countries, while very low one is an evidence of a 
technology gap.

An important next step in the combination of 
macro and microeconomic approaches to under-
standing the processes of technological develop-
ment and technology gaps is Technological Revo-
lutions and Financial Capital. Dynamics of Bubb les 
and Golden Ages (2002) by British and Venezue-

lan economist C. Perez [22, 23]. She has proposed 
an effective concept of technological develop-
ment, which is a combination and further evolu-
tion of N. kondratieff's long waves of develop-
ment [24], J. Schumpeter’s idea of the role of in-
novators and creative destruction [25], and r. Fos-
ter’s concept of technology gaps [16], as well as con-
tains elements of the world-system theory [26].

According to C. Perez, about  every 50 years 
the re are radical technology innovations or big 
revolutionary leaps in technology [23, 60], which 
fundamentally change not only the industry whe-
re they originated, but also all other industries, 
spheres of economy, society, nation state, and 
government institutions. Such revolutionary in-
novations, as well as other related technologies 
and innovations, transform production, become a 
driving force of industrial revolutions and cause 
the so-called long Big Waves. According to Perez, 
they look more like Foster’s logistical technology 
cur ves, rather than typical kondratieff’s long wa-
ves. They are also interrupted and superimposed 
upon changing technology paradigms (i.e., when 
one technology becomes obsolete and is replaced 
by a new one).

in her research, C. Perez has advanced from 
r. Foster's theory of discontinuities to the mac-
ro level and chosen revolutionary innovations 
affecting not only one industry, but the entire eco-
nomy and even society, forcing the latter to make 
significant changes in terms of technology mana-
gement, as well as to revise the established rules 
for its operation. in this case, the technology cur-
ves, if considered from a macro level viewpoint, 
and long technology waves are smoothed, and 
thus the possibility to estimate and to simulate 
them becomes more real.

C. Perez almost has not used the term “gap 5”, 
but notes that the development of individual in-

5  C. Perez defines “gap” as inequality in terms of income 
difference between the richest strata and the rest of po-
pulation, increase in the share of poorest people, and in 
terms of difference between GDP values in constant and 
current prices in the phase of aggressive technology de-
velopment and in the disruptive moment [23, 99–111]. 

Q
Q*
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dustries over a long wave is divergent. Such a 
divergence in the development is observed bet-
ween new activities and old ones that have be-
come traditional within a new paradigm of tech-
nological development [23, 61]. As time goes by 
and new technologies are diffusing among more 
and more economic entities, this divergence may 
diminish, in particular, because of disappearing 
outdated economic activities.

in addition, when it comes to diffusion of new 
technologies in the world during the next Big 
Wave, one can observe a lagging. Disruptive tech-
nologies mature, “explode”, and develop in a core 
country, and later investors move from that count-
ry throughout the world searching for compara-
tive advantages and opportunities to expand al-
ready saturated markets [23, 63, 95].

According to Perez's conceptual approach, the 
difference in technological development between 
countries is a result of combination of various 
factors: level of general economic development, 
avai lable infrastructure, experience, institutional 
con ditions, existing r&D base, investments in 
r&D, and time for implementation of new tech-
nologies. So, the concept of difference in techno-
logical development of countries and the reasons 
for this phenomenon, as mentioned by the resear-
cher, can also be considered as a further evolu tion 
of M. Posner's ideas of technology gaps.

The fruitful idea of the cyclical nature of inno-
vation proposed by C. Perez has generated many 
other studies in this field, among which it is ad-
visable to draw attention to research by M. hi-
rooka [27] who, based on the analysis of a large 
body of data, has hypothesized the existence of 
a link between innovations and kondratieff's lar-
ge cycles and proved that the diffusion of inno-
vation is synchronized with an increasing cycle 
wa ve; A. Akayev [28] who has developed a mat-
hematical model of long-term macroeconomic 
growth, which takes into account the effects of 
cyclical fluctuations; V. Dementiev [29] who fo-
cuses on the interaction of extractive and inclu-
sive institutions in the context of technology 
change, and others.

in 2008, the World Bank proposed a compre-
hensive index to assess the technological deve-
lopment of countries and, accordingly, to make 
comparisons between countries [30, 4—5].

Technological achievements are evaluated 
using this index by identifying how widely dif-
ferent technologies are being used and/or gene-
rated in each country. Such intensity is estima-
ted by the four parameters:

1) the scale of scientific innovation and in-
vention;

2) penetration of older innovations;
3) penetration of recent innovations;
4) absorption of foreign innovations in domes-

tic production.
The World Bank experts consider technology 

gap as differences in these four indicators when 
comparing the high- and the low-income count-
ries. They have noted that because of low income, 
scarce technical skills, and lack of appropriate in-
frastructure the latter absorb and use only ¼ of 
the former’s technologies [30, 7].

it should be noted that the concepts of “tech-
nology gap” and “technology lag” had long been 
used as synonyms. however, recently, experts from 
leading international institutions and organiza-
tions have begun to use these terms more carefully.

Thus, when comparing the technological de-
velopment of countries, experts of the interna-
tional Monetary Fund [31] use the concept of 
“technology lag”. The "technology gap" is used 
for contraposing the new/upgraded and the non-
modernized businesses. it can be overcome by re-
placing outdated technologies and organizational 
routines with new ones.

often, the term “technology gap” is used in the 
context of labor, skills, and qualifications required 
for the use of new technology.

Thus, the international Monetary Fund report 
[32] states that as of 2018, there are significant 
gaps in the methodology and methods of collec-
ting statistical information on labor (productivi-
ty, new economic activities, etc.).

Delloitte, one of the four world largest consul-
ting and auditing firms, uses “gap” only in terms 
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of skills required to work with new technology 
and the lack of staff that possesses them [33].

Similarly, the term “gap” is used by l. Caldwell, 
EY expert in the field of audit and consulting. She 
notes that, because of skills gap, the number of 
unfilled manufacturing jobs in the US may reach 
2.4 million by 2028. That’s an increase of nearly 
2 million in just 10 years (from 2018). And the 
workers to fill the vacancies is yet to come [34].

To summarize the above mentioned, it should be 
noted that although the concepts of “technology 
gap” and “technology lag” were proposed almost 
60 years ago, so far, neither their clear definition 
nor difference between them have been given in 
the academic literature and reports of lea ding in-
ternational organizations (iMF, World Bank, etc.). 
Moreover, in english-language litera ture, these 
terms are often used synonymously. Sometimes, 
for the reason of political correctness, the term 
“technological lagging” is used with respect to de-
veloping countries as a softe ned version of the 
term “technology gap”.

Nevertheless, the analysis made in the paper 
has showed that it is appropriate to distinguish 
these concepts within the concept of technology 
life cycle. Therefore, in order to make it clear, it is 
suggested to use the following definitions

Technology lag is a small difference in techno-
logical development, mainly, between countries 
with similar income, which are developing within 
similar technological paradigm. The technology 
lag is characterized by evolutionary innovations 
that enable one country to gain short-term com-
petitive advantages and can be fairly quickly rep-
licated by the other country (through imitation 
or development of its own innovation) at a rela-
tively low cost and time, so that the other coun-
try can regain the lost competitive positions. in 
this case, we are talking about the same S-curve.

Technology gap is a significant distance bet ween 
countries in terms of technological develop ment, 
the emergence of which is possible in the two ways:

1) between countries with similar income and 
the same technological structure in the case of a 
large-scale disruptive innovation belonging to a 
higher technological structure, in one of them, or 

in the case of a set of evolutionary innovations 
emerging so fast and massively that do not allow 
the other country to imitate them or to create its 
own innovations in a short term, to regain the 
lost competitive positions in world markets;

2) between economies with different technolo gi-
cal structure, and mainly with a large gap in income.

in this case, it is either a transition from one 
S-curve to another, or different S-curves. 

Such a definition of technological gap is stric-
ter than that suggested by M. Posner, because in 
the case of countries possessing different techno-
logical structures, the outsiders actually remain 
in the position of forever underdogs who can only 
try to approach the innovator countries, but not 
to have caught up with them, since the dynamism 
of their technological development (the scale and 
rate of innovation), all other things being equal, 
is always lower than that of the leaders. only a 
favorable coincidence in combination with con-
sistent and persistent efforts of society to build a 
national innovation system and to create a rele-
vant culture can radically change the situation 
(as, for example, it has taken place in South ko-
rea and in China).

in this context, it is important to emphasize 
that in this case, it is a long-term technology lag, 
as measured in the physical productivity of the 
technology, rather than economic backwardness 
in terms of, for example, GDP per capita. GDP 
can be raised relatively quickly by massively in-
troducing well-developed technologies from the 
top of S-curves, but this does not help boost the 
country's competitive position in a long run. So, 
unlike the widespread point of view, massive in-
novation is not a key to strategic success of any 
country. What really matters is which technolo-
gy such a country is developing (imitating) and 
implementing.

METHODOLOGICAL APPROACH  
TO ASSESSING TECHNOLOGY GAPS  
IN INDuSTRY 4.0

The proposed methodological approach to the as-
sessment of technology gaps is based on several as-
sumptions.
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Firstly, this refers to turbulent, disruptive 
rather than laminar (gradual) technological de-
velopment. in general, both approaches have the 
right to a scientific life, and it all depends on the 
circumstances, place, and time. Now, we deal with 
the fourth industrial revolution, and it is time to 
analyze the realities of disruptive development 
usual ly described by the concept of technology 
life cycle and leap transitions between techno-
logy curves.

Secondly, since we analyze comparisons of 
countries as a whole, i.e. deal with macro- rather 
than micro-economic indicators, this refers to 
groups of dominant technologies in a particular 
country, which define the overall technical and 
technological level of national economies, rat-
her than individual technological solutions that 
can be relevant to different technological struc-
tures.

Thirdly, it takes into account what are the main 
features of the new dominant technologies, since 
it is of fundamental importance for identifying 
the factors that influence their development and 
for parameterizing the S-curves.

The currently emerging industry 4.0 is the 
product of new, fourth industrial revolution. This 
industry, firstly, is based on digital revolution 
and, secondly, is characterized by fusion of inno-
vative technologies that blur the lines between 
the physical, digital, and biological spheres [35, 
11—12].

The core of this industry is the “smart” cyber-
physical systems that are creating a new society 
that can no longer be called either industrial 
(production of goods) or post-industrial (provi-
sion of services). in general, they are qualitatively 
different. They are cybernetic and physical at the 
same time, with its hybrid products being neither 
goods nor services exclusively [4, 20]. Cyber-
physical technologies and artificial intelligence 
make it “smart” and build on this basis a new 
smart society that the Japanese have already 
called society 5.0 [36].

in this context, the famous industrial-postin-
dustrial dichotomy loses its meaning. in the smart 

society with new smart production, hardware and 
software organically complement each other and 
co-evolve. however, the limits of the possibilities 
of this co-evolution are still determined by the 
development of hardware rather than software. 
To clarify this view, let us return to the concept of 
the technology life cycle, in which the relation-
ship between the costs of creating and promoting 
new production technologies and the results ob-
tained are described by (logistic) technology 
curves (Fig. 2).

As mentioned above, the economic meaning of 
these curves is that, at first, when a new technol-
ogy starts its life, efforts to develop it tend to 
yield modest results, because creating new set-
tings and manufacturing processes, methods and 
tools requires time and money. however, later, as 
a result of these efforts, the new technology un-
leashes its potential (Dy4 > Dy3) (provided the 
ideas embodied in it are correct and true) and 
brings growing returns, including by means of in-
formation and communication technologies. Fi-
nally, at the stage of maturity, further investment 
in the improvement of technology results in a 
small increase in its physical performance.

This means that the capacity of such enginee-
ring solution is largely exhausted, and it can no 

Fig. 2. Description: Ki is digital capital; Kf is physical capital; 
V is value added; Dy3 is capacity of technology 3.0 in terms of 
productivity; Dy4 is capacity of technology 4.0 in terms of 
productivity; Dy3—4 is temporary loss of productivity while 
transiting from technology 3.0 to technology 4.0  
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longer be enhanced by any kind of digital tricks. 
in other words, if you use old hardware, even the 
best "software" and management methods based 
on it cannot raise the overall performance of the 
system above a certain level. Therefore, it is nec-
essary to find new engineering solutions and to 
leap to new technology curves, even if this pro-
cess is accompanied with temporary economic 
losses Dy3—4 in Fig. 2).

inasmuch as in industry 4.0, the development 
of production technologies is most closely linked 
to the development of digital technologies, the 
conceptual approach illustrated in Fig. 2 is dis-
tinguished by the fact that the cost is described 
by change in the capital structure (the share of 
digital capital Ki in its total value, i.e. the sum of 
the digital and the physical capitals), so that a 
greater share of Ki corresponds to more efficient 
production technology.

This is generally in line with current practice. 
For example, in Germany as one of the leaders in 
industry 4.0, the growth in industrial output and 
labor productivity is mainly driven by the soft-
ware component [36, 28—32]. in many advanced 
economies, the digital (rather than the physical) 
capital, especially, its intangible part, has been 
showing a leading growth pace. on average, glob-
ally, investments in digital intangible assets ac-
count for about 50% of investments in digital tan-
gible assets. however, in israel, Japan, Sweden, 
the United kingdom, and the United States this 
ratio makes up about 70% [38].

As already noted, maximum proceeds are 
reached at the stage of physical maturity, when 
the technology is well-developed. Therefore, such 
“mature” technologies are worth to export (the 
sphere of technology transfer in Fig. 2). Those 
countries that buy, adapt, and implement them in 
order to enhance their economies always lag be-
hind the technological leaders who are able to in-
vest the proceeds from use and sale of mature 
technologies in new generations of engineering 
and design solutions that are potentially more 
profitable, as compared with the previous genera-
tions of technology. in terms of Fig. 2, the initial 

losses from transition to technology 4.0 can be 
greatly offset by an increase in their physical pro-
ductivity and financial gains. Moreover, as shown 
in Fig. 2, the slope angle of the middle part of the 
S-curve of technology 3.0 is less than that of tech-
nology 4.0.

it is possible and appropriate to extend this 
concept to the field of technological development 
of national economies that use dominant tech-
nologies 6 of different levels and degrees of devel-
opment. That is, for a particular national econo-
my, shift to the right between the points of the 
same S-curve can be interpreted as the develop-
ment of dominant technologies of a given level. 
This statement is the key hypothesis and starting 
point for the further calculations based on his-
torical economic data.

let us consider the three countries: Ukraine, 
and the two eU members, the Czech republic 
and Germany. As you know, Ukraine today is 
characterized by a relatively low technological 
development. The industries that underlie its in-
dustrial potential (basically, fuel, power engineer-
ing, and metallurgy) represent the technology 3.0 
or lower 7. The situation in Germany as the eU 
leader is completely opposite, as by many attri-
butes its industry can be referred to industry 4.0. 
The Czech republic that traditionally belongs to 
the industrialized economies occupies an inter-
mediate position, so that its industry can be de-
scribed as industry 3+.

According to the concept proposed above, we 
assume that in each national economy, productiv-
ity (output) is a function of costs (investments in 
physical and digital capital; so that physical capi-
tal cannot grow without investment in digital 
capital) and level of r&D development. in this 
case, we consider labor productivity (GDP per 
capita) as outcome and capital-labor ratio (re-

6  This means exactly dominant (widely used) technologies, 
not single cases of technologies that do not have any 
material effect on the situation in economy.  

7  Both extraction industry and metallurgy can be upgraded 
based on “smart” principles, however, this is not the case 
for Ukraine, at the moment [39]. 
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sidual value of fixed assets per capita) as inputs. 
in fact, this is a classic dependence of labor pro-
ductivity on its capital-labor ratio.

each country develops its dominant technolo-
gies so that higher investments (x) correspond to 
higher output (y). however, this dependence is 
S-shaped, not linear, which is described by the 
following formula of the logistic curve:

y =                            + C,                   (3)

where А is parameter that defines the lower limit 
of the logistic curve; С is parameter that defines 
the difference between the upper and the lower 
limits of the logistic curve; а is parameter that de-
fines the effect of scientific and technical progress 
(labor productivity dependence on r&D expen-
diture); μ is parameter that describes physical-
to-digital capital ratio. 

Function (3) is parametrized using MS excel 
tools and statistical data for several years 8. The 
results are shown in Fig. 3.  

Apparently, even if Ukraine reaches the capi-
tal-labor ratio of the Czech republic and Germa-

ny, it is not able to catch up with them in terms of 
productivity unless the country changes the de-
velopment trends of the last decade. That is, sin ce 
technologies 3.0 are dominant, even the mass int-
roduction of innovations, including those based 
on purchased technologies (sphere of technology 
transfer in Fig. 2) does not enable addressing the 
problems of competitiveness of the national eco-
nomy and moving up from “raw material colony” 
for advanced economies to the “new industrial 
tiger” with dominant technologies 3.0+ and 4.0. 
At the same capital-labor ratio (USD 0.1 million 
per ca pita, if Ukraine manages to have reached 
it), the technology gap as measured in producti-
vity lag, is: Ukraine’s productivity is 5 times lo-
wer than in the Czech republic (i.e., about USD 
30,000 per capita) and 10 times lower than in 
Germany (about USD 65,000 per capita).

Naturally, the trends based on historical data 
do not say anything about how the situation 
changes if the country makes a breakthrough ac-
companied with a transition to a new technology 
curve. This is quite likely. however, it is important 
to understand that such a transition is an extre-
mely complex process rather than a mere enginee-
ring task or a financial problem (since the techno-
logy gap cannot be closed by “pouring” it with mo-
ney). Technologies are developed not in a vacuum, 
they need a favorable cultural and institutional 
environment. recent developments in the insti-
tutional and evolutionary theories in economics 
have testified to this, saying that, for success, we 
need mainly inclusive rather than extractive in-
stitutions [40], developed cultural capital [41], 

8  The model parameterization is based on the statistics of 
the analyzed countries for 2005—2018 (except 2008— 
2009, when there was a global financial crisis, which caused 
sharp changes in economic indicators). in this case, the pa-
rameter a that defines the impact of scientific and techno-
logical progress is defined based on the results of correla-
tion-regression analysis of variables describing r&D 
expenditure [46] and world labor productivity, and para-
meter μ characterizing the physical-to-digital capital ratio 
is found based on Mckinsey & Co. data [38]. other model 
parameters are calculated using the MS excel add-in Solu-
tion Search.
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Fig. 3. Dependence of productivity on capital-labor ratio in Ukraine, the Czech republic, and Germany. Capital-labor 
ratio in Ukraine: USD 0.007—0.010 million per capita, in the Czech republic: USD 0.12—0.17 per capita, in Germany: 
USD 0.23—0.30 million per capita
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and organizational routines that meet the hi-tech 
demands [42], i.e. all that in the complex can be 
called an appropriate, innovation-oriented busi-
ness ecosystem (Fig. 4).

in biology, ecosystems are commonly under-
stood as collection of living organisms in combi-
nation with non-living environment components 
that interact as a single system. in economics, 
ecosystems are dynamic stable networks of di-
verse interconnected enterprises and institutions 
(including cultural ones) operating within a li-
mited geographical area [43, 1]. From our point 
of view, the basic idea of the ecosystem (the theo-
ry of which is rapidly evolving in the economy) 
is the concept of gene-cultural-technological co-
evolution. This means, in addition to innovation, 
the desired transition to industry 4.0 (vector P 1

4) 
requires simultaneous transformations in insti-
tutions and culture, which cannot be achieved 
quickly, since it takes a long time for gradual and 
consistent progress. As J. Diamond puts it, one 
cannot simply share the experience of effective 
institutions with poor countries like Paraguay 
and Mali and expect that they use the knowled ge 
they have gained and catch up with the United 
States and Switzerland on GDP per capita. effec-
tive institutions are not a random parameter that 
could appear with equal probability in any socie-
ty on the planet, be it Denmark or Somalia. From 

his point of view, effective institutions have al-
ways arisen as a result of a long chain of historical 
accomplishments — the ascent from the original 
geographical factors to those derived from them, 
including institutional ones [44, 561].

As of today, the more realistic vectors of deve-
lopment for Ukraine are vectors of technological 
development of industry 3.0 ( P3.1, P3.2, P3.3, P3.4), 
although, it is clear that in this case, Ukraine re-
mains within the category of technoloogy gap 
rather than the more desirable technology lag.

however, there is much to be done for it. First 
of all, as it is emphasized in [45], there is an ur-
gent need for accelerated development of the 
r&D sphere, which relevant institutions (inclu-
ding organizational routines) and culture are 
linked to. Following the example of the eU, the 
creation of high-level groups on key technologies 
in Ukraine, the definition and periodic update of 
the national list of these technologies, the in-
crease in r&D funding to, at least, 2% of GDP 9, 
the encouragement of private r&D funding and 
the increase of its share in the total financing up 
to 50% [47, 121], as well as many other measu-
res can be the first steps on the path towards the 
aforementioned goals.

CONCLuSIONS
The pace of technology transformations in the 
world is accelerating as the fourth industrial re-
volution unfolds. A new geo-economic and geo-
political reality is emerging, with leaders in the 
development and application of industry 4.0 tech-
nology playing a key role in this process. in this 
regard, the concept of technology gap is very im-
portant. it is vital for Ukraine to define its pla ce 

Fig. 4. Alternative ways of business ecosystem development 
in Ukraine
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9  According to the World Bank, in 2005—2017, the share of 
r&D in Ukraine’s GDP accounted for 0.45% versus 1.11%, 
in russian Federation; 2.13, in China; 2.80, in the United 
States; and 3,04, in Germany, given the fact that Ukraine’s 
GDP per capita was a small fraction of that in the mentio-
ned countries. Unlike in the advanced economies, in Uk-
raine, r&D sector is funded mainly at the expense of go-
vernment, not the private sector, that means the national 
economy has such an institutional structure that does not 
encourage innovations.
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in the global transformations and to understand 
how far it is lagging behind the industrial leaders 
and what it needs to do for, at least, reducing in-
stead of increasing the gap. After all, if the tech-
nology gap is growing, all european integration 
intentions are worthless. otherwise, this integra-
tion may make Ukraine a raw material colony for 
the industrialized european economies and a 
place of concentration of dirty technologies.

There are different approaches to identifying 
gaps based on theories of international trade, in-
novation, technology life cycle, evolutionary 
economy, micro- and macro-levels developed by 
various organizations, etc. Their critical review 
has led to the emergence of a new vision based on 
the technology life cycle theory. it has been pro-
posed to distinguish between technology lag and 
technology gap.

Technology lag is a small difference in techno-
logical development, mainly, between countries 
with similar income, which are developing within 
similar technological paradigm. Technology gap 
is a significant distance between countries in 
terms of technological development, the emer-
gence of which is possible in the two ways: 

1) between countries with similar income and 
the same technological structure in the case of a 
large-scale disruptive innovation belonging to a 
higher technological structure, in one of them, or 
in the case of massive evolutionary innovations; 

2) between economies with different technologi-
cal structure.

Using the developed approach, the technology 
gap between Ukraine and industrialized europe-
an economies has been empirically estimated 
based on the concept of S-curves. For this pur-
pose, there has been built a logistic function that 
describes the relationship between labor produc-
tivity and capital-labor ratio, with the interde-
pendence of physical and digital capital taken 
into account. it has been found that at the same 
capital-labor ratio of USD 0.1 million per capita, 
productivity of Ukraine is 5 times lower than in 
the Czech republic (i.e., by about USD 30,000 
per capita) and 10 times lower than in Germany 
(by about USD 65,000 per capita).

Closing this gap is an extremely complex pro-
cess rather than a mere engineering task or a fi-
nancial problem (so, the problem cannot be solved 
by means of money only). The first step on this 
path shall be a set of measures to accelerate the 
development of r&D sector and related culture 
and institutions.

The research has been carried out within Tech-
nology Gaps and Ways of Closing Them in the Con-
ditions of Global Instability project under Recon-
struction of the Ukrainian Economy: Historical 
Challenges and Modern Projects target scholarly 
research program of the NAS of Ukraine.
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ТЕХНОЛОГІЧНІ РОЗРИВИ: КОНЦЕПЦІЯ, МОДЕЛІ, ШЛЯХИ ПОДОЛАННЯ

Вступ. Розгортання четвертої промислової революції та прискорений розвиток проривних технологій Індустрії 4.0 
супроводжуються формуванням у світі нових мереж створення вартості й перерозподілом виробничих потужностей, 
що частково повертаються до розвинених країн.

Проблематика. Процес технологічного розвитку й формування нових мереж створення вартості є турбулентним, 
так що одні країни стають новими технологічним лідерами, а інші — аутсайдерами. Між ними виникають нові або 
змінюються уже наявні технологічні розриви, а це, у свою чергу, критично позначається на розвитку національних 
економік: продуктивності праці, створенні нових робочих місць, прибутковості бізнесу, зайнятості та доходах насе-
лення.

Мета. Розробити концептуальний підхід до визначення поняття і оцінювання розмірів технологічних розривів 
між країнами з різним рівнем розвитку промисловості в умовах четвертої промислової революції.

Матеріали й методи. Історичний аналіз економічних концепцій технологічних розривів, статистичний аналіз по-
казників економічного й науково-технічного розвитку країн світу, економіко-математичне моделювання життєвого 
циклу кіберфізичних технологій.

Результати. У рамках економічної теорії життєвого циклу технологій запропоновано уточнене поняття техноло-
гічного розриву як такого, що пов’язаний переважно з стрибкоподібним переходом з однієї технологічної кривої до 
іншої. Для оцінки величини технологічних розривів запропоновано логістичну функцію, яка визначає залежність 
між продуктивністю праці та її фондоозброєністю з урахуванням взаємозалежності фізичного й цифрового капіталу. 
З її використанням визначено технологічні розриви між Україною та індустріально розвиненими європейськими 
країнами, що вимірюються кількаразовим відставанням у продуктивності праці. 

Висновки. Для зменшення технологічних розривів між Україною та європейськими країнами необхідним є ство-
рення нової, орієнтованої на інновації бізнесової екосистеми, яка формується у процесі генно-культурно-технологічної 
коеволюції та потребує, насамперед, комплексу заходів щодо прискорення розвитку науково-технічної сфери Украї-
ни та пов’язаних з нею культури та інститутів.

Ключові  слова : промислова революція, технологічний розрив, кіберфізична технологія, технологічна крива, бізне-
сова екосистема.


