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POST-WAR RESTORATION OF SCIENCE
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INICASIBOEHHE BIAHOBAEHHSI HAYKM TA OCBITU: YPOKHU SIMOHIT, KUTAIO, CIIA
AASI YKPAIHU

The article undertakes an examination of Ukraine's post-war restoration efforts in the domains of
science and education, drawing valuable insights from the experiences of Japan, China, and the
USA. These three nations serve as illuminating case studies, shedding light on the intricate processes
involved in rebuilding and advancing scientific and educational infrastructure in the aftermath of
conflict-induced devastation. Through a comprehensive analysis of their respective approaches and
strategies, this article seeks to delineate potential trajectories for Ukraine as itembarks on its journey
to reinvigorate the science and education sectors following historical adversities. The author initiates
the discourse by furnishing a contextual backdrop, elucidating the multifaceted challenges that post-
war Ukraine encountered and the consequential ramifications on its scientific and educational
systems. A salient point underscored is the imperative nature of revitalizing these sectors, given
their foundational significance to national development. The crux of the article revolves around a
meticulous exploration of the post-World War Il experiences of Japan, China, and the USA, with a
primary focus on the distinctive paradigms they employed to restore and advance science and
education. Japan's remarkable transformation from a war-ravaged nation into a global scientific and
technological powerhouse is scrutinized, offering valuable insights into the processes of post-war
resurgence. Likewise, China's ambitious endeavors to modernize its science and education sectors
in the wake of periods of turmoil, including the Cultural Revolution, are subject to in-depth analysis.
This examination provides a comprehensive perspective on China’s journey toward scientific and
educational excellence. Furthermore, the article delves into the American experience, dissecting
the post-war expansion of research universities, the establishment of innovation centers, and the
allocation of federal funding in the USA. These facets exemplify how a nation can harness its resources
to fosterinnovation and rejuvenate scientific and educationaldomains. The author proceeds to proffer
a set of policy recommendations and strategies tailored to Ukraine’s unique context. These
suggestions encompass a broad spectrum of considerations, ranging from infrastructural
investments to international collaborations with organizations, universities, and research institutions.
The article underscores the global significance of reinvigorating science and education systems in
regions marred by conflict. It elucidates how these endeavors transcend national boundaries,
fostering innovation, driving economic growth, and fortifying national resilience on a global scale. In
conclusion, the article encapsulates the essential takeaways gleaned from the experiences of Japan,
China, and the USA. It reiterates the pivotal role of investing in science and education as a linchpin
for post-war reconstruction, ushering in an era of enduring prosperity and sustainable development.
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Y crarrinpoBeneHo aHani3 3ycusb YKpaiHn y BigHOBJI@HHI HayKy Ta OCBITH nicJisl BiHHU, BUKOPUC-
TOBYIOYM LiHHi iHCaTn Ha OCHOBI focsiay SAnoHii, Kuraro ta CLUA. Lji Tpyu kKpaiHuv criy>kaTs siK MOKa30Bi
Keucu, siki pPO3KPUBaIOTb CKaAHI poLecu BiAHOBJIEHHSI Ta PO3BUTKY HayKOBOI Ta OCBITHbOI iH@ppac-
TPYKTYPU nicns pyrnHyBaHHSI BHacigoK KOHPikTiB. LLnsxom BcebiYyHOro aHani3y ixHix BignosigHux
nigxopiB Ta cTparerivi aBTop HaMaraeTbCsl BUSHa4YUTU MOXUINBI TpaeKTopii ans Ykpainn B npoyeci
BigHOBJIeHHS1 cpbepun Hayku Ta OCBITU Bigpa3y nicsisi 3aKiH4eHHs BiiHU. ABTOP pO3noYnHae QUCKYCIlo,
Hagar4Yn KOHTEKCTHUWIA Ornsn TUX CK1aaHUX BUKJTUKIB, 3 SKUMU 3iTKHeTbCS1 YKpaiHa nicns BiiHU Ta
Hacnigkn unx BUKJINKIB AJ1s1 i cCUCTeMn HaykKu Ta OCBiTU. ABTOp HaroJsiollye Ha BaXXJInBOCTi BigHOB-
JIGHHS LuX ranay3eu, OCKiJlbKu BOHU € OCHOBOIOJI0OXXHUMMU CKJ1af40BUMU PO3BUTKY KpaiHU.

CyTtb cTaTTti nonsrae B peTesibHOMy gocnipxeHHi goceiny SAnoHii, Kutaro ta CLUA nicns Apyroi csiTo-
BOI BiiHN, 3 OCHOBHUM aKL€HTOM Ha BigMiHHUX napaanrmax, siki BOHU BUKOpPUCTOBYBaJIn AJi1s BigHOB-
JIGHHSI Ta PO3BUTKY HayKOBOI Ta OCBIiTHbOI cep. [IpoBOANTLCSI pEeTEeSIbHUN aHaJli3 BURATHUX JOCSIT -
HeHb SINoHii, ska nepeTBopunacs 3 pyruHiBHOT KpaiHu Ha rno6asibHOro HayKoOBOro Ta TEXHOJIOr4YHOro
nigepa. Takox y cTaTTi po3rnsaHyTo ambiliriHi 3ycunns Kutaio y cnpaBi mogepHi3auii HaykoBoi Ta
OCBITHbOT cpepu B nepion TypOyneHTHOCTI, Bkmoyaroun KynbtypHy PeBosouito. BinbLie Toro, crar-
TS1 pO3ryisiAace amepUuKaHCbKUNA 4OCBIA, a caMe rnpoLec CTBOPEHHS IHHOBaLiHUX LLeHTPIB Ta po3noain
¢penepanbHoro ¢pinHancyBaHHs B CLLUIA B yHiBepcuTeTax. Lli acnekru cnyxartb npuknagom Toro, ik Kpai-
Ha MO>Xe BUKOPUCTOBYBaTU CBOi pecypcu AJisi CTUMYJIIOBaHHS iHHOBaLivi Ta BigHOBJIeHHSI HayKOBOi Ta
OCBITHbOI chep. ABTOP NPOrNOHYE HU3KY NOJNIITUYHNX pEeKOMeHAaLliv Ta cTpaTerin, siki BignosigaroTh
YHikanbHUM ymoBam YkpaiHu. Lji pekomeHaauii oxonioTs LUMPOKUIA CMEeKTP MUTaHb, BKJIIOYaloyun
iHBecTuUii BIHppacTpyKTypy Ta Mi>KHapOAHY criiBripauio 3 opraHi3auisMmu, yHiBepcuteTtamv ta Hay-
KOBUMM yCTaHOBaMu. Y CTaTTs NOKa3aHo, YO rnobasbHe 3Ha4€HHsI Ma€ BigHOBJIEHHS HAYKOBUX i
OCBITHIX cuUCcTeM y perioHax, NoCTpaxkxaasnx Big KOHNIKTIB, Taki 3yCcnsisisi BUXOA4SITb 3a MEXXi HaLjio-
HaJIbHUX KOPAOHIB, CrIPUSIIOYY iHHOBAaLissM, €KOHOMIY4HOMY 3POCTAaHHIO Ta 3MiLHEeHHIO HaLliOHaJIbHOi
CTilikoCTi Ha rnob6asibHoMYy piBHi. Y cTaTTi y3arasbHeHO siki pekoMeHAauii MoXXKHa oTpumaTy 3 [oCBiay
SfinoHii, Kuraro ta CLLUA Ta noka3aHo BaXKJinBiCcTb iHBeCTyBaHHS B HayKy Ta OCBITY sik 3aco0y BigHOB-
JIeHHS NicJisl BiNHU Ta AOCSIrHeHHS TPUBAaJI0ro NpoLuBIiTaHHSI Ta CTasioro po3BUTKY.

Key words: Science, education, innovations, post-war recovery.
KnrowoBi cnoBa: Hayka, ocBima, inHoBayii, nicisa8oeHHe BiOHOBAEHHS.

STATEMENT OF THE PROBLEM
IN GENERAL VIEW AND ITS CONNECTION
WITH IMPORTANT SCIENTIFIC
AND PRACTICAL TASKS

The restoration of science and education is fun-
damental to rebuilding human capital, a critical asset for
national development. The scientific and practical task at

collaboration on a global scale. Japan, China, and the USA
serve as examples of how nations can engage in
international partnerships to advance their scientific and
educational agendas.

ANALYSIS OF LATEST RESEARCH AND
PUBLICATIONS

hand is to devise strategies and policies that attract and
retain talented individuals, foster research, and develop
skilled workforces. Lessons from Japan, China, and the
USA offer valuable guidance on how Ukraine can address
this challenge. Science and education are key drivers of
innovation, which is essential for economic growth and
competitiveness. The practical task is to establish an
ecosystem that promotes innovation through research and
development. Analyzing the innovation pathways of the
three nations provides insights into creating an
environment conducive to innovation. Collaboration with
international partners is essential for post-war recovery
efforts in science and education. The scientific task is to
identify best practices and mechanisms for fostering

In Karina V. Korostelina's [ 1] the main idea centers on
the concept of "national resilience" and its application to
Ukraine's prolonged experience of violence and conflict.
The article explores how Ukraine, as a nation, has
demonstrated resilience in the face of protracted violence
and conflict, shedding light on the strategies, mechanisms,
and factors that contribute to the country's ability to
endure and adapt in such challenging circumstances.

Valentina V. Shevchenko [2] focuses on the challenges
and opportunities that the higher education system in
Ukraine faces amidst a military-political crisis. The article
likely addresses how the crisis has impacted higher
education in Ukraine and discusses the reforms and
strategies implemented to address these challenges.
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Tatyana Deryugina and Margaryta Kluymak [3] revolve
around the urgent need for action to address the critical
challenges facing higher education in Ukraine. The authors
likely emphasize the deteriorating state of higher
education in the country and the imminent need for
comprehensive reforms to rescue and revitalize the higher
education system.

Today, a huge number of articles are devoted to the
restoration of science and education in Ukraine after the
end of the war, but the main idea of this work is to show
how, after World War ll, Japan, China, and the USA were
able to restore their science and education at arapid pace.

FORMULATION OF THE GOALS
OF THE ARTICLE

The article aims to examine the post-war restoration
of science and education in Ukraine through the lens of
the experiences of Japan, China, and the USA.

PRESENTATION OF THE MAIN RESEARCH
MATERIAL

After the Second World War, Japan underwent a
complex process of post-war reconstruction. The
devastation caused by the war left the country in ruins,
major cities were destroyed, infrastructure was severely
damaged, and its economy was destroyed. Reconstruction
efforts were aimed at rebuilding Japan and reviving its
economy, as well as creating a democratic and peaceful
society [4].

Under the leadership of the occupying Allies, led by
General Douglas MacArthur, Japan began a series of
reforms and initiatives. The government focused on
rebuilding physical infrastructure, including housing,
transportation, and industrial facilities. Reconstruction of
urban areas was carried out considering modern principles
of urban planning, efforts were made to provide adequate
housing for the population.

Economically, Japan adopted a strategy that empha-
sized export-oriented industrialization. The government
has introduced policies to promote economic growth,
encourage investment and support key industries such as
steel, automobiles, and electronics. This approach,
combined with a skilled workforce and a culture of
innovation, contributed to Japan's rapid economic reco-
very, and laid the foundation for its subsequent economic
success.

In addition to physical and economic reconstruction,
the post-war period saw significant social changes in
Japan. A new constitution, known as the "Constitution of
Japan" or the "Post-War Constitution", was adopted in
1947, establishing a democratic system with guarantees
of individual rights and freedoms. The education system
has undergone reforms to promote democratic values,
peace, and tolerance.

Economist Milton Friedman once said that "the best
way to grow rapidly is to have the country bombarded "[9].
Japan surrendered unconditionally on August 14, 1945, and
World War Il cost the country between 2.6 and 3.1 million
lives and $56 billion. Although Japan was left with almost
nothing, its economy recovered at an incredible rate. This
phenomenon better known as the Japanese Economic
Miracle, Japan experienced rapid and sustained economic

Table 1. GDP of Japan, million yen.

1874
716764

1890
1244009

1909
4072786

1925
18253340

1935
19381562

1940
39258790

Resource: collected by the author from [4, 5].

growth from 1945 to 1991, the period between World War
Il and the end of the Cold War (table 1).

In the second half of the nineteenth century, Japan
adopted a broad policy of modernization, seeking to
achieve parity with the industrialized West, under the
slogan fukoku ky?hei: "enrich the country, strengthen the
army." The growth in GDP per capita in Japan between 1870
and 1940 reflects the economic success of this campaign,
which continued throughout the antebellum era. Japan was
steadily catching up with Great Britain and the United
States, two of the world's most advanced industrial
economies.

Japan's GDP per capita rose from 23% of Britain's
and 30% of America's in 1870 to 42% of Britain's and
41% of America's on the eve of the Pacific War [6].

The spread of science and technology from one country
to another can be carried out through the transfer of
written information (books, articles, and drawings), people
(hiring foreigners (yatoi) and sending Japanese people to
study abroad), goods (importing machines and factories).
and capital (foreign direct investment). All these methods
were used in Meiji Japan. The Meiji government began to
create a national education system, including compulsory
primary education, the American D. Murray was hired as
an adviser. It took about three decades of trial and error
before the government was able to establish a nationwide
primary education system. In 1874, 2 years after the
government began this effort, there were about 20,000
schools, less than half of what the government had planned.
Some of these schools were converted from Terrakoya and
were taught by former Terrakoya teachers. The coverage
ratio was 46% for boys and 17% for girls. By 1904, when
the system of compulsory 6-year education was finally
established, the ratio had risen to 99% for boys and 96 %
for girls. The secondary education system also became
universal, and by 1920 more than half of the children who
had completed primary school had gone on to a 2- or 5-year
secondary school. For the system of higher education, in
the field of technology and engineering education, British
influence was introduced [5].

In the 1870s and early 1880s, the government built and
owned plants and factories in industries such as mining,
railroads, shipbuilding, engineering, and textiles because
the private sector still found it difficult to finance the
necessary investment and risk. It retained factories in
military industries such as shipbuilding, aircraft, munitions,
and steel, as well as in utilities, including telecommu-
nications. The largest private yard, Mitsubishi Nagasaki
Shipyard, ranked fifth with fewer than 10,000 employees,
again with the Navy as an important customer. Military
factories were also the center of technological develop-
ment.

The economy began to develop after two decades of
the Restoration. In the 30-year period from 1885 to 1914,
when World War | began, GNP more than doubled. In terms
of industrial composition, the food industry and the textile
industry were the largest industries until the beginning of




Table 2. Macroeconomic indicators of Japan, %
and million dollars. USA

The rate Risin
of real & Unemployment | Trade
. | consumer
economic . rate balance
prices
growth
1945-1950 |94 44,4 1,0 -190
1950-1955  |10,9 6,3 1,7 -396
1955-1960 | 8,7 1,5 2,0 93
1960-1965 19,7 6,1 1,3 391

Resource: Kozai (1981) in Japanese, Bank of Japan [7].

Table 3. Growth rates before the first and after
the second oil crisis, %

1963-1973 [ 1975-1978 | 1981-1991
OECD 4,9 4,2 3,1
USA 4,0 52 3,0
Japan 10,2 5,7 4,0
West 4,6 3,8 2,8
Germany

Resource: [8].

Table 4. Comparison of R&D intensity by
company size, %

Japan USA
Number 2017 Number 2017

of employees of employees
1-299 2,1 |5-249 7.8
300-999 2,1 |250-499 4,7
1000-2999 2,5 1500-999 4.4
3000-9999 4,1 1000-4999 5,2
10000 and more 4,2 | 5000-9999 4,1
10000 and more 3,5

Resource: National Institute of Science and Technology Policy
of Japan [9].
the new century. During the first four decades of the
twentieth century, these heavy industries grew by more
than 10% annually, while manufacturing grew by about
6%. Their growth was particularly rapid in the 1920s and
1930s, and in the 1930s their share in the industrial sector
exceeded 50%.

Technological progress has been an important source
of this growth. Almost 70% of the growth in the private
mining and manufacturing sector was driven by "residual”
factors, including technological progress. The number of
patents issued between July 1885 and February 1902 was
4,817 (2,175 (45%) related to machinery, 728 (15%) to
chemicals, 52 (1%) to electrical equipment) and 1,862 (39 %)
with different). For comparison, in 1902 there were 27,136
inthe USA, 13,714 in Great Britain, 12,026 in France, and
10,610 in Germany [6].

To promote more fundamental research, the Scientific
Council (Gakushin) was established in 1933 with funds from
both the public and private sectors. Its aim was twofold:
first, to increase funding for research in universities and
other research institutions, and second, to promote
effective research management, for example by encou-
raging inter-organizational research collaboration. Funds
for research were provided both individually and project-
wise. Among the grants awarded on a project basis in 1942,
about 2/3 were awarded to projects in the field of
engineering, and the rest to medical, natural, social, and
human sciences. In 1923, there were 162 private research
laboratories affiliated with companies, cooperatives, and
other private foundations. Of them, 71 are chemicals, 27
are metals and machinery, and 24 are food products [5].

In 1942, the number of private research organizations
was 711, employing 33,400 employees and spending ¥590
million, 1% of GNP. R&D resources, which had been
increased before and during the war, and many workers
who had worked in munitions factories and gained
production experience, returned to civilian production.

Thanks to a variety of economic stimulus measures and
a boom during the Korean Warmth, industrial production
recovered to its pre-war peak within 5 years. From the mid-
1950s to 1973 (the first oil crisis), the economy grew by
about 10% annually. A variety of growth accounting
studies show that this rapid growth, which lasted for
almost two decades, was the result of high rates of capital
accumulation combined with technological progress.

The government realized that it was left behind again
after World War Il. The development process consisted
of the following actions: encouragement of the import of
advanced technologies and promotion of the domestic
base technology. To ensure efficient technology transfer,
the government selectively allocated its scarce foreign
exchange to those firms capable of adapting and improving
imported technology. Peck and Temura said that "in a fast-
growing economy, it may matter whether public policy
delays or accelerates the adoption of a particular
technology by only three or four years."

Evaluating the role of imported technologies in the
development of Japan, one should also pay attention to
the following two facts. First, trade in technology became
very active after the war in every country. Although Japan's
payment for technology imports (64 billion yen) was the
largest among major countries evenin 1988, its percentage
of GNP of 0.17% was about the same as that of France
(0.18%), Germany (0.17). %), Great Britain (0.16%), USA
(0.04%). Second, technology transfer would not have been
successful without the pre-war technological base and the
rapid post-war growth in R&D spending [6,9].

Government policies, especially the protection of
domestic markets, played a significant role in Japan's postwar
industrial development until at least the early 1970s (table 2).

The Japanese government responded by implementing
policies to increase energy efficiency, encourage
technological innovation, and promote manufacturing
excellence. These efforts eventually helped Japan recover
and maintain a more stable growth trajectory. the growth
rates in Japan and the USA before the first oil crisis were
characterized by robust economic expansion, while the
second oil crisis led to slowdowns and economic challenges
in both countries. However, both nations implemented
measures to reduce their dependence on oil and promote
energy efficiency, ultimately contributing to their economic
recovery and stability in the years that followed (table 3).

R&D intensity by company size in Japan and the USA
varies based on the country's economic structure, industry
focus, and the individual priorities of companies. Larger
corporations, especially in technology and pharmaceutical
sectors, tend to have higher R&D intensity in both countries.
However, the USA's innovation ecosystem, particularly
among startups and medium-sized enterprises, often leads
to higher overall R&D intensity compared to Japan. Japan,
on the other hand, has a strong focus on innovation in certain
traditional industries and has large conglomerates with
significant R&D investments (table 4).
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China's population has tripled in a

Table 5. China’s GDP, million yuan

hundred years, reaching 1.34 billion in o1 15357 T 793 [ 1933 [ 1954 | 1935 [ 193 [ 1937 [ 1938 [ 1939 | 1940

2010. Population growth was 11.44%, [Gpp 25192 23428 |21074 [19393 [22425 |27 101 |27 778 |31232 | 51391 | 121 164

per year between 1912 and 2010’ as was Education | 121 105 122 146 198 258 280 157 359 653
expenses

Japan's 11.29%, between 1872 and
1980.

GDP per capita inIndia, Korea, Taiwan, Japan, and the
United States was 1.6, 1.8, 3.0, 5.0, and 400 times that of
China. However, by 2009, China's GDP per capita had
already surpassed India's, while the United States' GDP
per capita ratio had fallen to 13 times.

China's annual real GDP growth rate for 1932— 1940
was -0.3%, compared to 2.1% for 1932—1936 and -2.7%
for 1936— 1940. The average growth rate for 1932— 1936
is the highest for these periods [14] (table 5).

The USA and Japan lead the group of research and
development as a share of GDP, in all the countries we
selected, the majority of R&D is carried out at enterprises.
A significant part of these works is financed by govern-
ments (USA, Great Britain), in contrast to Japan (table 6).

The process of post-war reconstruction of Japan was
not without problems. The country faced a shortage of
resources, and the burden of war reparations and debts
added to the difficulties. However, through determination,
hard work and international assistance, Japan has been able
to overcome these obstacles and make significant
progress.

By the 1960s, Japan had developed into a global
economic power known for its technological advances
and high-quality manufactured goods. Postwar
reconstruction laid the foundation for Japan's
economic miracle and propelled the country to become
the world's second-largest economy for several
decades [15].

The success of Japan's postwar reconstruction has
been attributed to factors such as strong leadership,
cooperation between government and
industry, investment in education and
research, and a disciplined and diligent

Resource: generated by the author from [10, 14].

Table 6. Comparison of indicators, 1988

Great

USA Japan Britain
The ratio of scientists and engineers 0,33 0,48 0,17
to the population
R&D/GDP 2,9 2,9 2,3
Private R&D / Cumulative R&D 48 78 49
Business R&D / Cumulative R&D 72,5 66 67
Private business R&D / Aggregate 66,4 98 68,2
business R&D

Resource: collected and developed by author from [8, 9, 11, 12].

innovation outcomes (knowledge and technology-based
products, creative products).

In Table 7, we have grouped Gl ratings for Ukraine,
China, and Japan over the past three years.

We see that China and Japan are improving their
indicators every year, and if we talk about Ukraine, then
from 45th place in 2020, we worsened our indicator all the
way to 57th place in 2022.

In 2022, Ukraine took 50th place in the annual ranking
of startup ecosystems Global Startup Ecosystem Index
2022 by the Global Startup and Innovation Research Center
StartupBlink. The country has deteriorated its ranking by
16 positions compared to 2021, when it took 34th place.
StartupBlink, associated such a sharp decline with a full-
scale war in our country, which could not but affect the
Ukrainian startup system [18].

The USA, China, Germany, Japan, and South Korea are
known for their significant exports of high-tech goods.
These countries have a developed high-tech industry and

Table 7. Global innovation index, 2020—2022

workforce. The country's postwar China Japan Ukraine
recovery experience also contributed to | Year - E "‘V"r"‘tl?le Innovation | .\ F av‘fa:,’le Innovation | .. F "“"’r"‘tl?le Innovation
J 's st it tt ifi imnovative results mnovative results imnovative results
apan SS rong commitmen o paC| Ism environment environment environment
and international cooperation [ 16]. 202014 |26 6 16 |12 18 45 |71 37
. . . 202112 |25 7 13|11 14 49|76 37
It is very important to consider the o T e ERR T > ERRET =

definition of the concept of innovation
to understand that it had a colossal
impact on the post-war recovery of
each of the countries. For Schum-
peter, innovations are novel com-
binations of knowledge, resources,
etc. subject to attempts at commer- 25

3,5

3

Resource: compiled by the author based on data from [17].

_——

cialization — it is essentially the 4
process through which new ideas
are generated and put into commer-
cial practice [26]. 1
Glltracks innovation inputs that
are associated with a favorable
innovation environment (institu- 0
tions; human resources and re-
search; infrastructure; market
complexity, and complexity of doing
business), and outcomes defined as

1,5

0,5

2012

Resource: [19].

2013

2014 2015 2016 2017 2018 2019

Figure 1. High-tech exports in the world (trillions of US dollars)
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and a well-established patent
system. The Japan Patent Office
(JPO) is responsible for exami-
ning and issuing patents in the
country. Japan places great em-
phasis on research and develop-
ment (R&D) and places great
emphasis on the protection of
intellectual property (fig. 3).
Although Japan has his-
torically been a world leader in

0 ——— —— — — — — — — — patent app”cationS, it has faced
[ el =< (=) = — ~ Lot} - w =l -~ - = = - . ., .
s = s = = = = = = = = = = a 2  increased competition from
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .
other countries in recent years.
""" Japan Ching =Ukngine Despite this, Japanese com-
Figure 2. High-tech exports, Japan, China, Ukraine panies and researchers continue

(trillions of US dollars)

Resource: [19].
make a significant contribution to global high-tech exports.
Technological progress and innovation play a decisive role
in the development of high-tech exports. Advances in areas
such as artificial intelligence, 5G telecommunications,
renewable energy technologies and biotechnology are
contributing to the growth and diversification of the high-
tech export portfolio (Figure 1).

China, Japan, and Ukraine show different trends and
levels of patent applications, reflecting their respective
technological landscapes and innovation environments (an
atmosphere in which every employee feels free to generate
new ideas, is encouraged to share them with others, and
recognizes that every idea will be considered).

In recent years, China has become the world leader in
the number of patent applications. It consistently ranks
first in the world in terms of the total number of patent
applications. Most patent applications in China are utility
model and invention patents, with a significant emphasis
on sectors such as telecommunications, electronics, and
advanced manufacturing. However, it is worth noting that
China's patent system has been criticized for problems
related to the quality of patents and the protection of
intellectual property rights (fig. 2).

Japan has a long tradition of technological innovation

to file a significant number of

patent applications, especially in
areas such as electronics, automotive technology,
robotics, and materials science. Japan is known for its high-
quality patents and strong culture of innovation.

Ukraine is gradually increasing its attention to
intellectual property and patent applications. The State
Intellectual Property Service of Ukraine (SIP) is responsible
for the examination and registration of patents in the
country. Ukraine's patent system has undergone reforms
to align with international standards and encourage
innovation. The country's patent filings mainly cover areas
such as IT and software development, biotechnology,
pharmaceuticals, and agricultural technology. Ukraine
seeks to promote innovation and attract investment
through the intellectual property system.

However, we believe it is important to note that while
patent application statistics provide insight into a
country's innovation landscape, the number of patents
alone may not indicate the quality or impact of inventions.

China places great emphasis on education and has
significantly increased its investment in this sector over
the years. The Chinese government has recognized
education as a key driver of economic and social develop-
ment, seeking to expand access to quality education and
foster innovation.

Japan has a long tradition

1800000 of valuing education and con-
1600000 - S|stgntly allpcatesa3|gn|f|cant
P < p™* portion of its GDP to support
1400000 = the education sector. The
1200000 / country is committed to pro-
—_— 2 / viding quality education and
100000 7 fostering a skilled workforce to
800000 - drive economic growth and
/s innovation.

600000 .
’, * If we talk about Ukraine,
400000 . ..........-,....---..........--..,'.‘"_ e then according to the data’ we
200000 SIS """ see that Ukraine invests the
g D - largest % of WFP, hovyever, if
S Z 8 2 2T W EC B2 S =N mTwoe s ®aos = W translate this value into the
SSRSSSSSSSSSSSSI S S SR S 8 ] monetary equivalent, then we
— — China ++e++ Japan Girdioe V\{I” aIreafiy have a different

picture (Figure 4).

Figure 3. Total number of patent applications Over the years, China has
Resource: [20]. significantly increased its in-
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and innovation, with invest-

ments in education, research Resource: [22].

facilities and scientific infrastructure. The country's investmentsin higher education, research institutions and
research community spans a variety of fields, contributing talent development programs to produce many
to advances in technology, healthcare, and other sectors. researchers. China's focus on building a reliable scientific
China has seen significant growth in its scientific workforce has contributed to its rapid progress in various
workforce and actively promotes research and scientific disciplines.
development to drive innovation and technological In Ukraine, we see a constant reduction of researchers.
progress. China had about 2,000 R&D researchers per Chinese researchers and institutions actively publish
million people. The country has made significant their findings in both domestic and international
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Resource: [24].

scientific and technical journals. We can see from Figure
7 how the number of articles is growing rapidly from
year to year.

Over the past few decades, China has experienced
rapid economic growth and has become the world's second
largest economy. As of September 2021, China's GDP was
approximately $16.5 trillion. The country has been a major
driver of global economic growth, with its manufacturing
sector, export-oriented industries and domestic
consumption contributing to its robust GDP.

Despite challenges such as an aging population and
slow growth in recent years, Japan maintains a strong
industrial base, dominated by sectors such as automobile
manufacturing, electronics, and high technology.

| paid attention to the fact that the graphs of GDP
and articles published in scientific journals are very similar
and decided to calculate the Pearson correlation
coefficient.

The correlation coefficients were as follows:

China = 0,975743401 (0.9 ? |r| ? 1 the connection is
very strong, to a functional one);

Japan=0,471986661 (0.3 ?|r| < 0.5 the connection is
weak);

Ukraine =0,282648153 (0 ? |r| < 0.3 the connection is
very weak, not considered).

From the results of the calculations, we can see that
the highest correlation is in China, the average level of
correlation is in Japan, and the correlation is very low in
Ukraine.

The country's dedication to reconstruction and
emphasis on education and research led to significant
successes and scientific achievements. Here are some key
statistics that highlight Japan's scientific progress in the
post-war period:

1. Expenditure on research and development (R&D):
Japan continuously invests a large part of its GDP in
research and development. In 2020, Japan's total R&D
spending reached 3.8% of GDP, reflecting the country's
commitment to scientific innovation and technological
progress.

2. Scientific publications: Japan has made a fruitful
contribution to world scientific literature. According
to the National Institute for Science and Technology
Policy (NISTEP), Japanese researchers published more

= = Japan

Articles in scientific and technical journals

2009
2010
2011
2012
2014
2015
2016
2017
2018
2019
2020

— Uk raine

than 218,000 scientific papers in 2020, accounting for
approximately 8% of the world's total scientific
output.

3. Patents: Japan is a leader in patent applications,
especially in technology industries. In 2020, the Japan
Patent Office (JPO) received more than 313,000 patent
applications, making it one of the world's leading countries
in patent applications. This shows that Japan pays
attention to the protection of intellectual property and its
innovative potential.

4. Nobel Prizes: Japan has received numerous Nobel
Prizes in various scientific disciplines. As of 2021,
Japanese scientists have received a total of 29 Nobel
Prizes, including in physics, chemistry, and medicine or
physiology. These prestigious awards recognize Japan's
contributions to scientific knowledge and breakthrough
discoveries.

5. Technological Advancement: Japan's post-war era
witnessed significant technological advancement in
various sectors. The country has become known for its
innovations in electronics, robotics, automotive and
materials science. These achievements contributed to
Japan's economic growth and its reputation as a world
leader in technological development.

6. Scientific infrastructure: Japan has built a robust
scientific infrastructure, including world-class universities,
research institutes and laboratories. The country's
commitment to education and research is evidenced by
institutions such as the University of Tokyo, Kyoto
University and the Japan Science and Technology Agency
(JST).

7. International cooperation: Japan actively
participates in international scientific cooperation,
establishing partnerships with researchers and institutions
around the world. Collaborative research projects enable
the exchange of knowledge, promote intercultural
understanding, and contribute to global scientific
progress.

8. Scientific awards and recognition: Japanese
scientists have received numerous international awards
and recognition for their contributions to various scientific
disciplines. These include the Fields Medal in Mathematics,
the Life Sciences Breakthrough Prize, and the Kyoto Prize
[25].
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CONCLUSIONS

The experiences of Japan, China, and the USA
underscore the pivotal role of science and education in
fostering national resilience. These nations have
demonstrated that investments in knowledge and
innovation are instrumental not only for post-war recovery
but also for long-term stability and prosperity. Each of the
three countries showcased distinct approaches to
rebuilding their science and education sectors, reflecting
their unique circumstances and priorities. Japan's focus
on technological advancement, China's commitment to
higher education expansion, and the USA's emphasis on
research excellence all offer valuable lessons for Ukraine
in tailoring its own strategies. International collaboration
played a significant role in the post-war resurgence of
science and education in these nations. Ukraine should
actively seek partnerships with international orga-
nizations, universities, and research institutions to access
knowledge, expertise, and resources, thereby accelerating
its own progress. All three countries demonstrated a
capacity for policy adaptability and evolution. Ukraine must
remain flexible in its policy approach, adjusting to changing
circumstances and emerging opportunities as it rebuilds
its education and science sectors. The preservation of
national identity and values emerged as a common thread
in the narratives of these nations. Ukraine's unique cultural
heritage and sense of nationhood can serve as a source of
strengthin its post-war journey. Ukraine should take note
of how Japan, China, and the USA diversified their
economies through scientific and technological innovation.
Investment in research and development can pave the way
for economic diversification and global competitiveness.
Post-war restoration is not a short-term endeavor. It
requires a sustained commitment to building a foundation
for future generations. Ukraine must adopt a long-term
vision for its science and education sectors. Ukraine
stands at a pivotal juncture in its history, facing the
challenge of rebuilding its science and education
infrastructure in the aftermath of conflict. The experiences
of Japan, China, and the USA offer a wealth of insights,
lessons, and inspiration. By drawing on these experiences
and forging a path that aligns with its unique circu-
mstances, Ukraine has the potential to not only recover
but also thrive as a dynamic and resilient nation in the global
arena. The restoration of science and education will play a
central role in this journey, shaping Ukraine's future for
generations.
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