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Abstract: The quality infrastructure of the Kingdom of Saudi Arabia is discussed in this article. The effect of COVID-19
pandemic on the oil-based economy is described in detail. The goals of Vision 2030 in reference to conversion of oil-based
economy of KSA to non-oil-based economy have been discussed. The quality infrastructure models for economic growth
has been discussed. This article describes details of the three pillars: metrology, accreditation, and standards of economic
growth in context to KSA. The role of the existing apex bodies, i.e., Saudi Standards, Metrology and Quality Organization,
the National Measurement and Calibration Center, and the Saudi Accreditation Center in growth of KSA has been
described. The main requirements to strengthen the QI of KSA are enhancing the apex capabilities, the setting up of new
primary and secondary standards, development of strong research and development culture and awareness of quality

improvement.
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1. Introduction

The overall growth of any nation depends upon QI. The QI
of any nation is consisting of internationally recognized
metrology, standards, accreditation, conformity assess-
ment, and market surveillance. The QI is built on a tech-
nological pyramid to ensure traceability of the accurate and
precise measurements to the International System of Units.
It is a basic empowering system for providing testing,
calibration, inspection, and certification. The QI is a hidden
power that connects the University, Research and Devel-
opment Laboratories, Science and Technology Organiza-
tions, Civil Societies, Enterprises, and Government. The
economic growth and quality of life of any nation depend
upon these units.

As per the world competitiveness ranking 2021, gross
domestic product of KSA is USD 700.1 Billion having 20th
rank [1] in the world. The real GDP growth for the year
2020 was — 4.1% on 29 rank. The economy of KSA is
almost oil-based. The average crude oil production of KSA
from January 2002 to May 2021, with 233 observations,
was 9.423 million Barrel/Day. Before the COVID-19
pandemic, the oil production of the KSA was at an all-time
high in April 2020 (11.642 million Barrel/Day) and lowest
in February 2002 (7.121 million Barrel/Day) [2].
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The oil prices are very volatile; in 2012, the price of 1
barrel of crude oil was nearly 120 USD; in 2016, it dropped
to 40 USD; and in 2020 it was 20 USD, which badly affects
the economy [3]. KSA possesses 266,578,000,000 barrels
of confirmed oil reserves as on 2016, 2nd rank in the world
and it is about 16.2% of the world’s total oil reserves of
1,650,585,140,000 barrels. At the current oil consumption
rate, excluding unconfirmed reserves, and without net
exports the KSA oil reserve will be available about up to
221 years. Unfortunately, in the March 2020 almost all
nations begun affected by the COVID-19 pandemic. This
has affected the world activities of the economy and
therefore slowed down the economic growth and loss of
employment, etc., and created a challenge to restore the
economy. Due to this pandemic, the crude oil export of
KSA decreased to 5 million barrels/day in June 2020 in
comparison with April 2020 in which it was more than 10
million barrels/day [4]. Presently, KSA is in transition
mode to shift from an oil-based economy to a non-oil-
based economy by 2030 (Vision 2030) to stabilize the
economy. In the context of shifting to a non-oil-based
economy, 40 industrial cities were established in different
areas of KSA. The quality of KSA infrastructure is ranked
37 out of 148 as per International Trade Center [5].

The Vision 2030 [6] is specifically designed around
three ideas: a vibrant society, a thriving economy, and an
ambitious nation. The 1st idea, vibrant society is crucial to
accomplish the goals of Vision 2030 and a strong base for
economic fortune. The KSA understands the value of a
vibrant society. Members of this society are living happily
with a decent life in a beautiful atmosphere supported by an
empowering social and healthcare system. They feel grat-
ified of their national identity and their ancient cultural
heritage. In the 2nd idea, a thriving economy makes
chances to grow all by developing an education system
endorsed to the market requirements and generating eco-
nomic opportunities for small, medium, and large entre-
preneurs. In the 3rd idea, KSA will identify encouraging
economic sectors to investment implements, diversify their
economy, and create job opportunities. The main goals of
Vision 2030 are to lower the unemployment rate from 11.6
to 7%, raise the share of non-oil exports from 16 to 50%,
and elevate the KSA ranking index from the current posi-
tion of 37 to be among the top five nations on the
E-Government Survey.

An executive opinion survey [7] was performed on
various indicators mentioned in Fig. 1. From a list of 15
indicators, respondents of this survey were asked to select 5
indicators that they recognized as the important attraction
factors of their economy. The percentage of responses per
the indicator is shown in Fig. 1,

It is obvious that the reliable infrastructure indicator has
the highest percentage of response. QI plays a very crucial
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role for the growth of a nation. The QI is the foundation for
getting excellent and continuous development targets sta-
ted by UN to guarantee the inclusive economy improve-
ment, well-respected life of people and also earth safety.
The International Network of Quality Infrastructure—a
group of fourteen international organizations [8]—pro-
motes the significance of QI and its efficient global
implementation, particularly in developing nations with
ensured metrological traceability to SI units. These four-
teen international organizations are the International
Bureau of Weights and Measures, International Accredi-
tation Forum, International Electrotechnical Commission,
Independent International Organization for Certification,
International Laboratory Accreditation Forum, Interna-
tional Certification Network, International Organization for
Standardization, International Trade Center, International
Telecommunication Union, International Organization of
Legal Metrology, United Nations Economic Cooperation
for Europe, World Bank Group, World Trade Organization
and United Nations International Development
Organization.

2. The Economic Growth and Quality Infrastructure
Models

Economic growth is not just measured by the increase in
the capacity of production of one’s economy but also

includes an improvement in the condition of life of the
people. The economic growth can be calculated through
the percentage variations of many indicators like GDP,
Gross National Product and GDP per capita, etc. The QI is
important to the productivity and growth of manufacturing
industries to enhance innovation, reduce economic dis-
tances, enable the international markets access, reduce cost
amount, and increase the revenues. QI of India and its
importance for inclusive national growth has been studied
[9].

UNIDO defines [10] the QI as: “the system comprising
the organizations (public and private) together with the
policies, relevant legal and regulatory framework, and
practices needed to support and enhance the quality, safety
and environmental soundness of goods, services, and pro-
cesses. The quality infrastructure is required for the
effective operation of domestic markets, and its interna-
tional recognition is important to enable access to foreign
markets. It is a critical element in promoting and sustaining
economic development, as well as environmental and
social well-being. It relies on metrology, standardization,
accreditation, conformity assessment, and market
surveillance.”

The neoclassical model (Solow—Swan) of economic
growth is a well-known model. The growth model of
Harrod—Domar (1946) was modified by adding the increase
in productivity to develop the Solow—Swan model. In this
new model, more weight is given to the new capital than
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Fig. 1 Executive opinion survey of various indicators
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the old one. This model [11] demonstrates the effect of
technological progress, rate of population growth, and
economic growth on the economy for a certain period. The
quadruple helix model given by Carayannis and Campbell
[12] is widely used for economic improvement through the
interaction between different entities. ‘Mode 3° (“system
consisting of ‘Innovation Networks’ and ’knowledge
Clusters’ for knowledge creation, diffusion and use”)
agrees and highlights the co-existence and co-evolution of
various knowledge and invention concepts. The ‘triple
helix” model [13] stresses three ‘helices’ academia/uni-
versities, industry, and state/government intermingle to
each other to create a general improvement structure.
‘Quadruple helix’ model was developed by adding ‘fourth
helix’ “media-based and culture-based public” in the triple
helix model. The strong relations between the four helices
of this model are enabled via an unseen strong QI. The QI
makes sure conformity assessment through well-recog-
nized metrological, accreditation, and standards institu-
tions. The QI in developed nations (e.g., USA) is well
formed and, therefore, results in their high GDP.

3. Quality Infrastructure in the Kingdom of Saudi
Arabia

The potency of the national QI system mostly depends
upon the overall measurable capabilities of international
equivalence available with apex QI institutions and the
propagation mechanism of the available QI facilities to all
the stakeholders across the country. The summary of
international and KSA’s QI organizations is shown in
Fig. 2. All the components of QI have been appropriately
established in the KSA results in constructing an interna-
tionally recognized QI.

3.1. Metrology

A national metrology system depends on reliable and
highly accurate measurement standards. The purpose of
appropriate metrology infrastructure is to assure the
validity of measurements, reliability of the inspection and
test results, and head to mutual international recognition. A
reliable national metrology system can guarantee the
receipt of proper quantities to protect traders and con-
sumers, general protection of the national economy, and
can contribute to eliminating the technical obstacles for
smooth global trade. It can keep the healthiness and
security of humanity resulted in prosperity and standard of
living. The metrology infrastructure helps to measure
environmental parameters and their variations and outline
their future effects on living beings. In a landmark deci-
sion, United Arab Emirates and Saudi Arabia, the BIPM’s
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member states voted on November 16, 2018, to revise the
SI Units [14]. It was decided in the 26th meeting of the
General Conference on Weights and Measures in Ver-
sailles, France, that all SI units will now be defined in terms
of natural physical constant (speed of light, hyperfine
structure transition frequency of the Cesium-133 atom s
luminous efficacy, Planck constant, the elementary electric
charge, the Boltzmann constant, and Avogadro constant).
This will guarantee the constancy of the SI units in the
future.

3.1.1. Gulf Association for Metrology

The Gulf Cooperation Council Standardization Organiza-
tion supported the establishment of a Regional Metrology
Organization known as the Gulf Association for Metrology
[15]. The GULFMET is established to bring together
National Metrology Institutes of the Gulf Cooperation
Council participant countries (United Arab Emirates,
Kingdom of Bahrain, Kingdom of Saudi Arabia, Sultanate
of Oman, State of Qatar, State of Kuwait and the Republic
of Yemen) and internationally recognized by the Interna-
tional Committee for Weights and Measures. GULFMET is
an excellent platform to help communicate, develop
nourishment through the exchange of knowledge and
cooperation among the member States, and enrich metro-
logical capabilities. The GULFMET is responsible for
carrying out all the required activities to fulfill the
requirements of international recognition. It also con-
tributes to the metrological infrastructure required to pro-
tect consumers, health, safety, and the environment. The
GULFMET supports building up a strong metrological
infrastructure to improve the quality and encourage trade
among its member states and the other countries of the
world. It enhances cooperation with the BIPM and OIML.
The CIPM granted provisional acceptance of GULFMET
as an RMO in accordance with the procedures of the Joint
Committee of the Regional Metrology Organizations and
the BIPM.

3.1.2. Saudi Standards, Metrology and Quality
Organization

Saudi Arab Standards Organization was established in
1972, and in February 2009, its name [16] was changed to
Saudi Standards, Metrology, and Quality Organization.
SASO’s responsibilities are to introduce and execute
quality initiatives to the Kingdom. The SASO is a technical
government body in KSA that governs tasks related to
standards, metrology, and quality. SASO places down
Saudi standards in all required fields such as goods, prod-
ucts and services, and measurement and establishes pro-
cedures of conformity evaluation and certification. It offers
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Fig. 2 Components of
international QI and
corresponding QI of KSA
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essential quality control measures for raw materials and
products. SASO also hosts the SAC, responsible for
accrediting laboratories and certification bodies. Moreover,
SASO establishes methods of sampling, testing, and tech-
nical inspection and elevates quality management systems.
The SASO functions together with the private sector,
government bodies, consumer representatives, and other
stakeholders, to build the strong QI in KSA. The SASO has
worked to develop the National Quality Strategy to repre-
sent a national framework for quality and a plan for the
implementation of quality and institutional excellence in
the Kingdom. Many interconnected features characterize
this strategy and aspects that help improve performance,
increase productivity and efficiency, and it is an added
value that is compatible and integrated with Kingdom’s
Vision 2030. The Saudi standards, through its branches and
offices in the Eastern and Western Region, provide their
services in the field of examination, testing, conformity.
SASO is a member of the ISO, IEC, OIML, and BIPM,
which provides immediate international support and
enhances standards development competencies [17]. The
KSA has a local chapter of Project Management Institute
[18]. The world’s prominent agency on project manage-
ment, PMI [19] enables people to convert their ideas into a
reality. The PMI helps organizations and individuals to
work smarter and efficiently in an ever-transforming and
vibrant world through education, collaboration, research,
and global advocacy. The SASO follows PMI for its pro-
jects. The SASO works on the Plan Do Check/Study Act
[20] model. “PDCA cycle is a continuous loop of planning,
doing, checking (or studying), and acting”. It gives an easy
and efficient methodology for solving difficulties and

administering changes. In this model, improvement actions
are tested on a small scale before updating procedures and
working practices.

3.1.3. SASO Initiatives in the Field of the NOS

NQS is the general framework in accordance with King-
dom’s Vision 2030 and wide-ranging perception of quality
and institutional excellence in various sectors of KSA [21].
The objective behind building the NQS is to raise the level
of quality of national products and services, enhance its
competitiveness in global market, to grow all business
sectors in a rationed and precise manner, with better value
addition, and their positive impact on GDP and GNP. The
NQS has been developed to achieve the government’s
orientation toward expanding the provision of services to
citizens in all parts of the KSA, to facilitate them in
obtaining the services they seek and to emphasize their
national role. To achieving the objectives of the NQS,
SASO initiated the establishing local and international
partnerships with associations, institutes, and scientific and
professional research centers in the field of quality and
institutional excellence. SASO framed Saudi standards in
many fields, e.g., construction and building materials,
chemical and petroleum products, electrical and electronic
products, mechanical and metal products, textile products,
weights and measures, quality control and conformity,
information and documentation, and services.

To ensure the quality of the products, some initiatives
taken by SASO are:
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1-Saudi Program for product safety (Saleem) which is
responsible for the safety of the product and ensure that
they are not defected [22].

2-The national program for legal calibration (Tagees) is
responsible for unifying the legal tests of measurements
based on the international standard [22]. Also, it is worth
mentioning that SASO has approved 30,389 standard items
[22] and it got membership in 293 international committees
[22] since its establishment.

On 16 June 2021, Austrian Standards International and
the Saudi Standards, Metrology and Quality Organization
signed a cooperation Program in a virtual ceremony. Its
objective: intensifying the exchange of knowledge and
experiences in the fields of Standardization to support trade
relations between the two countries [23].

3.1.4. Metrological Capabilities in the Kingdom of Saudi
Arabia

At the end of the last century and the beginning of the
international industrial revolution, the need for harmoniz-
ing measurement standards around the world for an agreed
system of Units has arisen. In 1875, the Meter convention
was signed in Paris, which was the beginning of harmo-
nizing the international measurement standards and estab-
lishing the scientific basis of the SI. Consequently, an NMI
was decided in each country to establish its national mea-
surement standards and harmonies with standards of the
other countries’ signatories to the meter convention. Har-
monization of the measurement standards covers the real-
izations of the 7 basic units and the 22 derived units. SASO
has Mass, Density, Force, Volume, Hardness, Viscosity,
Pressure, Gravity, Torque, Time and Frequency, acoustic,
RF and Microwave, Vibration, Voltage, Power and energy,
Impedance, Electromagnetic, Contact Temperature,
Humidity, Thermal Radiation, Wavelength, Gauge Bock,
Surface, Dimensions, Gas, Organic, Electrochemistry
measurement laboratories. Calibration Support and Quality
Department of SASO links NMCC and the customers. [24]

3.1.5. National Measurement and Calibration Center

In KSA, the NMCC was established in 1406 AH (1986
AD). The main responsibilities of NMCC [25] are main-
taining and developing the national measurement stan-
dards, calibrating the measuring instruments and standards,
researching in metrology, and participating in key and
supplementary comparison programs regionally and inter-
nationally. It provides contributions to serve the scientific,
legal, and industrial metrology in the governmental and
private sectors. It also ensures metrological traceability of
the measurement results to the SI units. The NMCC is
structured in 8 departments and includes 30 specialized
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national laboratories serving scientific, legal, and industrial
metrology in the governmental and private sectors. The
organization chart of NMCC is shown in Fig. 3.

NMCC is equipped with advanced measurement stan-
dards and calibration systems on the primary and sec-
ondary levels. In addition, NMCC provides technical
consultations in establishing and developing calibration
laboratories, designing and functioning calibration systems
in cooperation with industrial companies. These consulta-
tions are served to accredited laboratories and industrial
bodies upon their request to enhance their production
efficiency and improve their competitiveness in the inter-
national markets. Also, NMCC contributes to environ-
mental protection, health, and safety and provides training
services. The training aims to enhance the level of the
technical staff in industry and services sectors to perform
accurate calibration, testing and to prepare calibration
certificates and test reports following the requirements of
ISO/IEC 17025 including correct figures of uncertainty in
measurement results.

The NMCC participated in 12 International compar-
isons. Detail is shown in Fig. 4

3.1.6. Laboratories General Department

Laboratories General Department of SASO consists of
laboratories of Textile products, Construction and building
material, Electrical products, Petroleum products,
Mechanical and metallic products, and chemicals. Also, it
consists of the Organization Unit of technical proficiency
Testing and Vehicles inspection unit. In some tests, Saudi
standards laboratories accredited corresponding to the
international standard (ISO 17025/2005), which provides
international recognition for laboratories’ test results.
SASQO’s laboratories were established in Riyadh, and also,
its branches in Makkah Al-Mukarramah and the Eastern
Province. These laboratories have been leveraged with
many new latest devices and instruments in various fields
[26]. The LGD conducts studies and research to develop
Saudi standards, reviews and provides technical comments
on Saudi standard projects, gives technical consultations in
the field of testing to various departments of SASO and
outside organizations, and carrying out sample’ tests.

3.2. Accreditation

Accreditation is an assessment process that is designed to
determine whether a conformity assessment body is cap-
able of performing its conformity assessment activities.
The accreditation activities may include calibration, test-
ing, inspection, or certification.
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3.2.1. GCC Accreditation Center

The Governments of GCC approved the establishment of
the GCC Accreditation Center [27], to deliver reliable

services to CABs, inspection bodies, and certification
bodies in all member states. The establishment of the GAC
had been founded after the study made by the Organization
of Joint Accreditation System of Australia and New Zeal-
and which was provided by the Australian National
Association of Testing Authority during the period from
2005 to 2010. The GAC was able to set the documents,
procedures and provide training for the experts, support to
the committees and task forces at the gulf area to work and
follow up with different projects and to review the three
phases of the outputs of the technical consultations.

GAC timely plans and conducts due assessments for the
CABs to verify its competence, informs accredited CABs
about the modifications in the accreditation needs and gives
information about appropriate methods to obtain
tractability of measurement results. GAC publicly
announces the current status of the accreditation granted to
CABs and updates regularly in line with ISO/IEC 17011
requirements.
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3.2.2. GAC Recognition at the International Level

At the international level, accreditation is monitored by
ILAC and the IAF. The decisions of these organizations
determine the nature of the accreditation offered by the
GAC and its equivalent bodies in other countries. Good
participation of the GCC is required to be recognized by
these organizations. GAC participates in the operations of
ILAC and IAF. GAC is also working at the provincial level
and is a member of both the Arab Accreditation Cooper-
ation and the Asia Pacific Accreditation Cooperation. GAC
is a signatory to the ARAC Multilateral Recognition
Arrangement and ARAC Mutual Recognition Arrangement
recognition agreements, which are recognized at the
international level by ILAC and IAF. This implies that a
test report or certificate accredited by GAC is also recog-
nized by the signatories to the ILAC MRA. In this way, the
GAC accreditation acts as an international passport to
trade. GAC is a signatory to the Testing laboratories,
Calibration Laboratories, and Inspection Bodies. [28]

3.2.3. The Saudi Accreditation Center

The SAC [29] is the national authority to provide accred-
itation services for conformity assessment bodies in KSA.
It includes testing and calibration laboratories in all fields
(e.g., electrical, construction and building materials,
chemical, measurement and calibration, etc.), Inspection
bodies, Certification bodies, and Halal bodies. Participating
in the development of the national economy by raising the
level of the technical competency of national CABs and
ensuring better consumer protection is the mission of SAC.

In 2011, Saudi Arabia has signed the international
accreditation agreement by which Saudi standards were
accredited in many fields [22]. The quality system in the
laboratories of the national center is based on the interna-
tional standard requirements (ISO/IEC 17025, ISO 17034,
and ISO 17043). In the period December 2019-January
2020, the quality system was evaluated (Peer review) in 11
field with coordination of GULFMET in which the system
was accredited and certified as per the requirements of
(ISO/IEC 17025). The SASO performed 285 accredited
tests [22].

3.2.4. International Inter-comparison of SASO and BIPM

The CIPM MRA is the framework that validates the
international equivalence of measurement standards of
NMI and their calibration and measurement certificates.
The SASO participated in 44 international inter-compar-
isons with BIPM in different metrology areas [30]. The
international inter-comparisons between SASO and BIPM
are mentioned in Table 1.
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Standards help in numerous economic and social
activities to improve the cost-effective distribution of
resources. Standards not only help the industry to increase
its profit at the same time assure high-quality goods and
services for users at a lower price. Therefore, the imple-
mentation of standards increases economic efficiency.
Standards play an important role in the research and
innovation development with their different feedback loops
as shown in Fig. 5 [31].

GCC Supreme Council established GSO, a Regional
Standardization Organization in December 2001, and
started its operation in May 2004. Its headquarter is in
Riyadh, KSA [33]. GSO operates as a single regulatory
system to control the quality of products in the GCC
market. The main objectives of GSO are to assist GCC to
accomplish its aims and unification of the standardization
activities and ensure their implementation and compliance.
Also, other objectives are to advance the manufacture and
service sectors, nurture the trade among GCC member
states, protect the customer, environment, and public
health, boost the economy of GCC participating countries
and meet the requirements of Gulf Custom Union and Gulf
Common Market.

GSO develops and defines GSO Standards following
specific requirements that have been recognized by
National Standardization Bodies, businesses, and other
users of standards. GSO standards are developed by tech-
nical teams of experts in that field/sector. The members of
these Technical Committees are selected by the NSBs.
Each NSB member in GSO is grateful to adopt each GSO
Standard as a national standard and ensure its availability
to the customers. Therefore, one GSO Standard turns out to
be the national standard in all GCC countries. Moreover, at
least 80% of adopted GSO Standards are identical to
International Standards.

3.2.5. The GSO Quality Infrastructure Framework

The GSO was involved in the following activity for
improving the quality infrastructure of GCC member states

Table 1 Comparison of SASO and BIPM

S. No. Metrology Area Number
1 Acoustics, Ultrasound, Vibration 2

2 Electricity and Magnetism 14

3 Length 7

4 Mass and related quantities 11

5 Photometry and Radiometry 2

6 Thermometry 3

7 Time and Frequency 3

8 Chemistry and Biology 2
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Fig. 5 Standards role in Research and innovation [32]

e GSO has issued more than 23,524 Unified Gulf
Standards and Technical Regulations so far covering
most of GCC sectors.

e GSO developed the GCC Conformity Assessment
Scheme in keeping in attention of reducing the
technical obstacles of trade and smoothing the free
movement of supplies across borders within the GCC
member states and the rest of the world.

e More than 440,000 Conformity Certificates for Vehicle,
tiers, Motorcycle have been issued

e GSO approved 69 Notified Bodies in many countries
around the world. 35,608 products had the G-Mark
through more than 37,419 Conformity Certificates
issued through the GCC Conformity Tracking System.

e GSO established the GAC

e GSO has created and hosted the GULFMET as a RMO.

e GSO invests in strengthening the knowledge, skills, and
know-how of its members through extensive training
and technical assistance programs in the field of
standardization and its related activities. GSO estab-
lished the GCC Standardization Training Center; till
now, GSO has trained and qualified more than 14,000
participants through 500 training courses.

At the regional and international, GSO has an observer
membership in ISO, IEC, WTO, Codex, Standards and
Metrology Institute for Islamic Countries, Arabic Industrial

Creation of network extemalities
Interoperability between products

Development and Mining Organization, etc. GSO contin-
ues its close international cooperation with its partners
around the world through 62 MoUs and cooperation
agreements with 50 national, regional, and standardization
organizations.

3.3. Conformity

GSO took a huge forward jump by implementing the
Regional Conformity Assessment Scheme project in
November 2005. This giant step by GSO aims to progress
the GCC objectives through the coordination, integration,
and construction of the standardization zones and QI in the
member states. The project has been intended to focus on
the present procedures and practices to verify the confor-
mity of trade of the locally produced product. The outcome
of this project was to develop a harmonized unified
regional system for developing the schemes. The target of
the system is to serve the national and regional interests of
GCC member states and streamline commercial activities.

4. Concluding Remarks
This article pointed out that a strong QI is crucial for ful-

filling Vision 2030 and switching to a non-oil-based
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economy. To strengthening QI of the KSA, it would
require to consider some recommendations such as
enhancing the apex capabilities by SASO and implement-
ing new standard in the system. Also, the calibration and
measurement capabilities of SASO are required to be
extended in the areas of energy, environment monitoring,
biomedical, and quantum standards. In addition, the setting
of new primary/national standards should be considered
and a better synergy among three pillars (metrology,
standards, and accreditation) of QI must be initiated. Fur-
thermore, establishment of strong collaboration between
four helices (government, university, S&T institutions,
civil society & media, and enterprises) strengthens the
legal framework, and legal metrology to be adopted
intensively. Development of strong research and develop-
ment culture are required to be implemented, and more
research centers must be established. Also, it is very
important to improve competitiveness across priority sec-
tors, the industrial standard enforcement mechanism and
motivate private sectors to participate in public infras-
tructure projects. Awareness of the quality improvement
should be increased.
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