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Abstract: Science and technology play an important role in transforming growth models, improving productivity,
quality, efficiency, and competitiveness of the economy. This is vital to the country's existence and development and is an
urgent requirement of the current industrialization, modernization, and national integration in Vietnam. During more than 30
years of industrialization, modernization, and international integration, science and technology in Vietnam, especially in the
last ten years (2010-2020), achieved important progress in all aspects, making a practical contribution to economic
development, improved the quality of people's life and consolidated national defense and security. However, science and
technology in Vietnam today still have many shortcomings as the level of science and technology of social production
remains low and backward compared to other countries in the region; low labor productivity; domestic businesses are still
less interested in investing in research and development (R&D); investment in science and technology activities is low, the
structure is not suitable, efficiency is low; the contingent of science and technology staff lacks quantity, is weak in quality,
and the structure is not suitable. These shortcomings have affected the demand for reform of an economic growth model to
meet rapid and sustainable development requirements. Written focus on clarifying the role of science and technology in
the innovation of growth model, thereby assessing the status of promoting the role of science and technology in
innovating economic growth model in Vietnam. Especially in the period 2010 - 2020. Thereby, the article proposes
several solutions to promote the role of science and technology in the innovation growth model in Vietnam.
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1. Introduction

In the early years of the twenty-first century,
humanity witnessed and enjoyed many achievements due
to the brilliant development of science and technology,
especially the achievements of the industrial revolution
4.0 have changed all areas of social life. Science and
technology have become the direct production force, a
major driving force behind the socio-economic
development of many countries worldwide. More
importantly, it opens up a new economy, a new
civilization for all humanity: intellectual economy and
intellectual civilization. Therefore, currently, any country
that perceives the role of science and technology in the
socio-economy as focusing on adequate investment in
science and technology development, knows that it will
have conditions to quickly spurt in socio-economic
development, soon joining the ranks of highly developed
economies in the world.

Science and technology are the keys to transforming
economic growth models from breadth to depth. Over the
years, Vietnam's science and technology have shown this
role quite well, but many problems need to be overcome.
The paper analyzes the current situation and proposes
many solutions to promote the role of science and
technology in our country's economic growth model in
the coming time.

2. Related Works

More than 180 years ago, Karl Marx said that science
would become a direct production force. Karl Marx
asserted: "The development of fixed capital is an
indicator that popular social knowledge has transformed
to some degree into a direct productive force" [1]. Marx
also forecasted that, following the development of the
great industry, the creation of real wealth becomes less
dependent on labor time and the amount of labor cost;
they depend on the general level of science and technical
progress, or on its application in production.

A. Pierre analyzed and evaluated the scientific
organization and the scientific research organization; the
analyzed works contain the economic potential and the
impact of science on the aspects of social life [2].

Alvin Toffler's conception of the role of science is the
factor to diverge human history into different periods
according to successive waves of civilization created by
scientific and technological achievements. According to
Toffler, knowledge is the power, the power of the future,
the never-ending thing, it uses never-ending, and is the
most democratic power [3]. At the same time, the current
world's rapid changes are not chaotic and accidental but a

process of transformation from civilization to civilization.

Human history follows three waves of an agricultural,

industrial and  post-industrial  civilization ~ whose
coordinates are attributed to science and technology [4].

Besides, it is possible to mention here that some
recent forecasts were forecasted by the future related to
the impact of science and technology. Konrad Seitz
affirmed the role of science and technology as the power
of countries to advance in the twentieth century [5].
Claude Allegre argued that the advances of science in the
twenty-first century would be even greater than before,
with the development of science changing daily life,
upsetting people's understanding and belief [6].

Science and technology contribute to increased labor
productivity, transforming economic growth models,
people in many countries become rich, well-off, healthy,
and live longer. However, all of these achievements have
negative side effects [7].

The role of science and technology is to exercise the
function of perception and transformation of the world.
The last part of the work focuses on analyzing the role as
the foundation and driving force of science and
technology for the industrialization and modernization in
Vietnam as a decisive role for equipping modern
equipment for production, playing an important role in
training and promoting human resources, perfecting
mechanism, organizing  production  management,
contributing importantly to the implementation of goals
of sustainable development [8].

3. Research Methodology

Renovating the economic growth model is understood
as changing the mode of economic growth towards
modernization, applying technology to production. In
Vietnam, the economic growth model innovation is
considered as a strategy for economic development in the
process of international integration, aiming at fast and
sustainable development, reforming the growth model
towards knowledge economy development and green
growth, improving growth quality and competitiveness;
science and technology, knowledge, high-quality human
resources, and information must be the driving force,
creating added value of goods and services.

According to the Oxford dictionary, ‘“science is
knowledge about the structure and behavior of the natural
and physical world, based on facts that you can prove”
and “science is a system for organizing the knowledge
about a particular subject, especially one concerned with
aspects of human behavior or society”. As stated by the
Economic and Social Commission for Asia and the
Pacific (ESCAP) [17], “technology is systematic
knowledge of processes and techniques used to process
materials and process information. Technology includes
tools, skills and knowledge, methods and systems used to
create goods and deliver services.”
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Today, science and technology have become a direct
production force, spreading strongly to all areas of social
life, a key factor in sustainable development. As the
growth of a great industry, wealth creation becomes less
dependent on labor time and the amount of labor that has
been wasted rather than on the actors engaged in motion
during the time of labor and the actors themselves, in
turn (their enormous efficiencies), are incompatible with
the direct labor time required to produce them, rather,
they depend on the general level of science and the
progress of technology [1].

From the above viewpoint, science and technology
are the keys to transforming the economic growth model
from the model mainly based on capital, labor, and
resources to the model mainly based on the total factor
productivity (TFP). The role of science and technology in
innovating the economic growth model can be identified
as follows:

Firstly, science and technology are decisive factors
for economic growth in the long run. There have been
many studies by economists on the role of science and
technology in economic growth. In the middle of the
nineteenth century, Marx predicted for the industrial age
that the creation of wealth did not depend mainly on
labor time but rather on the technology of production.
Robert Solow stated that all growth per capita, in the
long run, is conditioned by the technological progress. As
asserted by Kuznets, technology is the red thread
throughout the process of sustainable economic growth.
Samuelson commented that about one-third of the
increase in output in the US is determined by the impact
of capital and labor; the other two-thirds are a balance
attributed to education, innovation, and economic
efficiency by scale, scientific progress, and other factors.

Science and technology are the decisive factors for
economic growth. In the long run, unlike inputs such as
capital, labor and resources are limited, science and
technology resources seem without limits. Because when
giving capital, labor, and resources to other individuals to
use, the owner cannot continue to use those resources
(limited). Whereas with science and technology
resources, when given to others to use, the owner still
does not lose the right to use that resource, and the more
people use it, the closer to zero the cost of creating that
resource. Therefore, it can be understood that the
resources of Science, Technology, and Innovation are
limitless. Science and technology become the decisive
factor for economic growth in the long run. It is the key
to overcome the state of rest and escape the middle-
income trap (but should not be understood as absolute,

because science and technology resources are products of
human brain activity in certain historical eras.

Secondly, science and technology are the keys to
transforming the growth model from breadth to depth.
Science and technology are means to improve the
efficiency of using other resources. With natural
resources: science and technology make discovering and
exploiting easier, increasing efficiency, finding many
new sources of energy to replace the traditional energy
sources that are gradually being depleted. With labor
resources: science and technology fundamentally
changed the working method of humans, shifting from
physical labor (manual, simple) to intellectual labor
(skilled workers, labor complexity), helping to increase
labor productivity many times. With capital resources:
through the modernization of financial intermediaries,
communication systems, especially the digital revolution,
have made banking transactions fast, easy, convenient,
safe, accurate, promote production and business activities.
Thus, science and technology are the keys to
transforming a growth model of breadth to depth.

Therefore, as determined in the socio-economic
development strategy in the process of Vietnam’s
international integration, the task is to “strongly develop
science and technology as a driving force to accelerate
industrialization, modernization, and development of
knowledge economy, contributing to a rapid increase in
productivity, quality, efficiency, competitiveness of the
economy, rapid and sustainable development of the
country; increasing the contribution rate of the factor of
combined productivity and growth” [11].

Based on the theoretical issues about the role of
science and technology in growth model innovation, the
paper's approach is based on international and domestic
scholars' views to evaluate. The status of promoting the
role of science and technology in growth models in
Vietnam is assessed and described with objective data
from the main published Vietnamese statistical sources.
Simultaneously, the article also uses a combination of
specific research methods such as historical, logical,
comparison, analysis, synthesis, inductive and
interpretation, and data synthesis to serve in research and
article presentation.

4. Scope of Article Results

The paper examines the current state of the role of
science and technology in economic growth model
innovation in Vietnam in 2010 - 2020. The research
results can be used to make policy recommendations to
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promote the role of science and technology in Vietnam's
growth model in the coming time.

Novelty/Originality: From the general theoretical
issues about the role of science and technology in the
innovation of growth model, the article has analyzed and
evaluated the current role of science and technology in
renovating the current economic growth model in
Vietnam and giving some policy recommendations to
promote the role of science and technology in innovating
economic growth models in Vietnam in the coming time.

5. Research Results and Discussion

5.1.  Achievements promoting the role of science
and technology in reforming Vietnam’s economic
growth model

The faculty Over the past years, Vietnam has
implemented many guidelines and policies to promote
science and technology development, making significant
progress in the global innovation index ranking.
According to the World Intellectual Property
Organization [18], Vietnam's global innovation index
ranking continued to improve to 42/129 economy, up to
three places compared to 2018, 17 levels compared to
2016, and 34 levels compared to 2012. This result puts
Vietnam ranked first in low middle-income countries,
ranking 3rd in ASEAN (after Singapore and Malaysia).
In particular, there are two indexes related to inputs and
outputs of science and technology that have made great
leaps, namely: the total expenditure on research and
development (R&D) increased fivefold, and the Index of
Production products based on knowledge and technology
increased by eight times as compared to 2018 [10].

The survey results of the Vietnam’s Ministry of
Science and Technology in 2018 showed that about 30%
of enterprises had technology innovation activities, and
about 4,000 creative start-ups were operating [13].
Particularly in the industry and trade, the proportion of
enterprises participating in technology innovation is
increasingly high. In 2017, 49.8% of the technology was
renewed compared to the enterprise's internal data,
47.8% compared to the market, and 2.4% compared to
the world. In the field of technological innovation, more
than 80% of large enterprises participate in product or
process innovation, nearly 50% expand the field of
production for large business; and the corresponding
figures are about 50% and 17-18% for small and medium
enterprises. This proves that businesses are increasingly
interested in R&D activities. A report by the World Bank
in 2017 shows that Viethamese businesses spend about
1.6% of their annual revenue on R&D. Many
corporations set up an S&T development fund to promote
science and technology activities [11].

In the past five years, the number of international
publications in Vietnam increased rapidly (about 2.5
times), from 4,484 articles in 2015 to 11,061 articles in
2019, with an increased rate of 25.5% per year. The
number of international articles published annually by
Scopus also increased from 1,764 articles in 2009 to
8,243 articles in 2018.

The strong development of science and technology in
Vietnam over the past years had a positive impact on the
innovation of economic growth model, as shown
through:

Firstly, science and technology have contributed to
improving the efficiency of using other resources:

(i) The labor use efficiency. During 2006-2010, in
Vietnam the labor productivity growth rate is 3.45% per
year; increasing to 4.35% per year in 2011-2015 and to
5.75% per year in 2016-2019. Generally, in the ten years
from 2007 to 2016, labor productivity in terms of
purchasing power equivalent in 2011 (PPP 2011)
increased by an average of 4.2% per year, being 1.5%
higher than the average growth rate per year in
Singapore; 1.9% higher than the same indicator for
Malaysia; 2.5% higher than the same indicator for
Thailand; 3.5% higher than the same indicator for
Indonesia; 2.8% higher than the same indicator for
Philippines [12].

(i) The capital use efficiency. In 2006-2010, the
ICOR of the economy was 6.96 times; during 2011 —
2015, it decreased by 6.25 times, and during 2016 — 2019,
it was 6.17 times lower [13].

(iii) The efficiency of natural resource exploitation.
In 2010-2018, the coal industry, due to research and
investment in technological innovation, increased the
average output by 9.4% per year. The rate of mechanical
exploitation increased dramatically, from 3.3% in 2010
to 13.1% in 2018. Especially through the State-level
Science and Technology Project: “Research and
manufacture equipment and technology for the
construction of wells and vertical good loading shafts for
Nui Beo coal mines”, for the first time, Vietnam
approached and mastered the world's advanced
technology, helping to increase proactivity, reduce
consultancy and design costs by about 30% compared to
foreign hiring costs; contribute to localization of two-
thirds of the value, reduce equipment import costs by 17-
20%.

Secondly, science and technology have promoted the
transformation of the economic growth model towards
increasing TFP-based growth, decreasing capital-and
labor-based growth. Since 2011, Vietnam's TFP growth
rate is much higher than that of previous years. On the
contrary, the capital-and-labor growth rate decreased.
Specifically, the TFP growth rate was 2.06% in 2011-
2018, being nearly four times higher than that of the
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2006-2010 period (0.54%); the capital growth rate
decreased sharply from 13.3% in the 2006-2010 period to
7.97% in 2011-2018, and the labor growth rate decreased
from 2.77% in the 2006-2010 period to 1.27% in 2011-
2018.

The rapid growth of TFP in 2011-2018 prompted the
growth model transformation for Vietnam, gradually
reducing capital and labor dependence. In 2001-2010,
Vietnam's contribution of capital and labor growth to
GDP growth was 73.6%; in 2011-2015, it was reduced to
69.8%; during 2016-2019 it continued to decrease to
59.7%. The contribution of the TFP increase factor to
GDP growth is increasing. Thus, in 2001-2010, this
proportion was only 26.4%, in 2011-2015, it increased to
33.6% and in 2016-2019, it was 44.5%, which is quite far
from the set target of 30-35%.

These measures bring into full play the strength of
promoting, improving economic quality and growth,
maintaining national defense and security, improving the
quality of people's lives, creating a new position and
force for Vietnam.

5.2. Limitations on the promotion of the role of
science and technology in renewing Vietnam’s
economic growth model

Universities Science and technology in Vietham have
made great progress in recent years, positively
contributing to the innovation of the economic growth
model. However, in order to realize the 2021-2030 period
target, which is shifting to a model of in-depth economic
growth, Vietnam's science and technology are facing
many difficulties and challenges:

Firstly, the level of science and technology of social
production has been raised, but in general, it is still low,
even out of date and slowly being reformed. Currently,
most  Vietnamese enterprises, especially private
enterprises, are using technology that is 2-3 generations
behind the world average, of which 76% of equipment,
machinery, and technology lines was imported from
abroad in the 1960s-1970s; 75% of the equipment is fully
depreciated; 50% of equipment is refurbished [12].
Knowledge Economic Index (KEI) of Vietnam is 3.51, of
which the innovation index is 2.72, much lower than the
same of Singapore (8.44), Malaysia (6.07), and Thailand
(5.52). According to the World Intellectual Property
Organization (WIPO) [19], by 2018, the rate of
Vietnamese patents and applications was improved
significantly (ranked 51), higher than the same in the
Philippines (ranked 55), and Bangladesh (ranked 102)
but still much lower than in Singapore (25), Indonesia

(35), Malaysia (38), and Thailand (40). These figures
show that science and technology, especially high
technology, have not played a key role in improving
investment efficiency.

Secondly, labor productivity in Vietnam is low.
Comparison of Vietnam's labor productivity with the
least developed countries in Southeast Asia (CLMV - a
block of four countries Vietnam, Laos, Cambodia, and
Myanmar), ASEAN + 6, ASEAN shows that all
countries see lagging. According to the Asian
Productivity  Organization [20], Vietnam's labor
productivity is even lower than in Laos, Myanmar, and
even lower than in CLMV. In 2018, Vietnam's labor
productivity was only equal to 96% of Myanmar, 88.7%
of Laos, 54.5% of the Philippines, 41% of Indonesia,
36% of Thailand, 18% of Malaysia, 35.4% of ASEAN +
6, 43.6 % of ASEAN and only equivalent to 7.7% of
Singapore.

Analyzing the changing trend in labor productivity
during 1970-2016, if the United States is taken as a
standard, Vietnam's labor productivity has increased, but
the growth rate is quite slow; at the same time, labor
productivity of Singapore, Hong Kong, Malaysia, etc.
increased dramatically (the slope of these countries is
larger than that of Vietnam), showing the absolute gap in
average income between Vietnam and some countries in
the region.

Thirdly, domestic enterprises are still less interested in
investing in research and development (R&D). The ratio
of R&D spending to GDP in Vietnam (including the
public and private sectors) is only about 0.44%, much
lower than the world average making 2.23% of GDP.
The linkage between enterprises and scientific research
facilities to implement the process of technology transfer
and innovation is still very limited. According to FIRST-
NASA's recent research on enterprise innovation [21],
only nearly 14% of businesses have coordinated with
outside units to conduct product innovation research.
Technology transfer activities from science and
technology organizations to enterprises are very low (just
under 1%). It can be said that the link between
enterprises (the demand side in the science and
technology market) with institutes, schools, scientists
(the supply side) is still very limited.

Fourth, investment in science and technology is low,
the structure is not suitable, and the use efficiency is low.
The investment rate in science and technology from the
state budget has gradually decreased from 2000 to the
present. On average, the 2000-2010 period reached
1.85% per year of the total state budget expenditure.
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During 2011-2018, this rate was only 1.4% per year. At
the same time, the law requires to spend 2% of the state
budget on science and technology. The ratio of R&D
spending to GDP in Vietnam is very low compared to the
world average. Vietnam's total expenditure for both
public and private sectors for science and technology
since 2010 has reached only 0.44% of GDP, much lower
than the world average of 2.23% of GDP (Thailand
0.78%; Singapore 2.2%; Malaysia 1.3%, China 2.1%)
[16]. The structure of investment capital in science and
technology still has many shortcomings. In East Asian
countries, the state budget capital for this activity only
accounts for 20-30%, while that of the non-state sector is
70-80%. In OECD countries, this structure is close to
20% and above 80%.

Meanwhile, the structure of investment capital in
science and technology in Vietnam in 2001-2010 was
70%/30%, in 2011-2015 it was 60%/40%, and in 2016-
2019 it showed 52%/48%. The efficiency in using
funding for science and technology activities is not good.
Some localities have not used these funds for the right
purposes, such as spending on the operation of the non-
business units under the Department of Information and
Communications; project reciprocal spending; expenses
for wastewater treatment; expenses for construction of
underground medium-voltage lines, transformer stations.

Fifth, the contingent of science and technology staff is
insufficient in quantity, weak in quality, and the structure
is not suitable. The rate of R&D staff per capita in
Vietnam is relatively low and has hardly increased since
2013, reaching about 7.02% (only equal to 20% of the
EU average, 7.6% of the same for South Korea, 29.8%
for Malaysia, and 58% for Thailand). The proportion of
university age (18-29 years) students attending university
is 28.3%, among the lowest in the world. Meanwhile, this
rate is 43% for Thailand, 48% for Malaysia, and even
higher in developed countries [14].

Sixth, there is a lack of mechanisms and policies to
favor and stimulate creativity for scientists and scientific
establishments, so it has not created a driving force for
developing and applying science and technology. Besides,
awareness of all levels, sectors, and localities about the
role of science, technology, and innovation is not
comprehensive enough.

The above limitations and shortcomings show that
science and technology have not performed well the role
of really the leading national policy; act as the key and
most important driving force to develop a modern
production force, industrialize and modernize the country.
The main reasons are:

1- All levels, sectors, businesses, and science and
technology organizations are not fully aware of the role
and position of science and technology for the country’s
rapid development and sustainability in the long term;

2- Vietnam develops in a broad-based growth model
based on low-skilled labor, low-cost land and other
resource-intensive technologies, mainly manufacturing
raw products, processing and assembling for a long time;
failing to create a large "demand side" (firstly by the
enterprises) to encourage and promote the development
and application of science and technology and
innovation;

3- Institutions for development and application of
science and technology and innovation still have many
shortcomings and inconsistencies. There is a lack of
mechanisms suitable to the specificity of intellectual
activities to create a strong driving force for the
development and application of science, technology and
innovation;

4- The country's scientific and technological potential
(the contingent of science and technology staff,
intellectual property, financial resources, scientific and
technological facilities) has been increased but still is
very humble. These are also important issues to be
overcome for promoting the role of science and
technology in the innovation of growth models in
Vietnam in the new period.

5.3.  Some measures to be implemented to promote
the role of science and technology in growth model
innovation in Vietnam

The above analysis shows that to promote the role of
science and technology in the growth model innovation
in Vietnam in the coming time, the Government of
Vietnam needs:

Firstly, to build a strong science and technology
development strategy as a basis for improving
productivity, quality, efficiency, and competitiveness of
industries, sectors, and the whole economy, promote
economic restructuring and economic growth model
innovation, promote R&D innovative  start-ups,
application combined with technology development,
especially in new fields and fields with potentials and
strengths.

Secondly, to develop national science and technology
toward enterprise-centered universities and research
institutes as healthy research subjects. They are
developing and implementing science and technology
programs to support research institutes, universities and
enterprises towards creating research results for
intellectual property rights protection, which increases
the use of intellectual property tools to develop key
industries and fields, products and services with
competitive advantages, to create source technologies
and core technologies. Continue to implement the
process of transforming S&T public institutions into
enterprise models.
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Thirdly, to renew and perfect mechanisms and
policies to effectively mobilize, allocate, and use
investment capital for science and technology activities.
Continuing to improve the policy of State budget
investment in science and technology activities in the
direction of avoiding overlapping allocation and scattered
investment and ensuring efficient use thereof; enhancing
the roles and responsibilities of organizations in the
management and use of state budget funds for science
and technology, avoiding misuse, waste and loss;
strengthen the inspection and supervision of scientific
and technological research results; build a system of
indicators to evaluate the completion and quality of the
assigned tasks for science and technology units; to
encourage enterprises to establish and scale-up science
and technology development funds, promote and
encourage the private sector and enterprises to invest
heavily in science and technology.

Fourth, to strongly develop educated intellectual
workforce, improve people's knowledge, train talents,
concentrate on education development investment,
accelerate training of scientific and technical staff and
skilled workers, managers, people in the business.
Education and training, science and technology should be
considered the top national policy, a breakthrough to
meet the demand for high-quality human resources for
the knowledge economy. Opportunities should be created
to improve skills, ensure work learning and lifelong
learning for employees. Enterprises should be
encouraged to participate more in national human
resource development, especially state-owned enterprises
and multinational corporations. The task includes also
adopting policies to attract overseas Vietnamese and
foreign experts for participation in scientific and
technological activities in Vietnam.

Fifth, to promote international cooperation and
integration, joint research cooperation to take advantage
of resources and knowledge of advanced countries, and
step by step raise the level of domestic research capacity
and level to be able to participate in equal cooperation
and mutual benefit in the long term. We are strongly
supporting regional and international scientific
exchanges and academic exchanges. We should develop
and improve the operational efficiency of the network of
Vietnamese science and technology representatives in
foreign countries, especially in key areas, attracting and
exploiting the strengths of the contingent of talented
Vietnamese scientists abroad.

6. Conclusions

Nowadays, when humanity is entering the knowledge
economy, science and technology become direct
production forces. Science and technology not only
improve human knowledge, help people perceive and
grasp the nature and laws of the world, but also help
people transform knowledge into technical means, ways
to improve the world, effectively serving the socio-
economic development of each country in general, and to
economic growth model in particular.

In the process of international integration, science and
technology in Vietnam play an important role in strongly
developing production forces, reforming growth models,
improving the quality of people's lives, and consolidating
national defense and security. However, the reality of
scientific and technological development shows that
Vietnam's innovations still have many limitations and
shortcomings, failing to become the most important
driving force in the development process as science and
technology of social production remain low; the
application of science and technology to agricultural
production has not been conducted synchronously; the
proportion of businesses and R&D in all industries is still
very low; there is low investment in science and
technology activities; inadequate  structure, low
efficiency, etc. are hindering the reform of growth
models in Vietnam today. It is necessary to
synchronously implement the above solutions to promote
the role of science and technology in the growth model
innovation in Vietnam, contributing to rapidly increasing
productivity, quality, efficiency and competitiveness of
the economy, rapid and sustainable development of the
country; and the factor contribution to aggregate
productivity and growth.
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