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Abstract

This paper provides insight into technology transfer offices while drawing comparisons
among Poland, Turkey, and Serbia. It assesses the level of development achieved by each
country in enhancing the activities of their technology transfer offices. This review employs
a qualitative approach. Data were sourced from monographs, research papers, articles, and
abstracts using electronic searches. Qualitative insights on TTO activities and objectives
were obtained from relevant articles and government publications. The findings reveal no-
table disparities among these nations concerning their motivations for technology transfer,
the consistency of their regulations, the industrial uptake of their innovations, and their
overall objectives. The results show that Poland emerges as a leader in technology transfer,
while Turkey faces budget constraints, relying primarily on government funding. In Serbia,
fostering collaboration between local and international stakeholders is identified as vital to
strengthening the performance of Serbian TTOs. This study advances the understanding of
technology transfer offices by examining their activities, challenges, societal impact, and
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funding mechanisms in Poland, Turkey, and Serbia. By comparing these contexts, it en-
hances theoretical insights into factors influencing TTO effectiveness, offering valuable con-
tributions to the field. Additionally, the study utilizes data on global innovation indexes and
patent numbers from 2013 to 2020.The findings of this study offer practical insights for
policymakers and stakeholders in technology transfer. By highlighting variations in TTO ac-
tivities and challenges across Poland, Turkey, and Serbia.
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technology transfer office, industry-university relationship, research and development cen-
ter, intellectual property, Poland, Serbia, Turkey

Introduction

The rising effect and the importance of novel technology on people are ad-
dressed in the standards of living, such as economic development, improved pros-
perity and communication, educational accessibility, and environmental sustainabil-
ity. Nowadays, technology and its transfer processes are gaining importance. Both
sourcing and transferring technological solutions offer greater opportunities for the
development of modern enterprises.

Many agree with the theory created in the first half of the twentieth century by
Josef Schumpeter, which states that entrepreneurship is the main driver of innovation
and a catalyst for technological change in the economy [Schumpeter, 1976]. In the
process of evolution, innovation is developed and commercialized based on entre-
preneurial activity, which encourages economic growth. The product evolution pro-
cess can begin with basic scientific information that is, in the end, responsible for
the creation of services and products available on the market. The main problem of
technology transfer (TT) arises at this very point - the harmonization of technology
with the target market.

Even though many scholars have studied and developed the definition of tech-
nology, they all still revolve around the same meaning that it is a human-made frame-
work that utilizes information and organization to generate materials and processes
to achieve certain objectives [Carroll, 2017]. Most academics have agreed that tech-
nology transfer is strongly related to the transfer of information, understanding, and
technical expertise represented in products, processes, and management, based on
multiple criteria from diverse areas of research and background [Wahab et al., 2011].
One study has suggested that the definition of technology transfer can be considered
to be the practice of transferring diverse kinds of technologies from one person or
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group to the next in techniques that suit the business requirements or community
[Sudha Rani et al., 2018]. Technology transfer is narrow and broadly defined. Poland
has no one specific definition of technology transfer. Each organization is responsi-
ble for following and applying the general objectives and aims of the technology
transfer centers. Polish legal acts do not define technology transfer, the act on Higher
Education Law says that technology centers can be established by higher schools.
This act of law regulates the aims of Technology Transfer Offices (TTOs) and the
forms of those centers. But the definition of technology transfer in Turkey was es-
tablished by the cooperation of the two main responsible parties for registering and
handling intellectual properties in Turkey which are The Turkish Scientific and
Technological Research Council (TUBITAK), and the Ministry of Industry and
Technology mainly described the technology transfer as a successful adaptation of
advanced technology to one or more organizations in line with their needs. The trans-
ferred technology can be considered an innovation for the buyer or buyers [TTO,
2020]. The TT activity needs at least one receiver and one transmitter, a transfer that
may be initiated by the source, the recipient, both together, or by third parties. In
TUBITAK, simple and exclusive licenses, transfer, and partnership capital methods
are adopted and encouraged to be the transfer methods made by the authorities to the
third parties in the intellectual property rights owned or partnered by the authority
[Education, 2018].

Avrticle 25c of the Law on Innovation Activity of the Republic of Serbia defines
the Technology Transfer Center (CTT) as follows: Technology Transfer Center is
a corporate law established exclusively to perform technology transfer activities for
the application of technological innovations, which includes, in particular, the search
for ideas and partners for technology transfer, assessment of the commercial poten-
tial of transfer, incentives for realization and commercialization of technology trans-
fers and assistance in the protection of intellectual property to technological compa-
nies that develop, produce and sell innovative products, processes, and services with
a high level of know-how and new technologies. The Minister shall prescribe the
conditions regarding the necessary program, spatial and professional capacities un-
der which a legal entity may be entered in the Register as a technology transfer cen-
ter, as well as regarding the conditions under which it shall be deleted from the Reg-
ister [Official Gazette of RS, 2021].

Considering the tripartite relationship between university, industry, and govern-
ment that has a significant impact on economic growth, and university-industry co-
operation is difficult, but it is one of the most beneficial technology transfer methods
for national development.
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Potential collaboration in technology development between Turkey- Poland,
and Serbia- Poland has encouraged us to define the importance and draw attention
to the relationship between these countries to help the students, researchers, and
other public and private entities to understand the general idea of the Technology
Transfer Office (TTO) in these counties and the most important differences and sim-
ilarities. The continuously increasing international cooperation in the research and
development (R&D) sector between the three countries was mainly an encouraging
purpose to start this study, humerous recent projects and calls were carried out by
the collaboration of these countries which will increase the number of students and
researchers to look and be involved in developing their projects under TTOs.

To achieve the article’s aim of offering the latest fulfilled developments by the
TTO a detailed comparison of studied countries was included in this study.

The structure of the study included the literature review first, followed by the
research method and hypothesis analysis, then the research results included the com-
parison of the following aspects: a general comparison of the main role and process,
the funding entities, the main obstacles, the main agent, the transfer medium and the
transfer object of the TTOs. In addition, the funding entities and the main scope of
activities were further elaborated, as well as exemplary projects. Lastly, some con-
clusions and important recommendations were given to develop the TTOs activities
of the three studied countries.

1. Literature review

Reviewing many scholars, most researchers have defined and analyzed the def-
inition of TTO of their countries as well as examining various stages of the process
and indicators associated with the TTO, some of them have mentioned the evaluation
of the TTO in each country, [Jarzynowski, 2020] has described and examined the
role of technology in Polish enterprises by studying the different forms of intellectual
property, that are designed and developed in Poland. Cift¢i [2017] has thoroughly
studied the importance of measuring the performance of the Turkish TTO alongside
the contribution of the TTO to public benefit and socio-economic development of
the country, a collection of measures was proposed and developed by the paper as
a useful and systematic performance evaluation standard.

Giiler and Kirbaslar [2020] had studied the effect of TTOs on innovation-cen-
tered entrepreneurship and intellectual industrial property rights in Turkey has been
examined, the importance of TTOs in terms of university-industry cooperation, their
contribution to entrepreneurship, and their contribution to the development of intel-
lectual industry property rights were discussed thoroughly in his book.
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Other types of studies have compared the TTO of different countries, Decter,
Bennett and Leseure [2007] for an instance, have analyzed the differences and sim-
ilarities, and examined the issues in university to business technology transfer in the
US and UK. By learning more about how technology transfer specialists saw the
relationship between university and industry, they were better able to identify the
obstacles to this process and provide potential solutions in their work.

Wahab, Rose and Osman [2011] have provided an in-depth discussion of the
term ‘technology’ itself and analyzed it from various perspectives, research back-
grounds, and disciplines. They thoroughly examined the history, explanations, and
notions of technology and technology transfer. Etzkowitz and Zhou [2021] have de-
scribed technology transfer and academic entrepreneurship at Stanford University,
including venture creation, of an iconic entrepreneurial development.

Another article that was published in Poland by Haudeville, Dabic and Gorynia,
[2002] about the difference of TT in East Europe discussed the reasons for the low
impact of transition economies in East Europe and added some examples of limited
local capacities of Croatia, alongside the situation in Hungary with their institutional
responses and the high added value on the production of TTO, lastly, they discussed
the situation in Poland as well and compared it with both examples.

From another perspective of view, Damijan et al. [2005] have studied the impact
of foreign direct investments in more than 8000 firms in the ten most advanced coun-
tries in technology transfer and noted and contained the impact on the growth of
productivity after utilizing different channels of technology transfer which are the
direct transfer of technology through international licensing, the foreign direct in-
vestment and the transfer through international trade.

An article written by Salamonowicz [2018] contains updated and developed re-
search findings from the National Research Centre of Poland-funded project. The
research's conclusions indicated a variety of technology transfer models, with a ty-
pology based on the university's company's existence and its connections to TTOs,
as well as the legal standing of patent attorneys, technology brokers, and legal coun-
sel.

Another international study done by Pronay et al. [2022] has discussed the ad-
vanced knowledge of the variables affecting the efficiency of university TTOs in
Europe and Japan’s departments that are tasked with assisting the commercialization
of research ideas. The research has shown that a TTO's marketing skills and social
embeddedness have an excellent impact on performance. Strict patent portfolio man-
agement has a negative influence on European TTOs' performance but has no dis-
cernible impact on TTO performance in Japan.
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The article that is written by f.gcka [2013] presented the importance of cooper-
ation to raise the rank of economic innovativeness and competitiveness. It dis-
cussed the significance and advantages of technical collaboration between Polish
academic institutions, businesses, and government agencies for the inventiveness
and economic competition of businesses. The study was done using the findings
of the author's investigation into the technical collaboration between researchers
and businesspeople in Poland between 2004 and 2011.

Improvement of Turkish TTOs was studied in Ustundag, Ugurlu and Kilinc,
[2011] article, they found that the demand for industry research, university R&D
budgets, TTO personnel resources, and economic instability are the elements that
have the biggest effects on TTO success. The factors, licenses, patents, well-
established spin-offs, industrial research contracts, and consulting income are the
performance outputs that are most impacted.

All these articles and studies have discussed TTOs from one point of view or
have compared different aspects of TTO in different countries. Nevertheless, none
of them has studied TTO in the three countries that are mentioned in this article.
Moreover, the literature review did not result in any article that discussed and com-
pared the aspects that are mentioned in this article. This study emphasizes the im-
portance of institutional and inter-organizational considerations in the TTO’s per-
formance. In addition, it is one of the few studies in the field of university-industry
collaborations to be conducted across multiple continents (Europe and Asia), which
contributes to a greater understanding of the region's contingent roles that have so
far gone unexplored because previous studies were typically only conducted in one
nation.

2. Research methodology

This article was written to present the differences and similarities between the
TTOs in the declared three countries to introduce students, researchers, or any other
interested entities to the basic information of TTOs. The indicators of these compar-
isons and potential future expectations for Polish, Turkish, and Serbian TTO were
determined by defining and comparing existing national structures.

Article selection was made by searching for examples of international coopera-
tion of TTOs, the importance of supporting small businesses, and projects of TTOs
for the socio-economic development of the countries.

A qualitative methodology is used in this literature review as it drew data from
monographs, research papers, published articles, and abstracts. The data mainly were
collected through electronic searching methods. The statistical data were collected
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from recent studies that mentioned and gathered quantitative facts as the main pur-
pose of the article, the other qualitative data related to the information about the
activities, scoop, and objectives of TTOs were established by reviewing the related
articles and official papers that were published by governmental entities of each
country. Further studies were chosen by examining the reference lists of all included
articles. The following keywords were used: “Technology Transfer”, “University-
Industrey relationship”, “International cooperation”, “Intellectual property”, “Pa-
tent” or “Research and Development Center”. Articles published after 2010 were
preferred. Articles written in English, Turkish, Polish, and Serbian languages were
examined.

This study identified 99 articles that were evaluated for eligibility by 2 independ-
ent reviewers. In the first stage, titles and abstracts were scanned. This resulted in a
final selection of 30 articles, all of which were reviewed in a second phase. The final
selection was made using the inclusion criteria of choosing the references in this
article, summarized in Figure 1.

170 Academy of Management — 8(1)/2024



Darin Sawah, Izabela Senderacka, Nikoleta Zivic

Fig. 1. Flowchart of the selection criteria of studies on TTO.

Source: own elaboration.

3. Research results

3.1. General comparison of TTO in each country

In Poland, Centers of Technology Transfer (CTTs) are defined as a broad range
of non-profit consulting, training, and information units that develop programs to
promote the transfer and commercialization of technology and all of the tasks that

go along with it.

The CTT's key responsibilities include informing about university research,
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The objectives that are meant to be established by the technology transfer office
in Poland include:

+ evaluating scientific and innovative capabilities, database creation, and col-

laboration between research, science, and business;

»  Pre-investment studies include identifying the benefits of new products and
technologies and comparing them to market alternatives;

» Estimating the size of the prospective market, estimating production and
distribution costs, and calculating the necessary capital expenditures;

+ ldentification of the needs of innovative business entities;

» Technical entrepreneurship's popularization, promotion, and development
[Technology Transfer Centre — general information » Cooperative Bank in
Witkow, 2007].

In Turkey, as it is comprehended from the definition of a Technology Transfer
Office, the main activity and purpose of the Technology Transfer Center are to share
scientific and research advances with the industry and enhance the public relations
between these entities to ensure the transformation of technology into economic ben-
efit or to further develop and create new products, applications, machines, and pro-
Cesses.

The Supreme Council for Science and Technology (SCST), which is led by the
Prime Minister and is the highest body in the field of science and technology in
Turkey, was established to determine, coordinate, and monitor research and devel-
opment policies within the state and has described one of the three main goals and
aims of TTO in the Vision 2023 project of Turkey, which is to focus on technological
development. This was mainly due to the dramatic increase in the global competition
in long-term research projects [Saritas et al., 2006].

The main objectives of the Technology Transfer Office in Turkey

» To provide education on entrepreneurship, innovation, R&D, and intellec-
tual property rights.

» To create strategies that reduce the risks faced by scientific researchers.

« Toassist entrepreneurs in the supply of valid patent documents both at home
and abroad.

Patent procurements, intellectual property rights, and licensing academic-based
promotions (spin-offs) are by working on market research and enterprise capital pro-
vision and project funding, bringing together production sectors and universities to
guide them accordingly.

In Serbia, each university has its technology transfer center - said centers all
share a common vision, mission, and goal (University of Novi Sad - Danube Center
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for Technology Transfer, 2008; Center for Technology Transfer - University of Nis,

2020).

CTT’s vision:

Help scientists’ and researchers’ work led to new and life-improving products.
CTT wants its researchers to contribute to the creation of new jobs, and Serbia to
become an international market leader.

CTT mission:

Protect intellectual property (IP) produced at the university and facilitate the
transfer of IP rights to the industries, resulting in products that improve and increase
collaboration between the university and industry and support researchers and stu-
dents in putting their ideas/projects into practice.

CTT’s strategic goals are:

Getting as many people and organizations involved as possible in the knowledge
and technology transfer process, strengthening relations between the university and
major international partners, as well as gaining recognition as a reliable partner in
developing and transferring new technologies and knowledge.

Tab. 1. Elements of comparison in TT between Poland, Turkey, and Serbia

of tto

cialization of R&D dis-
coveries generated by
public research facilities

= Enabling greater utiliza-
tion of existing technol-
ogy transfer centers

= Improving the voca-
tional education and
training system by incor-
porating best practice
examples from through-
out the world and cus-
tomizing them to the lo-
cal context

= Promoting entrepre-
neurship in underserved
areas

nology developers and co-
operate with the innova-
tions of the public and pri-
vate sectors

= Assist technology develop-
ers in applying for patents

= Provide the needed sup-
port for technology devel-
opers

= Introduce the IP rights and
licensing regulations for
technology developers to
protect the information
produced and the inven-
tions made within the
scope of intellectual prop-
erty and to transfer them

Elements of .

. Poland Turkey Serbia
comparison
Main roles |= Improving the commer- | = Connect industry and tech- | ® Commercialize the re-

sults of scientific re-
search by connecting re-
searchers in faculties and
institutes with the pri-
vate sector

= Strengthen technology
transfer centers at Ser-
bian universities

= Support the scientific and
research community in
Serbia.
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= Finding measures to im- | to practice [Education,
prove the business envi- | 2018]
ronment
= Encouraging the crea-
tion of local financial in-
struments in the region
[Wolszczak et al., 2017]

Processes |= Direction of the imple- | = Provide services for re- = Receive an innovation
mentation of R&D - searchers to the industry description
commissioned mainly by| needs (including guiding = Help with the collabora-
large enterprises, agen- and promoting services) tion with the private sec-
cies, and government = Monitor and prepare the tor
programs needed environment for = Differentiate support for

= Direct investments, the researchers to develop research and business
company cooperation, their projects support.
mergers, joint ventures | ® Managing the IP rights and | = Evaluating technological
= Marketing including licensing services and commercial readi-
trade-in patents, li- = Exchanging experiments of ness for innovation
censes, and know-how good practices to support | = Raising the level of com-
= Purchase of machinery entrepreneurship mercial readiness by fi-
and technical devices to | = Provide the connections nancing additional inno-
inspire the structure and| between universities and vation development
method of operation to external organizations = Implementing strategies
imitate or create solu- = Providing the funds as for commercial exploita-
tions needed tion of innovation, and
= Provide a didactic pro- finding commercial part-
cess ners
= Manage scientific and
popular science publica-
tions, conferences, sem-
inars, and fairs
= Provide technological
consulting and interme-
diation
= Exchange of experiences
between scientists and
practitioners
= Supporting innovative
undertakings in small
and medium-sized en-
terprises
= Employee exchange
= Contacts of individual in-
ventors
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= Copying third-party so-
lutions

= Provide information
about technology trans-
fer

Funding re- |Mainly the private sector | = External funding through = The Ministries of Educa-
source including programs such TUBITAK and SCST funding tion, Science, and Tech-
as: nological Development,
= Innovative Economy the Innovation Fund, the
= Human Capital Delegation of the Euro-
= Infrastructure and Envi- pean Union to Serbia,
ronment and the World Bank
= And for individual voi-
vodeships [Santarek et.
al., 2008; Szpilko et al.,
2021; Szydto et al.,
2022].
Obstacles  |= Structurally, which re- = Lack of motivation among | = The need for chronically

sults from the specificity
of the sectors: economy,
R&D, and support, and
lack of developed strate-
gies and implemented
policies

Systemically, which
mainly affects the ex-
cess of regulations and
legal acts, and largely in-
hibits the development
of academic entrepre-
neurship

Awareness and cultural
barriers

Mentally, which is re-
lated to the lack of trust,
lack of awareness, and
low social acceptance of
innovative attitudes
Incompetency in the
field of technology
transfer (lack of
knowledge on such is-
sues as intellectual

students to invent new
projects

= Lack of the needed finan-

cial support from funding
entities

= Lack of assistance by the

TTO workers to the stu-
dents and researchers

= Converting the students to

other countries to develop
their projects due to the
lack of the needed support

= Lack of competition be-

tween students and re-
searchers to develop inno-
vations

lacking funds

= Lack of participants

= Lack of innovative pro-
jects

= Lack of infrastructure
support for innovation

= Attempting to rush re-
search (prototypes) into
production is usually
more expensive than ex-
pected

= Neglect to identify the lo-
cal market's potential for
technological adoption

= Difficulty to examine and
take into account poten-
tial sources of conflict re-
lated to the transfer of
technology
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property, pro-innova-
tion services, financing
innovation), and institu-
tional support [Lis,
2018].

Main agents

= Research and develop-
ment sector institutions
such as universities, sci-
entific institutes, and
enterprise development
departments
Enterprises, especially
from the SME sector
Business environment
institutions, for interme-
diating between the sci-
ence and business sec-
tors [Lis, 2018]

= Technology inventors (re-
searchers, students, enter-
prises, and others), Univer-
sities or any TTO, the in-
dustry, or the private sec-
tor

= Transfers can occur be-
tween universities, busi-
nesses (of any size, rang-
ing from small, medium,
to large), and govern-
ments, across the geopo-
litical border both openly
and secretly [Transfer of
technology, 2021]

Transfer
medium

= Technology purchase,
R&D, licensing, and con-
sulting agreements
(knowledge transfer),
technical staff flow (hu-
man capital transfer)

= Simple, and exclusive li-
cense, transfer, partner-
ship capital placement
methods

License agreements for
the placement of prod-
ucts on the market (/nno-
vators get a chance in
Serbia, 2019), coopera-
tive research and devel-
opment agreements, pa-
tent license agreements,
educational partnership
agreements, and part-
nerships between the
state and local govern-
ment [Transfer of tech-
nology, 2021]

Transfer ob-
ject

= Any innovation that is
used to reduce the unit
production costs or to
supply products, in-
crease the quality level,
or introduce new or sig-
nificantly modified - im-
proved products to the
market [Blazlak and
Oweczarek, 2013]

= A product, process, service,
or any result, with defined
success criteria and goals,
carried out within a certain
period and amount of re-
sources [Tlbitak, 2020]

Skills, knowledge, tech-
nologies, production
methods, samples, and
objects [Transfer of tech-
nology, 2021]
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Source: own elaboration.

According to one research, there are primarily three modes of technology trans-
fer (Landry et al., 2010).

Mode 1
Non-commercial Transfer
Meetings and/or workshop
Networking
Publications
Staff training

Mode 2
Commercial Transfer
Collaboration
Assisting
Technical service
Licensing services
Commissioned research

Mode 3
Novel Generation
Direct and direct spin-offs
Technology transfer companies

The completion of these three modes will ensure the full service of a TTO
providing a connection between university and industry in analyzed countries.

The agreement of academic technology transfer centers which contains 77 Polish
entities has gone public about successfully processing 2321 patent applications
[Grzegorczyk and Jasiczak, 2020], and 1010 R&D projects in the last 5 years. Poland
also was established in 2014 by The Polish Association of University Knowledge
Transfer Companies (PSC.) Its purpose is to support the creation of spin-off com-
panies and cooperate with investors, business angels, and innovative entities ready
to implement science-based technologies. The association consists of 29 universities
which PSC completed R&D a consulting 2130 projects, and the number of compa-
nies and administration units for which projects were conducted is 1470. Funds ob-
tained from investors by established spin-off companies were 17 million EUR, and
funds received from research grants by established spin-off companies were 34 mil-
lion EUR [Polish Association of University Knowledge Transfer Companies - coop-
eration platform for university SPVs., 2014]. After analyzing 3 models of technology
transfer, it can be concluded that Poland implemented the first, second, the third
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models. The latest of which is realized the most by the knowledge transfer compa-
nies of the universities.

According to one published book that has conducted one survey about the ser-
vices of TTO in Turkey, the Turkish TTO has accomplished mode 1 and mode 2 by
providing its service to a wide population and succeeded in acting as a bridge be-
tween universities and industries, as well as fulfill the entrepreneurial activities and
licensing issues offered by TTOs [Giiler and Kirbaglar, 2020]. It seems like the Turk-
ish TTQO’s are still trying to finish the third mode.

The scientific research and innovation system in the Republic of Serbia today
represents a dynamic sector, closely related to education, economy, and society, with
numerous comparative advantages, and potentials, but also various challenges. Ac-
cording to records kept by the Ministry of Education, Science and Technological
Development, 123 universities and faculties have been accredited in the Republic of
Serbia, 65 of which are of national importance. The scientific and technological sys-
tem consists of 8 institutes within the Serbian Academy of Sciences and Arts.

3.2. Funding Associates of the Technology Transfer Office

In Poland, the following sources of technology transfer finance are available:

« own funds;

* external funds:

- public, including a budget, EU, and others.
- private, including venture capital funds, business angels, and banks (loans,
leasing).

In countries with strong economies, 2/3 of the funds are allocated to R&D activ-
ities, including technology transfer from private sectors while the remaining is pro-
vided from public funds. Unfortunately, the situation in Poland is the opposite (1/3
of expenditure on research and development activities comes from private sources,
and 2/3 - from public funds). It should be noted that the chances of obtaining funding
and the amount of this funding depend on the level of maturity of the technology
involved in the project. Currently, the largest source of funding for technology trans-
fer processes is Funds from Structural elements of the European Union and:

* Operational Program - Innovative Economy.

* Human Capital Operational Program.

* Operational Program - Infrastructure and Environment.

+ Regional Operational Programs for individual voivodeships [Laxdal, no date;
Lis, 2018].

Despite the enormous funds from the European Union allocated to support the
business environment sector, some institutions indicate financial issues (low budget,

178 Academy of Management — 8(1)/2024



Darin Sawah, Izabela Senderacka, Nikoleta Zivic

lack of financial support, lack of sufficient funds for equipping and adapting facili-
ties) as one of the main obfuscations to their operations [Lis, 2018].

In Turkey, the Supreme Council for Science and Technology chose to support
Technology Transfer Offices. TUBITAK introduced the 1513 Support Program for
Technology Transfer Offices in 2013 as a result. In total, 20 public colleges were
financed under the program's idea in 2013 and 2014 (Ttgv, 2020). Moreover, as the
main funding and support for TTOs in Turkey, TUBITAK provides the needed fund-
ing to the universities, training, and research organizations to enhance and develop
new ideas and projects, as mentioned in the Research and Innovation Outlook of
Turkey. TUBITAK provides up to 1 million TL annually (Approximately 55,485
EUR according to the 14.06.2022 exchange rate), and funds up to 60% - 80% of the
project’s budget [Polish Association of University Knowledge Transfer Companies
- cooperation platform for university SPVs., 2014].

In Serbia, as aforementioned, the sector cooperates with the Science Fund of the
Republic of Serbia, the Innovation Fund, and others. Project financing is imple-
mented in a manner that ensures competitiveness, quality, practical value, transpar-
ency, and the functionality of the results.

The Innovation Fund of the Republic of Serbia is the key state institution sup-
porting innovative activities and managing funds for stimulating innovation. Active
since 2011, the Innovation Fund is a pioneer in the institutional implementation of
this imperative - primarily by increasing the capacity of start-ups and available re-
sources for their growth. The Fund is thus part of a broader state innovation strategy.
From the beginning of the work until today, through the Innovation Fund, 31.2 mil-
lion EUR have been approved for 227 innovative projects, 3.2 million EUR for 632
innovation vouchers, and 580 thousand EUR for support in technology transfer. In
total, slightly more than 37.2 million EUR were approved. More than 3380 applica-
tions for innovative projects were submitted to all public calls.

The European Union's support of the Fund, since the beginning of its operational
work in 2011, has given a crucial impetus to the financing of innovation in Serbia
and the strengthening of links between the research and private sectors. So far, more
than 17.5 million EUR have been allocated from the international project auditing
funds for the fund's programs. At the same time, one of the priorities of the Govern-
ment of the Republic of Serbia is to improve the competitiveness of science, re-
search, and innovation in the function of economic development, which is reflected
in providing greater funds for financing innovations through the fund, especially
starting 2018 (Innovation Fund, 2021).

The Science Fund of the Republic of Serbia is a public organization that supports
scientific and research activities. It was established in March 2019, to provide funds
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and support the conditions for the continuous development of scientific and research
activities in the Republic of Serbia necessary for the advancement of a knowledge-
based society [Fond za nauku, 2019].

3.3. The main scope and process of TTO's activities

Technology Transfer is a broad set of processes that involve a range of interac-
tions such as the flow of knowledge, experience, and equipment between different
stakeholders such as the public, firms, financing institutions, research, and educa-
tional institutions, non-governmental organizations, and others [Tas, 2014]. The ac-
tivities of the TTO of the analyzed countries are provided in this part.

In Poland, the primary objective of the CTTs is to promote economic growth
and maximize potential innovation in their particular regions by collaborating with
businesses, research institutes, colleges, and other organizations in the scope of:

» Encouraging technologies that improve manufacturing efficiency and prod-

uct quality;

+ Identifying the technology needs and possibilities of businesses and institu-

tions;

+  Seeking suitable solutions and international partners

From discussions, and legal and financial guidance until the implementation of
the project, support is provided throughout the technology transfer process.

CTT's activity at the junction of the spheres of science and business is to utilize
the adaptation of modern technologies by small and medium-sized enterprises oper-
ating in the region, and thus contribute to increasing innovation and competitiveness
of enterprises and regional economic structures (Technology Transfer Centre — gen-
eral information » Cooperative Bank in Witkéw, 2007).

In Turkey, the technology transfer offices provide a connection to ensure the
transfer of technology from universities to the industry and so is the main solution
to the serious problems with the commercialization of scientific studies in Turkey.

TTOs must be aware of the following terms to get the desired support and funds
from the TUBITAK technology transfer offices support program as mentioned in the
references [Education, 2018; Tiibitak, 2020].

« Awareness, promotion, information, and training services:

o TTOs must direct and prompt researchers in line with the needs of the
private sector organizations within the scope of supported TTO project
activities;

o Informing researchers and the related private sector on technology de-
velopment, innovation, and intellectual property rights, raising aware-
ness, and providing training on these issues;
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o Provide services that will benefit private sector organizations.

o Provide project preparation, monitoring, innovation, and entrepreneur-
ship support;

o Inform private sector organizations and researchers about financing
R&D and innovation, facilitating access to funds, and directing these
people to the relevant funds.

»  University-industry cooperation activities

o Provide consultancy to the related organizations, mediating national/in-
ternational partnership agreements, creating a project team in multi-
partner projects coordinating activities, as well as presenting the project
results.

» Intellectual and Industrial Rights management and licensing services.

» Incorporation and venture services

o The application of these activities had a main socio-economic impact
that is summarized but not limited to;

o Improved ecosystem and networks for technology transfer among linked
entities.

» Increased coordination of various technology transfer capacities and exper-

tise.

» Improved intellectual property and technology transfer policymaking.

In Serbia, the Center of Technology Transfer of the University is an organiza-
tional unit that is established to improve the application of scientific research results
to develop the economy and society]. Aside from collaboration with the private sec-
tor, it is seen as an essential part of the CTT activities.

When it comes to supporting the research the CTT offers:

» Assessing an idea or invention;

+ Developing strategies for patent and invention management;

» Taking care of the patents;

» Licensing patents worldwide;

»  Supporting start-up or spin-off companies’ creation;

» Collaboration between the university and the industry;

» Assistance in identifying funding opportunities;

» Raising awareness, education, and publicity;

Alternatively, when it comes to business support CTT offers:

» Auvailable technologies for licensing;

» Finding the right partner from academia to conduct research for a company;

* Help in finding additional funding.
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Cooperation between science and the economy to transfer knowledge and tech-
nology and commercialize research significantly affects the socioeconomic growth
and development of a country. This cooperation is a key component of the develop-
ment of Serbia’s innovation system.

3.4. Exemplary projects developed by TTO

In Poland, one of the many projects developed by The Polish Association of
Centers for Technology Transfer (PACTT) and mentioned in the innovation catalog
on their website is a middle ear prosthesis with a handle that attaches itself to the
stapes and a fastening element to the tympanic membrane. It is distinguished by the
presence of a fastening element to which the first end of the bar is articulated in the
central section, and a handle is attached to the other end of the rod, connecting the
prosthesis to the stapes. The prosthetic ear is comprised of a shape-memory sub-
stance. This project was developed and registered as a patent for the Medical Uni-
versity of Lublin [Variable length middle ear prosthesis / Innovation Catalogue /
PACTT Academic Technology Transfer Centres Agreement, 2019].

Another important project was developed by the University of Technology in
Wroctaw, which used a building method and operating principles of a laser-fiber
vibrometer, which allows the simultaneous study of vibrations from four distinct
points of a vibrating object with excellent measurement precision (at the level of
nanometers).

The project includes:

»  Optical signal detecting system, notably for laser-fiber vibrometers,

» Device for monitoring vibrations and displacements of objects,

» Software for controlling measurements and recording results [Laser-fiber
vibrometer / Innovation Catalogue / PactT Academic Technology Transfer
Centres Agreement, 2019].

In Turkey, an "autism wristband" produced in Fatih Sultan Mehmet Foundation
University's technology transfer office contributes to the personal development of
individuals with autism spectrum disorder and permits emotional analysis. The au-
tism wristband is a smart bracelet that can transfer data for 1.5 years using a pen
battery that broadcasts the position, pulse, and emotional analysis of individuals with
autism to their families without utilizing GPS or GSM, improving their lives for
themselves and their families. This technology might be employed in an earthquake,
and an earthquake catastrophe coordinating project was also established. TUBITAK
has also granted this project funding.

Another project developed with the help of the TTO of Istanbul University As-
soc. Prof. Dr. Ayca Yildiz Pekoz, Lecturer at the Faculty of Pharmacy, won an award
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in the pharmaceutical category with her project titled "Development of Triple Com-
bination Oral Gelling in Situ Gel Formulation in the Treatment of Oral Candidiasis".

It is hard to find the projects that are developed by TTO because they do not
want to share the ideas of the project. It is usually possible by network or contacts to
have similar information.

In Serbia, CTT University of NiS§ is one of the projects implemented by the Cen-
ter of Technology Transfer in Serbia and is available only on the website of the Uni-
versity of Belgrade, some of which are listed. This information is not available on
the websites of other universities in Serbia.

Another project is the Regional Railway Transport Research and Training Cen-
ter Foundation. The main activities accomplished under the project expanded the
collaboration of universities and research institutes in the region and facilitated the
center foundation.

3.5. Quantitative results

As it is mentioned in the study of [Cift¢i, 2017] , some of the metrics that were
evaluated to measure the performance of TTOs by the North American Technology
Transfer Associations are the patent applications, licensing agreements, and the pa-
tents issued. Moreover, the study of [Ustundag et al., 2011] resulted in the im-
portance of evaluating the patents’ number of TTOs when measuring their perfor-
mance.

It is stated that the various metrics provided by the Global Innovation Ranking
Index (GII) assist in tracking progress and comparing it to economies in the same
region or income bracket. The GII used a chosen group of variables, such as the
impact on R&D or the availability of innovation financing, to offer insight into the
state of global innovation and thus the performance of the TTOs [Global Innovation
Index (GII), 2023].
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Fig. 1. Patent publications by technology

Source: own elaboration based on [WIPO IP Statistics Data Center, 2022].

Fig. 1 shows the changes in the number of patents registered in each country
within the past 7 years. As it is indicated in the graph, Poland has shown an increase
in patent applications in both periods, from 2013-2014 and 2016-2017. Other than
that, it shows a decrease in the application numbers after 2014 due to the lack of
interest in applying innovations even though more funding has been provided con-
tinuously from the government to support new projects. Moreover, the following
decrease registered after 2017 occurred as a result of the decline of the financial
support by the funding entities, and is predicted that it will continue to fall in the
next following years. Alternatively, Poland registered a peak in all the patent regis-
trations for the three analyzed countries in 2017.

In Turkey, there has been a dramatic increase in applications after 2014, which
was the main result of the established funding program by TUBITAK as mentioned
previously in this study. The numbers started to decrease after 2018. In Serbia how-
ever, there have been no noticeable changes in the applications for patents in the past
7 years.

It is worth saying that COVID-19 has affected the number of registered applica-
tions as all the countries have shown a decrease after 2019.
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Fig. 2. The global Innovation ranking index.

Source: own elaboration based on [Global Innovation Index (Gll), 2023].

Poland went up by 11 in ranking on the Global Innovation Index from 2013 to
2020. Its rank is 38 out of 131 countries for 2020. Whereas Serbia went up by 1 in
ranking for the Global Innovation Index from 2013 to 2020. Its rank is 53 out of 131
countries for 2020.

Turkey went up by 17 in ranking on the Global Innovation Index from 2013 to
2020. Its rank is 51 out of 131 countries for 2020. The effect of the funding program
provided by TUBITAK is obvious since the rank of Turkey went up after 2015.

According to the information written previously in this study, Poland has ac-
complished the three modes of technology transfer office, which was most likely the
reason that made Poland the vanguard comparing it to the three countries. Advancing
and developing the groundwork of the technology transfer office that will allow
more effective circumstances to develop more technology will provide a notable
change in the innovation index ranking of the country.

Analyzing both Fig. 1 and Fig. 2 we realized that Poland did not change its rank-
ing index even though there was support from the European Union after 2017, more-
over, the decrease in the number of TTO patent applications did not affect Poland’s
ranking.

Oppositely, the index of Turkey dropped after 2016 even though the number of
patent applications has increased significantly.

Serbia on the other hand has increased its ranking index but no notable change
in its patent application number.
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4, Discussion

Many existing studies in this field show variations among countries and regions
regarding the duration of collaboration between academic institutions and industry,
the success of knowledge transfer through patents, venture capital fundraising, and
ties with the state. While more international research is required to understand these
differences, most studies focus on single countries, and few examine multiple coun-
tries and continents.

According to the literature assessment, Poland is the nation with the most devel-
oped technology transfer system when compared to the other two countries. Fig. 1
and Fig. 2 show the patent publication numbers by technology and Gll, they indicate
that Poland has the highest values in both graphs, nevertheless, Turkey scored higher
numbers than Poland between 2018 and 2019 in patent publication numbers. The
potential reasons for these numbers are all discussed in this part of the article.

The paper of [Lacka and Brzezicki, 2020] has confirmed that between 2015 and
2017, there was a notable upward trajectory in the average efficiency measures
within one empirical model of Poland’s R&D. During this timeframe, efficiency lev-
els climbed from 58% to 72%. This positive trend was attributable to the enhanced
ratios for a significant portion of the universities under study during that period. And
concluded that enhancing collaboration between the scientific community and the
economy in this field should contribute to boosting the effectiveness of R&D spend-
ing while simultaneously raising the country's innovation rates.

Nonetheless, it has been noted in the study of [Pronay et al., 2022] that within
Europe, stringent patenting procedures exert a notable adverse impact on TTO per-
formance.

For Turkey, the study of [Kaya, 2015] has explored the transfer of knowledge
and technology from Germany to Turkey, drawing insights from various disciplines
within the social sciences, including history, political science, international relations,
and notably, economics and business studies. Which emphasizes that TT is influ-
enced by a complex interplay of local, national, and international factors, as well as
by political, economic, and social processes, and the networks that link scientific
communities with business entities.

In the paper of [Cavdar et al., 2017], an analysis of the current situation has been
conducted, comparing Turkey's position with that of leading countries worldwide.
Turkey ranks lowest in several key areas, including support for private sector R&D,
ease of doing business and starting new enterprises, and higher education spending.
To address these challenges and enhance its competitiveness, the paper suggested
that Turkey can turn to technology transfer policies, transfer offices, and technology
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development zones, which offer significant solutions. The paper also provides rec-
ommendations for shaping Turkey's technology policies.

One paper published in Serbia [Dukic et al., 2015] confirmed that the Small-
Medium sized enterprises (SME) managers often overlook the significance of en-
gaging with stakeholders for innovation. which is directly affecting innovation and
TTOs in the country. Additionally, the findings highlight the need for further re-
search to uncover the barriers faced by Serbian SMEs in networking with both do-
mestic and international stakeholders, contributing to their underutilized potential
for enhancing innovation capacity and developing TTOs activities.

Conclusions

Although the European Union encourages technology transfer, technology trans-
fer intermediaries such as TTOs lack a standardized set of services. Each country
and organization has its unique technology transfer strategy, alternately, in terms of
university-industry interactions, Turkey is more organized than its European equiv-
alents. The first 20 institutions financed by TUBITAK adopt the same principle in
their services, even though each one has its unique activity. TTO is supported by this
regularity. Both industry insiders and academics are familiar with TTO and its ben-
efits.

It can be concluded from the definitions, aims, and objectives of the three studied
countries that support any entity developing, creating a project, or establishing an
idea with the help of the technology transfer office. The technology transfer office
is obligated to provide the needed assistance and to promote and protect the ideas of
the inventors, as well as enhance the collaboration between industry and developers.
While all three countries have the same main goal of increasing the dissemination
and marketing of university-based research and projects, they have dissimilar regu-
latory frameworks controlling academic technology transfer. Based on the infor-
mation that was analyzed and gathered about the funding of TTO for each country,
it can be concluded that the projects of TTO in all three countries are mostly financed
from external sources of funding.

In Poland, the National Center for Research and Development (NCRD) is the
key entity supporting research and development programs and holding suitable re-
sources. The European Regional Development Fund's Smart Growth Operational
Program (SGOP) is the major source of support for entrepreneurs. Its primary func-
tion is to assist businesses in increasing their R&D expenditures and improving the
circumstances of their R&D operations. It is devoted to large-scale projects with a
minimum nationwide degree of developed innovation. The patent applications are
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mostly from universities, but there is a noteworthy number of TTOs outside the uni-
versities, such as following the scientific parks and the R&D organizations. In addi-
tion to that, the financing is majorly taken from the public funding programs and the
private sector.

Nevertheless, in Turkey, the Supreme Council of Science and Technology
(SCST), is Turkey's highest-ranking policymaking body. Representatives from many
ministries, government agencies, universities, and non-governmental organizations
(NGOs) in addition to the Private Sector are among the group's members. Recent
advances demonstrate that scientific performance is improving, and that the scien-
tific community is spreading globally. However, there is always a need to better the
translation of scientific findings into industry innovation. Turkey's economy is still
heavily reliant on information and technology imports. In addition to that, the gov-
ernmental organizations are the biggest support for the funding of TTOs projects and
activities, which is the main reason that the funding budget of the TTOs in Turkey
is the lowest amongst the analyzed three countries as is seen in the funding section.

On the other hand, in Serbia, the sector for Technological Development, Tech-
nology Transfer, and Innovation System, which belongs to the Ministry of Education
Science and Technological Development, develops and improves the innovation sys-
tem, proposes the national innovation policy, contributes to the development of the
national innovation system, and implements programs to ensure their technological
development. However, in Serbia, TTOs are mostly funded by private sector organ-
izations such as the Innovation Fund, as well as the European Union.

As it is comprehended from the scoop of the three countries, typically the Tech-
nology Transfer Offices are established to create a suitable environment for the re-
searchers, students, or technology developers to create, start, or develop their ideas
and projects. As well as to support them with the needed counseling and materials if
needed. The commercialization and estimation of the value of the projects that are
developed under the Technology Transfer Office are one of their main aims as well.

While there is a strong association between R&D spending and innovation, the
result of an econometric study shows that gaining licenses does not significantly
boost a firm's innovation potential. On the other hand, a collaboration between busi-
nesses and research institutions as well as universities increases the innovativeness
of the businesses under consideration.

The conducted research and analyses allow indicated the following as the most
important conclusions and recommendations. The implementation of three modes of
TT [Landry et al., 2010] may affect the level of innovation in the country. It is rec-
ommended to implement the three modes of technology transfer in the three ana-
lyzed countries, with particular emphasis on the third one. The analyzed countries
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require further financing of technology transfer, including the activities of TTO,
from external sources. The lack of public and private funds will limit the effective-
ness of the TTO and in the long term will affect the level of innovation of the re-
searched countries. Increasing private financing of elements of technology transfer
may affect the level of innovativeness of individual countries. It is recommended to
create technology transfer programs at the national level, taking into account public-
private financing. It is recommended to create programs and legal solutions, for ex-
ample, tax solutions, to increase the involvement of the private sector in the co-fi-
nancing of technology transfer processes.
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Poréwnanie wybranych aspektow transferu technologii
w Polsce, Turcji i Serbii

Streszczenie

Niniejszy artykut zapewnia wglad w biura transferu technologii, dokonujgc poréwnan mie-
dzy Polska, Turcjg i Serbig. Ocenia poziom rozwoju osiggniety przez kazdy kraj w zakresie
usprawniania dziatalnosci biur transferu technologii. W przegladzie zastosowano podejscie
jakosciowe. Dane zostaty pozyskane z monografii, prac badawczych, artykutow i abstraktow
za pomocg wyszukiwania elektronicznego. Jakosciowe spostrzezenia na temat dziatan i ce-
6w TTO uzyskano z odpowiednich artykutow i publikacji rzgdowych. Wyniki badania ujaw-
niajg znaczne rozbieznosci miedzy tymi krajami w zakresie motywacji do transferu techno-
logii, spdjnosci ich przepisdw, przemystowego wykorzystania ich innowacji oraz ich ogél-
nych celdw. Wyniki pokazuja, ze Polska wytania sie jako lider transferu technologii, podczas
gdy Turcja boryka sie z ograniczeniami budzetowymi, polegajac gtéwnie na finansowaniu
rzgdowym. W Serbii wspieranie wspotpracy miedzy lokalnymi i miedzynarodowymi intere-
sariuszami uznano za kluczowe dla wzmocnienia wydajnosci serbskich TTO. Niniejsze bada-
nie pogtebia wiedze na temat biur transferu technologii poprzez analize ich dziatalnosci,
wyzwan, wptywu spotecznego i mechanizméw finansowania w Polsce, Turcji i Serbii. Poréw-
nujac te konteksty, pogtebia teoretyczne spojrzenie na czynniki wptywajgce na skutecznosé¢
TTO, oferujgc cenny wktad w te dziedzine. Ponadto w badaniu wykorzystano dane doty-
czace globalnych wskaznikdw innowacyjnosci i liczby patentéw w latach 2013-2020. Wyniki
tego badania oferujg praktyczne spostrzezenia dla decydentdw i interesariuszy w zakresie
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transferu technologii, podkreslajgc réznice w dziataniach i wyzwaniach TTO w Polsce, Turcji
i Serbii.

Stowa kluczowe

biuro transferu technologii, relacje przemyst-uniwersytet, osrodek badawczo-rozwojowy,
wtasnos¢ intelektualna, Polska, Serbia, Turcja
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