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Abstract 

 

The National Technology Initiative has been put forward in the last fifteen years as a step towards 
the technology and innovation competitiveness needed by our country, which has been defined in 
order to ensure Türkiye’s economic and technological independence. The building blocks of the 
National Technology Initiative consist of five basic components and are carried out together with 
our higher education institutions to revive the competitiveness needed according to the principles of 
“High Technology and Innovation”, “Digital Transformation and Industry Initiative”, 
“Entrepreneurship”, “Human Capital” and “Infrastructure”. Within the scope of an effective and 
efficient program, a structure that leads the private sector and works in coordination with on-site 
R&D, subject-oriented development and productization studies and the production of new 
technologies has been established. The National Technology Initiative is defined as a national 
struggle, and a comprehensive study is carried out, especially in research universities, in order to 
make our country a global actor in the field of technology and industry. Developing critical 
technologies locally and nationally, providing competitive research, development, products and 
services in high-tech fields, increasing our share in global value chains with original and innovative 
production are among the main objectives of the National Technology Initiative. It is the beginning 
of a long-term mobilization process in order to increase the use of trained manpower and 
infrastructure, expand the entrepreneurial ecosystem, and make the existence of interdisciplinary 
participatory stakeholders in this ecosystem independent of technology and welfare. The fact that 
Türkiye can be a pioneer in the international arena, R&D infrastructure, trained manpower, 
innovative business models, products and services depends on having a strong higher education and 
entrepreneurship ecosystem. In this manner, thanks to our researchers and entrepreneurs, who can 
read the global economy well and will enable Türkiye to open up to international markets. Türkiye 
will achieve a stronger structure in the future through its strong universities, with the initiative of 
national technology. 
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1. National Technology Initiative   

According to Schumpeter, the engine of economic growth is technological advancements 
(Aksu, 2014). In this context, technological innovations replace former technologies and 
thus lead to a transformation in society. The effect that the three industrial revolutions 
having taken place in the last three centuries have had on the lifestyle of societies, with the 
invention of first steam engines, then electrical machines, and finally computers and robots, 
is the most significant proof to this.  

As of this century, we are now going through the fourth industrial revolution. Digital 
technologies developing with this revolution have started to touch upon every aspect of our 
lives while competencies in information technologies have begun to be considered basic 
literacy competencies. We can remotely control the things in our house, communicate in a 
language which we do not know thanks to artificial intelligence, and perform a number of 
financial and corporate transactions without leaving our homes with the help of digital 
financial technologies and applications like e-government via the internet.  

Nevertheless, the negative aspects of industrial revolutions cannot be overlooked. For 
example, it has been observed that although the industrial revolutions throughout history 
have increased the welfare of some people, they also have lowered the standards of living 
of some others such as the working class (Küçükkalay, 1997). In the fourth industrial 
revolution, negative effects such as the concentration of the global capital in some parts, 
increase in income inequality, control of personal data and environmental pollution come 
to the forefront with the monopolization of certain technology companies. For this reason, 
countries follow some strategies and policies in line with their own needs and interests 
against the destructive character of the fourth industrial revolution. Germany’s “Industry 
4.0”, Japan’s “Society 5.0” and China’s “Made in China 2025” initiatives can be given as 
examples of these strategies.  

In this process, Türkiye has also put its own strategy into effect with the “National 
Technology Initiative”. The main goal of the National Technology Initiative, consisting of 
5 main components which are “High Technology and Innovation”, “Digital 
Transformation and Industry Move”, “Entrepreneurship”, “Human Capital” and 
“Infrastructure”, is to increase Türkiye’s global competitive capacity. In a case where such 
a course of action does not pan out, it will not be possible to talk about Türkiye’s total 
independence in the near future in terms of economy and technology (Ministry of Industry 
and Technology, 2019). 

The infrastructure required for the National Technology Initiative to be successful has been 
established to a great extent in the last 18 years. According to 2020 TUIK data, research 
and development expenditure increased to 54 billion 957 million TRY in 2020. It is seen 
that 44,7% of the R&D expenditure of 20 billion 333 million TRY in the manufacturing 
industry in 2020 was made by enterprises in high technology actions. Türkiye has a strong 
infrastructure and manpower needed to develop innovative products in an ecosystem of 
universities and private sector enterprises with 209 universities, 1244 R&D centers, 323 
Design Centers, 92 Technology Development Regions, and 199000 R&D personnel 
(TUIK, 2021; Ministry of Industry and Technology, 2022).  

However, we see that some steps that will increase Türkiye’s global competitive capacity 
and enable it to have a say in the world in an economic sense were also taken in the first 
years of the Republic, but they could not completely succeed. Cement, sugar, and iron and 
steel factories that opened as a result of the industrialization policies are examples of these. 
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Nevertheless, there have been some changes in industry and technology policies after the 
Second World War (Uğural, 2016). With these changes, Türkiye has been steered in the 
direction of a country that does not produce technology, but imports it from abroad. For 
example, the attempts of Nuri Demirağ and Vecihi Hürkuş in order to manufacture aircraft 
and train pilots, which have been made with local resources, have failed because of this 
policy (Aydoğan, 2020). Another example is the Devrim automobile, which was designed 
and manufactured in Türkiye (Güneş, 2012). The reason why Devrim automobile could 
not go into mass production is not the inadequacy of engineering skills, (on the other hand, 
the project was completed in a short time like 4-5 months with limited resources) but the 
lack of self-confidence that arose in society as a result of the policies implemented.  

For this reason, the success of the National Technology Initiative is only possible if this goal 
is adopted by large masses. From this point of view, one of the most important investments 
of the National Technology Initiative is the investment in people. Making every part of 
society productive, open to innovations, questioning things, and doing research is the 
primary goal of the National Technology Initiative. Established in 81 provinces in Türkiye 
within the scope of the National Technology Initiative with this goal, “Deneyap” 
Technology Workshops provide the basic level of education to young people starting from 
secondary school in priority areas from electronics to software, nanotechnology to 
cybersecurity, and raise technological awareness. In addition, TEKNOFEST Aviation, 
Space and Technology Festival, which is held every year with a similar purpose enables 
young people to take an active role in many areas and develop projects with competitions 
in a number of categories such as autonomous vehicles, agricultural technologies, rockets, 
model satellites, chip design, artificial intelligence, and unmanned aerial vehicles. At the 
same time, scientists who have carried out successful scientific and technological studies in 
their fields of expertise are encouraged to continue their studies in universities and industry 
institutions and organizations in Türkiye through the International Leading Researchers 
Program (Ministry of Industry and Technology, 2019). 

It catches the attention that most of the companies with a net worth exceeding 1 billion 
dollars in the last 20 years in developed countries are not structures operating in the fields 
of oil, energy and infrastructure built with serious investments as it was 100 years ago, but 
structures built with brain power. (CB Insights,2022). For this reason, considering the goal 
of the National Technology Initiative to create human capital accordingly, the importance 
of universities is better understood. An efficient output-financial feed cycle to be created 
between industry and university will make a considerable contribution to the high 
technology production of our country, as is the case in its examples in the world. Besides, 
ensuring this cycle will pave the way for our academics to be directly involved in the high-
tech production process. Our universities will not only be a part of the process of getting a 
profession but will also have a structure that constantly feeds the entrepreneurial ecosystem 
with human resources. This process will also enable associate, undergraduate, graduate and 
doctoral students to be productive in technology in their student life and to be involved in 
the entrepreneurship ecosystem through activities such as technology clubs, industry-
supported projects, training and internship programs within the university. 

For development, it is important to direct strategic human capital to the fields of basic 
sciences and engineering as a country. Furthermore, the number of graduates with 
doctorate degrees should be increased. When we look into the example of Germany, which 
is the most developed country in Europe and to which we are similar in terms of population 
and surface area, inferences that can be regarded as input for the National Technology 
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Initiative have been made. In this examination, only undergraduate and graduate programs 
have been taken into consideration since there are no associate degrees in Germany. As a 
result, although we have a similar number of graduates with Germany, it has been 
established that German undergraduate students have more graduate and doctorate 
degrees compared to Turkish students. It is seen that there is a relatively lower number of 
graduates in Türkiye in the fields of motor vehicles, ships and aircraft compared to 
Germany whereas there are more graduates in Türkiye in the fields of architecture and 
construction than there are in Germany. We can state that this strategic situation coincides 
with the current national economy. The number of students graduating from 
interdisciplinary engineering programs in Germany is proportionally high. It is believed 
that this approach will bring unique solutions to problems in every engineering field. In 
order for students to go into depth in one area, they need to be informed in other areas as 
well (German Academic Exchange Service; German Research Institution). 

The high R&D intensity that has helped Türkiye become a global leader in information 
and communication technologies has emerged from a system of innovation parallel to world 
norms that encourage “close cooperation between the public, industry and the academic 
community in the nation-building process”. Besides the fact that investments in R&D 
continue to support programs to increase scientific, engineering and administrative 
expertise, the weight of these investments has begun to take shape in a design that 
specializes primarily in the defense industry sector in search of patents and profits. The 
change, supported by R&D tax incentives and foreign technology imports, has led to the 
implementation of important formations regarding the National Technology Initiative. 

2. Universities and Their History 

Higher education institutions have functioned in different categories - academy in Ancient 
Greece, madrasah in the Islamic world, cathedral and monastery in the Christian world – 
by training scholars or Muslim judges since the early ages (Çetinsaya, 2014). The aim of 
the madrasahs in the Islamic civilization was to reach “science”, learn “the truth, knowledge 
and skill” regardless of their geographical origin, and “to produce something unique to 
them” (Kenan, 2015). It is reported that the oldest madrasahs in the records started 
education in Transoxiana and Khorasan in 907, and the real development of the 
madrasahs took place with the establishment of the Nizamiye Madrasah in 1067 in 
Baghdad with the Great Seljuks. Afterwards, the Ottomans continued their madrasah 
education by developing it and built multi-program madrasahs in the fields of theology, 
law, medicine and astronomy from intermediate to high levels in many places such as Iznik, 
Bursa, Edirne and Istanbul (Kenan, 2015). 

When we describe university as an autonomous community formed by the gathering of 
teachers and students to implement teaching activities at a high level in certain disciplines, 
it can be accepted that the oldest university in the world is the University of Bologna, which 
was founded in 1088. The word “universitas”, which is the origin of the word “university”, 
also means “community, guild, one body”. When we address the word in this sense, it can 
be said that this basic quality of university has reached the present day. However, the 
changes experienced in societies over the centuries have caused universities to constantly 
change, transform and undertake new missions. In medieval universities, the liberal arts 
(eg, grammar, logic, arithmetic, and astronomy), theology, and law and medicine which are 
more practical sciences, being the most advanced knowledge a free man could claim to 
possess were taught. The main purpose of the educators of the period was to preserve, 
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interpret and convey the philosophy and wisdom of the ancient knowledge. Research was 
not known yet at the time. These first-generation universities used to meet the human 
resource needs of organizations with the increasing rate of urbanization. 

Seven centuries after the first-generation universities were established; these universities 
went through a transformation and started to be research institutions as well as carrying 
out educational activities. Therefore, the concept of the second-generation university was 
born. In this period, the factor that triggered the new generation university revolution can 
be said to have been Berlin Technical University, which was founded by Wilhelm 
vonHumboldt in 1810 and later renamed Berlin Humbolt University (Wissema, 2009). The 
founding principles of Berlin Technical University, which is the first example of second-
generation universities, are the conduct of education and research together as a common 
mission, freedom of learning and teaching, and institutional autonomy. Humboldt’s model, 
which supports the unity of research and teaching, has started to be applied by spreading 
to many countries from Germany to all of Europe and then from the United States of 
America to Japan. Istanbul Technical University was also established during this period. It 
was established in 1773 with the name “Mühendishane-i Bahri Hümayun” in order to work 
over the navy and bring it to a modern position as a result of the great defeat of the Ottoman 
Navy in Çeşme in 1770. 

Second-generation universities focused on exploring nature through research activities 
supported by systematic experiments. However, research carried out for this purpose has 
generally focused on a single discipline. In this period, interdisciplinary research in which 
more than one scientist with expertise in different fields collaborated is not common. 

Towards the end of the 20th century, countries that were advanced in industry and 
technology began to transform Humboldt’s university model into a different one that also 
met the needs of the society. Thus, the concept of the third-generation university emerged. 
Third-generation universities are expected to transform the knowledge that produce into 
commercial products by establishing technology-oriented initiatives and implementing 
projects with the industry. At the same time, it is aimed to disseminate the produced 
knowledge to the society with the cooperation of industry and non-governmental 
organizations. With this additional mission they undertake, third-generation universities 
should contribute to economic growth and social development in addition to producing 
and disseminating knowledge (Çalıkoğlu et al., 2013). 

Another feature that distinguishes third-generation universities from second-generation 
universities is that they aim to produce multi-disciplinary solutions and add value (Alan, 
2016). The mechatronics branch that appears in today’s engineering departments can be 
given as an example of this. The aim of this new branch, which has emerged by combining 
machine science with electronic science and computer science even, is to contribute quickly 
and effectively to developing technologies. It is able to isolate the necessary information and 
related hardware/software components as needed and bring together the expertise of all 
three departments in practice for a common purpose. Another example of a multi-
disciplinary approach is biomedical engineering. The aim of this engineering branch is to 
increase the quality and efficiency of health services and it covers many professional fields 
such as engineering, medicine, biology, computers and statistics (Polat and Karahan, 2009). 

One of the most important factors in the development of countries is highly qualified 
manpower. The most important element that generates this power is graduates of higher 
education. Today, associate and undergraduate programs alone are not considered 
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adequate to train high-qualified manpower with the developing technology and increasing 
knowledge, and postgraduate education is needed. For this reason, creating a strategic 
situational awareness about higher education graduates is of high importance for the 
development of our country (Yücel and Erol, 2022). Nevertheless, in order to contribute to 
the National Technology Initiative, it has become even more important to conduct 
scientific research in both the private and public sectors with highly qualified manpower 
(TUBITAK, 2020). 

3. Fourth-Generation University (Entrepreneurial University) 

It is seen that the mission of third-generation universities to benefit society has started to 
focus on finding answers to important problems such as environmental pollution, climate 
change, and epidemic diseases that threaten humanity today. At this point, we observe that 
universities are going through a new transformation in order to find solutions to regional 
and global problems and to provide a sustainable future. This has called forth the concept 
of the fourth-generation university (Erdem, 2016). 

Whereas third-generation universities are expected to produce innovative and high-value-
added outputs, fourth-generation universities are supposed to set strategic goals, play a 
transformative role in society, and be the driving force of the local economy (Lukovics & 
Zuti, 2015). Another important difference is that fourth-generation universities are mostly 
thematic universities (Erdem, 2016). The concept of the thematic university can be defined 
as implementing effective teaching and research activities in a particular field. Social 
Sciences Universities, Technical Universities, Health Universities, Education Universities, 
and Science Universities can be given as examples of this. 

With the fourth-generation universities positioning themselves thematically, it can be 
predicted that holistic approaches based on education, research and entrepreneurship may 
go to the point of divergence again. Hence, within the scope of the “Mission Differentiation 
and Specialization Project for Our Universities Focused on Regional Development”, 
prepared with the cooperation of the Higher Education Institution (YÖK) and the Ministry 
of Development, it is aspired in recent years that some universities specialize in education, 
some universities specialize in research, and some universities specialize in 
entrepreneurship (Saklı, 2017). Time will tell how the economic, cultural, political and 
social changes experienced around the world will lead to a transformation in universities. 

The basic strategy of research universities in Türkiye is to build each university upon 
distinctive specialization qualifications. Research universities aim to contribute to the Local 
and National Product Development Activities through areas with research priority given 
below, and things that can be done for this purpose are listed as follows (YÖK; TÜBİTAK, 
2021). 

● Community-based research arising from real relationships, where research is 
developed with internal and external partners to develop research groups, 

● Research to train undergraduate researchers and enable them to continue their 
postgraduate studies by providing a wide range of available opportunities for 
undergraduate students to gain research experience and contribute to research, 

● Interdisciplinary research based on a shared intellectual culture (not tactical 
partnerships) where new questions arise and different perspectives can be addressed, 
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● Studies aimed at employing, training and providing visiting faculty members on 
university pedagogy and curriculum based on the important studies of research units 
on new, innovative and excellent teaching, 

● Public research concentrating on social and environmental justice, including 
peacebuilding and advocacy for vulnerable and disadvantaged populations. 

All these matters make our universities one of the most important stakeholders in the 
“National Technology Initiative “ project. Information on what our universities have done 
and can do in this context is given below. 

4. What Have Been Done and What Needs to Be Done at Our 
Universities to Contribute to Local and National Product Development  

4.1 Local and National Technological Product Development Processes and 
Strategy to be Followed  

Technology development is problem-oriented, and it aims to find and improve the 
technology needed. Since technology development aims at the potential commercial 
product outputs of the future, it is necessary to act depending on long-term strategies 
regardless of whether it is successful or not at the end of the process. These are processes 
where technical uncertainties and unknown factors are high, and commercial expectations 
are not very clear (Sökmen, 2016).  

Product-oriented development, on the other hand, ensures that experiences gained over 
research and practice lead to the production of equipment, tools and machines that will 
realize strategic goals in the long term and the establishment of new systems. Product 
development defines processes that it goes through such as design, engineering, and testing 
from the idea stage to step where it reaches the ultimate consumer. Product development 
consists of routine and repeatable steps (Sökmen, 2016). The developed product can be one 
that is developed with technological or routine methods which do not require excessively 
high technology. In the process of developing a technological product, all the possible real 
problems that can be encountered in practice are tested on prototype in suitable ambient 
conditions. All functional tests are tested with different scenarios in real environment. After 
that, mass production starts.  

The strategy to be followed depending on the Technology Readiness Levels (TRL) while 
developing technological products is given in Figure1. Technology Readiness Levels is an 
index developed in the 1970s by NASA researchers to measure the maturity of a study 
which is being developed. TRL ranges from 1 to 9. We can say that a project at TRL 6 
level is in the prototype stage that will enable it to be tested in an environment similar to 
the real one. Technology readiness levels and product development processes are given in 
Figure 1 (TUBITAK BTYPDB, 2017).  
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Figure 1. Technology readiness levels and product development processes (TUBITAK BTYPDB, 

2017) 

Decreasing the current deficit is one of the significant steps regarding Türkiye’s aim to 
achieve full economic independence and become one of the 10 largest economies in the 
world, which is in its 2023 vision. Supplying the inputs from domestic manufacturers 
instead of importing them will make great contributions to the development of the domestic 
manufacturing industry as well as provide added value to the national economy. For this 
purpose, support programs that will encourage the domestic production of strategic 
products whose import amounts are high should be organized, the technological production 
capabilities of companies must be improved, and dissemination of technology must be 
facilitated (KOSGEB, 2019). Therefore, localization and nationalization of high 
technology products with a need for import, increasing the gross national income per capita 
and thus allocating more shares for R&D will be possible.  

local and national technological product development processes can be brought to better 
levels by applying and experiencing the developed technology in relevant areas. It is not 
possible to develop a globally needed product by focusing on technology with no need for 
use. Thus, developed products should first be used by the private and public sectors in our 
country, problems encountered should be solved retrospectively and the production of 
technological products with much better quality should be made possible. Export of the 
products that complete their development process properly in our country will come to the 
fore and in this way; more contributions will be made to decrease the current deficit.  

There are two benefits to reducing the current account deficit by developing local and 
national products. These are ceasing the import of the developed product and also 
exporting it abroad. Furthermore, local and national product development and domestic 
unit costs of products will decrease. This will decrease the entry costs of the foreign 
equivalents of the same product into our country, and thus, another two-way benefit will 
be provided. 
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4.2. Local and National Product Development Activities at Our Universities 

There are a number of reasons why universities have a pioneering role due to their 
contributions to technological developments and activities within the scope of research, 
development and training processes. In a general sense, if these processes are defined as a 
set of skills, competencies and other qualities that increase productivity, they are personal 
assignments that develop value chains of economies or activities that help improve lean 
manufacturing processes in order to increase the efficiency as a critical component of the 
human capital of our country. Human capital comes to the forefront as the most distinctive 
feature of the economic system. Thus, it is known that it improves the effect of education 
on research and productivity increase by studying more. Therefore, there are three main 
factors that affect the local and national product development efficiency of a country within 
the scope of universities. The first one is increasing the collective capacity of the 
interdisciplinary workforce in order to fulfill the existing duties. The second one is 
facilitating the information transfer related to new information, products and technologies 
which have been produced in different categories with continuity in secondary and higher 
education. The last one is producing new information and thus increasing the capacity for 
developing products and technologies (World Economic Forum, 2016).  

In the past century, rapid information flow and accelerating technological developments 
have made the economy and social environments very complex and competitive. It can be 
concluded that technological advances have brought about major changes in the way 
industries emerge, coalesce, degrade and evolve over time. Global-scale technological 
competition and trained manpower pose an important managerial challenge for companies 
or organizations, especially in technology-oriented industries. The fundamental and 
absolute question is how research institutions and companies can strategically manage their 
product studies, value chain system, product strategies and technology, competencies and 
capabilities in a complex changing business and technological environment (World 
Economic Forum, 2016). 

The work environment for organizations is considered to be complex and constantly 
changing, and technology plays a crucial role in managing this environment for better 
productivity, innovation and business model development. In parallel with companies, 
higher education institutions are in the process of transformation in order to strive, adapt 
to new technological trends and meet the new opportunities in the market. For this reason, 
the basic need for all public institutions, universities, research institutes and companies is to 
have the ability to form strategies in business and technology levels and manage this side-
by-side to achieve sustainable competition and value creation. Structures that manage and 
optimize a single function of the relevant institution at a time are now aware of the need to 
strategically manage multiple functions. Thus, institutions as a whole need to have critical 
strategic management capabilities in order to obtain high returns on project support and 
government funds and to gain continuity (Figure 2) (Sahlman, 2020). 
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Figure 2. Local and national technology development determinants (Sahlman, 2010) 

Strategic technology management is expected to provide tools or ways to manage the 
complexity, uncertainty and dynamic nature of business caused by technology. Within the 
scope local and national product development activities, the term ‘strategic’ in relation to 
technology management emphasizes the connection of strategic management with 
technology management and sustainability. Local and national focused strategic 
perspective and management is a single-color organizational chart of strategic technology 
development and a contribution that should be considered for various stakeholders in this 
regard (Figure 3). In addition, technology management and research activities refer to 
elements such as innovative approaches surrounding technology activities and R&D 
management separate from other managements as a whole. For this reason, sense of 
management for the strategic technology-driven local and national products is positioned 
separately from other management types and all universities, public and industrial 
organizations are evaluated as a whole.  

 
Figure 3. Organizational strategic and operational management chart of technology and innovation 

management in local and national technology (Margaret and Garry, 2007) 

When the contributions made from the central administration budget for research and 
development activities in Türkiye are classified according to socioeconomic targets, the 
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highest R&D funding was made to universities for general knowledge development with 
48.8% in 2020. These goals are followed by the defense industry with 13.4%, industrial 
production and technology expenditures with 10.2%, transportation with 6.7%, and 
education with 5.9% in the scope of telecommunication and other infrastructures (Figure 
4) (TÜİK, 2021b). When considered from this point of view, universities play an important 
role in the National Technology Initiative and important resources are transferred to them.  

 
Figure 4. Top five target headings with the most expenditure in 2020 (TÜİK, 2021b) 

While the ratio of gross domestic R&D expenditures in GDP was 1.06% in 2019, its ratio 
in GDP of 5 trillion 46 billion 883 million TL increased to 1.09% in 2020 (Figure 5) (TUIK, 
2021). Financial and non-financial companies had the largest share in R&D expenditures 
with 64.8%, followed by higher education institutions with a share of 28.4%. While 57.2% 
of R&D expenditures were financed by financial and non-financial companies in 2020, 
general government financed 28.4%, higher education financed 12.3%, foreign resources 
financed 2.0% and other domestic resources financed 0.1% of R&D expenditures (Figure 
6).  In 2020, a total of 199371 people worked as R&D personnel. Looking at its distribution 
by sectors, 65.3% of the R&D personnel were in financial and non-financial companies, 
29.9% in higher education and 4.7% in the general government sector, which also includes 
non-profit organizations. When the R&D personnel are analyzed according to their 
education level, it is seen that 33.1% of the R&D personnel have a bachelor’s degree. This 
is followed by doctorate or an equivalent degree with 32.1%, master’s degree with 24.6%, 
vocational school with 5.1%, and high school and lower categories with 5.1% (TUIK, 
2021). 
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Figure 5. R&D expenditure share in GDP, 2009-2020 (TUIK, 2021) 

 

 
Figure 6. Distribution of financial resources by sectors (TUIK, 2021) 

While directing technological studies in our universities, the use of patent intelligence will 
be innovative. When the technologies with the highest number of patents compared to 2020 
are examined, the 5 areas shown are indeed the 5 areas that Türkiye should focus on. In 
particular, we must continue to increase our human and technological capital in the field 
of quantum computing and artificial intelligence (Figure 7). In Figure 8, the status of the 
continents in the field of patents all over the world is demonstrated. A large increase is seen 
in the Middle East and Africa, but 87% of this increase belongs to Israel alone (Clarivate). 
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Figure 7. 2021 patent analysis report review of Global Data (Clarivate) 

 
Figure 8. Conditions of continents in the world in the field of patents (Clarivate) 

Besides, when the leading companies in patent applications are examined, there is only one 
American company. South Korea, Japan and China are shifting their technology center of 
gravity to Asia (Figure 9.) In particular, when universities in the world are examined, the 
fact that the 10 universities that made the most patent applications in 2021 are in China 
which should be evaluated in detail from a strategic point of view (Figure 10) (Clarivate). 
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Figure 9. Leading companies in patent applications (Clarivate) 

 
Figure 10. Top 10 universities with the most patent applications in 2021 (Clarivate) 

When we study the 10 technologies with the most patent applications, we see energy 
weapons that are pointed directly toward defense. What needs to be done here is to study 
the patent ecosystem of patents in this field by using patent intelligence in the National 
Technology Initiative, and a similar ecosystem should be tried to be created in Türkiye in 
the same way. 

Besides, edge informatics, robotic operation automation, cloud informatics, quantum 
computing, artificial intelligence, big data and 5G Technologies are all data-oriented 
technologies; therefore, they can be evaluated within the scope of data analytics and science 
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(Figure 11). When considered more specifically, they can be evaluated as a technology 
ecosystem under the umbrella of artificial intelligence. These technologies will also prepare 
humanity for the metaverse, the internet medium of the future. This situation should be 
separately evaluated in the scope of the National Technology Initiative. In the light of this 
data, it can be seen that the strategic human capital should be prepared based on artificial 
intelligence and analytics.  

The contributions of the top 10 technologies, which are significant in terms of defense 
technologies, to the existing national defense and even national security system should be 
evaluated separately because the ecosystem related to defense technologies is the most 
developed ecosystem due to the level of existing human capital in the process of 
transforming it into products compared to other fields, and the reflections of defense 
technologies on other field technologies. Developing the strategic human capital of this 
ecosystem is of utmost importance.  

 
Figure 11. Top 10 technology fields with the most patent applications (Clarivate). 

Making all these developments in universities is addressed with the structural scheme within 
the university (Figure 12). Here, units that are primarily concerned with technology 
production, faculties, research and graduate education institutes, thematic application and 
research centers (UYGAR), Scientific Research Projects (BAP) unit, technology transfer 
offices, floating capitals, student clubs and project teams, technopoles are incubation 
centers. Brief information about each unit is given below. 
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Figure 12. General Organization Structure at Universities (İTÜ) 

4.2.1. Graduate Schools (The Need for Training Ph.D. Researchers) 

Postgraduate education in universities is carried out in graduate schools or in the Institute 
for Graduate Studies in Science/Social Science/Education/Health. Being the combined 
form of all, graduate schools have recently become more prominent in the country.  

The demand for doctoral graduates in Türkiye comes from two different places. The first 
of these is the demand from universities to meet the need for faculty members, while the 
second demand is issued by the R&D centers of public or private sector. If Türkiye increases 
its R&D expenditures to 3% of GDP in line with the trends of developed countries, many 
more Ph.D. researchers will be needed in domestic research centers. Considering all these 
needs, it is expected to reach 300,000 full-time researchers in the upcoming years. 

The number of doctoral graduates in Türkiye for 2021 amounted to 8275. While it was 
4617 in 2011, it increased to 8069 in 2019 but decreased to 7598 in 2020, considering the 
pandemic effect. As of 2020, the total number of doctoral graduates in Türkiye is 
approximately 54,000. When compared to developed countries, this number is low and 
needs to be increased. The number of graduate students is targeted as 600,000 in Türkiye 
for the year 2025. In order for the number of graduate students, which is around 210,000 
as of 2019-2020 academic year, to reach this target, a rapid increase in capacity is required. 
In addition, the number of faculty members, which is approximately 89,000 today, is 
expected to reach 150,000 by 2025. In order to meet both demands, the number of doctoral 
graduates must increase significantly in the upcoming period (YÖK, 2007). 

The target of increasing the number of doctoral students, which amounts to 106,148 as of 
2021 with an increase of approximately 10% compared to the previous year, is of utmost 
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importance in terms of local and national technological targets (Figure 13). From 2011 to 
2021, the number of research assistants increased from 37,217 to 51,548, the number of 
lecturers increased from 28,626 to 38,289, and the number of instructors (assistant 
professor, associate professor, and professor) increased from 49,955 to 89,848. While the 
total number of teaching staff was 115,798 in 2011, this number reached 185,702 in 2022 
(Data Source; Higher Education Information Management System).  

 
Figure 13. The number of students with an associate, bachelor’s, master’s, and doctoral degree 

4.2.2. Research Institutes  

Research institutes are organizations responsible for conducting research on a wide variety 
of topics. They are research centers that have the competence to direct applied research 
with the aim of specializing in basic research. For this reason, there are many research 
institutes that carry out research activities in the fields of social sciences such as sociology 
and history, although they mostly operate in basic science research. Besides mostly being 
established independently of institutions, research institutes are sometimes established 
under names such as “research center” or “research and application center” within 
universities or ministries, too. Focal research areas in these institutes are defined as scientific 
research conducted within these institutes under the main subjects of health, basic science, 
informatics, history, and culture. The results of these studies offer suggestions for 
establishing connections among the studies regarding the past and the future and 
determining future research directions, as well as ensuring progress in the related field. 
Thus, the results of such studies are published in scientific and academic journals and 
support the academic activities and competencies of the institutions they are affiliated with. 
They also provide a good basis for progress by acting as a source of new research within 
the scope of the findings obtained on the studied areas. The trainings given in research 
institutes are designed with the aim of contributing to the lifelong learning processes of 
individuals. These institutes are basically defined as interdisciplinary organizations that 
enable individuals to access research and application-oriented postgraduate education in 
the field they wish, and undertake important tasks in local and national technology-oriented 
developments (Yurdakul et al., 2021). Figure 14 demonstrates the role of research institutes 
in local and national technological product development. 
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Figure 14. The role of research institutes in local and national technological product development 

(Yurdakul et al., 2021) 

4.2.3. Thematic Research Centers 

Thematic research centers play a crucial role in the development of local and national 
technological products and in the transformation of this technology into a product. Figure 
15 shows the role and importance of thematic research centers in local and national 
technological product development as a horizontal and vertical flow chart. 

Research universities attach particular importance to strengthening their technological 
assets that will meet their goals, as they are innovative and meet various societal needs. In 
these higher education institutions, there are training and research laboratories that will 
enable students, young researchers, and academics to conduct scientific work. These 
laboratories, which encourage scientific research on many different topics, also create an 
important workspace for interdisciplinary studies. In these research environments where 
studies and development activities are carried out, numerous tests, analyses and 
experiments make it possible to produce prototypes that are needed. These prototypes can 
be turned into products with very different mechanisms, as shown in Figure 15. Therefore, 
it would not be wrong to state that local and national product development studies can be 
conducted in these higher education institutions. 

 
Figure 15. The role and importance of thematic research centers in local and national technological 

product development 
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4.2.4. Entrepreneurship Activities for Students (Student Clubs, Student Project 
Teams)  

Student clubs, which were established to strengthen the cultural and social aspects of the 
universities they are affiliated with, provide students with a rich cultural environment where 
activities are carried out for different fields and interests through a perspective based on the 
direct participation of students. These clubs contribute to the training of qualified and 
trained human resources needed by our country in accordance with the main objective of 
TEKNOFEST and similar technology competitions. 

According to some studies conducted in our country, which have aimed to determine the 
entrepreneurial tendencies of Business students, only 8.7% of them have been found to 
prefer being an entrepreneur to working at a high paying job in the first five years of their 
careers, although nearly 40.5% of them have aspired to start their own business in the future 
(İşcan & Kaygın, 2012). Considering the general tendencies of other departments, it may 
be asserted that the interest in entrepreneurship among Business students results from the 
Entrepreneurship course they take in their department. Similarly, it is observed that 
entrepreneurship activities for students in universities support the formation of similar 
interests, start-up projects, and unique patent/work processes. Entrepreneurial students 
must be innovative and develop unique ideas, solutions, products, and services (Caliendo-
Alexander, 2008; Döm, 2008). These assets are of great importance for students to develop 
their careers and establish successful enterprises. For this reason, student club activities 
which are conducted within the scope of universities and supported by them are considered 
as a significant starting point for the National Technology Initiative. 

4.2.5. Technopark Activities 

Technoparks are innovation and technology ecosystems in which universities/research 
institutions and industrial organizations carry out research and development activities in 
the same space by transferring knowledge and technology between them. In this regard, 
technoparks undertake important tasks in the academia-industry cooperation, which acts 
as a part of the National Technology Initiative program. 

Also known as technology parks, technoparks provide services such as consultancy to 
facilitate technology transfer between academia and industry through the Technology 
Transfer Office (TTO), as well as offering physical environments such as modern offices 
and research laboratories for the joint development of academic units and businesses (Kiper 
et al., 2019). Prior to the beginning of the “TÜBİTAK 1513 Technology Transfer Offices 
Support Program” in 2013, activities conducted by technology transfer offices of 
universities were uncommon. Since the program was launched, over 100 Technology 
Transfer Offices have been opened at universities.  

Technology Transfer Offices might be in the form of: 

● A unit within the Rectorate, 

● A company or unit in partnership with the Teknokent Management Company, 

● A corporation. 

Countries aspiring to hold power in the world economy and maintain a sustainable 
competitive power invest in R&D activities. Thus, technoparks, where such R&D activities 
are carried out, have gained importance in recent years. Technoparks facilitate the 
commercialization of innovative products and services developed through TTOs and the 
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growth of innovative companies by engaging in the entrepreneurial ecosystem with their 
incubation centers (Ministry of Industry and Technology, 2021). 

According to the report published by the Strategic Research and Efficiency General 
Directorate of the Ministry of Industry and Technology in 2021, TTOs mainly aim to 
create contracted R&D projects with industry, write and conduct projects to reach national 
and international funds and support, and provide entrepreneurs with pre-incubation 
services, research and project partnerships, and coordination services (Ministry of Industry 
and Technology, 2021). 

According to the same report, the least requested services are patent mapping processes, 
collection and management of invention statements, and the collection of new business 
ideas from students and researchers. Although it is stated in the report that TTOs 
contribute to universities in many ways, the first five of these contributions are listed as 
follows: 

•  Increase in the number of projects conducted in collaboration with industries, 
•  Increase in the innovative entrepreneurship index, 
•  Increase in the number of academics and young entrepreneurs, 
•  Increase in the number of national and international projects,  
•  Establishment of effective data collection systems. 

In addition to the information mentioned above, the report states that TTO activities have 
increased the Intellectual and Industrial Property Rights (IPR) and entrepreneurship 
awareness of academics and students by over 85% (Ministry of Industry and Technology, 
2021). Another indicator of the performance of TTOs is their impact on the increase in 
university patent applications. In the years following 2013, when TÜBİTAK 1513 support 
started to be given, there was a significant increase in the number of university patents 
(Figure 16). 

 
a) Total number of patent applications 
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b) The ratio of university patent applications to total patent applications  

Figure 16. Total patent applications and the role of TTOs (TPR, 2021) 

4.2.6. Incubation Centers  

Incubation centers (named after the ‘incubator’) provide initiatives with the guidance 
service needed at the initial stage. They can be established for profit or to support economic 
development.  

For-profit incubators are usually established by private investors. The majority of non-profit 
incubation centers, on the other hand, may be established in technoparks through academic 
or university support. 

Opportunities offered to entrepreneurs by an incubation center can often change in line 
with the purpose of the center (Telif Hakları Genel Müdürlüğü, 2021). Incubation centers 
provide initiatives with a physical environment (coworking spaces), mentoring (academic-
industrial-commercial), training programs, social opportunities for networking, bridging 
entrepreneurs and investors, management and marketing support and other professional 
support (Telif Hakları Genel Müdürlüğü, 2021). These benefits provided by incubation 
centers are of vital importance for entrepreneurs and the National Technology Initiative, 
in the process where investors generally find early-stage venture companies risky. 

4.3. Restructuring Education in Universities According to the Concept of Local 
and National Technological Product Development: Research Based Education  

21st-century skills can be defined as the competencies, learning attitudes, knowledge and 
skills required to be successful in the business world and society of the century we live in. 
These skills can be divided into three main groups: learning and innovation skills, 
knowledge, media and technology skills, and life and career skills (Yalçın, 2018). Thanks to 
the education and training given in our universities, it is necessary to train individuals who 
can particularly adopt the concept of local and national technological product 
development. Accordingly, there is a need to equip young people with these skills through 
both the contents and works included in the lesson plans and the activities to be 
implemented outside the lesson plan. For this purpose, learning and training activities need 
to be redesigned through a research-oriented education perspective. 
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Research based education is a learning/teaching style in which learning, and research are 
integrated and students’ learning experiences are designed and realized in the form of 
learning by doing and practicing (Camacho-Rivadeneira et al., 2017). In this framework, a 
more autonomous learning environment is created by designing activities such as 
experiments, projects, workshops, and competitions. Students are very active throughout 
the learning process and although they are responsible for their learning, academics or 
advisors take the role of a guide during the entire process. In other words, the teaching style 
of “knowledge transfer”, which simply means lecturing in the classroom, must now be 
transformed into a method where students are actively involved in the learning process and 
take responsibility for their own learning. In this process, the role of the academic is to 
convey the basic information in the lessons, introduce the real-life applications of the 
transferred information to the students through projects, experiments, and so on, or guide 
students in the organization and implementation of these activities. 

In addition, interdisciplinary and product-oriented project teams which are established 
through student initiatives are considered as an innovative example for research-based 
learning. Today, the development of high-tech products is made possible through the 
integrated use of the knowledge gained from many engineering disciplines. Therefore, there 
is a need for people in many engineering fields to work in collaboration during the product 
design phase. Besides benefiting from the knowledge of engineering, project teams should 
also include members from social sciences in order to consider the usability, aesthetic 
properties and consumer behaviors of product designs and find sponsors to meet the costs. 
In other words, work conducted by project teams can be regarded as a simulation of the 
way large companies work in real life, aiming at the design of high-tech products in 
universities. Moreover, students also improve such social skills as teamwork, problem 
solving and conflict management thanks to these activities. Research based experience that 
university students gain by participating in project teams enables them to have higher self-
confidence in their career path and to be employed by companies. 

Furthermore, having undergraduate and graduate students work as researchers in scientific 
research projects may be thought as a method to be followed in investigating the parameters 
that play a key role in new product development and product design. TÜBİTAK and 
higher education institutions allow undergraduate and graduate students to be assigned to 
projects as scholarship holders, thus enhancing the research-based learning experience at 
both levels. 

Research based education is natural among the studies that are carried out at the graduate 
level since it is aimed to bring innovation in different ways such as an innovative method, 
product development, or the application of a method to a different field for the first time. 
In this respect, the added value of postgraduate research in high-tech product development 
studies is expected to be high. The registration of the product or process designed as a result 
of many doctoral theses with patents is also an indication that high-tech products and 
processes can be obtained as a result of postgraduate studies. 

Considering the life and career skills of the 21st century skills, problem solving, critical 
thinking, communication, cooperation (teamwork) and self-management are of significant 
importance in business life (Yalçın, 2018). In addition to knowledge-based competencies, 
such social skills may be needed especially in interdisciplinary projects. Extracurricular 
activities such as social and sportive club activities carried out in universities help students 
gain some life skills like teamwork, communication and problem solving. These social skills 
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may prevent the occurrence of problems that are likely to be experienced in large teams 
where high-tech products are developed.  

As explained above, the widespread application of research-based education at 
undergraduate and graduate levels in universities has gained utmost importance for the 
development of local and national high-tech products. An education model that encourages 
learning by research rather than transferring knowledge in universities and the 
development of social skills through extracurricular activities will be beneficial for the 
realization of the National Technology Initiative. 

5. Overall Evaluation 

In these days when we are going through a rapidly changing technological age with digital 
transformation, we are aware of the fact that our country has a strong young population 
born as digital natives. With this young population who are prone to digitalization, the only 
means of transforming these changes into opportunities and advantages is primarily 
realized through learning and constantly keeping oneself up to date. When our young 
people have to stay up to date with the competencies of today’s world, universities play an 
important role in the local and national Technology Initiative with their interdisciplinary 
research institutes, faculties and centers. As data become the raw material of technology, 
sustainable and data-oriented thinking, and research and productization studies are carried 
out in every field from materials engineering to mechanical engineering, from computer 
engineering to electrical and electronics engineering, from basic sciences to social sciences. 
These, in turn, result in the emergence of invaluable initiatives. 

In today’s world, where new generation professions are emerging through a process of 
change, our universities offer the education processes and research infrastructures of the 
most sought-after professions. Hence, young people should have the skills to make a 
difference and should receive a research-development oriented education. There is a strong 
Türkiye that works to create a world where young individuals who can follow the world 
and developments will take the lead in change and become useful individuals, first for 
themselves and then for the society and their country. Furthermore, in order for these 
talents to have a greater impact on the country, entrepreneurial ecosystems should be 
expanded, and collaborations between academia and industry should be increased and 
strengthened with these young talents. In the future, no matter what profession, specialty, 
or sector our young people choose, there will be a Türkiye with individuals who are 
productive, innovative, self-developing, inquisitive, and strong and who are looking to the 
future with an entrepreneurial mindset. 

To conclude,  

• Studies on high-qualified manpower should be accelerated. The number of graduates 
with master’s and especially doctorate degrees should be increased. Particular attention 
should be paid to interdisciplinary programs in engineering fields. 

• Courses in universities should be developed to support the National Technology 
Initiative. 

• Research based training should be included in our curricula. 
• Extracurricular activities that develop students’ technical and social skills should be 

encouraged and when necessary, credited without affecting average grade of students. 
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