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ABSTRACT

FIRM LEVEL ABSORPTIVE CAPACITY AND THE SUCCESS OF
INTERNATIONAL TECHNOLOGY TRANSFER: THE CASE OF AEROSPACE
INDUSTRY IN TURKEY

Seckin, Basar
Ph.D., Science and Technology Policy Studies
Supervisor : Prof. Dr. Erkan Erdil
Co-Supervisor : Prof. Dr. Irem Dikmen Toker

December 2015, 258 pages

This dissertation aims to figure out the relation between firm level absorptive
capacity (AC) and the success of international technology transfer (ITT).
Additionally, effects of determinants on the success of ITT other than firm level AC
are examined. The research is focused on aerospace industry in Turkey by
considering the transferee country’s point of view, as well as the developing country

perspective.

Thesis research stands at a position to answer the question of “what forms AC” in a
holistic way. In this context, variables that affect the formation of AC of a company
are gathered under three categories; “Knowledge Production”, “Knowledge Flow
within the Company” and “Knowledge Flow within the Sectoral Innovation System
(SIS)”. Although the study is focused on firm level capabilities, the variables are

extracted and evaluated from the viewpoint of SIS.
In order to identify and measure relevant determinants, questions are generated and

ITT projects with varying scope together with firm level AC have been evaluated by

industrial experts over a questionnaire. Thesis introduced a metric to quantify the

v



sophistication level of ITT project considering the technical support provided by the

transferor party.

The results of econometric analysis designate that there exists a direct relation
between the explanatory variables and the performance of ITT. Accordingly, there is
an opportunity of making estimations for the future success of ITT projects based on

the maturity of firm level absorptive capacity.

The introduced variables and the questionnaire can be used as an effective tool in the
planning phase of ITT projects. It can be implemented to a wide variety of high-
technology areas in developing countries and may provide valuable inputs to policy

makers on the eve of ITT projects.

Keywords: International technology transfer, firm level absorptive capacity,

technology assessment, technology development plans, aerospace industry.



0z

FIRMA SEVIYESI OZUMSEME KAPASITESI VE ULUSLARARASI
TEKNOLOJI TRANSFERININ BASARISI; TURKIYE HAVACILIK VE UZAY
SANAYI ORNEGI

Seckin, Basar
Doktora, Bilim ve Teknoloji Politikas1 Caligmalari
Tez Yoneticisi : Prof. Dr. Erkan Erdil
Ortak Tez Yoneticisi : Prof. Dr. irem Dikmen Toker

Aralik 2015, 258 sayfa

Bu tez calismasinda firma seviyesi 6ziimseme kapasitesi (OK) ve uluslararas
teknoloji transferinin (UTT) basaris1 arasindaki iliskinin incelenmesi amac¢lanmistir.
Ayrica UTT’nin basarisin1 etkileyen diger etkenler de belirlenmistir. Aragtirmada
teknolojiyi alan {ilke acgisindan ve gelismekte olan iilke perspektifinden
degerlendirme yapilmis ve Tiirkiye’deki havacilik ve uzay sanayisine

odaklanilmistir.

Bu tez “firma seviyesi OK’y1 neler olusturur” sorusuna biitiinsel bir yaklasim ile
cevap aramaktadir. Bu kapsamda OK olusumunu etkileyen degiskenler 3 grupta
toplanmistir; “Bilgi Uretimi”, “Firma I¢i Bilgi Akis1”, “Sektdrel Inovasyon Sistemi
(SIS) ici Bilgi Akis1”. Calisma, firma seviyesi yeteneklere odaklansa da degiskenler
SIS perspektifinden belirlenmistir.

Etkenleri tespit edebilmek ve 6l¢ebilmek amaciyla bir soru seti olusturulmus, bu soru
seti kullanilarak sanayiden uzmanlarin daha 6nce gorev aldiklart UTT projelerini ve
ilaveten firmalarmin OK’sim degerlendirmeleri saglanmustir. Calismada, literatiire

katki saglayacak sekilde, teknolojiyi veren tarafin katkisi temelinde UTT projesinin

vi



karmagiklik seviyesini O0lgmeyi saglayacak bir metrik olusturulmus, bunun igin

“Fonksiyonel Yetenek” ve “Uriin Seviyesi” tanimlanmustir.

Ekonometrik analizler ile elde edilen sonuglar, aciklayici degiskenler ve UTT nin
basaris1 arasinda dogrudan bir iligki gostermektedir. Buna gore, gelecekte
gergeklestirilecek UTT projelerinin  bagarisinin  Ongdriilmesinin, firma seviyesi

OK’nin belirlenmesi ile miimkiin olabilecegi degerlendirilmektedir.

Tanimlanan degiskenler ve soru seti UTT projelerinin planlanmasi asamasinda
faydali bir ara¢ olarak kullanilabilir. Gelismekte olan iilkelerde cesitli yiiksek
teknoloji alanlarina uygulanabilir ve UTT projeleri dncesinde politika yapicilara

degerli bilgiler saglayabilir.
Anahtar Kelimeler: Uluslararas1 teknoloji transferi, firma seviyesi Ozlimseme

kapasitesi, teknoloji degerlendirme, teknoloji gelistirme planlari, havacilik ve uzay

sanayi.
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CHAPTER 1

INTRODUCTION

1.1 AIM OF THE THESIS

In modern economies, as the pace of innovation is very high, the importance of
tangible and intangible knowledge assets becomes more recognizable. Therefore,
such economies are called as knowledge economies. In compliance with the maturity
level achieved in the notion of knowledge economics, the concept of absorption of
knowledge has been given more attention in the recent years. The importance of
“Absorptive Capacity” (AC) has been noted in the technology management field and
tools to develop AC have been broadly studied. Most widely cited definition of AC
was offered by Cohen and Levinthal (1990). They have denoted AC as the firm's

ability to value, assimilate, and apply new knowledge.

Acquiring knowledge, from whatever sources, entails cognition and complex
integration processes. Besides, new knowledge is confronted and articulated with
previous experience. The cognitive capabilities of individuals will determine the way
in which knowledge is acquired and accumulated as processing knowledge is highly
personal. However, at the firm level the formation of knowledge is strongly

dependent on the nature of the organizational collective devices.

Innovation, has to be treated as a process effected by multi-players, rather than a
single act of a single actor, involving complementary activities and is expected to
end up with an economic success. Innovation activities can be summarized as;
coming up with an idea, invention, design, production, marketing (with identification

of demands), utilizing existing science and technology knowledge base, inter-firm



relations (relations between different departments, or vertical intervention of top-
management) and external relations. Innovation involves the use of existing
knowledge, as well as the ability to generate and acquire new knowledge. Absorptive
capacity makes the firm open to acquiring and assimilating external knowledge and

can lead to convert knowledge into innovation.

One of the aims of this research is to figure out the mechanisms of knowledge
production at the firm level and to understand internal and external paths for
knowledge flow. Although a firm level research is conducted, evaluations are carried
out considering the relations between the firm and the relevant sectoral innovation
system. Aerospace industry is chosen in order to make optimal use of author’s
experience in this field and his intimate knowledge of how incremental innovation
proceeds in the aerospace industry. Besides, aerospace industry is very important in
terms of knowledge diffusion, therefore relations between the firm and the relevant

innovation system are supposed to be highly developed.

In Turkey, the aerospace subsectors engaged in the research, development, and
manufacture of military aircrafts, rocket and missile systems, and spacecraft involve
greater knowledge-based activities when compared with the rest of the subsectors
(see Section 2.2). Therefore, this dissertation is focused on this aforementioned

portion of the aerospace industry.

Another major topic of this thesis is international technology transfer (ITT). ITT
utilizes the advantages of being backward and provides an alternative way to
indigenous efforts in obtaining a certain level of technological capability. However,
in order to institute the scope of an ITT project, transferee of the technology has to be
aware of what should be expected from the transferor. This requires an existing

technological maturity in the relevant technology area.

Increasing the quality of human assets would certainly provide a higher level of
technical capability and maturity prior to ITT project. A culture of “systematically

searching for external knowledge” through memberships to journals, digital sources



or by following newly published books in the area of interest would also be useful to
increase initial maturity. “Knowing what to request” improves the quality and scope
of the contractual documents of ITT project. Based on these examples it can be stated
that there has to be a relation between firm level absorptive capacity and the future

performance of an ITT project.

Besides, efficient utilization of ITT as a tool of technological development requires a
sophisticated harmonization of the overall process, such that, national efforts and the
benefits of technology transfer have to be coupled in an optimized way. In other
words, some determinants other than firm level absorptive capacity also affect the
success of ITT project. The policy environment in the transferee country, existence
of a national technological roadmap in the area of research, motivation of the

transferor or response of third parties can be some examples of such determinants.

Even though firm level absorptive capacity is a critical determinant for the successful
utilization of an ITT project, and despite these subjects is studied substantially on an
individual basis, there is no developed literature on the relationship. The existing
literature on ITT is mainly based on transferor’s point of view; as a result, studies

conducted by developing country perspective are so rare.

This dissertation aims to figure out the relation between firm level absorptive
capacity and the success of international technology transfer. Additionally, effects of
determinants on the success of ITT other than firm level absorptive capacity are
intended to be examined. The research is conducted by considering the transferee
country’s point of view, which in turn involves developing country dynamics. In this
context, this thesis is supposed to provide insights into research questions mentioned

below.

Research Question-1:

Is there a relation between firm level absorptive capacity and the success of

international technology transfer in aerospace projects?



Research Question-2:

Are there any determinants affecting the success of international technology transfer

other than firm level absorptive capacity?

Research Question-3:

What kind of measures can be taken to increase the possibility of success of

international technology transfer projects?

1.2 THE METHODOLOGY AND THE ORGANIZATION OF THE
DISSERTATION

The major aim of this thesis is to investigate the relation between firm level
absorptive capacity and the success of international technology transfer in aerospace
industry. It is also aimed to figure out the factors affecting the success of ITT
projects other than firm level absorptive capacity. This section gives the
methodology implemented in the thesis in the course of searching for the answers to

the research questions.

The brief sketch of the implemented methodology is given in Figure 1 and the

explanations are given below.

Step-1 (Theoretical Background):

As a first step, literature related to absorptive capacity is reviewed. In compliance
with the maturity level achieved in the notion of knowledge economics, the concept
of absorption of knowledge has been given more attention in the recent years. The
importance of “Absorptive Capacity” (AC) has been noted in the technology

management field and tools to develop AC have been broadly studied.

Additionally, in compliance with the research questions, literature related to

international technology transfer is also reviewed. Mechanisms of international



technology transfer and the reasons for a nation (or a company) to take part in an ITT
project are evaluated. Existing literature on ITT is mainly based on home party’s
(transferor) point of view and less attention is paid to the effectiveness and
performance of ITT considering host party (transferee) concerns. This area is rarely
studied probably because the topic is more important for developing countries than
the developed countries. Nevertheless, determinants that are related to the

performance of an ITT project are revealed from the literature.

Review of the relevant literature is presented in Chapter 3 of this dissertation.

STEP-1 STEP-3
SEMI .@ ®
THEORETICAL > | STRUCTURED
BACKGROUND INTERVIEWS Iml
STEP-2 S
* Absorptive capacity \ / * 511‘:]‘:1: r:;t:un of
e International | ALTS ' )
technology transfer CONCEPTUALIZATION 47 VARIABLES

DETERMINED
» Factors Affecting Absorptive
Capacity
e Determinants and Success
Indicators of ITT Projects
74 EVALUATIONS
REGARDING ITT
STEP-4

PROJECTS
ot

g J QUESTIONNAIRE
STEP-5 ¢

QUANTITATIVE
ANALYSIS

STEP-6 ¢

RECOMMENDATIONS FOR
FIRM LEVEL STRATEGIES
AND POLICY IMPLICATIONS

Figure 1 The brief sketch of the implemented methodology



Step-2 (Conceptualization):

Literature review provided an understanding of the ways of knowledge production
and the mechanisms of knowledge flow, which are then conceptualized in sub-
groups merged under the title of “Factors Affecting Absorptive Capacity”. This part
of the conceptualization has been carried out with a firm-level perspective. Similarly,
on the topic of the ITT projects; relevant nomenclature, principals and performance
evaluations that are extracted from the literature inspired the conceptualization of
“Determinants and Success Indicators of ITT Projects”. The explanations for the

generated concept and the relation with the literature are given in Section 3.3.

Step-3 (Semi-Structured Interviews):

The concepts that were generated in Step-2 are improved by the help of views and
suggestions provided by industrial professionals as well as experts from various
stakeholders of the innovation system. For this purpose, a question set (Semi-
Structured Interview Questions) is prepared as given in Appendix A based on the
results of Step-1 and Step-2. The questions are structured in such a way that;
methods for developing indigenous technologies, ways of accessing knowledge as
well as the structure of sectoral innovation system are able to be examined.
Additionally, the question set was intended to investigate the main concerns

regarding ITT projects and the types of such projects in terms of scope and target.

Experts from the aerospace industry who had previously participated in ITT projects
contributed to research under the guidance of the “Semi-Structured Interview
Questions”. These experts were from one of the biggest aerospace company in
Turkey, coming from different engineering disciplines with an experience varying
between 5 to 25 years in the industry. The evaluated company is engaged in defense
and space business with around 2000 employees. Furthermore, the author has been
working in this company for more than 15 years, and gained experience in various
departments such as design, development and project management. He is currently
employed as a manager, which gives him the opportunity to make internal
evaluations and discussions with colleagues. Consequently, he found the chance to

discuss the issues pointed in “Semi-Structured Interview Questions” within his



working hours without getting stuck to interview duration and probably it would not

be possible to achieve such results through ordinary interviews.

In addition to firm level interviews and discussions, it was possible to participate in
meetings with state experts during which planning activities for varying forthcoming
ITT projects have been conducted. During these meetings it was possible to discuss
with experts from varying stakeholders of SIS in Turkey, which helped to enhance
the scope of extracted variables. Moreover, suggestions for improving the defined
variable through promising firm level strategies or policy measures were also

discussed.

Information about the profile of experts who had contributed to research while
determining the variables through semi-structured interviews is provided in Section

3.3 of the dissertation.

After the completion of Step-3, 47 variables are determined, elaborated and
categorized under the conceptualized framework. Detailed discussions on these
variables are given in Chapter 4. Consequently, conceptualization has been improved

by means of defining subgroups under predefined titles as given below.

Factors Affecting Absorptive Capacity;

e Knowledge Production (10 variables)
e Knowledge Flow within the Company (6 variables)

e Knowledge Flow within the Sectoral Innovation System (6 variables)

Determinants and Success Indicators of ITT Projects;

e Preparations for the ITT Project (9 variables)
e Conducting the ITT Project (12 variables)

e Performance of the ITT Project (4 variables)



Step-4 (Questionnaire):

The variables defined at the end of Step-3 are utilized to understand the relations
between firm level absorptive capacity and the determinants/success indicators of
ITT projects. For this purpose, it is required to quantify these variables for specific
conditions; firm level specific environment and evaluation of the completed ITT
projects within this environment. Therefore, in order to identify and measure relevant
variables, questions are generated as given in Chapter 4 just after the explanations
regarding the associated variables. Afterwards, these questions are gathered in a form

of questionnaire given in Appendix B.

The questionnaire involves two parts both of which are based on Likert scale. First
part of the questionnaire is composed of questions that aim to figure out firm level
environment (the quality of human capital, existence of a strategic plan for
technology development, appropriateness of the organizational structure and culture
of the firm to conduct innovative activities, etc.). The second part of the
questionnaire asks experts to evaluate an ITT project that they had participated in
terms of different aspects, such as, the political will in the related area, planning and
conducting periods of the ITT project and the evaluation of the achievements of the

ITT project.

The questionnaire has also provided information regarding the sophistication level of
the evaluated ITT projects in terms of the technical support provided by the
transferor of the technology. For this purpose, a method for quantifying
“Sophistication Level of ITT Project” is developed as introduced in Section 4.2.2 and
Section 5.1.2. In order to quantify this variable, “Functional Capability” and “Level

of Product” are questioned within the questionnaire.

The questionnaire is applied to 20 experts having 10-25 years of experience and who
have participated in aerospace ITT projects. These experts were employed within the
same company, which is one of the biggest and leading aerospace companies of

Turkey. Experts evaluated ITT projects that they had previously participated.



Information about the profile of experts who had contributed to research by filling in

the Questionnaire is provided in Section 5.1.
At the end of Step-4, a total number of 74 evaluations regarding ITT projects were
obtained. Detailed information about the variables that were evaluated through the

questionnaire is provided in Section 5.1.

Step-5 (Quantitative Analysis):

Multiple ordinary least-squares (OLS) regression analysis has been used to analyze
the relation between variables. Since there is a large number of variables (47
variables) when compared to the number of observations (74 evaluations of ITT
projects), variables are gathered under 6 variable groups to have higher degrees of
freedom in the econometric model. In order to gather variables in groups,
“representing variables” are generated to be used in regression analysis. The method
of generating these representing variables is provided in Section 5.2. The explanatory

variables and the dependent variable used in the regression are given in Table 1.

The information regarding the analysis and the obtained results are provided in

Section 5.2.
Table 1 Explanatory and dependent variables
Explanatory Variables
Factors Affectmg ) 1) Knowledge Production
Absorptive Capacity

2) Knowledge Flow within the Company

3) Knowledge Flow within the Sectoral Innovation
System

Determinants of

Success for ITT Project 4) Preparations for the ITT Project

5) Conducting the ITT Project

Dependent Variable
Success Indicators of
ITT Projects

6) Performance of the ITT Project




Step-6 (Recommendations for Firm Level Strategies and Policy Implications):

The conclusions of the analysis are discussed in Chapter 6. The results designate that
there exists a direct relation between the explanatory variables (Factors Affecting
Absorptive Capacity, Determinants of Success for ITT Project) and the dependent
variable (the Success of International Technology Transfer). On the other hand,
surprisingly, it is found out that some variables are not significantly related to the

success of ITT as it would be expected according to the existing literature.

After highlighting the most statistically significant variables that affect the success of
ITT projects, suggestions on firm level strategies and national level policies are
provided with an aim to enhance the boosting effects of evaluated variables on the

success of ITT projects. These evaluations are given in Chapter 6.

1.3 SIGNIFICANCE OF THE RESEARCH

In the literature there are many studies that have tried to explain factors affecting the
success of an ITT project. Some researchers have focused on the determinants such
as R&D activity, training (Hakam and Chang, 1988), the type of transferred
technology and the transfer channels (Keller and Chinta, 1990), culture (Gibson and
Smilor, 1991) and the existing technological capability (Kedia and Bhagat, 1988).

While most studies concentrate on the organizational level mechanisms related to
knowledge (Cohen and Levinthal, 1990; Lane and Lubatkin, 1998) there exist
conceptualization attempts related to firm level absorptive capacity like the concept
proposed by Zahra and George (2002), in which absorptive capacity is defined
through conceptualizing “potential absorptive capacity” and “realized absorptive
capacity”. Additionally, existing literature contains methods, which intend to
measure absorptive capacity, and some of which are applied in different industries,
like the one proposed by Jansen et al. (2005). However, less attention is paid to the

relation of firm level AC and the success of ITT project. That might be because the
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topic is more important for developing countries than the developed countries; and

unlike other areas on science and technology management, this area is rarely studied.

This dissertation generates some significant contributions to the existing literature on
firm level absorptive capacity and the performance of ITT project. One of the major
contributions of the thesis is the extracted determinants and indicators through
discussions with experts from aerospace industry who have participated in broad
range of ITT projects (Step-3 of the research). These variables are distilled in such a
way that, an important portion is uniquely related to aerospace industry. The existing
concepts on absorptive capacity like the one proposed by Zahra and George (2002)
and Jansen et al. (2005) are improved in this study by introducing determinants
specific to aerospace industry. Moreover, the reviewed literature on AC mainly aims
to answer the question “what are the forms of AC” and deals with AC in specific
frameworks such as; relative absorptive capacity, as devised by Lane and Lubatkin
(1998), or absorptive capacity as a dynamic capability introduced by Zahra and
George (2002). On the contrary, this thesis research stands at a position to answer the

question of “what forms AC”. This approach is explained in Section 3.3.

Although the study is focused on firm level capabilities, the variables are extracted
and evaluated from the point of view of sectoral innovation system, which is also
consistent with the evolutionary approach. The dynamics of sectoral innovation
system (SIS) presented by Bergek et al. (2005) covers structural components and
functional patterns as well as the methodology to understand the character of a SIS.
Moreover, it is stated that in order to comment on the performance of functionality of
the SIS, it is important to understand the inducing or blocking mechanisms. This
thesis contributes to the literature based on the approach introduced by Bergek et al.
(2005) in different manners. First, the thesis presents a variety of possible knowledge
production and knowledge flow mechanisms specific to high-technology industries.
In addition, actual status of determinants can be used to forecast the future success of
ITT projects and therefore this may enhance the outputs of analysis, which are based

on Bergek et al. (2005) approach.
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There is no such a comprehensive study in the literature that examines this topic
from the transferee country’s point of view. This research is one of the first attempts
in the literature to examine the field of aerospace industry keeping in mind
developing country concerns. Moreover, this study is probably the first attempt in
Turkey to explore the linkages between firm level dynamics and sectoral innovation
system in the relevant field, both of which simultaneously affect the performance of
ITT projects. In addition, the achievements involve the essence of systems
engineering approach and project management principals, which are essentially

employed in aerospace industry.

In this research a new metric to quantify the “Sophistication Level of ITT Project” is
introduced as a contribution to the existing literature (described in Section 4.2.2 and
Section 5.1.2). According to this approach, technical support provided by the
transferor party varies according to “Functional Capability” and “Level of Product”.
The ITT projects evaluated within this thesis are categorized according to this new
approach. Instead of US-originated technology readiness levels (TRL), this two
dimensional technological maturity categorization is used in order to be more
distinctive. TRL metric, as defined in Section 3.2.4, is especially designed to
measure the maturity level throughout the technology development process, but
when applied to technology transfer projects it is not as distinctive as the new metric
introduced. According to TRL approach, a technology is developed step by step and
the targeted maturity level requires the accomplishment of the previous levels. In
contrast, in an ITT project, targeted level of technological maturity is not achieved
step by step. It is similar to targeting to learn how to write a book without previously
learning the alphabet. Hence, for an ITT Project, instead of utilizing the TRL scale, a
new metric which is based on “Sophistication Level of ITT Project” has been

introduced.

The introduced variables and the questionnaire can be used as an effective tool in the
planning phase of ITT projects. It can be implemented to a wide variety of high-
technology areas in developing countries and may provide valuable inputs to policy

makers on the eve of ITT projects. The research findings indicate that there is an
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opportunity of making estimations for the future success of ITT projects based on the
maturity of firm level absorptive capacity. The evaluation of current situation of the
company especially in terms of “Knowledge Production” would offer this
opportunity. Moreover, the evaluations of the variables under the variable group of
“Preparations for the ITT Project” will enhance the results of such estimation. In
other words, the conceptualization and evaluation method introduced in this research
make it possible to predict the possibility of success of an ITT project in advance.
Moreover, repeating the first part of the questionnaire on a regular basis in time
would enable to monitor the change in absorptive capacity of the company and might
give more precise estimations for the future success of international technology

transfer projects based on the maturity of firm level absorptive capacity.
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CHAPTER 2

A BRIEF INTRODUCTION TO AEROSPACE INDUSTRY

2.1 AEROSPACE INDUSTRY AT A GLANCE

The term aerospace is derived from the words aeronautics and spaceflight. Aerospace
industry is defined as the manufacturing concerns that deal with vehicular flight
within and beyond Earth’s atmosphere. The aerospace industry is engaged in the
research, development, and manufacture of flight vehicles, including unpowered
gliders, fixed-wing and rotary-wing airplanes, military aircrafts, missiles (rocket and

missile system), space launch vehicles, and spacecrafts (manned and unmanned).

The aerospace industry is one of the largest high-technology employers in advanced
countries. By 2000, there were 1,220,000 aerospace employees in the world, of
whom 49% were in the USA, 35% in the European Union, 7.5% in Canada, 2.7% in
Japan and 5.7% in the rest of the world. Within this industry, the civil aviation
manufacturing sub-sector has the biggest portion. In 2000, 66% of European aviation
manufacturing employees were in civil production and 33% in the military sector.

The figures in the USA were 59% and 41%, respectively (Niosi and Zhegu, 2010).

For civil aviation production in advanced industries, most large aerospace clusters
consist of one or several OEMs surrounded by hundreds of small and medium-sized
suppliers of components and parts. In such aerospace clusters, knowledge spillovers
are technology based and centered on supply chain management linking the OEMs
and their suppliers. Supply chain management is the vehicle of knowledge spillovers
in this industry and in general this chain is international. Under the scope of supply

chain management varying tasks are covered such as; issuing of technical
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specifications, concurrent engineering, strategic engineering alliances, quality
control, product co-development,  certification of suppliers, etc. Most prime
contractors design products, then outsource to tenders among tier 2 suppliers across
the world and send them their designs and requirements. These tier 2 producers make
technical and commercial proposals to the main contractor, and the latter proceeds to
a selection of partners/suppliers. In many cases, detailed engineering is left to the tier
2 producers, but often international collaboration and associated massive knowledge
flows occur between tier 1, 2 and 3 firms, while local spillovers are less important.
International knowledge spillovers mostly occur between tier 1 and 2 manufacturers,
usually large corporations. Conversely, local knowledge spillovers, and aerospace
clusters, are based on geographically close relationships between tier 2, 3 and 4
producers. The most important notion in clusters is “value chain”, which is
developed as a result of repeated interactions and it is important to keep in mind that

supply chain is not sufficient.

In contrast, for military sector there exist barriers to internationalization through
international knowledge spillovers, due to the differences between defense industry
and civilian industry. The governments are decision makers in defense industry
projects; therefore government level regulations have major influence on the
structure and dynamics of cooperation in relevant fields. In addition, there are several
regulations that affect the international knowledge flow, and hence the architecture
of ITT projects like International Traffic in Arms Regulations (ITAR) and the
Missile Technology Control Regime (MTCR). The differences between defense

industry and civilian industry are discussed in Section 3.3.

The aerospace industry has some highly distinctive features. Aerospace industry-
related tasks, which include development, manufacturing, assembly, integration and
testing are highly capital intensive. For each sub-sector there are only a few global
competitors and competition between main players is very strong. Besides, patents
are less meaningful indicators in aerospace industry as compared to other high-
technology industries such as biotech, since innovations are preferred to be protected

by secrecy, which is a rather efficient way.
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In the aerospace industry, barriers to entry are very high due to physical and human
capital commitments required to design and produce aerospace products. New
entrants have to face a steep learning curve. In aerospace industry, access to
technology for latecomers is limited by the immense costs of entry rather than
patents. The industry is characterized by imperfect competition, non-homogeneous
products and economies of scale. To overcome the underinvestment in new
technology, manufacturers rely on some sort of government support through export
subsidies, military procurement or market protection. However, even government

supports the industry, this may not serve to solve human capital shortage.

Aerospace industry requires advanced technological capabilities even at the earliest
stages of the emergence of the industry. Starting from the initial stages,
manufacturers need to comply with high international technological standards. This
makes this industry distinctive such that classical theories of catch-up may not be
appropriate to analyze the evolution of this industry in latecomer economies.
According to Vertesy and Szirmai (2010), the emerging economies that have
succeeded in catching up in aerospace are those that have established a competitive
industrial sector with a sectoral innovation system, which is able to adapt flexibly to
radically changing circumstances. The merits of innovation systems are discussed in

Section 3.1.

In the recent years, leading countries, which maintain developed aerospace industry,
face new types of problems regarding human resources as a significant portion of the
workforce is approaching retirement. This has caused concern that valuable skills,
acquired over the course of decades of experience, may be lost as older employees
leave the workforce. Recruitment and training will be essential to ensuring continuity
of skills and operational capabilities. According to “The Space Report 2012” issued
by Space Foundation, each year more than 1.5 million people worldwide receive
bachelor’s-equivalent degrees in aerospace relevant disciplines. This base of newly
minted science, technology, engineering, and mathematics (STEM) graduates

provides the labor pool to support future aerospace activities. Since veteran
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aerospace workers begin to retire around the world, the training of new employees in
critical STEM fields has become a focus for governments and industry leaders. China
is the leading producer of STEM bachelor’s equivalent university graduates,

doubling the number of graduating students between 2002 and 2006."

2.2 AEROSPACE INDUSTRY IN TURKEY

Civil aviation manufacturing sub-sector has the biggest portion in terms of financial
figures and number of employees within the global aerospace industry.
Concordantly, in Turkey, capabilities in public air transport has been developed,
which made Turkey one of the main countries in airway passenger transportation,
airport construction and management. Turkish airline companies have been

developed in capacity and improved their position in competition with the others.”

The main players of the civil aviation in Turkey are the airline companies; including
airport and terminal operators, aircraft repair, maintenance and renovation
companies. Besides, ground service companies, catering companies and means of
air-traffic control are complementary actors of the civil aviation sector. The number
of employees is more than 150,000 and the revenue is over 15 billion USD in this
sector in Turkey.” However, even these figures are seem to be comparable to the
figures of leading countries, when we consider producing knowledge and pursuing
new technologies, civil aviation is not the leading sub-sector of aerospace industry in

Turkey.

In Turkey, the sub-sectors other than civil aviation are engaged in the research,

development, and manufacture of military aircrafts, rocket and missile systems, and

" The Space Report 2012, Space Foundation Washington, DC, ISBN-13: 978-0-9789993-5-3. This
report is introduced as “an authoritative guide to global space activity”.

* Turkish Civil Aviation Assembly Sector Report 2012, TOBB
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space crafts. Moreover, development efforts on satellite launch vehicles are initiated
in 2013 to gain the satellite launch capability with the aim of supporting the
sustainability of the Turkish Satellite Programs and reaching the space
independently.3 When compared to civil aviation, abovementioned sub-sectors of
aerospace industry involves greater knowledge-based activities in Turkey and this

dissertation is focused on this portion of aerospace industry.

2.2.1 Main Players in the Public Sector

As introduced above, aerospace industry is characterized by some significant features
like imperfect competition, non-homogeneous products and economies of scale.
Therefore, in order to cope with the underinvestment in new technology,
manufacturers rely on government support. In Turkey, main players in the public
sector are;
e Undersecretariat for Defense Industries under the Ministry of National
Defense (Savunma Sanayi Miistesarlig: - referred to as “SSM” in Turkish)

e  Ministry of Transport, Maritime Affairs and Communication

Turkey has been allocated the highest funds from the budget to defense industry for
many years. The 2023 vision of the government is to be ranked in the first ten
countries in defense industry and to manufacture all ground vehicles, marine vessels
and unmanned aerial vehicles domestically. Accordingly, in the recent years Turkey
changed the supply policies for the military requirements and focused on indigenous

production policies.

SSM, which is responsible for setting and implementing the defense policies, is the

main acquisition body for defense system needs and committed to make Turkey

3 http://www.ssm.gov.tr/home/projects/Sayfalar/proje.aspx?proje]D=222 accessed on January 31,
2015
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superior in defense technologies. SSM has a separate legal entity, as well as its own

extra-budgetary financial resources to perform the following functions’:

To carry out the decisions taken by the Defense Industry Executive
Committee which is chaired by prime minister,

To reorganize Turkish industry in line with the prerequisites of the defense
industry,

To plan the production of modern arms and equipment at private and public
sector entities,

To conduct research and development of modern arms and equipment and to
have their prototypes manufactured,

To coordinate export and offset trade issues relating to defense industry

products.

SSM performs these functions through different tools such as; Major Systems

Acquisition, R&D and Technology Management, Industry Policy Making, Industrial

Participation/Offset, Localization, Credits and Investment Financing, Clustering

Activities, International Industrial Cooperation, as well as Quality, Test and

Certification. SSM implements a prioritization approach for procurement models as

follows;

1.

Local development; involves indigenous design and development of priority
systems and intends the enrichment of the product portfolio of industry and
international market share.

International consortium participation in joint development programs; when
domestic development is not considered cost-effective.
Co-development/co-production, active participation of domestic industry,
production under license, joint production - joint-marketing; this model is
intended to provide opportunities for local industries.

Direct procurement; only if above options are not feasible.

* http://www.ssm.gov.tr/home/institutional/Sayfalar/law3238.aspx accessed on February 28, 2015
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Distribution of SSM procurement models is given in Figure 2. Although the first
priority is the procurement through local development, in actual case the most
realized model is international consortium participation in joint development
programs. Nevertheless, the least proportion of direct procurement model is in

compliance with SSM’s procurement strategy.

Local Product Development
® [nternational Partnership / Consortium
® Licensed Production / Co-production

m Direct Procurement

Source: SSM (2014)°

Figure 2 SSM procurement models distribution

In Figure 3, defense and aerospace export in Turkey is provided based on the
evaluations by SSM. Within the increasing trend in overall defense exports in
Turkey, the proportion of aerospace industry is also significantly increased in the

recent years.
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Figure 3 Defense and aerospace export in Turkey (Million USD)

> Turkish Defense & Aerospace Industry and Acquisition System, SSM, January 2014
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Transport, Maritime Affairs and Communications Research Center is another
important player related to the aerospace industry in the public sector. This center is
under the Ministry of Transport, Maritime Affairs and Communication and has been
founded by The Government Decree-Law no. 655 on “Organization and Duties of
the Ministry of Transport, Maritime Affairs and Communications” published in the
Official Gazette of November 1, 2011 and begun active duty in 2014. The Research
Center is tasked with carrying out the activities of assessment, funding, monitoring
and accomplishing of the projects related to research, development and education
activities aiming domestic design and production in the fields of aerospace and
electronic communications. In addition, the efforts for the establishment of Turkey’s
Space Agency under the auspices of the Ministry of Transportation, Maritime Affairs
and Communications are continuing and Turkey Space Agency is planned to be

activated in the year 2016. °

2.2.2 Turkish Companies in Aerospace Industry

According to a recent survey study, 46 Turkish aerospace companies that have
participated in European Union Framework Program-7 (EU FP7) have been
investigated. In this analysis, companies were categorized according to their response
to questions, which aim to figure out below mentioned capabilities’;
e R&D Engineering: Companies having indigenous R&D capability in terms of
infrastructure and manpower.
e Airframes & Components: Companies having fixed and/or rotary wing aerial
platform /component/detail part design and manufacturing capability.
e Avionics Simulation & Control: Companies having avionics, simulation,
command and control system and/or sub-system design and manufacturing

capability.

Shttp://gait2015.org/slide/GAIT%20Panel %20C2%20Mehmet%20A1i%20Deg%C3%8C%C2%86er e
ng.ppt accessed on November, 2015

7 http://www.cleansky.eu/sites/default/files/documents/calls/turkishaerospacecapabilitymatrix.pdf
accessed on February 28, 2015
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e Software Development: Companies having software development capability.

e Equipment: Companies manufacturing onboard equipment.

e Subcontracting: Companies providing services for special processes to main
system suppliers.

e Engines & Components: Companies having engine component/detail parts
design and manufacturing capability.

e Systems Integration: Companies having system integration capability.

e Logistics & Support: Companies providing ground support services.

Logistics & Support
Systems Integration
Engines & Components
Subcontracting
Equipment

Software Development

Avionics Simulation & Control

Airframes & Components
R&D Engineering

=]

10 20 30 40 50
Number of companies

Source: Cleansky (2015)’
Figure 4 Turkish aerospace companies capability matrix

According to the results of this survey given in Figure 4, the weakest capabilities
among the Turkish aerospace companies are related to detail design &
manufacturing. Moreover, companies did not react discreetly by declaring a huge
capability in R&D, which probably is not the actual case. Even if the companies have
the human capital, access to external knowledge and company vision, much more is
needed for higher level achievements in technological readiness. For the qualification
of newly developed technologies, environmental demonstration tests have to be
conducted, which require expensive and sophisticated manufacturing and test
infrastructure. Therefore, while evaluating the affirmative responses of Turkish
aerospace companies that indicate 93% of the companies has the R&D capability, the
goals set for R&D efforts in terms of technology readiness level, which is introduced

in Section 3.2.4, have to be considered to evaluate the real capacity of the industry.

22



2.2.3 R&D Strategies of SSM and Funding Opportunities

At the 6™ meeting of the Supreme Council of Science and Technology (SCST) held
on December 2000, Turkey set the target of increasing the share of R&D in GDP
from 0.67% to 2% by 2010. It had also been decided to actively participate in
European Union 6" Framework Projects - FP6 (2002-2006) and, therefore, in
European Research Area (ERA). Upon the decisions made at the 7t meeting of the
SCST held on December 2001, the document entitled “Vision 2023, Science and
Technology Strategies” has been formulated with the aim of forming the scientific
and technological vision of Turkey. This strategic document has the goals of
increasing Turkey’s production power and the net added value relying on its
brainpower by enhancing competence in science, technology and innovation. In line
with these developments, new policy measures have been implemented by the
Turkish government. The most recent strategy document is “National Science,
Technology and Innovation Strategy 2011-2016”, which was approved during the
22" meeting of the SCST.*

Another example for the recent declarations of the government policies has emerged
in the form of "2009-2016 Defense Industry Sectoral Strategy Document"’, which
was published by SSM in order to lead the defense industry. This document sets out
particular targets in such a way that domestic development and R&D are especially

highlighted as the most important goals in that document.

In line with the abovementioned targets, SSM has been supporting technology
intensive R&D activities in priority areas, compatible with the needs and objectives
of main system projects that involve collaboration of the industry, universities and
research organizations. Scope of the R&D projects, which are treated as a parallel

process that supports the procurement process including domestic development,

8 Ulusal Bilim, Teknoloji ve Yenilik Stratejisi (UBTYS) 2011-2016, TUBITAK, 2010

?12009-2016 Defense Industry Sectoral Strategy Document" of Undersecretariat for Defence
Industries, April 2009
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varies from basic research and applied research to experimental development. R&D
projects can be executed in advance of or concurrently with the main system
projects, and aim to minimize external dependence in the future. According to SSM,
significant technological achievements in R&D studies conducted by SSM so far
have become the building blocks of the main system projects today'’. However, this
statement needs to be questioned attentively and the thesis contains discussions on

this issue.

The R&D roadmap developed by SSM, illustrates the contribution of technology in
the acquisition process. In this roadmap, R&D projects and procurement projects are
handled as two separate processes where R&D projects are supposed to assist all
procurement projects, including local development. In other words, as shown in
Figure 5, R&D is not seen as a procurement process in itself. Moreover, in general,
R&D is a desired and esteemed portion of system-level development projects and
supposed to be performed by national players in order to increase the local content of
the final product. However, in these projects, research within the R&D becomes to
be a contractual obligation to be fulfilled within the defined period of project, and it

is not possible to innovate under performance obligations.

In Turkey, there are some other funding mechanisms for R&D programs that
aerospace industry can make use of. The Scientific and Technological Research
Council of Turkey (TUBITAK) Support Program for Research Projects of Public
Institutions are designed to solve public institutions problems while contributing to
capacity improvement of Turkish industry in R&D. Technology Development
Foundation of Turkey and Small and Medium Enterprises Development Organization
also provide funds for R&D. Besides there are some recent measures to encourage
companies to conduct R&D efforts like the “The Law Concerning the Promotion of
Research and Development Activities - Law no:5746”, which provides some

financial privileges to companies that perform R&D activities.

' http://www.ssm.gov.tr/home/tdi/radsup/Sayfalar/RDSupport.aspx accessed on February 02, 2015
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Turkey was the second fastest growing economy in the first and third quarters of
2011, after China. Accordingly, there is a strong potential for growth in the
aerospace sector in the long run and Turkey’s strategic location as a hub offers
access to other countries’ markets in the region. In this manner, Turkey is a country
proposing important occasions for foreign investors with its geographical position as

a gateway between Europe, Central Asia and Middle East.

On the other hand, in Turkey offsets are compulsory for all defense procurements
exceeding US$10 million, and foreign investors are expected to invest 50% of the
contract value into the country’s defense sector. This additional off-set agreement
obliges the foreign investors to fulfill the requirements within a period to a maximum
of a further two years after the termination of the procurement program. TUSAS
Engine Industries, Inc. (TEI) and FNSS were established by foreign OEMs through
joint ventures with domestic firms in order to fulfill offset obligations. This provided
an access to external knowledge to be utilized by domestic companies. One of the
most recent developments for these collaborations was in 2010, between Raytheon

(USA) and Turkish military electronics manufacturer Aselsan. '

' http://www.aselsan.com.tr/en-us/InvestorRelations/Documents/Annual%20Reports/2010 ENG.pdf
accessed on October 02, 2015
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CHAPTER 3

THEORETICAL BACKGROUND AND CONCEPTUALIZATION

3.1 ABSORPTIVE CAPACITY AS A TOOL FOR DEVELOPMENT

3.1.1 Brief Description of Knowledge

In order to study knowledge economies, a conceptual understanding of knowledge is
required to be used in economics and it is necessary to depict the “term of
technology”. According to the developed body of literature on knowledge economy,
there seems to be a common understanding of “term of technology” has been
obtained such that; technology is the making, usage, and knowledge of human
designed tools for achieving a particular goal. Obtaining such tools entails
knowledge, procedures and artifacts. Additionally, technology paradigm is defined
as; problems, needs and technical requirements to be addressed and the encompassed
scientific and technical principals to meet relevant tasks. In the same technology
paradigm, design concepts are said to be similar and manufactured products are also
similar (Dosi and Nelson, 2010). As the technology paradigm changes, the economic
value of knowledge related to old paradigm may decrease. Furthermore,
“technological trajectories” have been accepted to be the progressive improvement of

the design concept while radical innovations are linked to paradigm changes.

According to neoclassical school, “technological knowledge” is characterized as
non-rivalrous and non-excludible (pure public good), therefore, such goods may be

consumed by multiple people without diminishing their utility to each user.
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Additionally, it is assumed that there are similarities between “information” and
technological knowledge; both are non-rivalrous, indivisible and infinitely
reproducible. Within neoclassical approach, capital is something tangible to early
economists and technological change is explained using the relation between capital
and labor without giving importance to the recipes, routines and artifacts.
Technological knowledge is accepted as information. The neoclassical theory is
based on a representative firm, which has perfect market functioning and always

maximizes its profits (Solow, 1957).

In contrast to the neoclassical theory, “Evolutionary Economics” (Schumpeterians)
and the “Modern Growth Theory” (Romer, 1986) have modeled endogenous forms
of learning, “creative destruction” processes, externalities, increasing returns to scale
and imperfect competition. Rather than starting from the representative firm, the
focused notions of this theory are disequilibrium, imperfect information, bounded

rationality and evolutionary sequences.

Dosi and Nelson (2010) represented “technological advance” as an evolutionary
process. It has been depicted as a “competition” by some researchers and accordingly
there are winners and losers of this competition. Abilities to innovate and imitate are
drivers of industrial evolution and these are the major determinants for the winner.
The assumptions of Mainstream Economics have been criticized by Evolutionary
Economics. The main shortcomings of Mainstream Economics have been stated as
follows;

e Every agent cannot be identical and does not have the super calculating (or
rationalizing) capability.

e It is not possible for every agent to interact with others without any
limitations. In practice there exists a more heterogeneous structure. The
assumption of “everybody knows what everybody else is” is not valid.

e From the perspective of networks, the main shortcoming of Mainstream
Economics is the lack of importance given to relations and interactions, in

other words lack of social context.
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Neoclassical model only deals with codified knowledge where wisdom does not
affected by knowledge. However, from the perspective of the Evolutionary School,
knowledge has a long-term effect on wisdom. Ancori et al. (2000) argued that
knowledge formation requires continuous feedback loops between data, knowledge
and wisdom and they emphasized the importance of cognitive capacity. Knowledge

is closely dependent on the cognitive abilities of the actors.

According to Katz (1999), technological behavior is determined by the co-evolution
of micro, meso and macroeconomic forces (micro level: related to the learning
strategy of each individual firm, meso level: competitive and technological regime in
each particular industry, macro level: refers to regulatory systems, institutions and
public policies applied in the fields of science and technology). Additionally,
sustainable economic growth cannot simply be explained by increases in physical
capital, natural resources or population and besides these factors do not guarantee
long-term economic growth. Long-term sustainable growth depends on science,
technology, innovation and knowledge accumulation (investment in education,

lifelong education, accumulated scientific knowledge, etc.).

Polanyi's famous aphorism, “we know more than we tell” has long been used as a
traditional description for tacitness. Tacit knowledge is the component that helps us
transform information into knowledge and generally consists of habits and culture
that we may not recognize in ourselves. Dosi and Nelson (2010) highlighted the
differences between information and technological knowledge concluding that
replication of technological knowledge has cost because of “tacit” nature of
knowledge. Dolfsma (2008) also supports this vision and states that information
needs interpretation. The sharing of tacit knowledge is non-verbal and generally has

cultural dimensions.

Explicit knowledge refers to knowledge that is codified. Know-that is the conscious
knowledge and can be articulated. On the other hand, tacitness refers to knowing-
how and involves conscious and unconscious knowledge covering more than know-

that. Tacit knowledge refers to knowledge that is deeply rooted in the human mind
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and is hard to codify. In other words, tacit knowledge is based on experience: people

acquire it through observation, imitation and practice.

There is a general tendency to label tacit knowledge as “local” and codified
knowledge as “global”. Codified knowledge may travel the world with gradually less
friction. This physical metaphor may remind us about another physical phenomenon
of “losses”. Assume a static object at a high altitude, in other words with high
potential energy. If one wants to accelerate this object just by converting its potential
energy to kinetic energy, theoretically, there is an expected maximum velocity that
the object may reach. However, the concept of frictional or other types of losses
prevents to reach this theoretical maximum. When we apply this to knowledge
transfer, frictional losses or other types of losses prevents hundred percent success
even when the knowledge attempted to be transferred is considered to be highly
codified. Besides, there are usually considerable costs associated with identifying,

assessing, assimilating and applying codified knowledge.

Balconi et al. (2007) defined information as; “the knowledge reduced to messages
that can be transmitted”. In another research, Ancori et al. (2000) tried to distinguish
the notion of knowledge from the notion of information and for this purpose they
introduced the modes of conversion of knowledge. Knowledge must be put in a form
that allows it to be exchanged in order to be treated as an economic good. The way of
providing this is to transform knowledge into information through codification.
However, whole knowledge is not reducible to information and production of
codified knowledge would come with the production of new forms of tacit
knowledge, which means that codified knowledge requires some tacit knowledge to
be useful. The acquisition of tacit knowledge is a highly cognitive process.

Moreover, codification may be very difficult and expensive for complex cases.

The development of new knowledge has been stated as a result of cooperation
between individuals. Development process follows technological trajectories and
involves tacit dimensions requiring coding and decoding, wherein, tacit knowledge

can be depicted as the knowledge which is not expressed, and/or not expressible
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and/or not transmittable. Tacit knowledge is hard to encode and communicate. Some
authors use the words “liquid and leaky” to define tacit knowledge, where explicit

knowledge is represented as “solid and sticky”.

Balconi et al. (2007) categorized knowledge in three major groups;
e Knowledge as competence; ability to perform certain types of activities
o Knowledge as acquaintance; related to previous experiences

e Propositional knowledge; recognition of information to be correct.

According to the above categorization, Balconi et al. (2007) announced that
codification is transforming competence into propositional knowledge. However,
they highlighted the need to satisfy the isomorphia of meaning in order to obtain
perfect codification. Because of its inter-subjectivity codification is not hundred
percent possible in practice. Therefore, according to Balconi et al. (2007) tacit

knowledge is exchanged face-to-face more effectively than at distance.

Morone and Taylor (2010) also proposed that, as tacit knowledge is hard to encode
and communicate and the acquisition of tacit knowledge is a highly cognitive
process, methods involving direct interaction, as in the case of networking that
includes face-to-face interaction and practical experiences are more suitable for the
transfer of tacit knowledge. Furthermore, machines are produced using knowledge
and knowledge within machines can be named as “embodied knowledge”. Acquiring
machines, with embodied (or embedded) knowledge, instead of acquiring tacit

knowledge may lead to faster pace.

Acquiring knowledge, from whatever sources, entails cognition and complex
integration processes. Besides, new knowledge is confronted and articulated with
previous experience. The cognitive capabilities of individuals will determine the way
in which knowledge is acquired and accumulated as processing knowledge is highly
personal. However, at the firm level the formation of knowledge is strongly
dependent on the nature of the organizational collective devices. Socialization of

knowledge provides a substitute to individual knowledge.
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Embedded knowledge cannot move easily across organizational boundaries. When
there are more than one individual in the process of learning; then there is a need for
common classification, common language, collective learning and sometimes shared
vision. Organizational context in which agents interact and communicate is the key

for common knowledge (Ancori et al., 2000).

Foray (2004) took a further step from the difficulties in codification and argued that
codification mutilates knowledge creating gaps as in the example case of the relation
between long-plays and digital music CDs. Developments in ICT helps closing the
so-called gaps. However, this time there is another extreme such that if there is
enormous knowledge codification this may harm the creativity and may lead to lock-
in in the long-term. Additionally, as excess codification impedes the flexible problem
solving mechanisms of the organizations this may not help in situations with big

variety of problems.

Simon (1999) stated that economics is concerned with the costs of acquiring
knowledge (discovery or transfer), the costs of storing it, the costs of retrieving it
(when it becomes relevant), and the opportunity costs of focusing to a piece of
knowledge at the sacrifice of ignoring others. According to Simon (1999),
knowledge acquisition depends on the speed and costs of creating new knowledge,
and on the rate at which knowledge can be transferred. Therefore, lowering the costs

of transferring knowledge is a very high priority activity.

3.1.2 Innovation and Innovation Systems

Innovation has to be treated as a process effected by multi-players, rather than a
single act of a single actor, involving complementary activities and is expected to
end up with an economic success. Innovation activities can be summarized as;
coming up with an idea, invention, design, production, marketing (with identification
of demands), utilizing existing science and technology knowledge base, inter-firm

relations (relations between different departments, or vertical intervention of top-
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management) and intra-firm relations. Innovation involves the use of existing
knowledge, as well as the ability to generate and acquire new knowledge. According
to OECD (2001), innovation is categorized in four groups; product innovation,

process innovation, organizational innovation and marketing innovation.

When compared with innovation, “basic research” is “curiosity oriented” where the
goals are totally different than of innovation. The expected results of basic research
are generally public goods open to public usage. That is why in general firms with
their profit-oriented nature, do not find an economically beneficial position to
perform such an activity by themselves. Such activities are mainly performed by
universities or non-profit research agencies. This situation can be named as a “market
failure” such that basic research cannot be a responsibility of industry. But today
especially big companies may conduct such activities with a strategy aiming that
exterior-firm factors would be profitable in return in the long run. Besides, patents

are given to inventions, not to innovations.

Future is more predictable according to neoclassic approach. However, according to
Evolutionary approach, innovation is uncertain in terms of technological and
economic success. Technical success of a technology does not guarantee the
economic success. Until 1990s, the process of innovation is not studied in details and
researchers only gave importance to the outcomes like export performance,

performance in stock exchange, competitiveness, etc.

In the “black box model”, which emerged in late 1940s, technological knowledge
was taken as a “public good”. Technology-push innovation model can be dated to the
period between 1950 to mid-1960s and it was affected by the development process of
Manhattan Project. In this model end user had no effect on the innovation process in
contrast to learning by using. There were even no horizontal intra-firm interactions.
The basic research had been treated as the most important stage. In the “market-pull
model”, which was dated to mid-1960s to early 1970s, the market was the main
source of innovation. Investments were made in order to rationalize the capabilities

rather than to have new products.
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In the “interactive-models” of innovation, which possibly emerged in late 1970s,
design stage was the most important stage which initiates innovation (Kline and
Rosenberg, 1986). This model introduced innovation, which was no longer
sequential. The importance of feedbacks was understood in such a way that
feedbacks serve to evaluate firm performance, firm competitive strength and to
define further steps. In this model innovation was taken as a learning process.
However, in the center of innovation there existed “design” rather than research on
the contrary to the case defined in linear model where research was the initiating
stage. Moreover, the importance of the interaction between research and the process
of innovation was underlined with a statement that innovation was not merely
applied science. According to this model, no matter how sophisticated R&D process
is implemented and how qualified are the utilized labor, software and hardware, it is
not possible to achieve the perfect product at the first iteration and feedbacks are

very important in that manner.

Today, it is obvious that firms cannot innovate by themselves and interactions are
required like cooperation, mutual dependency etc. Besides, in addition to inter-firm
relations, intra-firm relations are also very important, such as relations between
engineering, manufacturing and sales departments of the same company. These
relations increase the possibility of successful innovation. Alternatively, institutions
form the boundaries and ways of interactions and can be seen as (written or not)
regulations between interacting parties. According to Shariff (2006), “National
Innovation System (NIS) is the set of institutions that (jointly and individually)
contribute to the development and diffusion of new technologies”. Using those
institutions, governments can implement policies to influence the innovation process.
A national system of innovation may be defined as; that set of distinct institutions
which jointly and individually contribute to the development and diffusion of new
technologies and which provides the framework within which governments form and

implement policies to influence the innovation process (Metcalfe, 1997).
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According to Kline and Rosenberg (1986); NIS are defined as “organizations that
promote the creation and dissemination of knowledge as the main sources of
innovation”. However, it is difficult to plan the schedule of process of innovation. It
is an evolutionary process that innovation systems may change in time in an
unpredictable way with their own dynamics. In case of knowing all the determinants
of innovation, it is not possible to establish and control the innovation system. In the
NIS; the important relations between activities and components are relations between
organizations-activities, institutions-activities, interactions among organizations and
relations between organizations and institutions. Countries may have different NIS
regarding their type of funding private R&D, competence provision, management,

incentives to entrepreneurs, etc.

National innovation systems are becoming internationalized, even if the institutions
that support them remain country-specific. However, know-how that gives firms
competitive advantage is less internationalized and even very large corporations
perform most of their R&D at home. In other words, competitiveness of firms
depends on national systems of innovation and national systems of innovation
depend on government policy (e.g. competition, macroeconomics, the behavior of
national institutions, agencies funding basic research, banks and stock markets,

systems of corporate governance)

Correspondingly, Carlsson (2006) stated that companies’ innovative activities are
influenced by their national system of innovation in terms of;

e the quality of basic research,

e workforce skills,

e systems of corporate governance, the degree of competitive rivalry,

e Jlocal inducement mechanisms (abundant raw materials, the price of labor and

energy, and persistent patterns of private investment of public procurement).

While institutions are important for the formation and functioning of particular
innovation systems, they may also slow down internationalization of innovation

systems because of the differences in terms of intellectual property rights, education
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system, funding of basic research, financial institutions, fiscal, monetary and trade
policies, laws, etc. The internationalization of innovation occurs at a slower pace

than the internationalization of production.

R&D-intensive industries such as aerospace, biotechnology, software and computers
tend to be highly concentrated spatially. Because of the tacit nature of knowledge,
knowledge spillovers are mostly local (not national or not international) and this
leads to the formation of clusters. According to Carlsson (2006), industry clusters

and regional innovation systems are vehicles for internationalization of technology.

Starting from 1990s, notion of “globalization” emerged as a cliché of capitalist
system, which can be defined briefly as the connection of regions through global
production pipelines. Globalization and regionalization are complementary concepts.
When we consider region as an economic environment, notion of “cluster” can be
used to define region and it can be stated that “clusters are dense network between
economic agents”. There might be governing agents such as universities, research
centers, financial institutions or big companies. Nowadays, the development and
upgrading of “clusters” is an important agenda for governments, companies, and

other institutions.

Industrial agglomerations are stated as “clusters” by Porter (1998). “Geographically
extensive areas throughout nations and even beyond their borders.”(Porter, 1998).
The idea behind this statement of agglomeration refers to geographical groupings of
intra-sectoral firms. As the SMEs tend to shift to a “flexible” structure in terms of
production or labor, sectors that the cluster members involve in may differentiate in
time. However, the cluster is expected to remain within the shared “value chain”,
which is the most important notion in clusters. Moreover, it is important to keep in
mind that the supply chain is not sufficient to develop clusters and value chain can be

improved as a result of repeated interactions.

In order to convince the people that clusters are not necessarily a success story in all

cases it is important to highlight the fact that “clusters cannot be established” or in
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other words “they are or not.” Therefore policies aiming to building up clusters are
totally misleading approaches with waste of time. However, it is possible to develop
sources of prosperity. Clusters can be seemed as a part of innovation system. It is not
possible to build up a cluster but it is possible to edit innovation system and manage

clusters.

When the relations become formalized through contracts or similar documents, it
becomes possible to manage knowledge flow and consequently leads to the
formation of networks. At that point it is possible to state that clusters cannot be

created, however networks within clusters can be.

Cluster’s performance depends on the harmonized supply chain and directly linked to
absorptive capacity of the suppliers. Regarding the varying absorptive capacity of
companies, even the knowledge flows expected to be symmetrically spread among
the companies within a cluster, some companies can achieve competitive advantages
that others could not obtain. Firm’s absorptive capacity not only depends on its
individual employees and managers but it also depends on the number and extent of
its pipelines. Clusters provide the suitable environment for successful spillover,
which is an externality of knowledge transfer from external sources received via
pipelines. Bathelt et al. (2002) introduced the concept of pipelines to define
knowledge creation across clusters and referred to channel used in distant
interactions. Decisive, non-incremental knowledge flows are often generated through
‘network pipelines’. Global pipelines also help to strengthen local interactions
between cluster actors. Establishing pipelines requires considerable time and efforts.
They are not created automatically and do not continue to exist without regular

communication and interaction.

OECD (2011) focuses on the role of regional actors in the act of supporting
innovation. Regional innovation policy is depicted as an instrument of regional
growth. Furthermore, “context specificity” is a notion of lacking knowledge creation
due to insufficient absorptive capacity, path dependency and lock-in. Although in

general regional innovation systems are stated to be context-specific, it is important
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to keep in mind that RIS model emphasizes the importance of being articulated to
global chains without pure isolation. Also ability of learning is the key point for

SUcCCcEsS.

The “path dependency” thesis states that institutional transformation is affected only
slightly by foreign institutions, and learning can take place only within the
framework of existing institutions. “Path dependency” explains the difference
between the theoretical assumption of efficient institutional development and the
durability of inefficient institutions. (example; QWERTY keyboard; it has a
suboptimal design but by the help of positive network externalities, in other words
high number of users, this approach found the chance to be durable.) Similar
mechanisms are valid for institutions as well. Institutions require high start-up costs,
learning costs and coordination costs that arise for the adaptation of formal and
informal rules. Transformation of institutions is limited by the path (legacy of the
past), as in the example of QWERTY, it may be rational to hold on to a suboptimal
institution. Actors leave the path only when efficiency losses are greater than the
costs for creating a new, more efficient institution. (Scherrer, 2005) However,

efficiency cannot be determined objectively for institutions.

In a specific sector, being path dependent is mainly linked to the regression of this
sector most of the time. Furthermore, path dependency indicates the existence of
heritage and existing knowledge on a specific issue. According to Scherrer (2005)
the simultaneous existence and the pattern of interaction of a series of institutions

(old and newly transferred) is vital for success.

In the case of Turkey, national agencies are more effective in the management of
regions (like TUBITAK, KOSGEB). This is a result of path dependent history
related to the experiences gained. Although development agencies play an important
role in decentralization, national agents are still dominant in Turkey. If an industry is
considered to be an important industry by the government, decision makers feel the
pressure to make interventions. Historical experience is very effective in the

decentralization process.
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As introduced by Granovetter (1983), the economic sociology term "embeddedness"
is the idea that economic relations between individuals or firms are embedded in
actual social networks and do not exist in an abstract idealized market. The term
embeddedness involves effects of social relationships, like trust and cohesion, on
economic outcomes. It is stated that there is an inertial tendency to repeat
transactions over time. Besides there exists an important knowledge flow between
friends and close associates. Recent economic approaches have been giving much
importance to over-embeddedness and related issues like strong ties, weak ties,
filling a structural hole, social capital, network density, individual performance, etc.
However, it is difficult to gather “new” knowledge from the ones very close. Distant

connections may be more important considering the “new” type of knowledge.

“Learning process” establishes and shapes an “economic region”. However, repeated
interactions, which can be stated as obstacles to new knowledge generation, lead to
“lock-in”. In other words, having interactions with only the same partners for a long
time prevent creation of new knowledge. Such relations may target profit
maximization, but on the other hand strong relations may shift to “over
embeddedness”. When considering a sector like aerospace, such repeated interactions
can also occur at international level. In order to prevent possible harmful effects of

repeated relations, parties need to search for new knowledge continuously.

There are some other approaches to define the systems of innovation like Sectoral
Innovation Systems, which is considered to be more suitable to discuss under
developing country perspective. According to Malerba and Mani (2009); “a sector is
a set of activities that are unified by some linked product groups for a given or
emerging demand and that share some common knowledge.” In line with this
explanation Sectoral Innovation System (SIS) consists of;

o the regimes of knowledge and technologies,

e demand conditions,

e actors and networks and the coordination among them,

e the surrounding institutions, including IPRs, laws and culture.
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SIS is a notion based on Italian tradition. In this approach there is “developing
country perspective”, which is also suitable for Turkey. On the other hand,
neoclassical school or industrial economics are concepts emerged in developed

countries and such concepts can be more difficult to adapt to developing countries.

Sectoral knowledge base naturally covers the concepts of “accumulated knowledge”
and “path dependency”, which are not introduced in neoclassical school.
Furthermore, relations between universities and companies (and other similar
relations), which can be named as “non-market interactions”, are also embraced by
SIS. Inter-agent relations involving trust, beliefs and behaviors or the shaping of
interactions via institutions are major differences of SIS compared to neoclassical
approach. Notion of “cognitive lag” clearly defines the natural differences in

perception of industry and universities, which is important to figure in SIS.

In regional innovation system or national innovation system, it is also possible to
analyze sectors, but differently in SIS, the starting point is the sector, and therefore
the methods of analysis are expected to be different than RIS and NIS. Sectoral data
is more important in SIS than national or regional scope. However, the basics of all

systemic approaches are similar.

Bergek et al. (2005) defined the dynamics of sectoral innovation system (SIS)
covering structural components and functional patterns as well as the methodology to
understand the character of a SIS. The methodology is introduced step by step
through easily understandable definitions; starting from defining the focus of
attention while defining SIS; identifying the structural components of the SIS;
defining the functions within the SIS; assessing how well the functions are fulfilled;
identifying features in the structure inducing or blocking development; specifying
key policy measures; evaluating the expected impact of different policy instruments;
and improving the whole process through feedbacks. It is a common misleading

approach in developing countries to rely on same type of incentives (funding in most
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cases) for every problem. After recognizing the relations between sectoral agents,
some other more effective types of incentives might be suggested.

Maturation of an innovation system takes a long time. This long period of time forces
decision makers to forecast about the possible future environments. The major
problem is the high level of uncertainty. It may be understandable to tend to define
measures as imitations of successful implications emerged in other sectors and/or
regions. However, one has to keep in mind that “one size does not fits all” and new
(sector-specific) approaches might be probably required to fulfill the future goals of
developing SIS. On the other hand, the terminology of “optimization”, which is
broadly used in natural sciences, is not applicable to the policy problem; it is not

feasible to specify all possible outcomes.

The main actors in a SIS are similar to the actors in NIS and RIS; firms along the
whole value chain, universities and research institutes, public bodies, influential
interest organizations (e.g. industry associations and noncommercial organizations),
venture capitalists, organizations deciding on standards, etc. It is important to
understand if there exists a relation between actors and the focused sector or
technology through analyzing industry associations, exhibitions, company directories

and catalogues; patents; bibliometric analysis and through interviews with experts.

In order to describe the “functional pattern” of the SIS it is necessary to formulate
policy goals and policy problems in functional terms. Knowledge development and
diffusion are stated as an important function and type (scientific, technological,
production, logistics, application specific, etc.) and source of knowledge
development (R&D, learning from new applications, imitation, import, etc.) are
important within this function. “Influence on the direction of search” is another
important function such that, sufficient incentives and pressure on firms are
important. This can be understood like that; expectations and belief in growth
potential may not be envisioned by companies and proper level of forcing by state is
required. Especially for “critical technologies” related to aerospace and defense

industry, successful involvement of state is crucial. Other important functions are
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mentioned as entrepreneurship, market formation, legitimation, resource

mobilization and development of externalities.

Bergek et al. (2005) introduced “unaligned institutions” as a blocking mechanism,
which leads to poor market formation and duplications, waste of resources and target
contamination. Policy issues shall be specified aiming an improvement in the
targeted functional patterns by strengthening inducement mechanisms and removing
blocking mechanisms. Bergek et al. (2005) used a modernist approach in a way that
it relies on the rationality of neoclassic theory but attached no importance to tacit
type of knowledge. They did not also focus on the issues regarding forecasting and
decision making, which are the most challenging issues in setting up a policy. A
good method to estimate possible future impacts of a measure might involve
blending of real cases and real impacts with dynamics of the focused sector aiming
some sort of a probability analysis. Although, Bergek et al. (2005) mentioned that
optimization does not work for policy issues, paraphrase by Lord Kelvin “if you can

measure it you can improve it” is also suitable for policy issues.

The most important weakness of SIS approach is that; it does not give importance on
“labor market”. It behaves to labor as an objective component. Labor market depends
on wage rates, conditions of employment, level of competition, job location and
additionally willingness of the employees. Education and even cultural aspects affect
the willingness and readiness of the employees. In Turkey, for example, mobility is
not encouraged, which is an indispensable element for diversity and continuous
development, hence related policy mix would better involve measures to encourage

diversity and mobility.

Vertesy and Szirmai (2010) analyzed the role of sectoral innovation systems in the
emergence and catch-up of aerospace industries in latecomer economies. They stated
that changes in the global competitive landscape and major political developments
trigger crises in the aerospace industry, with which existing systems of innovation
are unable to cope. According to their conclusions, the aerospace sector is

characterized by a process of “interrupted innovation”. According to this introduced
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terminology, competitive pressures and the cyclical nature of the industry not only
require shifts in the direction of innovation and changes in the production system, but
also periodical restructuring of the whole sectoral system of innovation. As infant
aerospace industries develop and face increased competition, the underlying
national-sectoral innovation system undergoes both gradual expansion and radical
transitions. After periods of gradual expansion along a given trajectory, the
innovation system undergoes interruptions, which radically affect the institutional

framework.

New growth theory and evolutionary economics introduced the link between
innovation, technological change and economic growth. A careful look at what lies
“inside the black box” of technology and innovation revealed the crucial role of
historical context and institutions. The development of national technological
capabilities required for industrialization was found to depend on the interplay of
incentives, capabilities and institutions. The emerging economies that have
succeeded in catching up in aerospace are those that have established a competitive
industrial sector with a sectoral innovation system which is able to adapt flexibly to

radically changing circumstances. (Vertesy and Szirmai, 2010)

3.1.3 Learning and Technological Capability Building

Knowledge involves cognition and it is generated through a cognitive process within
which information is articulated with other information. This process can be labeled
as “learning”. According to Dolfsma (2008), learning is an investment on human
capital. However, as knowledge on a specific topic may not be measurable, as a
result, return to investment may not be measurable. Learning in the sense of building
and deepening capabilities to innovate is conscious, purposive and costly, rather than

automatic and passive (Lall, 1992; Malerba, 1992).

Hey (2004) used metaphors to clarify the relation between data, information and
knowledge. He reminded metaphors like data mining, raw data, information flow,

information overload, information explosion or codification of knowledge. In this
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context, data can be defined as unprocessed information. It is discrete and can be
mined or extracted. “Data” can be seen as manipulable object besides measurable
and have no meaning. On the other hand, “information” is quantifiable, transferable,
and measurable and it has shape. It can be processed, accessed, generated, stored,
distributed, and duplicated and therefore, information can be seen as “data with
meaning”. For the process of creating knowledge, the relationship between pieces of
information is critical. In the information age (case of information explosion or
flood) such relations are easily lost. Hey (2004) states that knowledge is generally
personal and subjective. It is found within the heads and it is possible to possess
knowledge, which is impossible with data. In other words, information is the flow,

and knowledge is the stock.

According to Polanyi (1969), “knowledge is an activity which would better be
described as a process of knowing”. Knowledge is a key component for individual
and collective growth and a firm’s ability to innovate depends largely upon its ability
to capture human intellectual capital effectively. In addition, firms can enrich their
knowledge base: through the use of the internal resources (through R&D activities or
learning by using or doing) or through the use of resources located externally
(‘learning by interacting’). Supportively, according to Forbes and Wield (2003), the
effort required to build technological capability can be separated into two categories:
e Learning by doing is a passive, automatic and costless by-product of
production
e Learning by investment is more complex since it involves at least three
categories (learning by analyzing, learning by explicit action, research and

development)

Passive “doing-based” learning is insufficient for efficient capability building. In
addition to “doing”, learning process shall include training, hiring foreign advisors,
changing and adapting imported technology, monitoring the production performance,
and searching new technological solutions. Besides, learning does not possibly occur

in all firms.
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Innovation, knowledge creation and learning are results of interactive processes, in
which actors with varying type and depth of knowledge act to solve some technical,
organizational, commercial or intellectual problems. Bathelt et al. (2002) state that
knowledge is created, stored and utilized locally in a decisive manner and “decision

making” is also a cognitive process based on the existing knowledge base.

For knowledge creation within firms; “visions, values, and memories in the form of
artifacts, routines and experience” are keywords. It might be expected that there is an
automatic educational process for new employees to catch-up. However, as the size
of the firm increases and the borders between the specialties of departments within
the firm become highly visible, this process cannot occur automatically and a natural
diversity (or heterogeneity) within the firm emerges. When experts from different
departments get together to develop a new idea to a situation, because various
sources of tacit knowledge are articulated, the possibility of suggesting fruitful
solutions are increased. However, the responsibility definitions of departments shall
clearly be defined so that overlapping or destructive competition within firm can be
avoided. The concept of “core technological capabilities” is used for the abilities that
distinguish the firm and allow it to create a sustained competitive advantage based on
the technology in a changing context. Tacit knowledge can be depicted as the base of
the core capabilities/competencies of firms. According to Dutrénit (2004), literature
on strategic management, based on the most innovative firms in the advanced
countries, has focused on analyzing the core technological capability building. On
the other hand, the relevant literature for latecomer companies has focused on
analyzing the learning processes involved in the continuing building up of
technological capacities to be able to carry out innovative activities. These can be
summarized as; the ability to use technological knowledge efficiently to assimilate,
use, adapt and change existent technologies; the ability to create new technologies

and to develop new products and processes.
Technological capabilities include a technological aspect and an organizational

aspect and within the organizational aspect the behavior of firms is very important in

the process of building up technological capabilities. As Dutrénit (2004) has pointed
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out, lack of technological knowledge is rarely the cause of innovation failure in large
firms. The main problems arise in organization. Companies which have accumulated
knowledge and built the minimum essential knowledge base and, even more, are
close to the international technological frontier in some areas, may have not yet built
core capabilities. In addition to prior knowledge resources, firms to develop their

organizational capabilities that enable them to apply current and newly acquired.

According to Foray (2004) “knowledge spillovers” can be defined as “valuable
knowledge generated somewhere that becomes accessible to external agents”.
Morone and Taylor (2010) labels spillovers as unintended processes of knowledge
diffusion. In order to study “knowledge spillovers”, three properties of knowledge
“as an economic good” are important;

e Uncontrollability; knowledge is a non-excludable good. It is difficult to make
it exclusive or to control it privately. Knowledge leaks out in multiple ways;
(informal networks, disassembling, etc.).

e Nonrivalry; knowledge is inexhaustible.

e Cumulativeness; in a way that generates new ideas and new goods.

For a firm, it is more difficult to control its knowledge than its machines so that
conditions for leaks and spillovers arise. Information and knowledge continuously
escape from the entities producing them. However, as we discussed before,
knowledge is a combination of explicit and tacit knowledge. An organization or an
individual cannot capture all the benefits resulting from its inventive activity leading
to involuntary spillovers. Competition forces agents to increase their performance
through imitation, adoption, and absorption of the new knowledge created elsewhere,
which is depicted as “absorptive capacities” by Cohen and Levinthal (1990).
Externalities become effective when agents develop and maintain absorptive
capacities. Knowledge being spilled over is tacit in nature, and requires ‘absorptive

capacity’ to be effectively utilized. Theories of AC are discussed in the next section.

The cost of using existing knowledge is zero, but there are costs for reproducing,

transmitting, and acquiring it. Externalities are not “ready to use”. Acquisition costs
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are intellectual investment needed for people to be capable of understanding and
exploiting knowledge. Although acquisition costs remain very high for specialized
knowledge, the increase in education and training investments may cause them to

decline over time.

Direct contact and real meetings have an advantage in the field of knowledge
exchange. In this manner, geography matters in explaining the importance of
spillovers are unquestionable. However, Foray (2004) highlights the potential of ICT
to reduce spatial and proximity constraints and states that ICT revolution causes
knowledge reproduction and transmission costs to drop, also learning-related
investments (training and education) leads to some decrease in acquisition costs.
Additionally, the marginal cost of acquiring, reproducing, and transmitting
knowledge constantly decreases and geographical constraints are mitigated.
Therefore, Foray (2004) concludes that knowledge-based economy is an economy in

which knowledge externalities are more powerful than ever.

According to Brynjolfsson and Hitt (2000), information technology is a "general
purpose technology" and such technologies are economically beneficial for the
reason that they help complementary innovations like telegraph, steam engine and
electric motor. Brynjolfsson and Hitt (2000) stated that the returns of ICT investment
may be higher than assumed if firms adopt computers as part of their system.
Unmeasured and slowly changing organizational practices significantly affect the
returns to information technology investment. Moreover, it is stated that ICT

investments without organizational change can create productivity losses.

Within the context of this thesis, ICT is believed to be an important tool for
facilitating access to external knowledge and may provide a common terminology for
transferor and transferee parties in an ITT project through using commercial off-the-
shelf design, analysis, test softwares as well as project management and systems
engineering tools. These may help in conducting the ITT project smoothly even the

parties does not use common language.
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Mathews (2004) has seen “strategic management” as the key to success for latecomer
firms and introduced linkage, resource leverage, and learning as resource-targeting
strategies. Linkage is depicted as an initial step that generates opportunities for the
latecomer. Resource leverage is defined as the means through which the latecomer is
able to exploit the linkages established. This is a strategic framework of latecomers
for breaking into advanced technological sectors. Finally, learning is presented as the
outcome of repeated applications of linkage and leverage. Mathews (2004) stated
that each round of leverage has to be accompanied by in-house deepening of
technological competences for new product development, new production line
installation and mass production. According to Mathews (2004) ‘“absorptive
capacity” is the ability of the firm to “absorb” the leveraged resources in terms of

product and process technologies.

3.1.4 Theories of Absorptive Capacity

In compliance with the maturity level achieved in the notion of knowledge
economics, the concept of absorption of knowledge has been given more attention in
the recent years. The importance of “Absorptive Capacity” (AC) has been noted in
the technology management field and tools to develop AC have been broadly
studied.

There is a common understanding in the literature that AC can be denoted as a group
of firm abilities to manage knowledge. However, there are wide variations in terms
of definitions and the functionality of AC. Some studies highlighted the ability of a
firm to use outside knowledge while defining AC, whereas others used AC as an

indicator to understand a firm's openness to technological change.

Most widely cited definition of AC was offered by Cohen and Levinthal (1990).
They have denoted AC as the firm's ability to value, assimilate, and apply new
knowledge. Their conceptualization of AC was based on an intention to understand

firms’ behavior. At the time, the existing approach was that external knowledge is
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public good and there is little cost involved in identifying and assimilating it.
However, Cohen and Levinthal argued that, in addition to the availability of external
knowledge within the firm’s environment, the ability to successfully intake external
knowledge depends on investments in R&D. Descriptions for absorptive capabilities
of'a company, based on Cohen and Levinthal (1990), are given as follows;
e Ability to value knowledge through past experience and investment
e Ability to assimilate;
o based on knowledge characteristics
o based on organizational or alliance characteristics
o Dbased on technological overlap
e Ability to apply;
o based on technological opportunity (amount of external relevant
knowledge)

o based on appropriateness (ability to protect innovation)

In their theory of AC, Cohen and Levinthal (1990) emphasized the cognitive
characteristics of learning by linking the dynamics of individual into organizational
learning. According to them, prior related knowledge or problem solving experience
makes individuals receptive to new knowledge in the respective domain:

Prior knowledge enhances learning because memory-or the storage of
knowledge-is developed by associative learning in which events are recorded
into memory by establishing linkages with pre-existing concepts. (Cohen and
Levinthal, 1990 p.129)

Cohen and Levinthal (1990) offered that firms follow the similar path to individuals
in learning in a way that the prior knowledge that a firm accumulates defines the
effectiveness of their later efforts to gain external knowledge. Moreover, firms have
memories, which can be used for stocking knowledge, and consequently it is possible
to state that the bigger the knowledge base of firms, the more probable that they will

sense new external knowledge and absorb it.

According to Ernst and Kim (2002), knowledge diffusion is completed only when
transferred knowledge is internalized and translated into the capability of the local

suppliers. Followers can only effectively absorb knowledge disseminated by external
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sources of knowledge, if they have developed their own capabilities. This requires

individual and organizational learning.

Mowery and Oxley (1995) focused on the tacit dimension of the imported knowledge
and depicted AC as tools to possess this knowledge. They concentrated on a country
level AC definition instead of firm level AC and achieved results indicating that
countries investing in building their AC have significant national innovation and
greater productivity. They gave specific attention to human capital in terms of skill
level of personnel, trained R&D personnel as percent of population and trained

engineering graduates.

According to Kim (1998) AC is the capacity to learn and solve problems. Learning
capability is depicted as the capacity to assimilate knowledge (imitation) and
problem-solving skill is defined as the capacity to create new knowledge
(innovation). AC is accepted to be a component of the organizational learning system
and it depends on the prior knowledge and intensity of efforts. But it dynamically

develops through the process of proactive crisis building.

Zahra and George (2002) focused on the effect of AC on the sustainability of a firm's
competitive advantage and recognized AC as a dynamic capability improving
economic performance. They defined AC as a set of organizational routines by which
firms acquire, assimilate, transform, and exploit knowledge to produce a dynamic
organizational capability. Although these constituents were introduced by former

researchers, Zahra and George (2002) highlighted the dynamic feature of AC.

Acquisition; refers to a firm's capability to identify externally generated knowledge
that is critical to its operations. Prior investments and prior knowledge are the major
components of acquisition capability. The diversity in existing capabilities affects the
quality and speed of acquisition. In other words, there is a need to have different
areas of expertise initially within a firm to successfully import external technologies

with high intensity.
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Assimilation; can be denoted as the firm's routines allowing it to analyze, process

and understand the information obtained from external sources. However, external
knowledge is context specific and often prevents others from understanding or
copying this knowledge (Szulanski, 1996). Ideas and new knowledge that fall beyond
a firm's search area are overlooked because the firm cannot easily realize them.
Moreover, understanding a new knowledge stimulates knowledge assimilation that
allows firms to internalize externally generated knowledge. However, this is difficult

when the complementary assets are not available to the follower firm.

Transformation; can be depicted as a firm's capability to develop practices that

enable to combine existing knowledge and the newly acquired knowledge. This
might be possible through interpreting the knowledge in a different manner. This
may lead to a change in the well-known and ordinary procedures within the
organizational culture. Moreover, transformation may change the character of
imported knowledge, as there might be different frames of reference in terms of
practices as of the provider and the recipient bodies. Therefore, the ability of firms to
combine two sets of information to arrive a new output represents the transformation

capability.

Exploitation; can be depicted as the action to exploit knowledge and this capability is
based on the procedures that allow firms to leverage existing competencies or to
create new ones by utilizing acquired and transformed knowledge. An important
feature of exploitation is that it requires retrieving knowledge that has already been
internalized. Possibly, firms may be able to exploit knowledge coincidentally or
unexpectedly without systematic procedures. Capability of exploitation is the ability
of a firm to integrate knowledge into firm’s processes leading to competitive
advantages in a systematically or unintended way. However, the outcomes of
systematic exploitation routines are the continuous creation of new knowledge,

goods or new organizational forms (Spender, 1996).

Zahra and George (2002) introduced “potential” and “realized” absorptive capacities

as schematized in Figure 6 and described as follows;
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e “Potential absorptive capacity” comprises knowledge acquisition and
assimilation capabilities,
e “Realized absorptive capacity” focuses on knowledge transformation and

exploitation.

According to Zahra and George (2002), potential absorptive capacity makes the firm
open to acquiring and assimilating external knowledge. It can also be assumed to
provide firms with the strategic flexibility and the degrees of freedom to adapt and
evolve in high-velocity environments. By doing so, potential capacity allows firms to
sustain a competitive advantage even in a dynamic environment. However, this
capability to value and acquire external knowledge does not guarantee the
exploitation of this knowledge. Realized absorptive capacity, on the other hand, is
related to transformation and exploitation capabilities. Realized AC reflects the

firm's capacity to utilize the knowledge that has been absorbed previously.

Transformation Exploitation

Redlized Absorptive
Capacity

i3

Potential Absorptive
Capacity

Acquisition
Assimilation

Source: adapted from Zahra and George (2002)
Figure 6 Realized AC and Potential AC

Realized AC and Potential AC have distinct but complementary functions. Both
satisfy a necessary but insufficient condition to develop firm performance. Firms
cannot exploit knowledge without first acquiring it. Likewise, firms can acquire
knowledge but might not have the capability to exploit. Therefore, a high Potential

AC does not necessarily imply enhanced performance. In order to explain why
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certain firms are more efficient than others in using AC, Zahra and George (2002)

introduced an efficiency factor (1) as the ratio of Realized AC to Potential AC.

A firm can expose to external knowledge via acquisitions —purchasing the company
itself- (Chaudhuri and Tabrizi, 1999); purchasing through licensing and contractual
agreements; inter-organizational relationships, including R&D consortia, alliances,
and joint ventures (Vermeulen and Barkema, 2001). As a result, firms may acquire
external knowledge from different sources and the variety of these sources influences
the acquisition and assimilation capabilities that create their Potential AC. However,
exposure to diverse sources does not necessarily lead to Potential AC development.
According to Zahra and George (2002);

The greater a firm's exposure to diverse and complementary external sources of
knowledge, the greater the opportunity is for the firm to develop its Potential
AC. (Zahra and George, 2002 p.193).

Internal and external conditions may influence Potential AC and Realized AC in
different ways. Therefore, different approaches are necessary to support and benefit
from these two components of AC. Zahra and George (2002) stated that firms need
to handle these four dimensions of absorptive capacity successfully to obtain better
performance. Firms focusing on Potential AC (acquisition and assimilation of new
external knowledge) are able to continually renovate their knowledge stock, but they
may suffer from the costs of acquisition without gaining benefits from exploitation.
Besides, Potential AC is a path-dependent feature and it is affected by firm’s past
experiences. Therefore, it is promising to state that, firms search for information in
areas where they have had past successes (Christensen, 1997). On the contrary, firms
focusing on Realized AC (transformation and exploitation) may achieve short-term

profits through exploitation but may not be able to reply to environmental changes.

Jansen et al. (2005) conducted a research on AC by empirically validating the
conceptual distinction between potential and realized AC introduced by Zahra and
George (2002). They tried to examine links between specific organizational
mechanisms and dimensions of AC. For this purpose they suggested specific

organizational mechanisms, (1) coordination capabilities, (2) systems capabilities,
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and (3) socialization capabilities, and examined how they influence Potential and
Realized AC. In order to examine coordination capabilities; they focused on cross-
functional interfaces, participation in decision making and job rotation (the lateral
transfer of employees between jobs). For the definition of systems capabilities;
formalization (as the degree to which rules, procedures, instructions, and
communications are written down) and routinization (as tasks that are executed by
employees in an invariable and repetitious way) have been examined. And finally for
social capabilities; they introduced the constituents as connectedness (in terms of
dense and sparse networks) and socialization tactics (offering newcomers specific
information to increase their commitment to past policies and procedures of the

firm).

Transformation Exploitation

It is clearly known how activities within our unit should be

Qur unit regularly considers the consequences of

changing market demands in terms of new products and
services.

Employees record and store newly acquired knowledge for
future reference.

QOur unit quickly recognizes the usefulness of new external
knowledge to existing knowledge.
Employees hardly share practical experiences. (reversecoded)

We laboriously grasp the opportunities for our unit from
new external knowledge. (reverse-coded)

Qur unit periodically meets fo discuss consequences of market

trends and new product development.

Readlized Absorptive
Capacity

i3

Potential Absorptive
Capacity

Acquisition

Qur unit has frequent interactions with corporate
headquarters to acquire new knowledge. .
Employees of our unit regularly visit other branches.

We collect industry information through informal means (e.g.

lunch with industry friends, talks with trade partners).

Other divisions of our company are hardly visited. (reverse-
coded)

QOur unit periodically organizes special meetings with customers

or third parties to acquire new knowledge.
Employees regularly approach third parties such as

accountants, consultants, or tax consultants.

performed.

Client complaints fall on deaf ears in our unitb (reversecoded)
Our unit has a clear division of roles and responsibilities.

We constantly consider how to better exploit knowledge.

Qur unit has dif ficulty implementing new products and services.
(reverse-coded)

Employees have a common language regarding our products and

services.

Assimilation

We are slow to recognize shif ts in our market (e.g. competition,
regulation, demography). (reverse-coded)
New opportunities to serve our clients are quickly understood.

We quickly analyze and interpret changing market demands.

Source: adapted from Jansen et al. (2005) and Zahra and George (2002)
Figure 7 Questions to quantify Realized AC and Potential AC
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Jansen et al. (2005) defined control variables such as unit size, branch size, unit’s
age, urban/rural unit location. Then they made a regression analysis for
organizational mechanisms and both components of absorptive capacity. Questions
to determine and quantify the realized absorptive capacity and potential absorptive
capacity according to Jansen et al. (2005) and Zahra and George (2002) are

schematized in Figure 7.

Some major results they obtained were as follows;

e Mechanisms associated with coordination capabilities had positive and
significant effects on potential absorptive capacity.

e Participation in decision making was positively associated with acquisition,
but not with assimilation.

e Participation in decision making had no significant, negative effect on
realized absorptive capacity.

e Organizational mechanisms associated with coordination capabilities enhance

a unit’s potential absorptive capacity.

In a recent study by Omidvar (2013), it is stated that there exists two research
streams that have developed since the introduction of AC, and these are classified as

the “cognitive approach”, and the “evolutionary/dynamic capability approach”.

For “cognitive approach”, two sub-streams are introduced to discuss in details. The
first sub-stream considers AC as an “absolute concept” arguing that the ability to
identify, assimilate, and apply new external knowledge depends on the level of the
prior knowledge the firm irrespective of the characteristics of the senders and
receivers of knowledge. According to this approach; R&D intensity and percentage

of higher educated employees are assumed to be indicators for AC.

The second one argues that AC is a “relative concept” and depends on the features of
the parties involved in the learning process. Lane and Lubatkin (1998) introduced the
concept of relative AC as the ability to extract knowledge from a particular teacher

firm. They assumed that relative AC is represented by the similarities between firms’
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knowledge bases, and organizational structures. They conducted a research in
pharmaceutical-biotechnology sector and then proposed a conclusion such that;

The relative absorptive capacity measures are also shown to have greater
explanatory power than the established measure of absorptive capacity, R&D
spending. (Lane and Lubatkin, 1998 p.461)

For “the evolutionary/dynamic capability approach”, AC of the firms directs the
evolutionary path that they take and the responses they give to environmental change
(Van den Bosch et al., 1999). In this approach; AC of a firm advances through the
interactions between the prior related knowledge and the knowledge environment.
AC changes by utilizing the opportunities of knowledge acquisition in harmony with
the development of knowledge environment. Introducing “knowledge environment”
concept is an important departure from the approach of Cohen and Levinthal (1990)
in which knowledge is “out there” and it is up to firms to extract and exploit it.
Dynamic capability formulation of AC as proposed by Zahra and George (2002) can
also be considered within “the evolutionary/dynamic capability approach”. In their
definition of AC, dynamic capability is assumed to be embedded in a firm's routines
and processes, making it possible to analyze the stocks and flows of a firm's

knowledge.

Knowledge cannot be assumed as a simple commodity and especially tacit
knowledge is difficult to codify and transfer. Furthermore, knowledge transfer can
occur through coding and decoding mechanisms. This statement directly increases
the expectations from AC in a way that; knowledge can be transferred only if there
exists a well-developed capability to successfully decontextualize, codify and absorb
it (Szulanski, 1996). Besides, knowledge develops in the context of local
communities and is hardly accessible to the people who do not hold any participation
in those communities. In this view, participation assumed to be involving mutual
recognition and through participation in the activities of teacher, student can access
meaning of tacit knowledge. Therefore, participation plays a key role in developing

absorptive capacity.
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In the following section, literature related to international technology transfer is
reviewed. Mechanisms of international technology transfer and the reasons for a

nation (or a company) to take part in an ITT project are evaluated.

3.2 MERITS OF INTERNATIONAL TECHNOLOGY TRANSFER

3.2.1 Brief Discussion on Development Strategies

According to Crispolti and Marconi (2005), innovative activities today are still
highly concentrated in few industrialized countries. Generally, when compared to
leading countries, developing countries do not engage in relevant amounts of R&D.
Most of the time, they are technological followers whose technical progress
eventually relies upon the ability to adopt appropriate innovations produced by the
advanced countries. Hence, understanding international technology spillovers
through International Technology Transfer (ITT) projects becomes a crucial issue in

explaining economic development.

ITT is not as simple as the purchase of a capital good or even as the acquisition of
blueprints. Recipients are supposed to dedicate significant amount of resources to
assimilate and adapt the transferred technology. Since the technical knowledge
includes imperfect understanding, inadequate obtainability, and limitability or in
other words tacitness, its successful utilization depends on firms’ and countries’ own
technological capabilities. Formal mechanisms of international technology transfer
are foreign direct investment, foreign licensing, joint ventures and technical
consultancy. However, informal knowledge transfer can be through local capabilities

in assimilating, adapting and improving imported technology.

According to the National Science Board (2002), at the beginning of 2000s, about
80% of world innovation activity was performed by only seven developed countries.
The United States accounted for roughly 40% of world R&D expenditures, spending

as much as the rest of the major advanced countries. Japan, the second largest R&D
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investing country, is responsible for about 18% of world expenditure and the
European Union for approximately 30%. In terms of GDP, in 2000 Japan invested
about 3% in R&D, the United States about 2.7% and the European Union around
1.9%.

Technological Change (TC) in Industrialized Countries (ICs) consists mainly of cost-
reducing improvements in production processes and the creation of new products. On
the other hand, typical TC efforts in developing countries are determined by the need
to use different raw materials, to scale down plant size, to diversify the product mix,
to adapt the product design, to use simpler and lower capacity machinery and to
stretch-out the capacity of existing equipment (Teitel, 1984). Industrial development
is directly related to the developmental role of the government, the focus of
enterprises on competition and the strategy of leading firms. For industrializing,
systematic and well-coordinated government intervention to promote manufacturing
investment is necessary. Moreover, state intervention had a significant role in

twentieth-century for late industrialization than in earlier industrializations.

The more assets (both tangible and intangible) a country has, the easier it will be to
industrialize. There is a tendency to state that, the only asset of late industrializers in
manufacturing is low wages. However, low wages cannot be used for sustainable
growth in the long-term. Labor-intensive industries getting industrialized lose their
competitiveness to still lower-wage countries. For the identical production process,
the more advanced economies may be more cost effective, because of better
management skills and work force skills as well as the capability of increasing tacit
knowledge. According to Hikino and Amsden (1994), for late-industrializing
countries it is better to focus on mid-technology industries. However, in order to
compete against more advanced economies with higher productivity and lower cost,
latecomers must develop their own managerial and organizational skills, and also
shorten their learning period. Making incremental improvements in the cost, quality,

and performance of their processes and products are essential.
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The transfer of technology from rich to poor countries is supposed to enable
developing countries to leap-frog intermediate development stages. However, for
most firms, growing value-added is determined by the policy environment. National
environment is important for the development of science and technology. The
national policy environment determines growth rate of value-added. According to
Forbes and Wield (2003) growing up is more important than leap-frog, and the shop-
floor is the first place to begin. Therefore, the goal of an appropriate policy has to

drive firms to build technical capability.

Dominant industrial technology-in-development paradigms summarized by Forbes
and Wield (2003) are as follows;
e Pre-1980 (Import-substitution, regulate technology imports, invest at home in
science and technology, discourage direct foreign investment),
e Post-1990 (Export-orientation, free technology imports, less state investment
in science and technology, encourage foreign direct investment, open up

markets to free competition.)

Import Substitution (IS) industrialization strategy in developing countries is a
development strategy whereby a government restricts or forbids the import of
industrial material and subsidizes local material. IS industrialization simply means
substituting local industrial production for those goods that a nation has imported. A
series of measures can be used to support IS, including the use of relatively high
import tariffs, quota restrictions on imports, offering financial incentives to those

who invest in new production.

In export-orientation, on the other hand, state encourages foreign direct investment;
but the richer countries have a strong motive to keep exporters of developing
countries as reliable providers of lower value-added items. Export-orientation has
several benefits such that competing with international best practice compels firms to
provide value for money, and serving larger markets allows firms to operate at

international scale.
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According to Bernard and Ravenhill (1995) the world economy is characterized by
alternating periods of free trade and protectionism. For the latecomers this can be
taken as a chance to replicate the development experience of the leading countries.
However, it is difficult and for some specific sectors almost impossible for
developing countries to build up internationally competitive big enterprises from the
perspective of national catch-up goal. Kim and Lee (2009) highlighted the
differences between two different sectors in Korea, namely “consumer goods
industry” and “capital goods industries”.

Only with a quality 30% higher for a 30% lower price can locally produced
machine tools be chosen by user conglomerates. (Kim and Lee, 2009 p.269)

In most developing countries, user firms (or governments for defense and aerospace
products) are seriously reluctant to use locally made machine tools. Absence of long-
term market demand is an obstacle for the development of R&D capability in high-
technology areas as relevant tacit knowledge is accumulated in the process of

developing and producing through long-term interactions with the customer firms.

When the aerospace industry is considered, the IS approach alone has no chance to
be applied because the local markets are not strong enough. Moreover, there always
exist uncertainties such that local market may hesitate to use indigenous products

when there are much more developed versions that can be imported.

Some sectors are depicted as “strategic sectors” as the involved technology may not
be available externally because of political reasons. So-called sectors are commonly
taken care of within the national innovation system. At that point it is possible to
distinguish different approaches for strategic sectors (like aerospace industry) and
general purpose sectors (like automotive industry) in a way that it is acceptable to
implement import substitution approaches for such strategic sectors without

considering the additional costs.

Government has an important role; policy support such as subsidies and wage
promotion might be effective in high-technology industries. Limitations on imports

may work to some degree if applied carefully. In Korean case, a specific enterprise
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is selected and financed. Establishment of a joint company with a foreign partner is
also a verified measure. Policies after the year 2000 were focused on countering the

negative effects of highly protective policies (Kim and Lee, 2009).

3.2.2 Development Opportunities for Latecomers through ITT Projects

International Technology Transfer (ITT) refers to the transfer of a technological
capability from firms in one country to firms in another. Ramanathan (1999) defined
the term “technology transfer” as the process of movement of technology from one
entity to another and depicted technology transfer as successful if the receiving
entity, the transferee, effectively utilizes the transferred technology and eventually
assimilate it. Mansfield (1975) highlighted the importance of ITT in terms of

economic growth and achievement of economic goals.

One of the fundamental processes that influence the economic performance of
nations and firms is technology transfer. Economists have long recognized that
the transfer of technology is at the heart of the process of economic growth, and
that the progress of both developed and developing countries depends on the
extent and efficiency of such transfer. In recent years economists have also
come to realize (or rediscover) the important effects of international technology
transfer on the size and patterns of world trade. (Mansfield, 1975 p.373)

In order to study the merits of ITT, it is required to have an understanding of the
reasons why nations choose to collaborate through ITT projects. ITT is an important
tool for developing countries to be used as technology capability gap filler.
Latecomers can find the opportunity to achieve technological capabilities in a faster
pace when compared to endogenous efforts. There are mutual interactions between
the economic growth of the developing countries and the economies of the advanced
countries. The Wild-Geese-Flying Pattern; a historical theory in which
heterogeneization and homogeneization of an advanced country's economy and a
less-advanced country's economy is formulated was introduced by Akamatsu (1962).
In other words, this pattern refers to a situation, where less advanced countries adopt

the industries of more advanced countries along the road of development.
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The wild-geese-flying pattern of industrial development denotes the development
characteristics of a less-advanced country after having an international economic
relationship with advanced countries. The pattern is schematized in Figure 8. So-
called patterns are the time-series curves each denoting import, domestic production,
and export of the manufactured goods in less-advanced countries. The most
advanced industrialized countries import consumer goods from medium-advanced
industrialized countries, resulting in an international division of labor through high-
degree heterogeneization. The less-advanced “wild geese” are chasing those ahead of
them, some gradually and others rapidly, following the course of industrial
development in a wild-geese-flying pattern. Technological innovation heterogeneizes

the economies of advanced countries with those of less-advanced countries.
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Source: Akamatsu (1962)
Figure 8 Wild geese flying pattern

The industrial policy of a country has a great influence on the wild-geese-flying
pattern, for example import restrictions cause a sharp decline in the import curve.
According to Akamatsu (1962) the only way for less-advanced countries is to
weaken their vertical dependency upon the advanced industrialized countries by

pushing forward their own industrialization.

Korhonen (1994) criticized Akamatsu and stated that economic nationalism may be

very beneficial for the follower country, if protective measures are used only in cases

61



where the native industry is healthy and it needs time to achieve a scale large enough
to compete with foreign manufacturers. However, if local industry fails to develop

efficiently, economic nationalism may impoverish the economy.

As the level of technology in the follower country advances, it becomes possible to
produce more sophisticated products. Since the weak always has fairly good chances
of becoming stronger as homogenization of the world economy spreads through
development, the grip of any dominating power is bound to loosen eventually. The
follower country will always have at least two things in its favor:

e acomparative advantage based on cheaper wages,

e the clear goal of absorbing an existing and well-proven industrial culture.

The imported culture becomes an essential part of national self-understanding and of
the international image of the country. The closer a follower country to the leading
countries, the more it becomes similar to them in the main components of its culture.
According to Korhonen (1994), the more a follower country becomes influenced by
foreign culture during the early phases of communication, the more independent it
will become in the later phases. He suggested that, the most successful strategy for a
follower country is to have close communication with leading countries and to
facilitate the import of appropriate pieces of their culture. This must be combined
with carefully planned policies for trade and other forms of international
communication. The situation of an advanced or relatively advanced country in
respect to the followers is the reverse. In the long run, dominance does not work. The
only solution is the continuous upgrading of existing products, as well as the

introduction of new ones.

Vernon (1971) in his “Product Cycle Theory” focused on the behavior of individual
firms. According to him product innovation occurs in high-income countries. The
firm that originated the product often abandons its production as its oligopolistic
advantages disappear. Vernon’s model highlights that there exists a “rational” pattern

of industrial diffusion from Japan to the East Asian newly industrializing countries
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(NICs), to ASEAN, and most recently to China. According to Vernon’s product-
cycle theory, the life cycle of each manufactured product goes through three stages:

e novelty (a new product)

e maturity (a mature product)

e standardization (a standardized product)

However, Product Cycle was misleading for several reasons;

e The theory makes assumptions about the maturation of products.
Accordingly, technical change had been continuous and rapid as well as the
product and process innovation continued at a rapid rate.

e Production for export in latecomers would be built on an experience of
import-substituting manufacturing.

e In the last stage of product cycle, firms in the leading country are supposed to
exit from the market, leaving domestic demand to be met by the exports of

latecomers.

In harmony with the rapid pace of technological change, the products have become
more complex and consequently it has become more difficult to apply reverse
engineering. Moreover, mature industries should not be viewed in static terms. New
technologies are needed not only to move into more sophisticated product lines but
also to maintain established positions in core industries. Therefore, development
models described above may not be appropriate to explain the technology
development patterns in high-technology industries like aerospace industry.
Increased technological complexity has produced greater barriers to entry in the form
of higher start-up costs, steeper learning curves and increased specialization.
Moreover, political reasons due to the possible military applications of relevant

technologies may lead to reluctance to transfer technology.

Firms/countries can come from behind, learn from the best and then close the gap.
For this purpose, innovation and the effective management of technology are
compulsory. According to Forbes and Wield (2003), developing nations are not

restricted to being simply offshore manufacturing and places of assembly for the
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business of the advanced nations. Samsung of Korea and the Indian pharmaceutical
industry, are major examples for this situation. The technology-follower might begin
by building process innovation capability on the ground/shop-floor with the aim of
being as efficient as other producers, but must then move beyond competing on price
to competing on product features (from process to product, from increasing
efficiency of processes to higher value-added products). Forbes and Wield (2003)
stated that catching up requires incremental innovation at a faster pace than in the
leader. Incremental innovation is the primary source of long-run competitiveness in

technology-followers.

Introduction of new technologies may lead to a jump in productivity; nevertheless
this does not reduce the importance of incremental technical change. According to
research studies carried out since late 1970s, concepts of assimilation and adaptation
of imported technology by local firms are introduced rather than the previously
assumed high contrast “make or buy” concept. By the help of technical change,

productivity increases and new products are introduced.

Abramovitz (1986) introduced the term “social capability” and stated that potential
for rapid growth is strong when the country is technologically backward but socially
advanced. The content of education in a country and the character of its industrial,
commercial and financial organizations are important for productivity growth. For
Abramovitz (1986), there is an interaction between social capability and
technological opportunity. Technological opportunity presses for change so the
countries improve themselves as they gain experience. Social capability depends also
on openness to competition, the establishment and operation of new firms. He
suggests that followers may forge ahead of leaders regarding the increase in social
capability. The institutional and human capital components of social capability
develop only slowly as education and organization respond to the requirements of
technological opportunity. Besides, catch-up performance also depends on diffusion

of knowledge, the mobility of resources and the rate of investment.

64



Perez (2001) defined the opportunities for development as a “moving target” and
stated that “development opportunities” arise when the successive technological
revolutions are deployed in the advanced countries. Most technologies tend to follow
a similar trajectory regarding the rate of change from initial innovation to maturity.
The advantages shift in favor of the less advanced countries when technologies
approach maturity. Technologies tend to make more intensive use of labor in their
initial phases, and when they approach maturity they use highly standardized,
mechanized and automated processes. After the first innovations, the firms
developing the technology acquire advantages through the experience accumulated in
product, process and markets. This tends to keep the corresponding know-how in the

hands of the producers, making it less accessible to followers.

The maturity phase of technologies according to Perez (2001) is schematized in
Figure 9 and summarized as follows;

e Phase I: Production does not require much prior know-how or experienced
managers, while the processes can be conducted by unskilled labor.

e Phase II: Mature technologies reach a point where they have only minimal
potential for producing profits, and have no room left for improving
productivity.

e Phase V: Maturity phase is the best starting point for industrialization;
generating learning capacity, and establishing the basic infrastructure.
However, catching-up supposes a dynamic development process, fuelled by

local innovation and growing markets.
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A schematic presentation of the U.S. trade
position in the product life-cycle
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Figure 9 The geographic outspreading of technologies as they mature

Perez (2001) states that, for weaker players, Phase I is the most promising one as an
entry point with higher potential of profits. R&D investment can be lower than that
of the original innovator. Moreover, according to him, a strategy could be designed
for accumulating technological and social capabilities through the use of mature
technologies and then making use of that base for gaining access to new and dynamic
technologies. Newcomers can redirect their efforts towards learning the new
practices, whereas the established leaders have to “unlearn” much of the old

paradigm and adopt the new one.

Gerschenkron (1962a) tried to clarify the prerequisites of industrialization. He stated
that the existence of more advanced countries as sources of technical assistance,
skilled labor and capital goods might be evaluated as prerequisites to industrial

development.

The development of a backward country may tend to differ fundamentally from an
advanced country regarding the speed of development, productive and organizational
structures of the industry. The cheapness of labor in the latecomer aids the process of
industrialization. On the other hand, industrial labor of a stable, reliable and
disciplined group is scarce in a backward country. Nevertheless, together with the

implication of incremental technology development strategies, international
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technology transfer emerges as a strong tool that utilizes the advantages of being

backward.

Innovation is a collective process in which networks play a central role and firms are
the main actors. Innovation is viewed as a dynamic collective learning process.
Organizational learning is both a function of access to new knowledge, and the
capabilities for utilizing and building on such knowledge. According to Ozman
(2009) “economics of technological change” is more related to the diffusion of
knowledge and how networks shape technology adoption decisions. Knowledge
society is the creation of conditions for all members of the society to have access to
information. Modern firms have been restructuring their activities in order to use the
advantage of networks. In today’s paradigm, development of the capacity to take
advantage of information and know-how for innovation is highly important. In terms
of aerospace industry, this development approach is indispensable for backward

companies to recognize and utilize the existing opportunities.

Firms form alliances with other firms because they are not self-sufficient, so they
collaborate to reduce uncertainty and to access each other’s resources especially in
technologically intensive industries. The motives of the organizations for
collaboration can be described by different means such as; necessity, potential of an
organization to control another organization, reciprocity (horizontal linkages rather
than vertical), efficiency, stability, legitimacy, to improve reputation and prestige.
External collaboration is complementary to internal capabilities and networking
enables firms to effectively explore new knowledge. ITT projects can be structured
in a way that maximizes the advantages of networks from the perspective of both the

transferee and the transferor of knowledge.

It can be suggested that, there are three main elements in the ITT projects; a home
country, a host country, and the process of transaction. The home country (transferor)
is where the technology originates and the host country (transferee) denotes the

recipient. In this thesis, home and host prefixes are used with country, company and

party.
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A technology provider firm’s decision, which is located in the home country, to
transfer its technology through licensing, investing or by other means, involves an
evaluation of the benefits and costs to the firm. In the past, some researchers claimed
that ITT affects the home country’s economy negatively in terms of overall benefits
including employment and technological lead (Baranson 1978; Krugman 1979).
However, following studies indicated that ITT benefits the home country both
economically and technically (Mansfield and Romeo 1980; McCulloch and Yellen
1982).

Developing countries are eager to obtain high technologies through ITT with the aim
of improving their technological infrastructure. According to Aharoni (1991), major
expectations of the host countries’ governments from an ITT project can be
represented as follows:

e Contribution to the local technology,

e Job creation in the country,

e Foreign currency savings,

e Performance of the product,

e Localization of the technology,

e Investment increase of the home party,

¢ Minimum dependence on foreign companies (technical independence),

e Decreased control of the home party over the ITT process,

e Commitment to the relevant contracts.

3.2.3 Determinants for the Performance of ITT

Existing literature on ITT is mainly based on the transferor (home) party’s point of
view. However, less attention is paid to the effectiveness and performance of ITT
considering the transferee (host) party concerns. This area is rarely studied probably
because the topic is more important for developing countries than the developed

countries.
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Reddy and Zhao (1990) introduced the types of technology transfer as materials
transfer, design transfer, capacity transfer (operational, duplicative and innovative
capabilities); the levels of knowledge transferred through ITT projects as the market
level, the production level, and the research and development level. According to
Mansfield and Romeo (1980), supplier firms tend to transfer their newest
technologies overseas through subsidiaries rather than licensing or joint ventures, but

the latter channels become more important as the technology ages.

According to Mansfield (1975), the transfer of technology between the home country
and the host country advances in three phases;
e Phase-1 : Material transfer
e Phase-2: Transfer of design documentation (transfer of design, blueprints, and
the ability to manufacture the new product in the recipient country)
e Phase-3: Capacity transfer which occurs when the capacity to adopt the new
item to local conditions is transferred.
Mansfield (1975) stated that the last phase of ITT is quite different and difficult from

the earlier phases and costly to realize.

Pre-ITT term has been used for the period before signing the deal of ITT project
(Ramanathan, 1999). In this period “partner selection” assessments, “possible
transfer returns and costs” assessments, assessments of “manufacturing fitness for
technology transfer”, “gap” assessments etc. are performed. According to Oner and
Kaygusuz (2007), ‘‘assessment of the absorptive capabilities of host country’” seems

to be the most critical issue of the Pre-ITT period.

Reddy and Zhao (1993) highlighted the importance of negotiation by the two parties
and posted that a successful ITT can be achieved through a negotiation phase
executed successfully between the home and the host countries. Transferor firm will
have great negotiating power if it is capable of providing the host country firms with
a technology that is not domestically available and an ITT channel that has more
advantages than others. Moreover, Reddy and Zhao (1993) stated that the transferee

company has a strong haggling position when;
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e [t has strong technological absorption capability,

e [t can provide the home company with complementary technology,
e It has strong domestic marketing capability and reputation,

e It is abig user of product produced by supplier firm,

e It has a convenient geographic location or access,

e [t has a strong position in the procurement of local raw material,

e Itisnot a direct competitor of the home company.

During the negotiations, parties have to mutually agree on complex issues such as
copyrights, royalties, rentals on equipment, technical assistance, know-how, off-set,
barter, management contracts, donations, unilateral transfers, loans, ITT modes and
balance of payments. Weak contractual structures regarding these issues may lead to

huge budget deficits during the execution phase of ITT.

“Execution” is the period that starts after signing the ITT contract. Oner and
Kaygusuz (2007) assessed the success of the execution period of ITT from the
perspective of the host country based on the degree of localization of technology or
product. They highlighted the importance of the processes related to the transfer of
hardware & software and the localization of the transferred knowledge considering

the organizational structure.

The effectiveness of transfer activity is evaluated in several different ways in the
literature. From the efficiency perspective, some researchers measured transfer
effectiveness by calculating the cost of the transfer. Others analyzed the scope and
level of internal vs. external efforts. Another way to measure efficiency of ITT is
through the R&D sufficiency in the local facility. From the host country perspective,
control on imported technology can be used as a measure such as; the capacity to use
the technology without foreign assistance and having the capability to reproduce or

even improve the imported technology. (Reddy and Zhao, 1990)

In order to make an assessment for the success of an ITT project, different indicators

that represent the viewpoints of home country and host country are required.
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According to Wilking (1974), ITT success can be obtained through having an
effective business organization while overcoming the barriers listed below:

e Demand barriers; insufficient demand to national production.

e C(Capital barriers; local producers may not have or be able to obtain the capital
to utilize the technology. (Especially, as aerospace projects are very big
projects, a strong will and readiness in terms of capital are vital.)

e Technological barriers; local producers may not have the required skills to
absorb the incremental technological know-how.

e National resource barriers; inappropriate natural resources for effective
utilization of the obtained technology.

e Labor-cost barriers; low labor cost relative to other costs may discourage the
application of a particular technology.

e Scale barriers; owner of the technology may have economies of scale that
cheapen costs to values that national producers may not compete.

e Infrastructure barriers; there may not be sufficient supporting services or
complementary techniques to permit diffusion.

e Language barriers; decelerates the process of technology absorption.

Oner and Kaygusuz (2007) depicts international technology transfer as a very
complex process because the amount of investment, the infrastructures of the firms,
the phases of product life cycle, the aims of the firms, the phases of technologies, the
nature of contracts and behaviors of host country and home country are all different
in each ITT process. Therefore, in such an environment it is a very complicated task
to measure the success of ITT. Oner and Kaygusuz (2007) introduced a methodology
in order to measure and analyze the success of ITT in defense joint ventures in
Turkey from viewpoint of the host countries’ governments and firms. They
categorized success indicators under the groups namely; people, system, organization
and knowledge. They provided a discussion on indicators such as localization of
employees and managers, foreign training, localization of hardware and software,
coordination in the organization, motivation and human based knowledge
infrastructure. They also provided a case study for a defense-oriented joint venture,

which is responsible for producing Armored Vehicle System for the Turkish Land
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Forces. However, the introduced model focuses on the contract period and does not
pay attention to firm level knowledge transfer or effects of sectoral innovation

system.

3.2.4 The Concept of TRL and Technology Roadmap Planning

The aim of technology transfer is to reach a certain level of capability in the relevant
field. The type of an ITT project can differ in terms of the final goal of intended
technological capability. There can be a wide variety of expectations on the targeted
level, such as; to obtain a system, sub-system or material level capability. Therefore,
in order to discuss the nature of technology transfer, it is necessary to define the
levels of capability in the relevant technological area. For this purpose, a well-known
terminology, Technology Readiness Level (TRL) is referred within this dissertation

and it is briefly introduced below.

The TRL terminology was initially conceived by NASA as a method for flight
readiness assessment but has since been adopted by others including the US
Department of Defense and European Space Agency. It is a metric used to assess the
maturity of evolving technologies during its development. When a new technology is
first invented or conceptualized, it is not suitable for immediate application. Instead,
new technologies are usually subjected to experimentation, refinement and
increasingly realistic testing. Once the technology is sufficiently proven, it can be
incorporated into a system/sub-system. NASA representation of technology readiness

levels is given in Figure 10.

According to the TRL approach, basic research is denoted with TRL 1 to TRL 3
grades. Starting from TRL 4 there is a need to perform laboratory level validation
tests, which means there is a need for test infrastructure. The difference of TRL 5 is
that, the sophistication level of performed tests is increased as the tests are supposed
to be conducted in the relevant environmental conditions and starting from this grade
the activities are denoted as “technology demonstration”. TRL 6 and TRL7 levels are

achieved after successful ground or flight tests of sub-system and system-level

72



prototypes in relevant environment. Attempts to achieve these levels of TRL grades
require very complicated efforts, such that for some prototypes relevant efforts can
be performed under huge project contracts. TRL 8 and TRL 9 grades are only

obtained after successful system-level qualification.

System Test, Launch m

& Operations TRL 9 Actual system “flight proven” through successful
— mission operations

TRL 8 Actual system completed and “flight qualified”

Daopmanysem L | 7T through test and demonstration (Ground or Flight)
TRLT System prototype demonstration in a space
—-— | — environment
Technology .
Demonstration | System/subsystem model or prototype demonstration
_— | — in a relevant environment (Ground or Space)
Technology Component and/or breadboard validation in relevant
Development T environment

Component and/or breadboard validation in laboratory
environment

Research to Prove
Feasibility Analytical and experimental critical function and/or
characteristic proof-of-concept

Basic Technology Technology concept and/or application formulated

Research

Basic principles observed and reported

Source: NASA"™
Figure 10 NASA graphic showing Technology Readiness Levels

Similarly, European Space Agency (ESA) uses a very comparable approach to

categorize the maturity level of a specific technology as given in Table 2.

Table 2 Technology Readiness Levels in the European Space Agency (ESA)

Technology Readiness Level Description

TRL 1. Basic principles observed and reported

TRL2. Technology concept and/or application formulated

TRL 3. Analytical & experimental critical function and/or characteristic proof-of-concept

TRL 4. Component and/or breadboard validation in laboratory environment

TRL 5. Component and/or breadboard validation in relevant environment

TRL 6. System/subsystem model or prototype demoenstration in a relevant environment (ground or space)
TRL7. System prototype demonstration in a space environment

TRL 8. Actual system completed and "Flight qualified” through test and demonstration (ground or space)
TRL 9. Actual system "Flight proven" through successful mission operations

Source: ESA 2

' http://science.ksc.nasa.gov/shuttle/nexgen/The Primer.htm accessed on February 02, 2015

13 http://sci.esa.int/sre-ft/37710-strategic-readiness-level/ accessed on February 02, 2015
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It is believed that effective usage of TRLs can reduce the risks associated with
investing in immature technologies. The lower the maturity or readiness of a related
technology, the more time and money will likely be needed to mature that

technology to higher levels.

In other words, a technology can be stated to have minimum technical risks before
starting the engineering and manufacturing development stage when;
e a prototype of that technology has been developed that includes all of its
critical components in approximately the same size and weight, and
e that prototype has been demonstrated to work in environmental conditions

similar to that of the planned operational environment.

There are many challenges to overcome before an idea finds its way to practical use.
This is acknowledged in the science and technology (S&T) investment of US
Department of Defense (DoD) in Research, Development, Test, and Evaluation
(RDT&E). RDT&E is funded according to the type of research and the technological

maturity of the concept as categorized in Table 3.

Table 3 US Department of Defense (DoD) Research, Development, Test and Evaluation
(RDT&E) categories

Basic Research

Applied Research (Exploratory Development)

Advanced Technology Development

Demonstration and Validation

Engineering and Manufacturing Development

RDT&E Management Support

Operational Systems Development

. 0
Source: Naval engineers

“https://www.navalengineers.org/SiteCollectionDocuments/2008%20Proceedings%20Documents/UH
S1%202008/1330-Wallace-AddressingHSIissuesearlyintheSTprocess-TRLs-UHSIS.pdf accessed on
January 31, 2015

74




According to the US Federal Accounting Standards Advisory Board", research and

development is composed of the first three items of Table 3;

Basic research: Systematic study to gain knowledge or understanding of the
fundamental aspects of phenomena and of observable facts without specific
applications toward processes or products in mind;

Applied research: Systematic study to gain knowledge or understanding
necessary for determining the means by which a recognized and specific need
may be met;

Development: Systematic use of the knowledge and understanding gained
from research for the production of useful materials, devices, systems, or

methods, including the design and development of prototypes and processes.

Accordingly, the projects can be categorized as follows;

Technology Development Projects (including “Basic Research”, “Applied
Research”, “Advanced Technology Development”)

Product Development Projects (including “Advanced Component
Development and Prototypes”, “System Development and Demonstration”,
“Research, Development, Test & Evaluation Support”, “Operational Systems

Development”)

In this thesis, while discussing the relation between absorptive capacity and the

success of international technology transfer, the type of the conducted project will

also be considered. For this purpose, thesis introduces a metric to quantify the

“Sophistication Level of ITT Project” as described in Section 4.2.2 and Section 5.1.2.

A technology roadmap is a plan that matches technological goals, or targeted TRLs,

with specific technology solutions to reach these goals. It is a plan that applies to a

new product or process, or to an emerging technology. In general, technology

roadmapping process is made of the following steps:

Define system-level requirements and main assumptions,

' http://www.fasab.gov/pdffiles/sffas-8.pdf accessed on January 31, 2015
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e Identify major technology areas,
e Determine and select the technology alternatives,

e Generate plans to develop, deploy and mature those technologies.

Technology roadmap can be a part of a strategic plan, which is supposed to indicate
some critical non-technical issues such as vision, mission, searching for markets and

intentions, political position, etc.

For a case of an aerospace system (or product) with specific requirements to be
achieved in a certain time period, the most convenient way is to plan related sub-
system development projects in a way that all such projects become correlated. This
approach is expected to maintain continuity of scientific and technological

development in the relevant area.

In the United States; the agency named as the Government Accountability Office
(GAO) is the audit, evaluation, and investigative arm of the US Congress. It is a part
of the legislative branch of the US government. GAO has been referred to as "the
congressional watchdog" and "the taxpayers' best friend" for its frequent audits and
investigative reports that have uncovered waste and inefficiency in government.
After the closing of the Office of Technology Assessment (OTA) in 1995, Congress
directed GAO to conduct a technology assessment (TA) pilot program. Since 2007,
Congress has established a permanent Technology Assessment function within GAO.
This new operational role expanded GAQO’s performance audits related to science &
technology (S&T) issues, including effectiveness and efficiency of the US federal

programs.

When the GAO receives a request to conduct a TA, it follows five phases:
acceptance, planning, data gathering and analysis, product development and
distribution of results. Phases one and two include selecting the topic and initiating
the TA plan while the other ones are respectively: conducting TA, developing the

report and ensuring its accuracy and integrity, and finally receiving feedback from
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Congress and developing lessons learned to enhance the TA process. GAO mainly

uses NASA TRL scale and DOD’s TRL calculator to assess technological maturity.'°

In Europe; there are organizations such as European Parliament/Science and
Technology Options Assessment (STOA) and the European Parliamentary
Technology Assessment (EPTA). The aim of STOA is given as “the assessment of
scientific and technological policy options for the European Parliament”'”. On the
other hand, EPTA is a network of TA institutions specializing in advising

parliamentary bodies in Europe.'®

In Turkey, there are more than one state organization that carry out technology
assessment and roadmapping for aerospace related technological areas.
Undersecretariat for Defence Industries (Savunma Sanayi Miistesarligt — SSM) is
one of them and has especially designated departments to focus on technology
roadmapping activities. Technology Management and Technology Roadmapping
approach of Undersecretariat for Defence Industries (including aerospace industries)
is announced in a strategy document, namely “Savunma Sanayii Miistesarligi,
Teknoloji Yonetim Stratejisi 2011-2016 . Funding mechanisms based on this strategy

was presented in Section 2.2.

Although, it may be possible to obtain a certain level of technological capability
through national channels with the help of indigenous abilities, for a developing
country international technology transfer can be used as an alternative tool. By
utilizing ITT projects, it might be possible to proceed with increased pace to the
defined technological goal. However, usage of ITT requires a sophisticated
harmonization of the overall process, such that, national efforts and the benefits of

technology transfer have to be coupled in an optimized way. Technology assessment

' http://www.gao.gov/about accessed on January 31, 2015
' http://www.europarl.europa.eu/stoa/cms/home/about accessed on January 31, 2015

'® http://www.eptanetwork.org accessed on January 31, 2015
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methodology (or culture / firm level or national level) has to be considered as a

determinant of success of international technology transfer.

3.3 CONCEPTUALIZING THE RELATIONS BETWEEN FIRM
LEVEL, SIS LEVEL AND ITT PROJECT SPECIFIC
DETERMINANTS

When compared to other high-technology industries, the acrospace industry has some
highly distinctive features. As it was mentioned previously, aerospace industry
requires advanced technological capabilities even at the earliest stages of the
emergence of the industry; therefore even at the initial stages of technology
development, newcomers need to comply with high international technological

standards.

Catch-up theories, which were introduced in Section 3.2, are mainly based on a
tradeoff effort between quantity and quality. It can be possible to find a huge market
for a less reliable but cheaper consumer electronics product, however this is not
possible for aerospace products. Thus stage theories are not fully applicable to the
aerospace industry as competition requires the production of technologically
sophisticated products even at an early stage.

In aerospace industry, evolution starts with an emergent phase in which some
countries find an emergent niche for their products. In some countries this is
followed by a transition to sustained competitiveness, whereas in other countries the
transition fails and the industry gets weaker. Newcomers start the race with
drawbacks as they need to overcome both market and technology barriers. In the
beginning they have no access to technology sources, R&D and a supply of
sufficiently trained and skilled labor. Besides they cannot use the advantages of
feedbacks of the demand side for further technology development as they lack
linkages with advanced country markets (Vertesy and Szirmai, 2010).
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The examined portion of aerospace industry within this thesis, which involves
greater knowledge-based activities in Turkey (military aircrafts, rocket and missile
systems, and space crafts) than the rest of the industry, is closely correlated with

defense industry.

Simsek (1989) posted that there are some significant differences between civilian

industry and defense industry as given in Table 4 (Simsek 1989).

Table 4 The differences between non-military and defense industries

Non-Military Industries

Defense Industries

There are too many firms.

There are a few firms. These are usually
large in size.

Prices are determined based on marginal
costs.

Prices are determined based on total costs.

Prices are determined based on marginal
benefits.

Prices are determined based on required
military performances.

Market reaches the balance steadily.

There may be unsteady attitudes in the
market.

There are no governmental restrictions.

Decision maker is government.

The volume of market is determined by the

The volume of market is determined by

seller or customer. government through laws.

There is a single customer, that is,
There are too many customers.
government.

Customer defines its needs. Then seller
initiates product development and production
activities.

Sellers develop new products based on
potential market analysis.

Source: Simsek (1989)

Although some of the above statements are controversial and open to discussions
(there are highly conservative civil industries, like pharmaceutical industry), the
general idea behind abovementioned differences in terms of the demand side is
largely acceptable. As a result of these differences, ITT projects in defense industry
also show different features from the civilian industry, and success measurement
models that are being applied to civilian joint ventures may not be applicable in ITT

projects in defense industry.

According to Baranson (1970), for an ITT project in defense industry, the transferor

government (home) focuses on benefits such as political effect and control, strategy
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of expanding market and cheap labor force in the transferee (host) country. Although
some researchers claimed that ITT affects the transferor country negatively, ITT
benefits the transferor country economically and surprisingly technically through

gaining access to new possible technical solutions (Reddy and Zhao, 1990).

Moreover, Baranson (1970) stated that transferee government expects from defense
related ITT projects to provide “localization of technology” in order to:

e close the technological gap with leading countries,

e achieve independence in related technology,

e prevent the capital flow to foreign countries.

As governments are decision makers in defense industry projects, government level
regulations have major influence on the structure and dynamics of cooperation in
relevant fields. There are several regulations that affect the international knowledge
flow and hence the architecture of ITT projects. Two main examples for such
regulations are International Traffic in Arms Regulations (ITAR) and the Missile

Technology Control Regime (MTCR).

International Traffic in Arms Regulations (ITAR) is a set of the US government
regulations that control the export and import of defense-related articles and services
on the United States Munitions List (USML). Any article, service, or related data
found to be on the USML requires an export license (issued by the US State
Department) to be exported or in other words given to a non-US person. Some
license exceptions are available under specific circumstances. The Department of
State Directorate of Defense Trade Controls (DDTC) interprets and enforces ITAR.
Its goal is to safeguard the US national security and further the US foreign policy

objectives.

USML covers 20 categories involving Launch Vehicles and Spacecraft Systems and
Associated Equipment. The list of ITAR-controlled technology (“USML items”)
changes by time. The coverage of the list was extended and enclosed the space

related technology especially after the controversial Intelsat 708 mission in 1996. In
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1996, Space Systems/Loral (US company) manufactured Intelsat 708, which was a
telecommunications satellite intended to be operated by Intelsat containing
sophisticated communications and encryption technology. The Chinese launcher
Long March 3B was selected to launch the satellite. In February 1996 Long March
failed to launch Intelsat 708 satellite due to an engineering defect and crashed into a
village near the launch site. The portions of the debris were never located by the
satellite's developers and may have been recovered by the government of People's
Republic of China. Intelsat and the Clinton administration suffered criticism in the
US for allowing a possible technology transfer to China. After an investigation by
the US Congress in 2002, the United States Department of State charged Space
Systems/Loral with violating the Arms Export Control Act and the ITAR in
connection with the failed launch of Intelsat 708. As a result, technology pertaining

to satellites and launch vehicles became more carefully protected.

There are damping and obstructive effects of ITAR on international cooperation. For
example, ESA has decided to cut off cooperation with NASA on their previously
planned several projects, using the excuse that the US arms export regulations are too
unilateral. Because of ITAR, instead of trying to work with the US, the Europeans
have decided to use ITAR as an excuse to build satellites with no US parts and to
export them to China and other nations. Consequently the expression “ITAR-free”,
meaning that products are not subject to ITAR’s numerous restrictions and the US

government’s licensing requirements, is popular nowadays.

There is a natural tension between scientists, who want maximum levels of
international cooperation, and the national security establishment, which wants to
keep tight control over the proliferation of technology and knowledge that
strengthens other nations. Another related issue is the desire of companies,
entrepreneurs, or even nations to freely sell whatever they can develop or make.
International space projects present many opportunities for the leakage of militarily
useful technology, and getting the balance right between cooperation and security is

always hard.
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Another barrier to internationalization is the Missile Technology Control Regime
(MTCR), which is an informal and voluntary partnership between 34 countries to
prevent the proliferation of missile and unmanned aerial vehicle technology capable
of carrying a 500 kg payload at least 300 km. MTCR was established in April 1987.
USA, Russian Federation and leading EU countries are members of MTCR. Turkey

is a member since 1997.

The MTCR Guidelines specifically state that the Regime is "not designed to impede
national space programs or international cooperation in such programs as long as
such programs could not contribute to delivery systems for weapons of mass
destruction." However, the technology used in a Space Launch Vehicle is virtually
identical to that used in a ballistic missile, which poses genuine potential for missile
proliferation. MTCR has been successful in helping to slow or stop several ballistic
missile programs. However, it also negatively affected some space related programs
like the Space Launch Vehicle development programs of Brazil, South Africa, South

Korea and Taiwan.

As a high-technology industry, aerospace industry needs long-run competitiveness
and this depends on the capacity of its sectoral innovation system to provide cost-
cutting and productivity-increasing innovations and products with technological
features superior to the competitors. However, abovementioned barriers to
internationalization in aerospace industry are potentially hindering development of

relevant projects and important determinants for ITT projects in aerospace industry.

As it was discussed in Section 3.2, being a latecomer offers opportunities for
accelerated technological development as it is possible to avoid risks and
uncertainties because of the fact that the path of development has already been taken
by frontiers (Gerschenkron, 1962). However, using these opportunities requires
systematic approaches and is a costly process. Newcomers’ governments need to
decide on critical issues such as whether a technology should be acquired or
indigenously developed, which funding mechanisms to utilize or how to train

required experts.
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Governments may set a goal for a specific technology area to be developed up to a
certain level of technology readiness. Successful completion of the technology
development projects is just the initial step. Achieving the aimed technology may not
be enough without having an accurate and well-designed technology roadmap, and
more importantly without the environment, which make it possible for sustained
competitiveness. According to Vertesy and Szirmai (2010), the successful
establishment of the aerospace industry in a latecomer economy depends on the shift
from the emerging phase to a phase of sustained competitiveness. The
competitiveness of a sector is closely related to the performance of its sectoral

innovation system (Malerba et al., 2009).

ITT projects can be designed in such a way that makes it possible to use the
opportunities of being a latecomer, and at the same time accelerates the technological
development of a developing country. However, firm level absorptive capacity is an
important tool for technological development and also for the success of
implemented ITT projects. In the light of theoretical background, one can state that
there are vast amount of determinants that affect the development of firm level
absorptive capacity and these variables are supposed to affect the success of an ITT

project, in a direct or indirect manner.

Literature review given in Chapter 3, provided an understanding of the ways of
knowledge production and the mechanisms of knowledge flow, which are then
conceptualized in sub-groups merged under the title of “Factors Affecting
Absorptive Capacity”. This part of the conceptualization has been carried out with a
firm-level perspective, nevertheless the relations between the firm and the relevant

sectoral innovation system are also considered.

The reviewed literature on absorptive capacity (AC) mainly aims to answer the
question “what are the forms of AC” and deals with AC in specific frameworks such
as; relative absorptive capacity, as devised by Lane and Lubatkin (1998), or
absorptive capacity as a dynamic capability introduced by Zahra and George (2002).

Others deeply investigated the concept of AC, but just in few dimensions such as;
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relationship between absorptive capacity and organizational learning in terms of
recognition the value of new knowledge, adopting that information and applying that
knowledge to commercial products (Cohen and Levinthal, 1990), organizational
arrangements (Van den Bosch et al., 1999), or organizational learning system (Kim,

1998).

On the other hand, this thesis research stands at a position to answer the question of
“what forms AC” in a holistic way. In this context, variables that affect the formation
of absorptive capacity of a firm are presumed to be grouped under the categories
mentioned below in the light of existing literature;

o Knowledge Production

e Knowledge Flow within the Company

e Knowledge Flow within the Sectoral Innovation System

The conceptualized groups of variables are given together with the relevant literature

in Table 5.
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Table 5 Factors affecting absorptive capacity based on the relevant literature

Factors
Affectn}g Relevant Literature Keywords/Explanations
Absorptive
Capacity
Knowledge Dosi and Nelson (2010), Perez Technology paradigm, technology
Production (2001), Bernard and Ravenhill trajectories, technological advance as an
(1995), Spender (1996), Mathews evolutionary process, planning technology
(2004) development projects, interdependence,
R&D strategies, systematic exploitation
routines, strategic management
Ancori et al. (2000), Carlsson (2006), | Cognitive abilities, workforce skills,
Dolfsma (2008), Omidvar (2013), investment on human capital
Abramovitz (1986), Mowery and
Oxley (1995)
Cohen and Levinthal (1990), Kim Different conceptualizations of absorptive
(1998), Zahra and George (2002), capacities, variables affecting AC, past
Jansen et al. (2005), Lane and experience and prior knowledge, diversity
Lubatkin (1998), Van den Bosch et in prior investments, set of organizational
al. (1999) routines, firm’s memories, openness to
technological change, retrieving
knowledge, coordination-systems-
socialization capabilities
Foray (2004), Simon (1999), Codification of knowledge, ICT
Brynjolfsson and Hitt (2000), Hikino | investments, organizational skills & firm’s
and Amsden (1994), Scherrer (2005), | routines related to codification
Zahra and George (2002)
Akgiin et al. (2009) Emotional capability
Knowledge Romer (1986), Lall (1992), Malerba Endogenous forms of learning

Flow within
the
Company

(1992), Forbes and Wield (2003),
Bathelt et al. (2002)

Katz (1999), Dutrénit (2004)

Polanyi (1969), Dosi and Nelson
(2010), Morone and Taylor (2010),
Dolfsma (2008), Balconi et al.
(2007), Ancori et al. (2000), Hey
(2004), Mowery and Oxley (1995),
Szulanski (1996)

Jansen et al. (2005), Dutrénit (2004)

Micro level economic forces-related to the
learning strategy of each individual firm,
Building up of technological capabilities

Sharing of tacit knowledge, collective
learning, shared vision

Mechanisms associated with coordination
capabilities, participation in decision
making, organizational capabilities
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Table 5 Factors affecting absorptive capacity based on the relevant literature (Cont’d)

Flow within
the Sectoral
Innovation
System

Chaudhuri and Tabrizi, (1999),
Christensen (1997), Foray (2004),
Morone and Taylor (2010), Ernst and
Kim (2002)

Katz (1999), Mowery and Oxley
(1995)

Ancori et al. (2000), Lane and
Lubatkin (1998)

Shariff (2006), Metcalfe (1997),
Kline and Rosenberg (1986),
Carlsson (2006), Malerba and Mani
(2009), Bergek et al. (2005), Vertesy
and Szirmai (2010), Vermeulen and
Barkema (2001)

Crispolti and Marconi (2005),
Korhonen (1994), Akamatsu (1962),
Kasahara (2004), Vernon (1971),
Abramovitz (1986), Mathews (2004),
Teitel (1984), Scherrer (2005)

Porter (1998), Bathelt et al. (2002),
Ozman (2009), Granovetter (1983)

Factors Relevant Literature Keywords/Explanations
Affecting

Absorptive
Capacity

Knowledge Romer (1986), Bathelt et al. (2002), Externalities, knowledge spillovers

Meso/macro level economic forces:
competitive and technological regime in
each particular industry / regulatory
systems, institutions and public policies,
country level absorptive capacity

Common classification, common language

Innovation Systems, innovation models,
inter-organizational relationships

Catching up, following global leaders,
technological change efforts in developing
countries, threats of being path dependent

Clusters, networks

Similarly, on the topic of the ITT projects; relevant nomenclature, principals and

performance evaluations that are extracted from the literature inspired the

conceptualization of “Determinants and Success Indicators of ITT Projects”. In

Section 3.2, the reasons that force nations to transfer technology through ITT

projects were discussed and it was concluded that the motivations of the home party

and the host party are totally different. From the perspective of the host company, as

the transferee of external technology, there are many variables that affect the

performance of ITT projects. These can be considered within the lifespan of ITT

projects, which also covers the preparation period prior to ITT project.
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The determinants and success indicators related to the ITT project are conceptualized

within below mentioned groups;

e Preparations for the ITT Project

e Conducting the ITT Project

e Performance of the ITT Project

The conceptualized groups of variables that are related to ITT projects are given

together with the relevant literature in Table 6.

Table 6 Determinants and Success Indicators of ITT

rojects based on the relevant literature

Determinants
and Success
Indicators of

Relevant Literature

Keywords/Explanations

ITT Projects
Preparations Forbes and Wield (2003), Kim and Policy environment, strategic sectors &
for the ITT Lee (2009), Gerschenkron (1962), role of governments, well-coordinated
Project Akamatsu (1962), Korhonen (1994) government intervention, technology
development difficulties in advanced
industries of developing countries
Forbes and Wield (2003), Hikino and | Technological roadmap, incremental
Amsden (1994), Dutrénit (2004) improvement, managerial and
organizational skills, technology-in-
development paradigms
Ramanathan (1999), Oner and Pre-ITT, partner selection, technological
Kaygusuz (2007), Reddy and Zhao gap assessment, assessment of the
(1993) absorptive capabilities of the host party,
importance of negotiation
Mansfield and Romeo (1980), Quality of transferred technology,
Balconi et al. (2007) machines with embedded knowledge
Baranson (1978), Krugman (1979), ITT from the perspective of the home
Mansfield and Romeo (1980), party
McCulloch and Yellen (1982),
Wilking (1974)
Conducting Reddy and Zhao, (1990), Mansfield Different levels of technology transfer
the ITT (1975)
Project
Oner and Kaygusuz (2007) Localization of technology or product
Performance Aharoni (1991), Forbes and Wield Successful ITT project from the
of the ITT (2003), Reddy and Zhao (1990), Oner | perspective of the home party
Project and Kaygusuz (2007)
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It is conceptualized that, abovementioned categories directly or indirectly affect the
performance of ITT project and moreover there exist relations and interactions
between these defined categories. A preliminary schematization of this concept is

given in Figure 11.

Knowledge Flow
within the Company

Other Determinants

Success of for Success
International

Technology
Transfer

Firm Level
Absorptive Capacity

Preperations for
the ITT Project

Knowledge
Production

Conducting the
ITT Project

Knowledge Flow within
the Sectoral
Innovation System

W

Figure 11 Determinants for the Success of ITT Projects (initial version)

The main goal of this dissertation, as designated as a research question, is to discover
whether there is a relation between firm level absorptive capacity and the
performance indicators of the ITT project. Consequently, it is aimed to make further

evaluations based on the results and to suggest appropriate policy measures.

The thesis is developed within the abovementioned conceptualized framework and
afterwards improved by the help of views and suggestions provided by industrial
professionals as well as experts from various stakeholders of the innovation system.
For this purpose, a question set (Semi-Structured Interview Questions) is prepared as
given in Appendix A based on the conceptualized framework. The questions are
structured in such a way that; methods for developing indigenous technologies, ways
of accessing knowledge as well as the structure of sectoral innovation system are

able to be examined. Additionally, by this question set it was intended to investigate
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the main concerns regarding ITT projects and the types of such projects in terms of

scope and target.

Experts from the aerospace industry who had previously participated in ITT projects
contributed to the research under the guidance of the “Semi-Structured Interview
Questions” (this is the Step-3 of the research as introduced in Section 1.2). These
experts were from one of the biggest aerospace company in Turkey coming from
different engineering disciplines with an experience varying between 5 to 25 years in
the industry. The evaluated company is engaged in defense and space business with
around 2000 employees. Furthermore, the author has been working in this company
for more than 15 years, and gained experience in varying departments such as design,
development and project management. He is currently employed as a manager,
which gives him the opportunity to make internal evaluations and discussions with
colleagues. Consequently, he found the chance to discuss the issues pointed in
“Semi-Structured Interview Questions” within his working hours without getting
stuck to interview duration and probably it would not be possible to achieve such

results through ordinary interviews.

In addition to firm level interviews and discussions, it was possible to participate in
meetings with state experts during which planning activities for varying forthcoming
ITT projects have been conducted. During these meetings it was possible to discuss
with experts from varying stakeholders of SIS in Turkey, which helped to enhance

the scope of extracted variables.

Information about the profile of experts, who had contributed to research while
determining the variables through semi-structured interviews, is provided in Table 7.
Since the profile of experts involves major players who take place in an aerospace
ITT project with varying roles (such as policy maker, customer, contractor and
acquisition body), it can be stated that the evaluations provide a general framework
regarding the circumstances related to aerospace industry in Turkey. The ideas of
experts offer an insight into dynamics of aerospace industry inherently with a

developing country point of view.
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Table 7 Profile of experts who had contributed to research while determining the variables

(Step-3)

Industrial Ex

erts

Number of | Position in the firm Experience in the firm (years)
experts
5 Upper manager >20 years
Mid-level manager
11 (Design/Development/Production | >10 years
Departments)
Technical Specialist
5 (Design/Development >5 years
Departments)
Experts from State
Number of | Position in the Organization Name of the state organization
experts
Undersecretariat for Defense
Industries, Ministry of National
2 Upper manager/ Mid-level Defence / R&D Department,
manager Ministry of Maritime Affairs,
Transport and Communication,
Turkish Air Forces
Undersecretariat for Defense
2 Technical Specialist Industries, Ministry of National

Defence / R&D Department, Turkish
Air Forces

The description of the research steps were described in Section 1.2. Accordingly,

after completing Step-3 through Semi-Structured Interview Questions (Appendix A),

47 variables were determined, elaborated and categorized under the conceptualized

framework. Detailed discussions on these variables are given in Chapter 4.
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CHAPTER 4

ELABORATION OF VARIABLES

4.1 FACTORS AFFECTING ABSORPTIVE CAPACITY IN
AEROSPACE INDUSTRY

In this section, determinants for successful and effective building up of intra-firm
absorptive capacity are examined. The elaboration of variables is a part of Step-3 of
this research as introduced in Section 1.2. Firstly, variables that are distinguished to
be related to indigenous technology development are discussed, such as importance
of qualified employees, facilitating access to world literature, ways of performing
technology development projects within the firm and efforts on developing
indigenous design and analysis tools. Social aspects that are recognized to be
effective on firm level absorptive capacity are also discussed and the terminology of

“emotional capacity”, which is especially based on Turkish culture, is introduced.

Secondly, mechanisms for knowledge flow within the firm are examined. The term
of “need to know” is introduced and the importance of a dedicated organizational
structure, which coordinates overall knowledge creation activities within the firm, is
discussed. Merits of systems engineering and ways of implementing this approach
are examined. Additionally, importance of utilizing face-to-face communication to
provide knowledge flow, which is especially related to “lessons learned” in the form

of tacit knowledge, is elaborated.

As a next step, the interactions of the company with the external environment, that is

to say sectoral innovation system, are examined. The mechanisms such as taking part
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in events like technology platforms or feasibility studies as well as the ways of
interaction with national universities are discussed from the perspective of the
aerospace industry. The training strategies and the importance of relations with sub-
contractors are also discussed. Additionally, relations with the players outside the
national borders are addressed separately. For this purpose, mechanisms like taking
part in international technology development projects or attending to international

events are examined.

The elaborated variables are utilized in quantitative analysis to understand the
relations between absorptive capacity and determinants/success indicators of ITT
projects. For this purpose it is required to quantify these variables. Therefore, in
order to identify and measure relevant variables, questions are generated and given
just after the explanations regarding the associated variables. Afterwards, these

questions are gathered in a form of questionnaire given in Appendix B.

4.1.1 Knowledge Production; Developing Indigenous Technologies

4.1.1.1 Hiring Qualified Employees and Training

A firm’s ability to innovate depends largely upon its ability to capture human
intellectual capital effectively. Dolfsma (2008) stated that learning is an investment
on human capital. In other words, employees can be seen as very valuable assets of

the firms and attracting the right people is a key challenge for fostering innovation.

In most of the leading aerospace companies in Turkey, majority of the employees are
graduated from national universities with high reputation. However, it is not possible
for companies to hire ready-to-use employees. Most of the undergraduate programs
are covering a huge variety of topics while the need of the industry is focused on
some specific issues that are not directly covered within the undergraduate programs.
It would not be misleading to state that the graduate programs are more relevant to

industry needs than undergraduate lectures for the majority of engineering programs.
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As the demand from industry increases, the graduate (and even the undergraduate)
programs consistently evolves. For example, in most of the mechanical engineering
departments of prestigious universities in Turkey, there are lectures related to
automobile industry. Even in some universities there are specific automotive
engineering departments. On the other hand, it is not the same for some aerospace
disciplines like rocketry for example. Although there are graduate lessons provided
in aerospace or mechanical engineering departments related to this specific issue, it
has not been yet possible to establish a specific academic center focused on rocket
science. Therefore, new graduates from the universities come with the knowledge of
main principals but most learning process on specific high technology topics takes
place during their professional career. The needs of the industry show the path for
further studies, which can be performed within a graduate thesis or research projects,
to both academic staff and the employees that are enrolled in a graduate program.
This may lead to fruitful thesis studies serving to the needs of aerospace industry and

at the same time contributes to the academic literature.

Additionally, another way to increase the quality of human capital in medium-term is to
perform scholarship programs for doctorate students who have academic titles in
universities. The aim of such programs is to support and inspire the students who are
interested in the relevant strategic aerospace areas. This approach also helps to increase

the number of academicians in the related areas.

1. My company sets academic goals for graduate programs and supports the
students enrolled in these programs.

There is a continuous need for labor required by other high technology sectors,
therefore it is not easy for aerospace companies to attract outstanding graduates.
Especially during the rapid growth periods of firms depending on the nature of big
projects, companies can be obliged to hire relatively low-quality personnel graduated
from some universities other than the top ranked ones. This may result in extended

duration of orientation for the new comers, which is not desirable.

2. My company commonly hires graduates of the top universities.
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Hiring qualified employees is just the initial step for producing assets in form of
human capital. Training and providing the sustainability of qualified human resource
are the challenges that the companies face in the long run. Training can be provided
in different forms such as intra-firm training or through interactions within the
Sectoral Innovation System, which also covers the alternative of hiring foreign
advisors. These various forms of training methods are discussed in Section 4.1.2 and

Section 4.1.3.

4.1.1.2 Facilitating Access to World Literature

For researchers in both developed and developing countries, the initial step for a
research activity is to investigate the literature. But especially for the researcher in a
developing country, literature provides more opportunities than it does in a
developed country. When compared to leading countries, developing countries do
not engage in relevant amounts of R&D, but instead most of the time they are
technological followers whose technical progress eventually relies upon the ability to
adopt appropriate innovations produced by advanced countries. In Section 3.1 we
discussed the advantages that ICT provides in modern world to followers in the
context of knowledge spillovers. Foray (2004) highlights the potential of ICT to
reduce spatial and proximity constraints and states that ICT revolution leads to
knowledge reproduction and transmission costs to drop. He also mentioned that
knowledge-based economy is an economy in which knowledge externalities are more

powerful than ever.

Therefore, as a starting point, the utilization of existing literature is essential for a
developing country in pursuance of improvement. This would aid to examine recent
projects, applied standards, common procedures, approaches as well as the lessons
learned. Companies have to systematically search for external knowledge through
memberships to journals, digital sources or by following newly published books in

the area of interest.

3. My company provides facility of access to world literature via highly equipped
library or membership to digital libraries.
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It was previously mentioned that, patents are less meaningful indicators in aerospace
industry as compared to other high-technology industries such as biotech, since
innovations are preferred to be protected by secrecy, which is a rather efficient way.
Although, it is not common to use intellectual property (IP) rights to secure rights in
respect of patented inventions and registered designs in aerospace industry, for a
developing country checking out the patents around the world may bring about new

ideas.

4. My company provides facility of access to patent databases and it is common to
use this occasion while making literature survey.

4.1.1.3 Technology Development Projects

The concept of Technology Readiness Level (TRL), the ways of implementing
technology assessment as well as planning technology roadmaps were introduced in
Section 3.2.4 and country level examples were also provided. The same approach is
valid at the firm level as strategic management process is vital and required to be
conducted in a systematic manner to figure out long-term targets of the firm as a part

of a strategic plan.

Although complying with the firm level technology plans is not as easy as in other
sectors and firms are more dependent on the state, it does not eliminate the necessity
for firm level strategies and technology development plans. Companies, with
commercial concerns, have to find ways to efficiently take advantage of their
existing capabilities, but at the same time they need to explore opportunities for
improvement. They need to make use of being path dependent but at the same time
they have to be open to opportunities for leap frogging, such as using technology
transfer from frontiers. Nevertheless, companies taking part in aerospace industry
have to establish their own strategic plans involving firm level technology roadmaps,
which need to be compatible with global technological paradigm, the customer
vision (national technology roadmaps) and the company’s vision. The aimed
technologies can possibly be turned out to innovations and at the same time have to

be compatible with national goals. Since the state is very overriding, it may not be
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possible to comply with the firm’s strategic plans but firms need to forecast
technologies within their line of sight. Because of the ambiguity, alternative
technologies may be located in the earlier phases of the technology roadmap and all

alternatives have to be developed at the same time to some level of maturity.

As the technology roadmap requires the consideration of different disciplines,
harmonization between different expertise areas is crucial during the preparation of
the roadmap. The inputs gathered from different departments have to be considered
and evaluated with a system-level technology development point of view. In order to
establish an effective linkage between different technological areas and different
technological goals, continuous trade-off studies have to be conducted and
systematic monitoring is necessary. For aerospace companies with huge numbers of
employees and expertise areas, this multi-disciplinary and multi-dimensional task has
to be assigned to a dedicated organizational department as main responsibility area.
This department has to employ “technologists” with responsibility to continuously
monitor already existing capabilities within the firm and to set technological goals

for other departments complying with the firm’s strategic goals.

5. My company has a strategic plan for technology development which is prepared
in a form of technology roadmap. A dedicated department is responsible for
planning the technology roadmaps as well as for coordinating and monitoring
relevant activities.

Although planning the technology roadmap is very important, if the firm does not
have the adequate sources to perform the relevant tasks, the plan will have no
meaning. Therefore, firms need to convince their customer, where the state is the
customer for most of aerospace projects, to fund the technology development
projects. There are different mechanisms for funding R&D efforts by the state in
Turkey like TUBITAK or SSM funds, which are not easy to initiate.

Moreover, as the aerospace industry of a developing country matures and

consequently sets more challenging goals to take part in the league of superior

players, the need for new approaches and tools arises for sustainability and
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continuous growth other than state support. Although state support is indispensable
and the state is responsible for improving the innovative environment, companies
must take innovative steps for further development. Hence, alternative funding is
through own resources and companies will need to take the risk of investing in
technologies, which probably will not return in a short time. After careful analysis,
for a short list of selected topics, companies may initiate their own development
projects funded by own resources. These selected topics might be related to material
development, design and analysis tools development, manufacturing process
development, test capabilities development or directly devoted to sub-system

development.

Whatever the source is used for funding, in order to reach successful results, R&D
has to be handled independently of the requirements of ongoing system-level
projects. Technology development projects exempted from the commitments of
system-level product projects will possibly lead to fruitful alternative solutions for

the reason that it is not possible to innovate under performance obligations.

6. My company initiates intra-firm technology development projects to reach a
technological capability. If external funding mechanisms are not available, my
company funds such projects using own financial sources.

4.1.1.4 Developing Design and Analysis Tools

Developing indigenous design and analysis tools provides the company to
understand the basics of the area of research. Even the modest attempts for
developing in-house design and analysis tools will offer an awareness and openness
to the subject. These efforts will introduce the company with the ultimate approaches
used by leading companies. The simple results obtained from initial versions of the
developed tools will make it possible to make conceptual type of design. Such results
will make it possible to conduct feasibility studies and to establish the technology
roadmaps based on scientific approaches. If a chance can be found to validate the
results of initial versions of such tools, like accessing empirical databases or

benchmark results, it would be possible to plan the further steps of improvement.
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Most of the commercial software programs used in engineering applications are
based on simple initial steps. Initial versions can be formed as products of some
graduate thesis or outputs of research programs with small budgets. What makes
them come together and comprise more sophisticated and efficient tools is a
systematic approach. Every small step in development based on previous versions
will lead to more capable tools. After some level is achieved, by the help of market
type of innovation, such simple tools can be turned into user friendly, expensive and
desired commercial products. Therefore, it is possible to state that continuous efforts
one after another will lead to capable design and analysis tools. At firm level, this
can be achieved by systematically delivering the previous studies to new researchers.
For this purpose, previously developed capabilities have to be internalized and
institutionalized through codifying the development process of such tools. It is only
possible to put some other bricks only after totally understanding the current
situation and capabilities of the existing tools. For continuous improvement, firms
have to appreciate their assets and find ways to secure and to systematically deliver
these to the next generations. Documenting the development process of indigenous
tools or preparing user manuals for them can be some ways for codification.
Company standards on tool development can also be generated and implemented to

make it easy to adopt.

Even though codification might help continuity of improvement process, in order to
transfer tacit knowledge to next generation, direct face-to-face interaction is
important. A systematic interaction between the originators of the initial versions of
design and analysis tools and the new generation of engineers would lead to

decreased durations of adoption and considerably decreased loss of information.

By the help of continuous efforts in developing indigenous design and analysis tools,
specialists who take part in tool development activities will develop their expertise in
the relevant field, and eventually they would be the core team to take action in
possible further steps. However, it is not easy to nurture such core teams especially

when there are no ongoing related projects with a customer and evidently with no
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funds. Practically, it is not possible to maintain such teams working in a dedicated
way on the development of such design and analysis tools, but instead the team

members will have some other tasks within the matrix organization.

7. My company encourages and appreciates the development of indigenous design
and analysis tools. There exist dedicated specialized organizational structures
and mechanisms, which help to improve the capabilities of the in-house tools.

4.1.1.5 Emotional Capability

It was previously mentioned that human resources is the major asset for the firms in
the era of knowledge economies and success depends on the commitment of
employees. The importance of hiring qualified employees and training provided to
employees were discussed above. However, there are also some other important
concerns other than technical and academic development for the continuity of human
sources such as; employees’ satisfaction, health, safety and labor conditions.
Satisfaction can be maintained through assigning well defined goals for individuals
and continuous and systematic performance evaluation. This will provide the
employees to forecast their career path and encourage them to achieve their highest
potential. Besides, wage policy within the company has to be fair and when

compared to rivals it must be charming to attract the best employees.

8. My company provides an appealing working environment with fringe benefits, a
fair wage policy and equal opportunities as well as uses performance evaluation
tools efficiently to encourage employees to their highest potential.

Akgilin et al. (2009) introduced the term “emotional capability” as one of the
competencies that a firm has and stated that it is vital for the daily life of the
organization. According to their conception, emotional capability, involving the
dynamics of encouragement, displaying freedom, playfulness, experiencing,
reconciliation and identification has a significant effect on the development of new

products, services and processes, or in other words on the innovativeness of the firm.
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Based on the results of empirical analysis that was conducted by investigating more
than 150 Turkish firms, Akgiin et al. (2009) obtained results that can be formulated
as suggestions to top management of a company as summarized below. Accordingly
management should;
e provide an environment where employees are safe to interact with each other
without feeling rejected or punished,
e encourage enthusiasm and hope among employees to accomplish their goals,
e promote emotional bonds among employees to increase the organizational
commitment and loyalty,
o foster an ongoing dialogue and interactions among employees at social events
to reconcile their emotional differences,
e be careful to utilize the emotional dynamics under the different

environmental conditions.

These results have to be considered keeping in mind that they contain the essence of
Turkish culture. Additionally, in order to improve employees’ state of mind, they
should be supported to take part in the decision making processes in technology
roadmapping, strategic planning or concept selection. It is important to level up
members of the company to develop a shared vision. This can be through systematic
meetings with top management or through some other mechanisms ensuring to

receive and evaluate suggestions/wishes/complaints generated by employees.

9. My company provides an environment where employees can show their emotions
and share their ideas in a way helping to create commitment and deep loyalty.

4.1.2 Knowledge Flow within the Company; Access to Already Existing
Intra-firm Knowledge

It was previously stated that for knowledge creation within firms; “visions, values,
and memories in the form of artifacts, routines and experience” are important articles
to consider. Besides, it was introduced in Section 3.1 that creating knowledge can be

possible through building the relationship between ‘pieces’ of information.
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As firms are dynamic structures, the members of the firms change by time
continuously with a need to transfer already existing knowledge to new generations.
According to Hey (2004), knowledge is generally personal and subjective, which
means that created knowledge within the firm is found within the heads. Moreover,
Ancori et al. (2000) argued that knowledge formation requires continuous feedback
loops between knowledge and wisdom, and they emphasized the importance of

cognitive abilities of the actors.

In this manner, it is critical to have mechanisms to transfer intra-firm knowledge to
the new comers. This can be through systematic institutionalization of organizational
knowledge, interactions within the company and systemic meetings. Spraggon and
Bodolica (2012) expanded these definitions into more detailed processes such as
training programs, meetings, best practice files, coaching, mentoring, informal

networks, systemic thinking and cross-functional teams.

Moreover, there are some natural barriers to accessing intra-firm knowledge. The
term "need to know", is a widely used term especially in defense and aerospace
industry. This term describes the restriction of data, which is considered as sensitive.
Under “need to know” restrictions, even if one has all the necessary official
approvals to access certain information, one would not be given access to such
information, unless one has a specific need to know. In other words, access to

information must be necessary for conducting one's official duties.

Although “need to know” approach is crucial in aerospace industry to prevent
leakage of knowledge, it is critical to have mechanisms to avoid repeating knowledge
creation efforts within the firm. Especially companies, which contain pure project
organization structures instead of matrix structures, occasionally prefer to duplicate
some organizational capabilities in order to serve one specific project’s need in a
more efficient manner. Eventually as an expected result of this duplication different
teams may try to reach the same goal without knowing each other’s capabilities and
missing out the already existing in-house capabilities. In general, the applied solution

to this problem pursuing the aim of optimizing the limits of restriction and
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opportunities of exploitation within the company is to establish dedicated
organizational structures. Such structures have functional roles to coordinate the
technology management efforts of overall organization, and to assure the storage of
organizational memory with a holistic way instead of guarding a specific project’s

need.

10. My company has an organizational structure which coordinates overall
knowledge creation activities within the company and prevents redundant
development efforts in order to minimize unfavorable effects of “need to know”
approach.

4.1.2.1 Codifying the knowledge generated within the company or acquired
from external sources for future exploitation

In Section 3.1, terms like knowledge, types of knowledge, tacitness, modes of
conversion of knowledge and codification were introduced. Additionally in Section
3.1, relation between the absorptive capacity of a company, codification and learning
processes was discussed. In the light of these discussions given in the previous parts,
it is possible to state that in order to increase organizational knowledge, knowledge
codification processes are vital and indispensable despite the difficulties emerged

from the nature of tacitness.

The codification can be performed in forms of various types of reports that are
prepared by different departments within the organization on numerous subjects.
Output of a task accomplished by a department might be an input for further studies
of this department or input for another organizational structure. Scope of such
reports, probably that are not direct outputs of ongoing projects, can be as follows;
e Literature review on a specific subject.
e Reports related to indigenously developed design and analysis tools
(introducing the related theories and existing literature, in-house development
process, benchmarking and case studies, validation and verification results,

user manuals, etc.).
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e Reports related to results of design and analysis studies (introducing the
sophistication level of used methods, trade-off studies, optimization methods,
comparisons, etc.).

e Reports related to performed tests (performance of design concept, validation
of design and analysis tools, material characterization tests, TRL assessment,
etc.)

e Results related to failure analysis studies.

e Status reports on specific technologies, technology roadmap evaluations and
risk analysis with an overall perspective.

e Reports related to events such as conferences, exhibitions and trainings.

e Reports related to external interactions such as business development

meetings, site visits or meetings with the customer and sub-contractors.

It is essential to encourage employees to prepare reports on abovementioned tasks in
order to build up an organizational memory. The mechanisms for planning and
monitoring of reporting activities as well as facilitating access to these documents by
other employees will provide efficiency in codification as well as formation of

organizational knowledge.

11. In my company there is a culture of reporting the results of conducted tasks and
other employees utilize these reports as well as there are mechanisms
encouraging this process.

It was introduced in Section 3.3 that aerospace industry has some highly distinctive
features and it requires advanced technological capabilities even at the earliest stages
of the emergence of the industry. Starting from the initial stages, companies need to
comply with high international technological standards. In this context, companies
are supposed to generate documents during performing aerospace projects according
to some international standards. Some standards, which aerospace companies

required to comply with, are as follows;

103




e MIL-STD-973 Configuration Management
e MIL HDBK 61A Military Handbook: Configuration Management

Guidance
e MIL-STD-498 Software Development And Documentation
e MIL-STD-499 Military Standard: System Engineering Management

e MIL-STD-1521 Military Standard: Technical Reviews And Audits For
Systems, Equipments, And Computer Software

e MIL-STD-1388 Logistic Support Analysis

e ECSS-E-ST-10C Space Engineering: System Engineering General
Requirements

e ECSS-E-ST-40C Space Engineering: Software

e Quality management systems such as ISO 9001 or CMMI (Capability

Maturity Model Integration)

In conjunction with these requirements companies are supposed to implement
“systems engineering processes” in aerospace projects and some documents are

inevitably produced under the scope of aerospace projects.

Systems engineering is a methodical, disciplined approach for the design,
realization, technical management, operations, and retirement of a system. A
“system” is a construct or collection of different elements that together produce
results not obtainable by the elements alone. The elements, or parts, can include
people, hardware, software, facilities, policies, and documents; that is, all things
required to produce system-level results. The results include system-level
qualities, properties, characteristics, functions, behavior, and performance.
Systems engineering is a way of looking at the “big picture” when making
technical decisions. It is a way of achieving stakeholder functional, physical,
and operational performance requirements in the intended use environment over
the planned life of the systems. In other words, systems engineering is a logical
way of thinking. Systems engineering is the art and science of developing an
operable system capable of meeting requirements within often opposed
constraints. Systems engineering is a holistic, integrative discipline, wherein the
contributions of structural engineers, electrical engineers, mechanism designers,
power engineers, human factors engineers, and many more disciplines are
evaluated and balanced, one against another, to produce a coherent whole that is
not dominated by the perspective of a single discipline."’

" NASA Systems Engineering Handbook. NASA/SP-2007-6105
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In this dissertation, systems engineering approach is referred just to demonstrate the
types of documents, which are generally the expected outputs of aerospace projects
and at the same time, from the perspective of codification, indicators of
organizational knowledge. Different types of documents are produced in different
phases of the project in terms of technical maturity. Phase structure of the projects
and scope of relevant documentation are schematized in Figure 12 based on NASA

Systems Engineering Handbook (NASA/SP-2007-6105).

Implementation

Phase E: Phase F:
Operations & Closeout
Sustainment

Formulation Al al
Pre-Phase A: Phase A: Phase B: Phase C:
Concept Studies Concept & Technology Preliminary Design & Final Design &
n

Development Technology Completio Fabrication

Source: NASA Systems Engineering Handbook "
Figure 12 Project phases

Examples of project documentation that are supposed to be generated within design
and development process according to systems engineering approach are as follows;
e Management plans (Configuration and Data Management Plan, Project
Management Plan, Systems Engineering Management Plan, Quality
Management Plan, Risk Management Plan, etc.)
e Technical specifications
e Analysis results (including Reliability analysis, Compatibility analysis, Safety
analysis)
e Test and evaluation master plan
e System interface control documents
e System design documentation
e Sub-system design definition documents
e Detailed sub-system models
e Design verification plan
e Detailed design drawings

e Test and analysis report
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12. My company implements systems engineering approach in compliance with
international standards and generated project documents are easily accessible by
project personnel.

In addition to abovementioned reports and project documentation, there are some

other forms of documents to codify organizational knowledge such as procedures and

process definition documents. These types of firm specific documents quickly bring

new members up to speed and make it possible to continuously improve the

documents by shared wisdom. Procedures and process definition documents can be

used for various purposes such as describing the roles of functional structures,

describing "process flows" for different tasks (design, production and test process

can be codified) and defining the organizational institutions. Some examples for

procedures and processes are as follows;

Design and development configuration management procedure
Requirements management procedure for design and development phase
Sub-system design and development procedure (for relevant sub-systems)
Tools and equipment design and commissioning procedure

Personnel training and certification procedure

Equipment maintenance procedure

Procedure for preparation of annual production plan

Procedure for material transportation and storage

Procedure for preparation of “request for information” and “request for
proposal”

Design and development process

Requirements definition process

System design process

Design verification process

Software development process

Electronic hardware development process

13. My company implements procedures and processes efficiently and such
documents are improved continuously as well as these documents are easily
accessible by project personnel.
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Previously, it was stated that ICT revolution leads to knowledge reproduction and
transmission costs to drop, and opened up the new possibility to catch-up along
leapfrogging strategies through NC processors, CAD/CAM and PLC. ICT is also
supposed to provide an easy access to in-house documentation to offer an effective

usage and exploitation of existing knowledge.

4.1.2.2 Interactions within the Company; Exchange of Knowledge and
Experience

It is important to have mechanisms by which experience spreads and embeds itself
within the company. Codification efforts introduced in the previous section are
essential but not adequate for effective exchange of knowledge and experience. In
order to provide the suitable environment for tacit knowledge to flow, much more
than written forms of knowledge like reports, procedures and process definitions etc.

is needed.

As described before, codification is not hundred percent possible in practice. Morone
and Taylor (2010) proposed that, as tacit knowledge is hard to encode and
communicate and the acquisition of tacit knowledge is highly cognitive process,
methods involving direct interaction, that includes face-to-face interaction and
practical experiences are more suitable for the transfer of tacit knowledge. Besides,
Balconi et al. (2007) stated that tacit knowledge is exchanged face-to-face more
effectively than at distance. Therefore, in order to provide effective transfer of tacit
knowledge, establishment of environments that provide face-to-face interaction

between individuals is essential.

In Section 3.1, definitions in the literature related to the types of knowledge were
introduced. Additionally, according to Morone and Taylor (2010) description of
“know who” type of knowledge is based on the following argument; because
specialized knowledge and skills are essential elements for innovation and are widely
dispersed, knowledge of whom to contact is particularly valuable. Especially, in big

companies that hold departments with various functions and organizational
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responsibilities, knowing who is capable of performing a certain task most efficiently

becomes a challenging problem.

In the light of abovementioned explanations, platforms to enhance communication

between employees and between units have to be provided. These interactions can be

organized in following ways;

Orientation of the newcomers, introducing functional responsibilities of
departments and firm capabilities.

Internal training for newcomers to introduce them the firm culture and
familiarize them with applied procedures.

Continuous training of all employees in order to equip them with necessary
capabilities, which suit to their constantly changing roles in the organization.
Conveying “lessons learned and best practices” obtained from previous
experience in order to be utilized in new projects through systematic
meetings.

Evaluation of intra-department relations in order to measure and to develop
level of satisfaction of the services and outputs they continuously exchange.
Continuous and systematic meetings to form “cross-functional systematic
thinking teams” that have members from various departments in order to
share vision, brainstorming, strategy proposal for top-management and failure
analysis if needed.

Formal and informal coaching and mentoring leaded by experts in order to
guide new employees.

Providing informal networks, encounters and social activities that employees

can enhance their relations.

14. My company provides well-organized face to face communication platforms
through formal and informal meetings for the purpose of orientation for new
comers, internal trainings, conveying “lessons learned”, evaluation of relations
between departments, etc.
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4.1.3 Knowledge Flow within the Sectoral Innovation System

4.1.3.1 Knowledge Flow between the Firm and Other National Stakeholders

In a knowledge-based economy, in the long-term, the ability to innovate is more
important than cost efficiency, and innovations can be seen as combinations of
already existing knowledge, ideas and artifacts. This evolutionary approach
highlights the importance of interactions with stakeholders as introduced in Chapter

3 in the context of Innovation Systems.

A keen and strong aerospace company is supposed to exchange knowledge
continuously with national stakeholders involving customers, decision makers and
supportive organizations and sources of knowledge (universities, research centers,
etc.). According to “Satellite Space Sub-System and Technologies Road Map”?
issued by Undersecretariat for Defense Industries and “Aerospace Technologies

Commission Report”

issued by Ministry of Transport, Maritime Affairs and
Communications, the aerospace industry stakeholders are categorized in following
groups; Knowledge Institutions; Educational Organizations, Industry, and

Government Bodies and Supportive Organizations.

Each stakeholder may have different role within the innovation system. Major roles
are given as follows; Politics, Policy and Institutions; Client/End User; Funding
Organization; Procurement Authority; Research; Design; Manufacturer; Test;
Adopter; Supplier (Materials/sub-systems/COTS products); Subcontractor (Special
equipment/sub-systems); Consultant; Investor; Technology Source; Support

Organizations (to organize networking events)

2 Uydu Uzay Alt Birim ve Teknolojileri Yol Haritas1, Savunma Sanayii Miistesarligi (SSM), May
2013

*! Havacilik ve Uzay Teknolojileri Komisyonu Uzay Teknolojileri Alt Komisyonu Sura Raporu,
Ulastirma, Denizcilik ve Haberlesme Bakanligi, May 2013
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As a result of Step-3 of this research, the relation between the roles and categories of
the stakeholders that are related to aerospace area in Turkey is revealed and

presented in Table 8.

Table 8 Roles of aerospace stakeholders in Turkey

Government

Knowledge
Institutes

Educational
organizations
(Universities, )

Industry

bodies and
Supportive
organizations

Individuals

Politics, policy and institutions

+

+

Client/End User

+

Funding Organization

+

+

+

Procurement Authority

Research

Design

Manufacturer

Test

Adopter

Supplier (Materials/subsystems/COTS products)
Subcontractor (Special equipments/subsystems)
Consultant +
Investor
Technology Source +
Support Organizations (to organize networking events) + +

+ |+ |+ |+ [+ ]+ ]+
+

A A A R A b

It can be seen from Table 8 that firms do not have direct policymaking roles related
to politics, policy and institutions. Actually, in Turkey there are two top decision-
making bodies affecting aerospace industry; Defense Industry Executive Committee
and Supreme Council of Science and Technology, both chaired by the prime
minister. However, as companies possess the know-how in aerospace fields they are
supposed to have an indirect and implicit role on decision-making, which mainly
occurs through different forms of consultancy. These efforts can come into existence
in the forms of feasibility reports that can be prepared under contracts between firms
and state organizations. Moreover, actively taking part in national technology
platforms or preparing project proposals according to the state’s requirements can

also serve this purpose.

From the perspective of firms and in terms of absorptive capacity building, having
direct and first-hand information related to national goals and policies assists firms in
preparing their own strategic plans. For an aerospace company of a developing
country, it is crucial that company visions have to be aligned with the national goals
in order to effectively benefit from state investments. Companies need to harmonize

their long-term master plans and company level technology roadmaps with the
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national vision. Besides, technology development efforts funded by company sources

have to be planned accordingly.

In addition to above mentioned statements, interactions with other national sources
of knowledge like universities and knowledge institutes enable companies to reach
valuable knowledge generated nationally. This occasion takes place without facing
the barriers to internationalization in aerospace industry, which are encountered
during international interactions that were described in Section 3.3. Additionally,
such relations within the national boundaries provide companies the benefits of
reaching a common mind on technical solutions that most probably accelerates the

process of persuasion of decision-makers and fund suppliers.

15. My company actively takes part in events that paves the way for interactions with
State organizations, universities, research centers and rivals such as national
technology platforms, project planning, feasibility studies and proposal
preparation activities in a continuous manner.

In Section 4.1.1, the opportunities that can be taken by aerospace companies to guide
the university curriculum and the graduate studies on related high-technology areas
were introduced. There are some other means of interactions between companies and
universities that can help to build paths for bilateral knowledge flow;

e University - industry cooperation programs**; such programs aim the
commercialization of the knowledge generated by universities by conversion
to products or processes and transfer to the industry in accordance with the
needs of companies. (Example; TUBITAK 1505 - University - Industry
Cooperation Support Program)

e Knowledge transfer offices™; these offices provide support to industry with

regard to information, project development, project design, implementation,

22 http://rgp.sabanciuniv.edu/tubitak-technology-and-innovation-funding-programs-directorate-teydeb,
accessed on March 02, 2015

2 Research and Development in 2013, Research Coordination and Industrial Liaison Office, METU,
March 2014
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evaluation and sharing the project outcomes in order to enhance the effects of
project outcomes and enable to get more benefits from project support
programs. Additionally, these structures are supposed to carry out matching
activities in line with the demands of researchers and industries. (Example;
Middle East Technical University - Knowledge Transfer Office)

e Technology transfer offices™; aim at providing possibilities for the
continuation of research enabling that academic knowledge does not remain
restricted to publications, but it is put at the disposal of industry. (Example;
Middle East Technical University — TEKNOKENT Technology Transfer
Office)

e Researchers training programs for the industry; such training programs
intended for graduate and postgraduate researchers specifically designed for
students (researchers) who work in aerospace companies and are enrolled in
postgraduate programs in universities at the same time. There is an ongoing
program for this purpose in Turkey; Researchers Training Program for the
Defense Industry (SAYP), which was initiated by SSM. In this program, the
dissertations are executed as regimented projects selected to be realized in
line with medium and long-term research and development strategies of
companies in fields of priority areas as set by the Office of Undersecretary of
the Ministry of Defense®.

e Lectures provided by experts from the industry in Universities; guest
lecturers from the industry can provide elective courses in order to share their
technical knowledge and their industry originated skills. This helps to inspire
the students and may steer them to aerospace industries after their graduation.

e Research centers within universities can be established through collaboration
with industry to reinforce knowledge flow. The fields of research can be

determined in line with the needs of predefined national technology roadmap.

16. My company has solid interactions with numerous national universities in
aerospace fields through, performing common projects, knowledge & technology
transfer offices, researchers training programs, lectures provided by company
experts in universities, etc.
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It was previously mentioned that the human resource is one of the most important
assets for a company. Therefore, personal development with training programs and
promoting personal progress within the scope of carrier planning are indispensable.
In order to systematically plan and utilize the results of training programs, it is a
common approach used by aerospace companies to have dedicated training
departments within their organizational structure. This department, based on the
requirements of different departments and in a way that meets with the strategic
goals of the company, continuously searches for external sources of knowledge.
Training plans have to be prepared according to present and future role of the
employees. These trainings can be short-term (weekly or monthly, focused on
specific needs) or long-term (supporting employees’ or prospective employees’

graduate programs).

17. My company has an organizational structure dedicated to training, which
efficiently plans training programs based on the requirements of different
departments and in a way that meets with the strategic goals of the company.

For an aerospace company, which has the will to act as the main contractor in
aerospace projects, it is vital to have broad international and local supply networks.
Having a strong and reliable network of suppliers is very important for succeeding in

firms’ commitments to customers.

Advantages (and for some cases disadvantages) of being a part of a network or a
cluster was described in Section 3.1. Networks are “way of seeing” interactions and
as firms rely more on external collaboration, the boundaries of the firms get blurred,
and the firm becomes a dense collection of communication links within a larger

network through which there is continuous knowledge flow.

The most important notion in clusters is introduced as the “value chain” and it was
noted that value chain is developed as a result of repeated interactions. The vendors
in the value chain are supposed to react and perform tasks with the required high
standards. Supplier selection and evaluation procedures have to provide the

qualification of the vendors as reliable partners. In the long-term, the repeated
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cooperation develops the capabilities of sub-contractors and strengthens the sectoral
innovation system. This serves to both national and company level goals in aerospace

industry.

For an aerospace company in a developing country, most of the national suppliers are
small and mid-sized enterprises (SME), which have an important place in the value
chain. Since these small partners are also a part of the national innovation system,
they indirectly serve sustainability of national aerospace programs. This gives the
main contractor the responsibility of developing the capabilities of the sub-
contractors, especially for their initial attempts on aerospace products and making
them benefit spillovers. This can be through on the job training, providing technical
support or sharing infrastructure. Besides, it is important to make the vendors aware
of the strategic goals of the main contractor company, and also of the national goals,
by this way vendors can make appropriate investment scheduling for medium-term to

long-term.

18. My company has a well-organized purchase department which has an access to a
broad network and continuously improves national sub-contractors through well-
defined qualification procedures and constant monitoring as well as through
special programs like training, providing technical support or infrastructure.

4.1.3.2 Foreign Technology; Following the Global Leaders

In Section 3.2, the mechanisms of international technology transfer were introduced,
such as foreign direct investment, foreign licensing and joint ventures. In this section
ways of obtaining foreign knowledge other than international technology transfer are
discussed. International knowledge flow in aerospace industry can occur through

below mentioned alternative ways;
e Following world literature; the importance of having access to leading world

literature was discussed before, which is an important way of following the

developments achieved by developing countries.
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Attending international conferences and exhibitions; this is one of the most
effective ways of understanding the status of maturity in developing countries
in the related area of research. Latecomers generally replicate the
development experience of the leading countries. International conferences
are places for latecomers to witness and extract the experiences of leaders and
generally may inspire followers to reach untried solutions. It can be possible
to figure out the matured results of tests and analysis works, which are only
on the very early stages in the developing country. While international
conferences provide attendees with up-to-date knowledge, they also provide
the chance to establish new contacts.

Taking part in an international technology development program; European
Union Framework Programs (FPs) are the main Programs of the European
Union by which multinational research and technology development projects
are supported. FPs are multi-year programs and since the first program’s start
in 1984, the budget and the scope of the programs kept increasing. The main
targets of the FPs are; strengthening the scientific and technological base of
Europe, supporting the industrial competition and encouraging the
collaboration between the member states and associated countries. In Turkey,
in order to encourage national aerospace industry to take part in FP,
information days, coordination and information meetings have been
organized systematically by the state. While these programs are intended to
develop breakthrough technologies to significantly increase EU capabilities
through utilizing human capital around Europe, at the same time they
provide the latecomers with the opportunity of working with the leading
countries of Europe. Even a small role in an international consortium under
the scope of FP, provides lots of benefits to latecomer companies in terms of
accessing varying forms of knowledge.

Supporting employees who want to enroll in graduate programs abroad; as it
was discussed previously, in order to systematically plan and utilize the
results of training programs, it is a common approach used by aerospace
companies to have dedicated training departments within their organizational

structure. A wide variety of training programs can be planned. Supporting
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employees who enroll in graduate programs in developed countries is an
example of long-term training. A special sponsorship program with the aim
of allocating correct employees to correct programs in harmony with
company goals needs good coordination in addition to dedicated funds. This
approach also helps to attract brilliant new graduates to aerospace industry.

e Hiring experts from leading countries as temporary consultants in order to

train the core team in the relevant field.

19. My company effectively follows the developments in leading countries and
companies through attending international conferences, taking part in
international technology development projects (like European Union Framework
Programs), supporting employees who enroll in graduate programs abroad and
hiring foreign consultants.

4.2 DETERMINANTS AND SUCCESS INDICATORS OF ITT IN
AEROSPACE INDUSTRY

In this section, determinants affecting the success of ITT projects other than firm
level absorptive capacity are examined. Additionally success indicators of ITT
projects are discussed. The elaboration of variables is a part of Step-3 of this research

as introduced in Section 1.2.

As a first step, the variables that are distinguished to be related to the preparation
period prior to an ITT project are discussed. These variables can be summarized as
the policy environment, position of government, existence of a technological
roadmap as well as the readiness level to conduct contractual negotiations on the
scope of ITT project. Secondly, the variables that are related to the conducting
period of the ITT project are examined, such as the responsibilities and the
management of the deliverables. Then, the performance indicators of an ITT project

are discussed.
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The elaborated variables are intended to be utilized in quantitative analysis to
understand the relations between absorptive capacity and determinants/success
indicators of ITT projects. For this purpose it is required to quantify these variables.
Therefore, in order to identify and measure relevant variables, questions are
generated and given just after the explanations regarding the associated variables.
Afterwards, these questions are gathered in a form of questionnaire given in

Appendix B.

4.2.1 Preparations for the ITT Project
4.2.1.1 Are the “Host”, “"Home” and Global Big Players Ready?

In general aerospace projects are complicated and long lasting projects. For this
reason, it is not as easy as some other industries (like software industry) to benefit
from the results in a short time after innovation attempts. Besides, generally system
(or even sub-system) development projects in aerospace industry have relation to a
wide variety of disciplines, which means that overall maturity in many different
expertise areas are required simultaneously to achieve successful results. Moreover,
even the modest aim to achieve low TRL values for most sub-system technologies
causes a need to have specific prototype production and testing infrastructure. Since
the initial investment for such an infrastructure is generally expensive, especially in a
developing country it will be almost impossible to find angel investors who may find
it worth for investing. Therefore, even in developed countries, initial investment is
usually made by states.

In order to guide the national aerospace industry in its progression, the program
goals should be stated as a national goal by the national authority. (Seckin et al.
2005)

It was previously stated that, in Turkey there are two top decision-making bodies
affecting aerospace industry; Defense Industry Executive Committee and Supreme
Council of Science and Technology, both chaired by the prime minister. For
initializing the investment process to aerospace companies, the pronouncements of

these top authorities are decisive. The political will and prioritization of related fields
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of development as national goal is the main motivation and the driving force behind

the development and investment attempts.

1. In our country there was a strong political will to achieve technological
improvement in the area of research. The area of research was set as a
technological priority area by the state.

In Section 3.2, catch-up theories and opportunities for latecomers were introduced.
According to investigated literature, it is possible to briefly state that, the larger the
technological gap between leader and follower, the stronger the follower’s potential
for development. Besides, according to wide range of the authors, for technology-

followers the future is already shaped.

In today’s paradigm, development of the capacity to take advantage of information
and know-how for innovation is much more important. Modern firms have been
restructuring their activities in order to use the advantage of ICT technologies,
networks and of learning organizations. Incremental innovation, through enjoying the
benefits of information age, is the primary source of long-run competitiveness in
technology-followers and provides the possibilities of leap frogging. Perez (2001)
highlighted that the success of modern latecomers has been due to the absorption of
technology from the advanced countries and their own efforts to adopt, adapt, modify

and master the corresponding technical know-how.

In addition to catch-up theories, in Section 3.2, the reasons for considering
technology transfer from the perspective of both home and host parties were
introduced. Once the aerospace industry is considered, the main motivation from the
perspective of the host country is to utilize external knowledge while pursuing the
national goals. Therefore, an international technology transfer project has to be
constructed in a way that harmonizes with the national technology roadmaps. This
has to be assured in terms of aimed Technological Readiness Level (TRL) and
performance characteristics of the intended technological acquirement. Among the

multiple disciplines and varying technologies that build up an overall technological
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adequacy needed for an aerospace product, the intended technology transfer project
is supposed to fill a specific gap of technological capability, rather than targeting an

overall competence.

2. In our country a technological roadmap was established targeting an
incremental improvement in the area of research. The technological steps and
relations between sub-technologies were predefined explicitly by the state and
this enabled considering utilization of foreign technologies through international
technology transfer projects to fill the specific technological gaps.

The intended TRL through an ITT project also designates the type of this project.
The TRLs varying from 1 to 9 were introduced in Section 3.2.4. Maturity of the
technology can become evident in form of a technology concept, component, sub-
system and system according to expected TRL. Previously, the US based

categorization for project types was given as follows;

e Technology Development Projects (including “Basic Research”, “Applied
Research”, “Advanced Technology Development”)

e Product Development Projects (including “Advanced Component
Development and Prototypes”, “System Development and Demonstration”,
“Research, Development, Test & Evaluation Support”, “Operational Systems

Development”)

Abovementioned categorization is devised to characterize the steps and define
critical internal milestones for monitoring and evaluation within an already existing
holistic technology roadmap. However, generally technology transfer projects do not
cover development steps like “basic research” or “applied research”. International
cooperation with such an aim to discover new areas are generally called as joint
technology development projects instead of ITT projects. Therefore, when we
consider ITT projects in aerospace industry, instead of above mentioned US-
originated categorization, it would be more distinctive to use below mentioned two-

dimensional categorization for the types of projects for further evaluation.
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Dimension-1 (Categorization in terms of “Level of Product”):

Main goal of the evaluated international technology transfer is to achieve a capability
at:

e Component and/or material level

e Sub-system level

e System-level

Dimension-2 (Categorization in terms of “Functional Capability”):

Main goal of the evaluated international technology transfer project is to achieve a
capability:

e To assembly and integrate

e To test

e To manufacture

e To design

These dimensions are introduced to cover the full domain of international technology
transfer efforts in aerospace industry of a developing country and have been used in
this thesis study for the construction of relevant data as described in Section 4.2.2

and Section 5.1.2.

From the perspective of the transferee (host) party, having the political will with a
well-defined national technology roadmap is a crucial step. Definition of an ITT
project to fill the technological gaps within the technology roadmap in harmony with
ongoing national technology development projects is another essential step. But
when we consider the readiness of the transferee for such an ITT project, there are

much more to consider.

It was previously mentioned that, in developing countries top decision-making
bodies affecting the aerospace industry are members of the state. In Turkey, Defense
Industry Executive Committee and Supreme Council of Science and Technology are
the top decision-makers. Additionally, if we recall Table 8 that was presented in
Section 4.1, “client/end user”, “funding” and “procurement” roles within aerospace

industry in Turkey were undertaken by government bodies and supportive
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organizations. However, the main actors responsible for performing the ITT projects
are industry members. Therefore, firms have to be convinced about the benefits of
such an ITT project in a way that, undertaking the responsibility and risks in such a
project has to serve the strategic goals of the company and has to be profitable and

well-matched with the company’s vision.

Moreover, firms, as they possess the know-how in aerospace fields, have an indirect
and implicit role on decision-making, which mainly occurs through different forms
of consultancy for decision makers. In general, the level of know-how possessed by
the industry is much more than governmental organizations’ level of knowledge.
This gap is greater in developing countries for the reason that firms, with the help of
fringe benefits they provide to employees, have advantages to attract human capital,
which is one of the most important prerequisites to possess knowledge. This situation
places a burden on the shoulders of top management of the aerospace company by
means of making wise decisions favorable to both the country and the company. For
the long-term benefits, firms have to attach importance to the strategic benefits and
the competence with the technology road map instead of possible short-term

economical profits.

As expected, end-users have a tendency to request for the “state of the art” solution,
which is also a challenging goal for the companies in the leading countries. However,
if we recall the development opportunities for latecomers that were introduced in
Section 3.2, the opportunity windows that can be utilized through ITT projects
generally do not cover the brand new technologies. Therefore, the scope of the ITT
project and the expected technical achievements shall be devised reasonably. During
the planning period for an ITT project, in most cases firms have a dispute with the

end-users to converge to a reasonable technical requirement document.

3. The scope and the intended outputs of the international technology transfer
project were reasonable and well-matched with the vision of my company, and
have long-term strategic benefits for state as well as for the company rather than
short-term economical profits. (there exists a vision of my company related to
relevant area of research)
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If the technological gaps within the technology roadmap are decided to be filled
through ITT projects, the next step is to decide on who is going to be the transferor
(home) party. In Section 3.3 it was explained that there exist obstacles to the
realization of ITT projects due to the nature of aerospace and defense technologies.
Because of political relations and global conjuncture it may not be possible to find an
eager partner. If there are possible partners, then the difference between their
eagerness to share technology has to be the determinant for the selection. Of course

the compelling international relations and price may surpass the rational choice.

4. Selected Home Company was the best choice among all alternative technology
sources in terms of overall evaluation of technical capability and proposed level
of technology transfer.

Even the home company has great expertise in the relevant technology area, they
may not be active in this area any longer (in terms of developing new products,
manufacturing and testing) and in practice the technology may be obsolete. This may
mean that the available source of technology does not have competitive and modern

capabilities in the area of technology transfer.

5. Selected Home Company is still actively performing similar tasks defined in the
Technology Transfer Project and the technology is not practically obsolete.

In the previous paragraphs, the readiness of the transferee (host) party beforehand the
ITT project was discussed. In order to perform an effective and fruitful ITT project,
it is evident that the host company needs already developed capabilities to absorb and

then to improve the obtained technology.

On the other hand, in order to achieve successful results through an ITT project, the
transferor (home) party must also be ready and willing to transfer the technology.
This means that there are also determinants originated to transferor. From the view of
the home party, what they are going to receive in exchange of know-how they

possess have to be worth for it and a win-win situation has to be established.
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The reasons why a nation transfers technology through ITT projects were described
in Section 3.2. For aerospace projects the reasons from the perspective of the
transferor can be summarized as follows;

- To achieve economic benefits in the short-term (in the course of ITT project).

- To achieve economic benefits in the medium/long-term through licensing,
supplying raw material/sub-components or logistic support.

- To access new markets through host party.

- To achieve political benefits.

- To outsource the development, production or test activities of a sub-
component which is a part of a bigger system, for receiving economic
benefits and/or risk sharing purposes.

- To fulfill offset obligations emerged from previous trade relations between

countries.

6. International Technology Transfer Project provided valuable benefits to Home
Party therefore Home Party set a high value on the realization of the project.

The intentional international cooperation in the form of technology transfer may
bother developed companies and rivals. This may lead to obstacles to emerge
preventing the realization of the project. Especially in aerospace projects, it is
extremely important to lay the way open for cooperation. Intended win-win situation
between home and host may not be enough to initiate and realize the ITT project and
profits for third parties in other forms may be needed to be considered. From the
perspective of a developing country, international lobbying (at the level of state and
companies) in order to convince developed part of the world is of vital importance.
Furthermore, in order to provide more confidence to host and home companies about
the continuity and durability of the ITT project, an intergovernmental agreement

between two countries can be signed as an indicator of strong political will.

7. Developed countries or big companies around the world didn’t hinder or prevent
the realization of the intended International Technology Transfer Project through
political repression to both countries, applying sanctions, preventing supply of
critical material/equipment, etc.
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4.2.1.2 Contractual Negotiations with the “Home” Party

In the previous sections, initial steps of defining the scope of an ITT project were
explained and discussed from the perspective of home, host and third parties like
developed countries and big companies. After these steps are taken, with a well-
defined goal and a selected technological partner with capability, the preparation of

the ITT evolves into a form of contractual negotiations.

Contractual negotiations are of the essence for the reason that, mutually agreed and
signed contract designates the scope and boundaries of the technology transfer.
Therefore, the expectations of the host party for filling the technological gaps have to
be clearly defined in a way that leaves no disputable and subjective issues.
Obviously, the host party will interpret such indistinct issues in a way forcing the
owner of technology to share much more than they intend, while the home party has
a tendency to protect the know-how it possesses. The difference in interpreting the
contractual issues may lead to retardation or even to suspend the project, which is an
unsolicited status for both parties. In order to prevent this, contractual documents
have to be prepared in an explicit way. The maturity of contractual preparations is

vital for the success of the project.

According to PMBOK Guide (A Guide to the Project Management Body of
Knowledge); “project management” is the application of knowledge, skills, tools,
and techniques to project activities to meet project requirements. Project
management is accomplished through the use of the processes such as initiating,
planning, executing, controlling and closing. In other words, project management can
be seen as a discipline of planning, organizing, securing, managing, leading and
controlling resources to achieve specific goals. From a project management point of

view, projects need certain preparations.

In an aerospace ITT project, effective project management shall involve systems

engineering philosophy, which means there is a need for some tools to efficiently and
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successfully perform the project. Below mentioned documents have to be negotiated
and mutually agreed during the negotiation phase of the project and need to be
designated as annexes to legal part of the contract of the ITT project.
e Project Implementation Schedule (PIS)
e Statement of Work (SoW)
e Work Breakdown Structure (WBS)
e Work Package Descriptions (indicating the scope, responsible party, inputs,
outputs and due dates)
e Responsibility Share Matrix (indicating the scope of responsibilities
explicitly)
e List of Deliverables (including documents, equipment, configuration items,
material, software, etc.)
e Principles of managerial documents (such as Project Management Plan,
Qualification Management Plan, Systems Engineering Plan, Configuration

and Data Management Plan, Risk Management Plan, etc.)

From the perspective of the host party, as the ITT project has the goal of obtaining
(extracting) tacit knowledge from the home party, the abovementioned documents
shall be treated with extra care. Naturally the level of maturity of these documents is
based on the prior technological readiness of the host party, as it is important to
know what to expect before the negotiations. Although the aim is to increase the
TRL of the host party through the ITT project, in order to institute the scope of the
ITT project, the host party has to be aware of what should be expected from the
home party.

According to Oner and Kaygusuz (2007), negotiation phase is full of traps among the
complexity fashioned by problems related with copyrights, royalties, technical
assistance, know-how, management contracts, ITT modes and balance of payments.
Therefore, contractual documents have to be prepared in a way that secures the
expectation of the host party. On the other hand, explicit definitions of expectations
through defining solid milestones and approval/acceptance criteria will

unsurprisingly be reflected to the price of the contract by the home party.
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8. Before beginning the project; at the end of the contractual negotiations, mutually
agreed and well-prepared descriptive project definition documents have been
prepared as annexes to the Project’s contract. These annexes clearly defined the
project scope, schedule, responsibilities, deliverables and cost.

4.2.2 Conducting the ITT Project

The technical support intended to be obtained from the source of technology may
vary according to the type of the ITT project. In this thesis, ITT projects are
categorized in two dimensions in terms of “Level of Product” and “Functional
Capability”. Figure 13 shows the sophistication level of ITT project in terms of the
technical support provided by the home party. According to this illustration, the
support through an ITT project that is related to system-level design is designated as
the most sophisticated international technology transfer model in terms of “Level of
Product”, hence requires further preparation efforts. Similarly, obtaining the design
capability through an ITT project is a very sophisticated process mainly because of

the tacit components of knowledge.

Functional
Capability

+ to design

+ to manufacture

Sophistication of Technical

+ to test Support Through ITT Project

to assembly and

integrate
Level of Product
Component +Sub-system +System
and/or material level level

level

Figure 13 Sophistication level of an ITT project

126




In order to describe the introduced categorization method, three examples of ITT
projects with varying scope of technical support provided by the source of
technology are given in Table 9. According to this table, ITT Project-1 is the project

with basic technical support and ITT Project-3 is the most sophisticated one.

Table 9 Example of ITT projects in terms of sophistication of technical support provided by the

home party
Level of Product
Component Sub-system level | System-level

and/or material
level

To assembly
and

ITT Project-1
ITT Project-2

ITT Project-2
ITT Project-3

integrate ITT Project-3
T Protect.| ITT Project-2 ITT Proiect.3
roject- ' roject-
To test ITT Project-3
' ITT Project-2
To ITT Project-1
manufacture ITT Project-3
To design ITT Project-2 ITT Project-3 ITT Project-3

Functional
Capability

In ITT Project-1, the host party is not involved in any design tasks but capability
regarding component level manufacture and test, sub-system level assembly and
integration are intended to be obtained. This scenario requires the minimum transfer

of technology when compared to other scenarios.

On the other hand, in ITT Project-3, system and sub-system level design capability is
supposed to be obtained in addition to newly established manufacturing, assembly
and testing infrastructure. This model requires the transfer of know-how in forms of
design and analysis tools, equipment, technology data package and preparation of

manufacturing data package.
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In this thesis, data regarding the sophistication level of ITT project is also collected

for the evaluated ITT projects. The method for quantifying the “Sophistication Level

of ITT Project” is introduced in Section 5.1.2 (Table 14) and the full set of proposed

quantification is given in Appendix D.

4.2.2.1 Responsibilities and Place of Work

Within an ITT project, both home and host parties may have varying levels of

responsibilities. Scope of responsibilities is briefly explained in terms of “functional

capabilities” as follows;

Responsibility “to design” is supposed to cover;

o

O

Preparation of Technical Specifications. (Technical Specifications are
expected to include technical requirements, requirements for the
development phases and requirements for the patent cleanliness and
other articles in specified scope.)

Preliminary Design.

Detailed Design. (Design documentation are expected to include
package of explanatory notes and design drawings.)

Preparation of Technical Data Package (TDP).

Responsibility “to assembly and integrate” is supposed to cover;

O

o

TDP adaptation and preparation of Manufacturing Data Package
(MDP) related to assembly and integration tasks.

Supply of the assembly and integration equipment.

Preparations for assembly and integration operations (including
construction of buildings, equipment assembly/installation, pre-
commissioning and commissioning).

Assembly and integration operations.

Responsibility “to test” is supposed to cover;

o

O

Supply of the test equipment.
Preparation of the test facilities (including construction of buildings,
equipment assembly/installation, pre-commissioning and

commissioning).
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o Preparation of the test program and carrying out the tests.
o Preparation of the reports with an analysis of the test results.
e Responsibility “to manufacture” is supposed to cover;

o TDP adaptation and issuing of Manufacturing Data Package (MDP).

o Supply of the processing equipment.

o Preparation for manufacturing (including construction of buildings,
equipment assembly/installation, pre-commissioning and
commissioning).

o Manufacturing.

In addition to abovementioned responsibilities, supply of the raw material and
configuration items as commercial off-the-shelf (COTS) products are other areas for
responsibility. However, even these categories are covered within the ITT project,
the level of knowledge transfer is assumed to be negligible when compared to

abovementioned forms of responsibilities.

For the design activities that are under the responsibility of the home party,
involvement of the host party can be in varying forms. Design activities, which also
include analysis sort of tasks, will probably be performed in the home (transferor)
country in order to utilize background information efficiently. Involvement of host
party’s experts in such activities in the home country will face natural boundaries in
physical participation, and access to background knowledge will not be granted
easily by the home party. Consequently, real participation in design activities in

home party’s premises is not possible in practice.

“Direct Participation” form of models, which are based on participation of host
company’s experts to tasks carried out in the home country, will obviously not lead
to fruitful and favorable results from the perspective of the host party. In practice, it
is impossible to absorb the background information related to design capabilities
through simple so-called “Direct Participation”. For a host party who has a will to

improve design capabilities through an ITT project, some other ways of collaboration
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models have to be generated. Such rewarding modes are introduced in Section

4.2.3.2.

Moreover, in order to participate in design activities that the home party utilizes her
existing background information, it would be more efficient to pursue an ITT model
in the following ways. The host party has to be involved in the process of
design/development/verification and qualification by means of occasional
participation in review meetings, held in the home country or host country in order
to:

e Understand design requirements of the relevant element level.

e Understand design requirements of interfaces (mechanical, electrical,

thermal, etc.) of the relevant element.
e Conduct reviews and give comments on output design documentation and

TDP, elaborated by the home party for the relevant element of the product.

9. During the “design phase” of the Project, my company’s experts grasped the
knowledge regarding the design requirements, output design documentation and
TDP through well-organized reviews.

If the ITT project involves technology transfer related to assembly, integrate, testing
and manufacturing, then most probably the related equipment for these tasks are also
be provided by the home party. If this is the case, then the related documentation for
procedures of operating and maintaining such equipment would be as important as

equipment itself in terms of embedded knowledge.

The process related to equipment, which is going to be provided by the home party,
has to be codified in order to be easily followed by the host party’s experts.
However, as it is not possible to codify related knowledge definitely, the presence of
home party’s experts during the installation and commissioning is crucial.
Throughout the initial operation of the equipment, face-to-face interactions will help
to decrease the time for process optimization and the time required for learning. The

documentation provided by the home party has to be rephrased and retyped by the
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host party under the supervision of the home party in order to be well-suited to host

company’s culture.

Abovementioned tasks related to equipment might be directly related to
establishment of related infrastructure (buildings, structures, etc.). Therefore,
responsibilities of the home party within the installation and commissioning phase
shall be extended to cover tasks related to the infrastructure (such as; defining the
requirements of relevant infrastructure, preparation of the construction projects,

construction, commissioning of the infrastructure, etc.).

10. During “equipment installation and commissioning phase” of the Project, my
company’s experts worked under the supervision of Home company’s experts in
our territory and related documentation is generated as a result of joint efforts.
The produced documents are well-suited to my company’s culture.

Some ITT projects may involve more than one functional capability. Even in some
cases all defined functional capabilities might be within the scope of the ITT project;
to design, to manufacture, to test and to assembly & integrate. In such projects
“ground development tests phase” has additional importance as activities within this
phase lead to an indication of the initial performance results of both design and
manufacturing. According to the results of ground tests, design and product might be
validated or a change requirement for Manufacturing Data Package (MDP) may
emerge. While supervision of the home party helps to comment on the results of
ground tests, revision of MDP or even TDP can be considered after analyzing the

results.

In this phase, the shortcomings of related codification would probably have a
retarding effect as inconsistencies between the test results and acceptance criteria
would constantly emerge to new questions by the host party. However, in most cases
these inconsistencies can easily be interpreted and solved by the help of background
information of the home party. Face-to-face discussions and collaboration during this

phase will increase the level of knowledge transfer and decrease the Project duration.
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11. During the “ground development tests phase” of the project, design and products
are validated; related activities are carried out in my company under the
supervision of foreign experts, results are evaluated in details and documented.

The importance of supervision by the home party during “equipment installation and
commissioning phase” was described above. Similarly, the presence of home party’s
experts in the host country is essential during the “manufacturing phase”. In this
phase, instead of trial production, final product is supposed to be produced according
to issued MDP based on design documentation (TDP). While subscale production
might be enough to accomplish the installation and commissioning of relevant
equipment, real performance of production line is qualified during “manufacturing
phase”. Especially for ITT projects, within which equipment is provided by the home
party, continuous and effective supervision of the home party is vital for the success
of the ITT project. Correspondingly face-to-face interaction will certainly boost the
performance of this phase and related process will be optimized according to the host

party’s conditions.

12. During the “manufacturing phase” of the Project, production process was
optimized under the supervision of foreign experts. The produced documents
were well-suited to my company’s culture.

4.2.2.2 Deliverables; Effective Management and Monitoring of the Home
Country through Accepting and Approving Deliverables

The importance of the contractual negotiations was explained previously. Normally

the host party would try to organize and constitute the scope of ITT in a way that

extends the boundaries of technology transfer as much as possible. Based on the

level of technological readiness in terms of awareness, the expectations from the ITT

project could be explicitly mentioned within the contractual documents and would be

discussed with the home party prior to the implementation of the project.

Even the host party is well aware of their expectations and the contractual documents
are prepared serving this goal, the possessed knowledge in the related technological

area is limited and open to manipulations by the home party. In other words,
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contractual documents are important but the success of ITT is mainly based on how

these documents are applied during the execution of the project.

Moreover, the host party would probably challenge organizational problems after the
initiation of the ITT project, such as change management and growth management,
and most organizational teams would be newly established. The monitoring of
contractual goals and requirements would be given foremost importance, and

organizational requirements have to be decided accordingly.

Management plans are major tools for the home party to establish and guarantee
efficient ways of communication with the home party. Procedures and mechanisms
of interactions have to be well-defined within these documentation. Although
management plans are supposed to be issued after the effective date of the contract,
parties have to be agreed on principals previously. Procedures of reviews, meetings,
delivery and approval of outputs and other means of interactions, such as
questions/answers and pop-up meetings, have to be formulated before the initiation
of the ITT project and the host party has to efficiently utilize these mechanisms to

obtain fruitful cooperation.

Additionally, Integrated Project Teams (IPT) can be established and utilized. IPTs,
which are supposed to be formed by experts from both home and host parties, can act

cooperatively to accomplish, monitor or approve defined tasks within the Project.

13. My company utilized mechanisms such as reviews, meetings, and
questions/answers, therefore obtained detailed and comprehensive information
from the Home Company throughout the Project.

In Section 4.1.2, “systems engineering” approach was introduced as a part of the
discussions related to absorptive capacity of the host company. This approach was
referred to indicate types of documents that are generally expected to be generated
within aerospace projects. Moreover, some international standards were introduced,

which aerospace companies are supposed to comply with.
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From the perspective of an ITT project, systems engineering approach is also
evaluated as one of the determinants of success. In other words, the home party is
also supposed to pursue similar approach like the host party in terms of systems
engineering. However, because of background knowledge and path dependency, the
home party might be accustomed to different standards other than globally accepted
international standards. Even in some cases, international standards related to the
scope of the ITT project may not exist. In such ambiguous cases, the initial

agreements on the templates of outputs and on the scope of reviews are vital.

14. Home Company implemented systems engineering approach in compliance with
international standards and generated project documents accordingly. These
documents satisfied the requirements of predefined reviews and enabled
transferred knowledge to be completely adopted. For this purpose a rigid
configuration and data management system has been implemented.

For the ITT projects that involve “design” tasks, considerations related to raw
materials are as important as the performance of design itself. The best technical
solution that can be obtained by using the most advanced materials might not be the
best solution for the host party. Especially in aerospace industry, because of
international regulations and restrictions, it may not be possible for the transferee
(host) party to guarantee the continuity of obtaining advanced materials, even from
the transferor (home) party. In order to avoid future dependencies, the design has to

be configured accordingly.

However, as the host party is responsible to target globally competitive products,
alternative paths have to be considered during the planning phase of the project.
Even the scope of ITT project is designed with considerations to avoid such
dependencies and as a result moderate results are targeted, the host party needs to
continuously look for solutions to reach most advanced solutions independently. This
can be possible through well-organized technology roadmaps and generally related
coordination is beyond the capabilities of a company but it has to be considered at

national level by state organizations.
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15. Raw materials used in the Project were selected in a way that enabled the usage
of a wide variety of alternatives,; therefore my company was not dependent on
limited sources of raw material.

The importance of supervision by the home party related to equipment was
introduced in the previous paragraphs while discussing “equipment installation and
commissioning phase”. The equipment is supposed to be obtained from the home
party with related documentation such as user guides and maintenance instructions.
In addition to these concerns, another important determinant related to equipment,
when considering the success of ITT project, is about the features of obtained

equipment.

The technology embedded in the equipment might not be as advanced as the globally
leading technologies or the user interfaces might not have up to date features.
However, obtained equipment, together with the related tacit knowledge that can be
transferred during practical on the job trainings, might be highly valuable even

compared to other modern possible alternatives.

In any case, the host party has to make detailed evaluations during the preparation
phase previous to contract signature with the home party for determining other
possible alternatives of sources of equipment. These considerations have to be made
in terms of scope, technical capacity, lead times and long-term maintenance and
make & buy decisions have to be taken accordingly. Additionally, similar to
concerns about raw materials, avoiding future dependencies is crucial from the

perspective of the host party.

16. Equipment provided by the Home Company was worthy in a way that it took the
advantage of modern and up-to-date manufacturing technologies. Besides
operational and maintenance costs were reasonable and relevant tasks could be
performed independent of Home Party.
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Some ITT projects may involve the transfer of in-house design and analysis tools
developed by the home party. These can be in a form of independent structure or can

be in a form of a batch file that can be used with a Commercial off the Shelf (COTS)

software, but in both cases unique in terms of their area of application.

This type of deliveries contains valuable background information of the home party,
and in most cases these tools are validated by past experiences or empirical results.
Such tools are supposed to enable the host party to conduct design phase

independently in future similar projects that will come after the ITT project.

As a result of high level of know-how embraced by such tools, negotiations on IP,
approvals and cost would probably take longer time in comparison to other work
tasks of ITT project. Besides, the level of readiness of the host party for negotiating
on the technical scope of such tools will only be adequate only if the host party had
previously studied on similar tools as introduced in Section 4.1.1, while discussing

the factors affecting absorptive capacity.

Analogous to delivery of equipment, in-house softwares may require similar
“installation and commissioning phase” under the supervision of the home party.
Besides, the host party has to be sure about the suitability of the architecture of the
software in terms of optimal performance. Delivered tools are supposed to contain no
undefined equations or constants that cannot be proved by scientific justifications or

empirical databases.

Because of high expectations from such tools, the validation, verification and
approval procedures have to be clearly defined within the contract. Additionally,
obtained tools must not be dedicated to a specific mission, but instead have to be
flexible enough in order to be adapted to different missions and have to be accessible

for future modifications and improvements.

Verification and validating of these software tools have to be conducted in three

stages;
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e Software documentation control
e Verification of the software

e Validating the software and methodology

Software documentation prepared by the home party has to be controlled and
approved. For the transferred software; mathematical models of the software's
algorithm, hardware requirements and specifications, input-output files and contents
and acceptance scenarios have to be provided. Then, source code and auxiliary
structures have to be examined in terms of the structural architecture of the software
and source code has to be compiled in the environment specified in the relevant
documentation. After completing the verification activities of the supplied software,
validation activities have to be carried out in order to identify software’s ability using

different scenario sets in comparison with reference data such as empirical databases.

When we consider evaluating level of obtained design capability through the ITT
project, one of the most important parts of the contractual documents are those that
are related to verification and validation methodology of obtained design and
analysis tools. Especially for the ITT projects that involve transfer of knowledge
related to design capabilities, the contract has to clearly indicate the related
acceptance processes. There are lots of traps, like complications related to IP rights,
hiding knowledge, etc., and therefore it is very difficult to formulate and mutually
agree on such a technology transfer contract. Optimally, contract has to be
configured in a way that, host party’s experts repeat design activities under the

supervision of foreign experts and obtain the same results as found by the home

party.

17. In-house softwares developed and provided by the Home Company were totally
adopted by my company’s experts through user manuals and trainings in a way
that there were no black-boxes, undefined magic numbers, and indemonstrable
empirical relations left within these tools. My company’s experts mastered the
capabilities of these tools thus future utilization beyond the ITT project became
possible.
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4.2.2.3 Training and Consultancy

It was previously stated that, the host party would probably challenge organizational
problems after the initiation of the project, such as change management and growth
management, and most organizational teams would be newly established.
Consequently, both internal and external trainings would have high importance for
the host party (transferee), especially at the initial phases of the Project. In this
context, the home party (transferor) would be the best alternative source for
providing technical training. Additionally, other external sources have to be
considered in order not to be stuck in one dimension provided by the home party.

This will also serve to increase the benefits of the training provided by the home

party.

Although, scope of technical training that is intended to be obtained from the source
of technology may vary according to the type of the ITT project, it would be possible
to categorize training in two main categories; “theoretical training” (or in-class

training) and “practical training” (or on-the-job-training).

As explained before, in this thesis ITT projects are categorized in two dimensions in
terms of “Level of Product” and “Functional Capability”. Theoretical training would
be appropriate and necessary for all levels of intended functional capabilities and
both white & blue collar employees from the host party may attend such training
programs. These theoretical trainings can be organized at the home party or the host
party enterprises, but the place should be conveniently selected in a way that
contributes to the achievements. The scope of the training may cover the principles
and methods of designing and the merits of manufacturing/integration/test

technologies.

For practical training related to equipment, different levels of training can be
organized. At the initial phases of the ITT project, practical training can be provided
to introduce the related process and capabilities of the equipment. Additionally, for

the equipment, which are going to be provided by the home party, it would be
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beneficial for the host party to organize pre-commissioning and commissioning

activities in a way that involves practical training.

Training related to design tasks has to be considered separately. If ITT project does
not cover the transfer of design and analysis tools, then relevant training will be only
limited to classroom type. Furthermore, if the transfer of in-house design and
analysis tools is within the scope of the ITT project, then the training related to these
capabilities has to involve both theoretical and practical trainings, and precautions

related to such tools has to be considered as described in the previous section.

The instructors from the home party, despite their deep knowledge in the relevant
subject, may not have experience on teaching. Therefore, the preparations for
training (planning, preparations of training documentation and translation) and the
effective implementation (selection of appropriate training tools, monitoring, etc.)
have to be considered and evaluated by training experts (specially from the host
party) in a way that would improve the performance of training process within the
ITT project. Additionally, if the home party and the host party have the culture of
providing internal training and have already developed related procedures, this would

help to increase the performance of training process within the ITT project.

18. Training Program (theoretical and/or practical) that was provided by the Home
Party was highly efficient in terms of; planning, quality & scope of training
documentation, sufficiency of instructors (and translators), selected training
tools and effective monitoring of the participants.

4.2.2.4 Language Constraints on Transfer of Technology across Nations

In today’s world, in most international projects, English is used as the common
language for communication between international counterparts. English, as a global
language, has been spoken internationally, and is learned by many people as a second
language all over the world. Consequently, in ITT projects English is generally used

as the communication language.
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If the native language of the home country is not English, knowledge that is going to
be transferred through ITT project has to be translated to English first. As this
process may result in loss of information, role of translators are very important and
these translators are needed to be highly competent. In addition to their skills in
language, they are supposed to be familiar with the technical terminology and
international norms. In order to increase the efficiency of communication, a common
technical terminology has to be mutually agreed between the home party and the host
party. This would help preventing further complications. Besides, number of
translators has to be sufficient to translate all exchanged documents, to attend all

meetings and not to adversely affect the duration of the ITT project.

In Turkey, especially in aerospace industry, companies generally hire graduates of
the top universities and such white-collar employees are equipped with good
knowledge of English language and related technical terminology. Therefore, in most
cases English-Turkish translation is not necessary and such translators are not needed
to be hired. Additionally, at least during the initial phases of the project, as there is
no need to translate the documentation obtained from the home party, additional loss
of information is avoided. However, the host party may consider hiring translators
having skills in the home country’s native language to increase the efficiency of

communication.

In most cases, the host party is supposed to provide the deliverable documents to
funding organizations in Turkish. Moreover, in order to institutionalize the
documents and make the knowledge understandable for all employees of the host
party, including blue-collars, translation to Turkish is inevitable. The host party has
to take precautions in order to shorten the required time for translation to native

language.

19. Translation of the technical documents was made by experienced specialists and
a common terminology has been used. Translated documents were proof checked
in order to reduce the level information loss caused by translation to minimum.
During the face-to-face meetings adequate numbers of capable translators have
been assigned.
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4.2.3 Performance of the ITT Project

4.2.3.1 Has the Host Company Really Achieved the Intended Goal?

Previously, the importance of contractual negotiations in the preparation phase of the
ITT project was introduced and ways to obtain a solid set of contractual documents
were discussed from the perspective of the host party. Since the mutually agreed and
signed contract designates the scope and boundaries of the technology transfer, the
expectations of the host party for filling the technological gaps have to be clearly
defined in the contract in a way that leaves no disputable and subjective issues. Even
the maturity level of contractual documents is high, as a result of expectations of the
host party and possible discreetness of the home party, different interpretations of the
contractual requirements may lead to disputes. In order to denote the ITT project as

successful, these disputes have to be resolved in favor of the host party.

Achieving the goals that were set as contractual requirements (in terms of scope,
time and budget) is one of the main indicators of success of the outputs of the ITT
project. For this purpose, the management plans are important tools, which were
introduced before and they have to be implemented throughout the project life cycle
and satisfaction of all levels of requirements has to be monitored from the beginning

of the project.

In addition to successfully satisfied contractual requirements, another concern that
has to be proven is the success of ITT project in bridging preliminary defined
technological gaps, which was the main reason of the existence of such an ITT
project. This has to be considered from the perspective of both company and national

level.

20. Home Company fulfilled the requirements of the contract in terms of scope and
the tasks defined in the Statement of Work as expected. By the successful
completion of the project the intended technological gap previously defined in the
technological roadmap was bridged.
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It was previously stated that the technical support intended to be obtained from the
source of technology may vary according to the type of the ITT project. Accordingly,
two dimensions in terms of “Level of Product” and “Functional Capability” were
introduced. Additionally, it was stated that the home party and the host party might
have varying levels of responsibilities and scope of responsibilities were also
explained in terms of “functional capabilities”. According to the scope of the ITT
project, the level of technology that is intended to be transferred from the home party
will indicate different sophistication levels of the ITT project. As a result of
successfully satisfied contractual requirements and institutionalization of the external
knowledge through indigenous procedures, it would be possible for the host party to

adopt externally originated technology.

In addition to successful completion of the Project and the success of ITT project in
bridging preliminary defined technological gaps, another important indicator to
denote ITT as successful is the achieved technical independency of the host party in

the relevant field.

This mentioned independency can be in terms of the items in the product breakdown
structure, raw material and equipment as well as the logistic support. A successfully
completed ITT project is supposed to provide the host party the capability to develop
similar projects by its own in the future without the support of the home party. In
addition to technical maturity achieved, model on the IP rights has to facilitate this.
Through the instrumentality of obtained capabilities after the completion of ITT
project, the host party is supposed to be capable of exploring and exploiting new

technological areas, new products, new markets and new cooperation alternatives.

21. By the help of the Project, my company reached a favorable level of
technological capability; external dependence in terms of items in the Product
Breakdown Structure, raw material and equipment was reduced to minimum.
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4.2.3.2 Harmonizing the Indigenous Efforts with an aim to Obtain Same
Results with the Home Country

For the ITT projects involving design support, the design activities that are under the
responsibility of the home party (transferor), will probably be performed in the home
country in order to utilize background information efficiently. Previously, it was
stated that, involvement of host party’s experts in such activities in the home country
will face natural boundaries in physical participating, and access to background
knowledge will not be granted easily by the home party. Consequently, real
participation to design activities in home party’s premises is not possible in practice.
For a host party who has a will to improve design capabilities through ITT project,
instead of “Direct Participating” type of involvement models, some other ways of
collaboration models have to be generated. Keeping in mind that, absorbing “to
design” capabilities through ITT project is much more sophisticated and difficult
when compared with “to manufacture”, “to test” and “to assembly and integrate”
type functional capabilities, therefore, it has to be considered with special attention.
Additionally, the home party naturally and intensely uses background information
during performing design tasks, and sometimes may utilize existing results from past
projects without repeating the relevant process during the ITT project. This would
probably not lead to a technical problem but may lead to a shortcoming in the

transferred knowledge.

It is almost impossible for the host party to utilize acquired knowledge with delivered
design documentation in further projects, without developing relevant capabilities
completely. In order to absorb the design capabilities, in addition to strict monitoring
of activities conducted by the transferor party, additional engineering efforts are
needed. For this purpose, a special engineering team has to be established and
assigned by the host country and the design activities that have been accomplished
by the home party have to be repeated using indigenous or transferred design,
analysis, modelling and simulation tools in the host party enterprises. For the tools
that were transferred from the home party, the acceptance (including verification and

validation) procedures have to be conducted as discussed in Section 4.2.2.

143



These tasks have to be conducted under the supervision of the home party so as to
gain complete competence on related tools. Obtained results have to be evaluated and
compared with the home party’s results. However, these activities have to be planned
in a way that would not affect the ITT project’s schedule and performance, thus

possibly with a delta phase to actual design tasks.

In order to denote ITT project as successful in terms of absorbed design capabilities,
abovementioned efforts, which involve the contribution and supervision of the home
party, have to be covered in the ITT project. Consequently, the host party would be
capable of utilizing obtained design capabilities in similar future projects without the

need of further supervision, which is a very difficult but valuable goal to achieve.

22. My company’s experts repeated design activities under the supervision of foreign
experts and obtained the same results as found during “design phase”. For this
purpose, design and analysis tools provided by Home Company or indigenously
developed tools were used and consequently obtained design capability was

verified and validated.

4.2.3.3 Keeping the Team; Preventing “Brain Drain”

A firm’s innovative ability depends largely upon its human intellectual capital. As it
was previously explained, learning is an investment on human capital, therefore
employees are very valuable assets of the firms (Dolfsma, 2008; Ancori et al., 2000;

Carlsson, 2006).

Depending upon the duration and scope of an ITT project, it might be necessary to
establish big teams with dedicated organizational tasks and responsibilities within the
host company. These teams will gain experience during the ITT project and
especially employees who had the opportunity to directly work with home party’s
experts would benefit from the tacit type of knowledge, which is very difficult to
codify and institutionalize. At the end of a successfully accomplished ITT project,
the home party would have constituted teams equipped with valuable knowledge in

varying fields (design, manufacture, test, etc.) according to the type of the project.
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At this point, in order to denote the ITT project as a successful one, sustainability of
utilizing newly obtained human capital emerges as an important indicator of success
for the ITT project. However, unlike other defined success indicators, this indicator
mainly depends on the organizational, planning and forecasting capabilities of the

host company and the national authorities of the host country.

The technological roadmap, which is supposed to be the initiator of the ITT project,
has to target the next directions for incremental improvement in the area of research.
Company or state level strong will and strategies, refined marketing and business
plans, and continuous funding mechanisms that operate precisely may prevent the
brain drain. Moreover, this would help employees to have a trustworthy foresight of
near and middle future career planning and to develop loyalty. Else, obtained delicate

assets with embraced knowledge may melt away and disappear.

23. Employees, who were participated in the ITT, have been working in the similar
tasks that they have gained experience even the ITT is over.

The variables defined at the end of Step-3 are utilized to understand the relations
between firm level absorptive capacity and the determinants/success indicators of
ITT projects. For this purpose, it is required to quantify these variables for specific
conditions; firm level specific environment and evaluation of the completed ITT
projects within this environment. Therefore, in order to identify and measure relevant
variables, questions are generated as given in previous sections just after the
explanations regarding the associated variables. Afterwards, these questions are

gathered in a form of questionnaire given in Appendix B.
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CHAPTER 5

QUANTITATIVE ANALYSIS

5.1 CONSTRUCTION OF DATA

5.1.1 Quantitative Data Collection

After the completion of Step-3 through Semi-Structured Interview Questions
(Appendix A), 47 variables were determined, elaborated and categorized under the
conceptualized framework. Detailed discussions on these variables are given in

Chapter 4.

The elaborated variables are intended to be utilized to understand the relations
between firm level absorptive capacity and determinants/success indicators of ITT
projects. For this purpose it was required to quantify these variables for specific
conditions; firm level specific environment and evaluation of completed ITT projects
within this environment. Therefore, in order to identify and measure relevant
variables, questions are generated as given in Chapter 4 just after the explanations
regarding the associated variables. Afterwards, these questions are gathered in a form
of questionnaire given in Appendix B, in order to be used in Step-4 of this research

as introduced in Section 1.2.

The questionnaire involves two parts both of which are based on Likert scale. First
part of the questionnaire is composed of questions that aim to figure out firm level
environment (the quality of human capital, existence of a strategic plan for

technology development, appropriateness of the organizational structure and culture
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of the firm to conduct innovative activities, knowledge flow within the company and
the sectoral innovation system, etc.). The second part of the questionnaire asks
experts to evaluate an ITT project that they had participated in terms of different
aspects, such as the political will in the related area, planning and conducting the ITT

project and the evaluation about the achievements of the ITT project.

The questionnaire has also provided information regarding the sophistication level of
the evaluated ITT projects in terms of the technical support provided by the home
party. For this purpose, a method for quantifying “Sophistication Level of ITT
Project” is developed as introduced in Section 4.2.2 and Section 5.1.2. In order to
quantify this variable, “Functional Capability” and “Level of Product” are questioned

within the questionnaire.

The questionnaire is optimized and evolved through initial trials with several experts
in order to be sure that questions and way of surveying is clear and explicit in terms
of used terminology and examined scope. Afterwards, the questionnaire is applied to
20 experts having 10-25 years of experience and who have participated in aerospace
ITT projects. These experts were employed within the same company, which is one
of the biggest and leading aerospace companies of Turkey. Experts have evaluated
ITT projects that they had previously participated. Information about the profile of
experts who had contributed to research by filling in the questionnaire is provided in

Table 10.

Table 10 Profile of experts who had contributed to research (Step-4)

Number of | Position in the firm Experience in the Number of ITT
experts firm (years) Projects Evaluated
3 Upper manager >20 years 12

Mid-level manager
(Design / Development /
Production
Departments)

17 >10 years 62

All experts were contacted directly and support was provided for further explanation

on expectations of the research. At the end of Step-4, 74 evaluations regarding ITT
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projects were obtained. Note that it is not the number of different projects for the

reason that an ITT project might be evaluated by more than one expert.

Detailed information about the variables that were evaluated through the
questionnaire is provided in Section 5.1.2. Variety of ITT projects within the sample
according to the level of sophistication is calculated with the method introduced in

Section 5.1.2 and the results are provided in Section 6.1 (Figure 16).

5.1.2 Definition of Variables for Quantitative Analysis

STATA®, which is a general-purpose statistical software package, has been used for
quantitative analysis in this thesis. Therefore, in order to be utilized in STATA®,

“variables for quantitative analysis” are created.

Variables are generated in such a way that the notation shows which variable group it
belongs to. For example, ABS and ITT denote absorptive capacity and international
technology transfer respectively, or KP and KF denote knowledge production and
knowledge flow.

The relations between generated variables, variable groups (that was conceptualized
in Section 3.3) and questions to discover the variable (as introduced in Section 4.1,
Section 4.2 and Appendix B) are provided in a table form. “Definitions of the Factors
Affecting Absorptive Capacity in Aerospace Industry” and “Definitions of the
Determinants and Success Indicators of ITT Projects in Aerospace Industry” are
given in Table 11 and Table 12 respectively. A brief definition for each variable is

also given in these tables to maintain easier evaluation during utilization of STATA®.
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Table 11 Definitions of the Factors Affecting Absorptive Capacity in Aerospace Industry

Variable Variable Definition Question
Group
Knowledge ABS-KP-1 Setting academic 1 My company sets academic goals for
Production goals for universities | graduate programs and supports the
students enrolled in these programs.

ABS-KP-2 Hiring graduates of 2 My company commonly hires
the top universities graduates of the top universities.

ABS-KP-3 Access to world 3 My company provides facility of
literature access to world literature via highly

equipped library or membership to
digital libraries.

ABS-KP-4 Culture of utilizing 4 My company provides facility of
patent databases access to patent databases and it is

common to use this occasion while
making literature survey.

ABS-KP-5 Firm level strategic 5 My company has a strategic plan for
plan and technology | technology development which is
roadmap prepared in a form of technology

roadmap. A dedicated department is
responsible for planning the technology
roadmaps as well as for coordinating
and monitoring relevant activities.

ABS-KP-6 Intra-firm technology | 6 My company initiates intra-firm
development projects | technology development projects to

reach a technological capability. If
external funding mechanisms are not
available, my company funds such
projects using own financial sources.

ABS-KP-7 Development of 7 My company encourages and
indigenous design appreciates the development of
and analysis tools indigenous design and analysis tools.

There exist dedicated specialized
organizational structures and
mechanisms, which help to improve the
capabilities of the in-house tools.

ABS-KP-8 Fringe benefits 8 My company provides an appealing

working environment with fringe
benefits, a fair wage policy and equal
opportunities as well as uses
performance evaluation tools efficiently
to encourage employees to their highest
potential.

ABS-KP-9 Emotional capability | 9 My company provides an

environment where employees can
show their emotions and share their
ideas in a way helping to create
commitment and deep loyalty.

149




Table 11 Definitions of the Factors Affecting Absorptive Capacity in Aerospace Industry

(Cont’d)
Variable Variable Definition Question
Group

Knowledge ABS-KF-1 Coordinating intra- 10 My company has an organizational

Flow within firm knowledge structure which coordinates overall

the Company creation activities knowledge creation activities within the
company and prevents redundant
development efforts in order to
minimize unfavorable effects of “need
to know” approach.

ABS-KF-2 Culture of 11 In my company there is a culture of
codification within reporting the results of conducted tasks
the company and other employees utilize these

reports as well as there are mechanisms
encouraging this process.

ABS-KF-3 Culture of 12 My company implements systems
implementing engineering approach in compliance
systems engineering | with international standards and
approach within the generated project documents are easily
company accessible by project personnel.

ABS-KF-4 Utilizing codified 13 My company implements
procedures and procedures and processes efficiently
processes within the | and such documents are improved
company continuously as well as these

documents are easily accessible by
project personnel.

ABS-KF-5 Face-to-face intra- 14 My company provides well-

firm communication

organized face to face communication
platforms through formal and informal
meetings for the purpose of orientation
for new comers, internal trainings,
conveying “lessons learned”, evaluation
of relations between departments, etc.
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Table 11 Definitions of the Factors Affecting Absorptive Capacity in Aerospace Industry

(Cont’d)

Variable
Group

Variable

Definition

Question

Knowledge
Flow within
the Sectoral
Innovation
System

ABS-SIS-1

Interactions with
national players

15 My company actively takes part in
events that paves the way for
interactions with state organizations,
universities, research centers and rivals
such as national technology platforms,
project planning, feasibility studies and
proposal preparation activities in a
continuous manner.

ABS-SIS-2

Solid interactions
with universities

16 My company has solid interactions
with numerous national universities in
aerospace fields through; performing
common projects, knowledge &
technology transfer offices, researchers
training programs, lectures provided by
company experts in universities, etc.

ABS-SIS-3

Well-organized
training to reach
external knowledge

17 My company has an organizational
structure dedicated to training, which
efficiently plans training programs
based on the requirements of different
departments and in a way that meets
with the strategic goals of the company.

ABS-SIS-4

Improving
capabilities of sub-
contractors

18 My company has a well-organized
purchase department which has an
access to a broad network and
continuously improves national sub-
contractors through well-defined
qualification procedures and constant
monitoring as well as through special
programs like training, providing
technical support or infrastructure.

ABS-SIS-5

Interactions with
players outside
national borders

19 My company effectively follows the
developments in leading countries and
companies through attending
international conferences, taking part in
international technology development
projects (like European Union
Framework Programs), supporting
employees who enroll in graduate
programs abroad and hiring foreign
consultants.
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Table 12 Definitions of the Determinants and Success Indicators of ITT Projects in Aerospace

Industry

Variable
Group

Variable

Definition

Question

Preparations
for the ITT
Project

ITT-PREP-1

Strong political will

1 In our country there was a strong
political will to achieve technological
improvement in the area of research.
The area of research was set as a
technological priority area by the state.

ITT-PREP-2

ITT fills a gap in the
technology roadmap

2 In our country a technological
roadmap was established targeting an
incremental improvement in the area of
research. The technological steps and
relations between sub-technologies
were predefined explicitly by the state
and this enabled considering utilization
of foreign technologies through
international technology transfer
projects to fill the specific technological

gaps.

ITT-PREP-3

Significant strategic
benefits of the ITT

3 The scope and the intended outputs of
the international technology transfer
project were reasonable and well-
matched with the vision of my
company, and have long-term strategic
benefits for state as well as for the
company rather than short-term
economical profits. (there exists a
vision of my company related to
relevant area of research)

ITT-PREP-4

Selection Process of
Home Company

4 Selected Home Company was the
best choice among all alternative
technology sources in terms of overall
evaluation of technical capability and
proposed level of technology transfer.

ITT-PREP-5

Transferred
technology is not
practically obsolete

5 Selected Home Company is still
actively performing similar tasks
defined in the Technology Transfer
Project and the technology is not
practically obsolete.

ITT-PREP-6

Motivation of the
Home Party

6 International Technology Transfer
Project provided valuable benefits to
Home Party therefore Home Party set a
high value on the realization of the
project.

ITT-PREP-7

Response of
developed countries
and big companies

7 Developed countries or big
companies around the world didn’t
hinder or prevent the realization of the
intended International Technology
Transfer Project through political
repression to both countries, applying
sanctions, preventing supply of critical
material/equipment, etc.
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Table 12 Definitions of the Determinants and Success Indicators of ITT Projects in Aerospace

Industry (Cont’d)
Variable Variable Definition Question
Group

Preparations ITT-PREP-8 Well-prepared 8 Before beginning the project; at the

for the ITT contractual end of the contractual negotiations,

Project documents mutually agreed and well-prepared

(Cont’d) descriptive project definition
documents have been prepared as
annexes to the Project’s contract. These
annexes clearly defined the project
scope, schedule, responsibilities,
deliverables and cost.

Conducting ITT-CON-1 Benefits of “design 9 During the “design phase” of the

the ITT phase” Project, my company’s experts grasped

Project the knowledge regarding the design
requirements, output design
documentation and TDP through well-
organized reviews.

ITT-CON-2 Benefits of 10 During “equipment installation and
“equipment commissioning phase” of the Project,
installation and my company’s experts worked under
commissioning the supervision of Home company’s
phase” experts in our territory and related

documentation is generated as a result
of joint efforts. The produced
documents are well-suited to my
company’s culture.

ITT-CON-3 Benefits of “ground 11 During the “ground development
development tests tests phase” of the project, design and
phase” products are validated; related activities

are carried out in my company under
the supervision of foreign experts,
results are evaluated in details and
documented.

ITT-CON-4 Benefits of 12 During the “manufacturing phase”
“manufacturing of the Project, production process was
phase” optimized under the supervision of

foreign experts. The produced
documents were well-suited to my
company’s culture.

ITT-CON-5 Mechanisms for 13 My company utilized mechanisms
effective absorption such as reviews, meetings, and

questions/answers, therefore obtained
detailed and comprehensive
information from the Home Company
throughout the Project.

ITT-CON-6 Implementing 14 Home Company implemented
systems engineering | systems engineering approach in
approach by Home compliance with international standards
Company and generated project documents

accordingly. These documents satisfied
the requirements of predefined reviews
and enabled transferred knowledge to
be completely adopted. For this purpose
arigid configuration and data
management system has been
implemented.
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Table 12 Definitions of the Determinants and Success Indicators of ITT Projects in Aerospace

Industry (Cont’d)

Variable
Group

Variable

Definition

Question

Conducting
the ITT
Project
(Cont’d)

ITT-CON-7

Various sources for
raw materials

15 Raw materials used in the Project
were selected in a way that enabled the
usage of a wide variety of alternatives;
therefore my company was not
dependent on limited sources of raw
material.

ITT-CON-8

Benefits of the
“equipments”
provided

16 Equipment provided by the Home
Company was worthy in a way that it
took the advantage of modern and up-
to-date manufacturing technologies.
Besides operational and maintenance
costs were reasonable and relevant
tasks could be performed independent
of Home Party.

ITT-CON-9

Benefits of the “in-
house softwares”
provided

17 In-house softwares developed and
provided by the Home Company were
totally adopted by my company’s
experts through user manuals and
trainings in a way that there were no
black-boxes, undefined magic numbers,
and indemonstrable empirical relations
left within these tools. My company’s
experts mastered the capabilities of
these tools thus future utilization
beyond the ITT project became
possible.

ITT-CON-10

Benefits of the
“training” provided

18 Training Program (theoretical and/or
practical) that was provided by the
Home Party was highly efficient in
terms of; planning, quality & scope of
training documentation, sufficiency of
instructors (and translators), selected
training tools and effective monitoring
of the participants.

ITT-CON-11

Managing the
language constraints

19 Translation of the technical
documents was made by experienced
specialists and a common terminology
has been used. Translated documents
were proof checked in order to reduce
the level information loss caused by
translation to minimum. During the
face-to-face meetings adequate
numbers of capable translators have
been assigned.
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Table 12 Definitions of the Determinants and Success Indicators of ITT Projects in Aerospace

Industry (Cont’d)
Variable Variable Definition Question
Group
Performance ITT-PER-1 Fulfilling contractual | 20 Home Company fulfilled the
of the ITT requirements requirements of the contract in terms of
Project scope and the tasks defined in the

Statement of Work as expected. By the
successful completion of the project the
intended technological gap previously
defined in the technological roadmap

was bridged.
ITT-PER-2 Reduced external 21 By the help of the Project, my
dependency company reached a favorable level of

technological capability; external
dependence in terms of items in the
Product Breakdown Structure, raw
material and equipment was reduced to

minimum.
ITT- PER-3 Obtained design 22 My company’s experts repeated
capability is verified | design activities under the supervision
and validated of foreign experts and obtained the

same results as found during “design
phase”. For this purpose, design and
analysis tools provided by Home
Company or indigenously developed
tools were used and consequently
obtained design capability was verified

and validated.
ITT-PER-4 Preventing “brain 23 Employees, who were participated
drain” in the ITT, have been working in the

similar tasks that they have gained
experience even the ITT is over.

In Section 3.3 a preliminary schematization of the introduced concept was given in
Figure 11. After completing Step-3 through “Semi-Structured Interview Questions”,
the variables are elaborated within these groups and as a result, the schematization

has been improved as indicated in Figure 14.
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In the questionnaire given in Appendix B, the total number of questions related to
firm level absorptive capacity is 22 and the number of the ones related to the
evaluation of ITT projects is 25. However, the total number of related variables are

19 and 23 respectively, as given in Table 11 and Table 12.

The reason for this difference is that, for each variable group an additional question
is embedded into the questionnaire (Appendix B), such as “In general, my company
is successful in knowledge production”. “General evaluation” questions are indicated
with bold and underlined fonts within the questionnaire. The answers to these
additional questions are intended to be used in an alternative quantitative analysis for

verification purpose as described in Section 5.2.

The number of variables within the variable groups can be summarized as given in

Table 13.

Table 13 Summary of number of variables within the variable groups

Explanatory Variables Number of
Variables
Factors affecting i .
absorptive capacity 1) Knowledge Production 9+1
2) Knowledge Flow within the
5+1
Company
3) Knowledge Flow within the
. 5+1
Sectoral Innovation System
Determinants of success | 4) Preparations for the ITT 8+ 1

for ITT Project Project

5) Conducting the ITT Project | 11+ 1

Dependent Variable
Success Indicators of 6) Performance of the ITT
ITT Projects Project 4

(*) Note: “+ 1” denotes that there is an additional variable obtained from “general evaluation”
questions (indicated with bold and underlined fonts within the questionnaire, Appendix B).
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In addition to the abovementioned variables, the types of capabilities achieved
through ITT projects in terms of “Functional Capability” and “Level of Product”
were also surveyed within the questionnaire. In Section 4.2.2, it was introduced that
the sophistication level of ITT project in terms of the technical support provided by
the home party varies according to “Functional Capability” and “Level of Product”.
Accordingly, a method for quantifying “Sophistication Level of ITT Project” is
required to be designed. For that reason, a post processing method as indicated below

is proposed and a variable (sophist_level) is generated.

Firstly, the alternatives for “Functional Capability” and “Level of Product” that can

be covered within an ITT project are labeled as given in Table 14.

Table 14 Labels defined for "Functional Capability' and "Level of Product"

To design FCl1
. To manufacture FC2
Functional
Capability To test FC3
To assembly and integrate FC4
Component and/or material LPI
level
Level of
Product Sub-system level LP2
System-level LP3

Then, the combinations of Functional Capability (FC) — Level of Product (LP)
couples are designated. Because in one ITT project any forms of Functional
Capability and Level of Product can be covered, the domain of such combinations
will consist of 105 different combinations. Sophistication Levels for these
combinations are labelled within a scale of 1-10 with a method given in Appendix D.
Examples for quantifying the “Sophistication Level of ITT Project” are given in
Table 15. ITT projects involving system-level efforts (LP3) and design tasks (FC1)
are designated with higher values of sophistication. The infrastructure requirements

(including design capabilities) for system-level products are generally much more
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sophisticated when compared to other levels of product. Moreover, in Section
4.2.3.2, the difficulties in transferring knowledge related to design capability were
introduced. The complexity of capability related to design increases with the

increasing level of product, due to the tacit component of knowledge.

The full set of proposed quantification is given in Appendix D.

Table 15 Examples for “Sophistication Level of ITT Project” for projects with different scopes

Types of capabilities achieved through ITT

projects Sophistication Level

Functional of Technical Supp‘ort
- Level of Product Through ITT Project

Capability

FC1, FC2, FC3,FC4 | LP1, LP2, LP3 10

FC1, FC2 LP1, LP2, LP3 9

FC2, FC3 LP1, LP2, LP3 8

FC1 LP1, LP2, LP3 7

FC3 LP1, LP2, LP3 6

FC2, FC3 LP1, LP2 S

FC3 LP2, LP3 4

FC2 LP1, LP2 3

FC2 LP3 2

FC2 LP2 1

The variables obtained from the questionnaire and the variable generated to quantify
the “Sophistication Level of ITT Project” are used to build up the data set, which is
going to be utilized in STATA®™. One row in the generated dataset can be denoted as
shown in Figure 15. In the following section, the quantitative data analysis which

utilizes the dataset is given.
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5.2 QUANTITATIVE DATA ANALYSIS

Multiple OLS regression analysis method has been used to analyze the relation

between variables. Two different regressions are modeled as described below;

e Regression Analysis-1; as there is a large number of variables (47 variables)
when compared to the number of observations (74 evaluations of ITT
projects), variables are gathered under 6 variable groups, in accordance with
conceptualized approach introduced in Section 3.3, with an aim of achieving
higher degrees of freedom. For this purpose “representing variables” are

generated.

e Regression Analysis-2; variables are gathered under 6 variable groups, but
this time regression model is formed by using the answers to the “general
evaluation questions” as explanatory variables instead of using generated
“representing variables”. Results of Regression Analysis-2 are intended to

validate the results of Regression Analysis-1.

Both models are described in details in the following sections.

5.2.1 Regression Analysis-1

As there is a large number of variables (47 variables) when compared to the number
of observations (74 evaluations of ITT projects), variables are gathered under 6
variable groups, in accordance with conceptualized approach introduced in Section
3.3, with an aim of achieving higher degrees of freedom. In order to gather variables
in groups numerically, representing variables are generated to be used in regression
as follows;

e MEAN ABS KP (representing variable for “Knowledge Production”

variable group)
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e MEAN ABS KF (representing variable for “Knowledge Flow within the
Company” variable group)

e MEAN ABS SIS (representing variable for “Knowledge Flow within the
Sectoral Innovation System” variable group)

e MEAN ITT PREP (representing variable for “Preparations for the ITT
Project” variable group)

e MEAN ITT CON (representing variable for “Conducting the ITT Project”
variable group)

e MEAN ITT PER (representing variable for ‘“Performance of the ITT

Project” variable group)

However, as there are missing observations for some variables in the variable group,

“egen rmean” command of STATA" is used.

egen rmean command: It creates the (row) means of the variables in varlist,
ignoring missing values; for example, if three variables are specified and, in
some observations, one of the variables is missing, in those observations newvar
will contain the mean of the two variables that do exist. Other observations will
contain the mean of all three variables. Where none of the variables exist,
newvar is set to missing.>*

Accordingly, new variables are generated by using a STATA® command like the
example given below;

egen MEAN_ABS_KP = rmean(ABS_KP 1 ABS KP 2 ABS KP 3 ABS KP 4
ABS_KP 5 ABS KP 6 ABS KP 7 ABS_KP 8 ABS_KP 9)

As a result new variables (representing variables), which are going to be used in
regression analysis, are generated as shown in Table 16. Note that variables with
observations less than %70 of total observations are not included in these

calculations and indicated with a star (*) sign.

** http://www.stata.com/manuals13/degen.pdf accessed on January 30, 2015
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Table 16 New variables generated to be used in Regression Analysis-1

Variable Variable Obs. Definition New Variable
Group Generated
ABS-KP-1 74 SeFtlng ’af:ademlc goals for
universities
ABS-KP-2 74 Hmng grgduates of the top
universities
ABS-KP-3 74 | Access to world literature
ABS-KP-4 74 Culture of utilizing patent
Knowledge databases
Production ABS-KP-5 74 | Firm level strategic plan and MEAN_ ABS KP
technology roadmap
ABS-KP-6 74 Intra-firm techno.logy
development projects
ABS-KP-7 74 DeYelopment of 1r.1d1gen0us
design and analysis tools
ABS-KP-8 74 | Fringe benefits
ABS-KP-9 74 | Emotional capability
Coordinating intra-firm
ABS-KF-1 74 knowledge creation activities
ABS-KF-2 74 Culture of codification within
the company
Knowledee Culture of implementing
Flow wi tl%in ABS-KF-3 74 | systems engineering approach MEAN_ABS KF
the Compan within the company
pany Utilizing codified procedures
ABS-KF-4 74 | and processes within the
company
ABS-KF-5 74 Face to fgce .1ntra—ﬁrm
communication
ABS-SIS-1 74 Interactions with national
players
Knowledge ABS-SIS-2 66 thd interactions with
e universities
Flow within Well-organized training to
the Sectoral | ABS-SIS-3 74 g 8 MEAN_ABS_SIS
. reach external knowledge — -
Innovation Improvi bilities of sub-
System ABS-SIS-4 74 | MProving capa
contractors
ABS-SIS-5 65 Interactions with players

outside national borders
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Table 16 New variables generated to be used in regression (Cont’d)

Variable Variable Obs. Definition New Variable
Group Generated
ITT-PREP-1 74 Strong political will
ITT-PREP-2 7 ITT fills in a gap in the
technology roadmap
Significant strategic benefits
ITT-PREP-3 74 of the ITT
. ITT-PREP-4 74 Selection Process of Home
Preparations Company
for Fhe ITT ITT-PREP-5 74 Trans.ferred technology is not | MEAN ITT PREP
Project practically obsolete
ITT-PREP-6 74 Motivation of the Home
Party
ITT-PREP-7 74 Respopse of deyeloped .
countries and big companies
ITT-PREP-8 74 Well-prepared contractual
documents
ITT-CON-1 43* Benefits of “design phase”
Benefits of “equipment
ITT-CON-2 57 installation and
commissioning phase”
ITT-CON-3 375 Benefits of “ground .
development tests phase
ITT-CON-4 59 Benef:l’ts of “manufacturing
phase
ITT-CON-5 74 Mechamsms for effective
absorption
Conducting Implementing systems MEAN _ITT _CON
the ITT ITT-CON-6 74 engineering approach by
Project Home Company
ITT-CON-7 50 Various sources for raw
materials
ITT-CON-8 57 Bene.ﬁts of the “equipments
provided
ITT-CON-9 47 Benefits (z’f the .1n—h0use
softwares” provided
ITT-CON-10 70 Beneiﬁts of the “training
provided
ITT-CON-11 57 Manag{ng the language
constraints
TTPERT | T et
i’g}fl(;n;}a; ¢© [ITT-PER-2 70 Reduced external dependency MEAN_ITT_PER
. * Obtained design capability is
Project ITT-PER-3 33 verified and validated
ITT-PER-4 74 Preventing “brain drain”

(*) Note: Variables with few observations are not included in the calculation of the “new variable generated”. (ITT-CON-1,

ITT-CON-3, ITT-CON-9 and ITT-PER-3)
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The summary of the dataset for generated variables are given in Table 17. Among

these variables, MEAN ITT PER is considered as the dependent variable.

Table 17 Variables used in the Regression Analysis-1

Variable Definition Obs. | Mean Std. Min | Max
Dev.

MEAN ABS Kp | Knowledge 74 | 367 | 034 | 278 | 4.44
— — Production

MEAN ABS KF | Knowledge Flow 74 | 338 | 038 | 2.60 | 4.60
- - within the Company

Knowledge Flow

MEAN_ABS_SIS | 9% &0 ¢ 74 | 331 | 063 | 1.67 | 4.60

MEAN ITT PREP | Dreparations for the 74 | 371 | 052 | 263 | 4.88
- = ITT Project

MEAN ITT cON | Conducting the ITT 74 | 351 | 057 | 238 | 4.63
- = Project

MEAN ITT pER | Derformance of the 74 | 368 | 066 | 1.67 | 5.00
- = ITT Project

In Regression Analysis-1; MEAN ITT PER is regressed on explanatory variables

and the equation of the regression model is formed as follows.

MEAN_ITT_PER

= Bo + BLMEAN_ABS_KP + B,MEAN_ABS_KF + BsMEAN_ABS_SIS
+ B,MEAN_ITT_PREP + BsMEAN_ITT_CON + e

The regression results are given in Table 18.

Table 18 Regression results (Regression Analysis-1)

MEAN_ITT PER

MEAN ABS KP
MEAN ABS_KF
MEAN ABS SIS
MEAN_ITT PREP
MEAN ITT CON
_cons

R2
N

0.284
(2.32)%*

0.010
(0.10)
-0.027
(0.43)

0.850
(5.99)%**

0.221
(1.97)*
-1.239
(2.15)%*

0.71

74

* p<0.1; ** p<0.05; *** p<0.01
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The R-squared indicates that 71% of the variance of MEAN ITT PER is explained
by the regression model. As we check for the hypothesis “there is no relationship
between explanatory variable and dependent variable controlling for the rest of the
explanatory variables”; it is found out that the hypothesis can be rejected for some

variables (MEAN_ABS KP, MEAN ITT PREP) which have significant P values.

The severity of multicollinearity between the variables is examined through

Pearson's correlation and the results are given in Table 19.

Table 19 Correlation table for variables (Regression Analysis-1)
Variables (1) (2) (3) (4) (5) (6)
(1) MEAN_ABS KP 1.0000
(2) MEAN_ABS KF 0.2631*  1.0000
(3) MEAN_ABS SIS 0.4225* 0.4283* 1.0000
(4) MEAN _ITT PREP -0.0219 0.1225 0.0212 1.0000
(5) MEAN ITT CON -0.0674 -0.0083 0.1103 0.7799*  1.0000
(6) MEAN ITT PER  0.1115 0.1155 0.0755 0.8252* 0.7089*  1.0000

* Correlation is significant at 5%

According to the correlation table, it seems that there is a significant correlation
between MEAN ITT PREP and MEAN ITT CON. Hence, in order to avoid
multicollinearity, regression is repeated by including variables to the regression

model separately.

Additionally, there seems to be relatively weak correlation between
MEAN ABS KP & MEAN ABS KF, MEAN ABS KP & MEAN ABS SIS,
MEAN ABS KF & MEAN ABS SIS. Although correlations are weak, different
regression models have been formed by separating related variables as shown in

Table 20. The regression results for these models are given in Table 21.
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Table 20 Explanations for the regression models (Regression Analysis-1)

MODEL EXPLANATION
Regression All variables are included in the regression model.
Model-1 :
Regression MEAN_ABS KP is included in the model. But correlated variables;
Model-2 : MEAN ABS KF and MEAN ABS SIS are excluded.
MEAN _ITT PREP is included in the model. But correlated variable;
MEAN ITT CON is excluded.
Regression | MEAN ABS KP is included in the model. But correlated variables,
Model-3 : MEAN ABS KF and MEAN ABS SIS are excluded.
MEAN _ITT _CON is included in the model. But correlated variable;
MEAN ITT PREP is excluded.
Regression | MEAN ABS KF is included in the model. But correlated variables,
Model-4 : MEAN ABS KP and MEAN ABS SIS are excluded.
MEAN _ITT PREP is included in the model. But correlated variable;
MEAN ITT CON is excluded.
Regression MEAN_ABS KF is included in the model. But correlated variables;
Model-5 : MEAN ABS KP and MEAN ABS SIS are excluded.
MEAN ITT CON is included in the model. But correlated variable;
MEAN ITT PREP is excluded.
Regression | MEAN _ABS SIS is included in the model. But correlated variables,
Model-6 : MEAN ABS KP and MEAN ABS KF are excluded.
MEAN _ITT PREP is included in the model. But correlated variable;
MEAN ITT CON is excluded.
Regression | MEAN ABS SIS is included in the model. But correlated variables,
Model-7 : MEAN ABS KP and MEAN ABS KF are excluded.

MEAN _ITT _CON is included in the model. But correlated variable;
MEAN ITT PREP is excluded.
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Table 21 Regression results (Regression Analysis-1)

(1) (2) 3) 4) (%) (6) (7
VARIABLES Modell Model2 Model3 Model4 Model5 Model6 Model 7

MEAN_ABS KP  (0.284%%  (0.248%*  (.306%*
(0.122)  (0.120)  (0.146)

MEAN_ABS KF 0.0104 0.0254 0.211**
(0.0996) (0.0858)  (0.104)
MEAN_ABS_ SIS -0.0266 0.0601  -0.00284
(0.0621) (0.0529)  (0.0755)
MEAN_ITT _PREP (.850*** 1.040%** 1.034%** 1.035%**
(0.142)  (0.0817) (0.0884) (0.0853)
MEAN_ITT_CON 0.221* 0.823%** 0.812%** 0.811%**
(0.112) (0.0894) (0.0938) (0.0948)
Constant -1.239**%  _1.084* -0.328 -0.238 0.122 -0.354 0.846**
(0.576) (0.605) (0.660) (0.419) (0.547) (0.396) (0.399)
Observations 74 74 74 74 74 74 74
R-squared 0.712 0.698 0.528 0.681 0.517 0.684 0.503

Robust standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

This table indicates that, MEAN ABS KP (Knowledge Production) and
MEAN _ITT PREP (Preparations for the ITT Project) are found out to be
significantly affecting the performance of ITT in all regression models they are
included. MEAN ITT CON (Conducting the ITT Project) has similar figures for
most of the models, but for Model-1 it has p<0.1.

As a common feature of all regression models, significant relations have positive
sign indicating a positive relation between the explanatory variable and the
dependent variable. In other words when the value of explanatory variable increases

the value of the dependent variable also increases.

For the regression models, Model 2 to Model 7, we are sure that there are no
correlations between the included explanatory variables. The results of these
regression models indicate that one of the most statistically significant explanatory
variables is MEAN ITT PREP. This variable is also the one with the biggest

constant. For example, according to Model 2, for each unit increase in
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MEAN _ITT PREP (Preparations for the ITT Project)) MEAN ITT PER

(Performance of the ITT Project) increases by 1.04 units.

The second most statistically significant explanatory variable is found out to be
MEAN ITT CON (Conducting the ITT Project), again with a relatively big
constant. For Model 3, 5 and 7, for each unit increase in MEAN ITT CON
(Conducting the ITT Project), MEAN ITT PER (Performance of the ITT Project)
increases more than 0.8 units. This is an expected result as there is a strong
correlation between MEAN _ITT PREP and MEAN ITT CON, as shown in Table
19.

The results of Model-2 and Model-3 indicate that there is a statistically significant
relation between MEAN ABS KP (Knowledge Production) and the Performance of
the ITT Projects. However, this explanatory variable is not as dominant as

MEAN_ITT PREP and MEAN ITT CON (p<0.05).

Similarly, according to the results of Model-5, MEAN ABS KF (Knowledge Flow
within the Company) is found out to be affecting the dependent variable but with
smaller constant when compared to the others. However, results of Model-4 do not
show the same indications, so the relation between MEAN ABS KF and the

performance of ITT project is ambiguous.

According to the results of regression, it is found out that there is no statistically
significant relation between MEAN ABS SIS (Knowledge Flow within the SIS) and
the Performance of the ITT Projects, which is a surprising result as a relation would
be expected according to the existing literature. Accordingly, it can be stated that the
relevant Sectoral Innovation System is not mature enough in Turkey to utilize. In
other words, the Sectoral Innovation System in Turkey does not seem to be working

properly and effectively. The results are discussed in Chapter 6 in details.
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5.2.2 Regression Analysis-2

In Regression Analysis-1, row-mean of the variables were used assuming that they
represented the relevant variable group. Alternatively in Regression Analysis-2,
regression model is formed using the answers to the “general evaluation questions”
instead of using generated “representing variables” as explanatory variables (see
Figure 15). Similar to row-mean variables of Regression Analysis-1, this time the
answers to the general evaluation questions represent the relevant variable group.
The results of Regression Analysis-2 are intended to validate the results of

Regression Analysis-1 by using alternative explanatory variables.

The summary of the dataset that is used in Regression Analysis-2 is given in Table

22. Among these variables, MEAN ITT PER is considered as the dependent

variable.
Table 22 Variables used in the Regression Analysis-2
Variable Definition Obs. | Mean Std. Min | Max
Dev.
ABS KP AVER | Knowledge 74 | 3.69 | 055 | 2.00 | 5.00
- = Production
ABS KF AVER | Knowledge Flow 74 | 345 | 062 | 200 | 4.00
- = within the Company
Knowledge Flow

ABS SIS AVER 74 3.65 0.67 | 3.00 | 5.00

within the SIS
Preparations for the

ITT PREP AVER 74 | 3.66 | 0.80 | 2.00 | 5.00

ITT Project
ITT CON AVER | Conducting the ITT 74 | 361 | 087 | 1.00 | 5.00
- - Project
MEAN ITT PER’ | Lerformance of the 74 | 368 | 0.66 | 1.67 | 5.00

ITT Project

Note that as there was no general evaluation question in the questionnaire for the
“Performance of the ITT Project”, MEAN ITT PER is used as the representative
variable for this variable group. Using the same dependent variable in both
Regression Analysis-1 and Regression Analysis-2 provided a common ground for

comparing the results.
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In Regression Analysis-2; MEAN ITT PER is regressed on explanatory variables

and the equation of the regression model is formed as follows.

MEAN_ITT_PER
= By + B1ABS_KP_AVER + B,ABS_KF_AVER + B3 ABS_SIS_AVER
+ BITT_PREP_AVER + BsITT_CON_AVER + e

The multicollinearity between the variables is examined through Pearson's

correlation and the results are given in Table 23.

Table 23 Correlation table for variables (Regression Analysis-2)
Variables (1) 2) 3) 4 (5) (6)
(1) ABS KP AVER 1.0000
(2) ABS KF_AVER 0.1712 1.0000
(3) ABS_SIS AVER -0.0030 0.4787*  1.0000
(4) ITT PREP_AVER -0.0242 0.0868 0.0055 1.0000
(5)ITT CON_AVER -0.0864  0.2000 0.1593 0.8096*  1.0000
(6) MEAN ITT PER  0.1682 0.1698 0.0974 0.7078* 0.6332* 1.0000

* Correlation is significant at 5%

The correlation matrix is similar to the matrix of Regression Analysis-1 (Table 19)
with few exceptions. Again it seems that there is a significant correlation between
ITT PREP_AVER and ITT CON_AVER. Similarly weak correlations are identified
between = ABS KP AVER & ABS SIS AVER, ABS KF AVER &
ABS SIS AVER. However, this time no correlation is identified between
ABS KP AVER & ABS KF AVER, which is different than the results of
Regression Analysis-1. According to the correlation matrix, different regression

models have been formed by separating related variables as shown in

Table 24. The regression results for these models are given in Table 25.
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Table 24 Explanations for the regression models (Regression Analysis-2)

MODEL EXPLANATION

Regression | All variables are included in the regression model.

Model-1 :

Regression | ABS KP_AVER and ABS KF AVER are included in the model. But
Model-2 : correlated variable; ABS SIS AVER is excluded.

ITT PREP_AVER is included in the model. But correlated variable;
ITT CON_AVER is excluded.

Regression ABS KP_AVER and ABS KF AVER are included in the model. But
Model-3 : correlated variable; ABS SIS AVER is excluded.

ITT CON_AVER is included in the model. But correlated variable;
ITT PREP AVER is excluded.

Regression | ABS KP_AVER and ABS SIS AVER are included in the model. But
Model-4 : correlated variable; ABS KF AVER is excluded.

ITT PREP_AVER is included in the model. But correlated variable;
ITT CON_AVER is excluded.

Regression | ABS KP_AVER and ABS SIS AVER are included in the model. But
Model-5 : correlated variable; ABS KF AVER is excluded.

ITT CON_AVER is included in the model. But correlated variable;
ITT PREP AVER is excluded.
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Table 25 Regression results (Regression Analysis-2)

(1) () 3) “4) 5
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5

ABS_KP AVER 0.232%* 0.206* 0.270%*  0.223%F  (0.270%*
(0.101) (0.104) (0.117) (0.104) (0.118)
ABS KF AVER 0.0278 0.0837  0.00100
(0.103)  (0.0949)  (0.0997)

ABS SIS AVER 0.0528 0.0921 -0.00591
(0.0912) (0.0845) (0.104)
ITT PREP AVER  0.466*** 0.580%** 0.586%**
(0.120) (0.0617) (0.0597)
ITT CON_AVER 0.134 0.491%** 0.492%**
(0.119) (0.0752) (0.0682)
Constant 0.353 0.511 0.915 0.381 0.935
(0.608) (0.561) (0.565) (0.581) (0.617)
Observations 74 74 74 74 74
R-squared 0.555 0.541 0.451 0.544 0.451

Robust standard errors in parentheses
*H% p<0.01, ** p<0.05, * p<0.1

The results of Regression Anaysis-2 indicate that, ABS KP AVER (Knowledge
Production) and ITT PREP AVER (Preparations for the ITT Project) are found out
to be significantly affecting the performance of ITT in all regression models they are

included. This is a similar result with the result obtained in Regression Anaysis-1.

Similar to the results of Regression Anaysis-1, as a common feature of all regression
models, significant relations have positive sign indicating a positive relation between

the explanatory variable and the dependent variable.

For the regression models, Models 2 to Model 5, we are sure that there are no
correlations between the explanatory variables. The results of these regression
models indicate that one of the most statistically significant explanatory variables is
ITT PREP_AVER. This variable is also the one with the biggest constant. This

result is also matching with the results of Regression Analysis-1.
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Similar to the results of Regression Analysis-1, the second most statistically
significant explanatory variable is found out to be ITT CON_AVER (Conducting
the ITT Project), again with a relatively big constant.

The results of the analysis indicate that there is a significant relation between
ABS KP AVER (Knowledge Production) and the Performance of the ITT Projects.
However, this explanatory variable is not as dominant as ITT PREP AVER and
ITT CON_AVER.

For a second time, in harmony with the results of Regression Analysis-1, it is found
out that there is no statistically significant relation discovered between
ABS SIS AVER (Knowledge Flow within the SIS) and the Performance of the ITT

Projects. The results are discussed in Chapter 6 in details.
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CHAPTER 6

CONCLUSION

6.1 RESEARCH FINDINGS AND RECOMMENDATIONS FOR FIRM
LEVEL STRATEGIES

The main goal of this thesis, designated as the first research question, is to discover
whether there is a relation between firm level absorptive capacity and the
performance indicators of the ITT project in aerospace industry. For this purpose a
conceptualization is introduced as given in Section 3.3, which provided an
understanding on the pillars that support the firm level absorptive capacity.
Accordingly, absorptive capacity concept is discussed within three groups;
“Knowledge Production”, “Knowledge Flow within the Company and “Knowledge

Flow within the Sectoral Innovation System”.

Additionally, variables affecting the success of international technology transfer
other than firm level absorptive capacity are also examined to figure out the answer
to the second research question. Such determinants are grouped under conceptualized
variable groups namely, “Preparations for the ITT Project” and “Conducting the ITT

Project”.

Success indicators of ITT projects are gathered under the variable group of
“Performance of the ITT Project” and this group is used as the dependent variable in

the regression models.

The results of the quantitative analysis given in Chapter 5 indicated the significance

of the relationship between the explanatory variable groups and the success of ITT
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projects. These results are discussed for each explanatory variable group separately
in the following pages. Recommendations for firm level strategies to improve the
identified weaknesses are also provided together with the discussions. These
recommendations are inspired by the results of Step-3 of the research. Besides, the
discussions are given as an answer to the relevant research question in such a way

that;

e “Knowledge Production”, “Knowledge Flow within the Company” and
“Knowledge Flow within the Sectoral Innovation System” are discussed
under Research Question-1,

e “Preparations for the ITT Project” and “Conducting the ITT Project” are

discussed under Research Question-2.

Research Question-1:

Is there a relation between firm level absorptive capacity and the success of

international technology transfer in aerospace projects?

Knowledge Production (KP):

According to the results of quantitative analysis provided in Section 5.2, both
Regression Analysis-1 and Regression Analysis-2 indicate that “Knowledge
Production” is a significant variable group affecting the Performance of the ITT

Project.

Step-3 of this research provided the components that form this variable group, as
given below. These variables were explained in Chapter 4.

e Setting academic goals for universities

e Hiring graduates of the top universities

e Access to world literature

e Culture of utilizing patent databases

e Firm level strategic plan and technology roadmap

e Intra-firm technology development projects
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e Development of indigenous design and analysis tools
e Fringe benefits

¢ Emotional capability

Based on the results of quantitative analysis, one can state that the abovementioned
variables directly affect the performance of an ITT project. This conclusion is also in
line with the literature. The importance of cognitive abilities of a firm, workforce
skills and investment on human capital are highlighted by many researchers like
Ancori et al. (2000), Carlsson (2006), Dolfsma (2008), Omidvar (2013), Abramovitz
(1986), Mowery and Oxley (1995). Many researchers like Foray (2004), Simon
(1999), Brynjolfsson and Hitt (2000), Hikino and Amsden (1994), Scherrer (2005),
Zahra and George (2002) discussed the improving effects of codification of
knowledge, ICT investments, organizational skills and routines of a firm on its
knowledge production capability. There are also many studies that focused on
technological advance considering it as an evolutionary process. In this context,
researchers like Dosi and Nelson (2010), Perez (2001), Bernard and Ravenhill
(1995), Spender (1996) and Mathews (2004) highlighted the importance of strategic
management, R&D strategies, systematic exploitation routines and planning of

technology development projects.

Thanks to the questionnaire, it is possible to obtain firm specific evaluations for the
abovementioned variables as summarized in Appendix C. Accordingly, weaknesses
and strengths of the evaluated aerospace company in terms of “Knowledge
Production” can be assessed. Thus, it can be stated that, the capacities of the
evaluated aerospace company on “Hiring graduates of the top universities” and
“Development of indigenous design and analysis tools™ are strong. However, “Fringe

benefits” and “Emotional capability” are found out to be the weaknesses.

It can be argued that, as the human resources are the major asset for the firms in the
era of knowledge economies, success of the firms depends on the commitment of
employees. Companies have to provide an appealing working environment with

fringe benefits, fair wage policy and equal opportunities in order to encourage their
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employees to their highest potential. Furthermore, employees who can show their
emotions and share their ideas in a way helping to create commitment and deep
loyalty would have a significant effect on the development of new products, services
and processes, or in other words on the innovativeness of the firm. For this purpose,
it is important to level up members of the company to develop a shared vision, which
can be obtained through systematic meetings with top management or through some
other mechanisms ensuring to receive and evaluate suggestions, wishes and

complaints generated by employees.

Knowledge Flow within the Company (KF):

The results of the quantitative analysis indicate that, the relation between
“Knowledge Flow within the Company” and the Performance of ITT Project is
ambiguous. According to Regression Analysis-1 and Regression Analysis-2,
although some regression models indicated there is a relation, it is not statistically

possible to label KF as a statistically significant variable.

Step-3 of this research provided the components that constitute KF variable group, as
given below.

e Coordinating intra-firm knowledge creation activities

e Culture of codification within the company

e Culture of implementing systems engineering approach within the company

e Utilizing codified procedures and processes within the company

e Face-to-face intra-firm communication

Although the results of the analysis do not explicitly indicate that there is a relation
between the abovementioned variables and the performance of an ITT project, there
are numerous past research studies that suggested the improvement of these variables
for capability building purpose. Romer (1986), Lall (1992), Malerba (1992), Forbes
and Wield (2003), Bathelt et al. (2002) indicated the importance of endogenous
forms of learning. Polanyi (1969), Dosi and Nelson (2010), Morone and Taylor
(2010), Dolfsma (2008), Balconi et al. (2007), Ancori et al. (2000), Hey (2004),
Mowery and Oxley (1995), Szulanski (1996) highlighted the significance of sharing

178



of tacit knowledge, collective learning and shared vision. While Katz (1999)
introduced the micro level economic forces-related to the learning strategy of each
individual firm, Jansen et al. (2005) and Dutrénit (2004) focused on the mechanisms
associated with coordination capabilities, participation in decision making,

organizational capabilities.

According to Appendix C, weaknesses and strengths of the evaluated aerospace
company in terms of “Knowledge Flow within the Company” are assessed. It is
found out that the capacity of the evaluated aerospace company on “Culture of

b

implementing systems engineering approach within the company” is strong. This
capability is most probably developed as a result of strong expectations of the
demand side. However, “Coordinating intra-firm knowledge creation activities”
seems to be a significant weakness of the company in terms of “Knowledge Flow

within the Company”.

The ambiguous relation between KF and the Performance of ITT Project can be
interpreted as a result of “need to know” approach, which is specific to acrospace and
defense industry as described in Section 4.1. Since this protective approach is
common in aerospace industry and is used with the aim of preventing leakage of
knowledge, it can be claimed that, most likely it is also hindering an explicit and
obvious relation between KF and the Performance of ITT Project. The weakness of
the capability of “Coordinating intra-firm knowledge creation activities” supports

this assessment.

In general, the proposed solution to avoid the problems that may occur as a result of
“need to know” approach is to establish dedicated organizational structures within
the company. Such structures should have functional roles to coordinate the
technology management efforts of whole company and to assure the storage of
organizational memory with a holistic way instead of guarding a specific project’s

need.
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Additionally, as it was previously stated, in order to provide a suitable environment
for tacit knowledge to flow, much more than written forms of knowledge like
reports, procedures and process definitions etc. is needed. Besides, it can be argued
that “over-embeddedness” that was introduced in Part 3.1 may also occur at firm
level as a result of repeated interactions between individuals. In order to facilitate
effective transfer of tacit knowledge and to prevent over-embeddedness,
establishment of environments that provide face-to-face interaction between
individuals is essential. The abovementioned organizational structures should

certainly use the benefits of face-to-face interaction as coordination tools.

Knowledge Flow within the Sectoral Innovation System (SIS):

According to the results of the quantitative analysis, both Regression Analysis-1 and
Regression Analysis-2 indicate that there is no statistically significant relation
between “Knowledge Flow within the Sectoral Innovation System” and the
Performance of ITT Projects. This is a surprising result as a relation would be

expected according to the existing literature.

As described before, one of the most important advantages of having external
relations is to have a chance to benefit from the externalities. Romer (1986), Bathelt
et al. (2002), Chaudhuri and Tabrizi, (1999), Christensen (1997), Foray (2004),
Morone and Taylor (2010) and Ernst and Kim (2002) highlighted the importance of

externalities and knowledge spillovers for a latecomer firm.

Many researchers studied the merits and advantages of a mature Sectoral Innovation
System. Shariff (2006), Metcalfe (1997), Kline and Rosenberg (1986), Carlsson
(2006), Malerba and Mani (2009), Bergek et al. (2005), Vertesy and Szirmai (2010),
Vermeulen and Barkema (2001) are only examples of such researchers who
emphasized the importance of inter-organizational relationships. Moreover, Ancori et
al. (2000) and Lane and Lubatkin (1998) underlined the significance of common
classification and common language. Porter (1998), Bathelt et al. (2002), Ozman
(2009) and Granovetter (1983) discussed the terminology of value chain and the

advantages of being a part of a cluster or network for a company. On the contrary,
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some researchers like Scherrer (2005) indicated the possible threats of being path
dependent and Granovetter (1983) introduced the economic sociology term of
“embeddedness”. From this point of view, it is difficult to gather “new” knowledge
from the ones very close. Distant connections may be more important considering the

“new” type of knowledge.

So, according to the relevant literature it can be stated that inter-organizational
relationships are important to have a continuous pace in technological development,

under the condition that the level of embeddedness is taken care of.

Step-3 of this research provided the components that form this variable group, as
given below. These variables were explained in Chapter 4.

e Interactions with national players

e Solid interactions with universities

e Well-organized training to reach external knowledge

e Improving capabilities of sub-contractors

e Interactions with players outside national borders

According to Appendix C, weaknesses and strengths of the evaluated aerospace
company in terms of “Knowledge Flow within the Sectoral Innovation System” are
assessed. It is found out that the capacity of the evaluated aerospace company on
“Solid interactions with universities” and “Interactions with national players” are
strong. However, “Improving capabilities of sub-contractors” and “Well-organized
training to reach external knowledge” are seem to be a significant weakness of the
company in terms of “Knowledge Flow within the Sectoral Innovation System”.
Moreover, capability regarding “Interactions with players outside national borders”
seems to be undeveloped. As we consider high technology arecas like aerospace
industry with highly sophisticated products, relations with external players outside
the national borders become much more important. Therefore, it is necessary to
evaluate the maturity of innovation systems by considering the relations beyond the

national borders.
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Consequently, although the results of the quantitative analysis indicate that there is
no statistically significant relation between “Knowledge Flow within the Sectoral
Innovation System” and the Performance of ITT Projects, it is better to interpret
these results in such a way that, the relevant Sectoral Innovation System is not
mature enough in Turkey to utilize. In other words, the Sectoral Innovation System

in Turkey does not seem to be working properly and effectively.

In the following pages, recommendations for firm level strategies to improve the
identified weaknesses regarding the “Knowledge Flow within the Sectoral
Innovation System” are given. Moreover, policy recommendations regarding this

issue is also discussed and provided in Section 6.2.

For an aerospace company, which acts as the main contractor in aerospace projects, it
is vital to have broad international and local supply networks. Having a strong and
reliable network of suppliers is very important for succeeding in firms’ commitments to
customers. Therefore, the subcontractors are supposed to react and perform tasks with
the required high standards. Supplier selection and evaluation procedures have to
provide the qualification of the vendors as reliable partners. In long-term the repeated
cooperation develops the capabilities of sub-contractors and strengthens the sectoral
innovation system. This serves to both national and company level goals in aerospace
industry. For an aerospace company in a developing country, most of the national
suppliers to the main contractor are small and mid-sized enterprises (SME). Main
contractor is responsible for developing the capabilities of the sub-contractors,
especially for their initial attempts on aerospace products, and hence they have to
provide planned spillovers to their subcontractors. This can be through on the job

training, providing technical support or sharing infrastructure.

Furthermore, it is crucial for an aerospace company that the vision of the company
has to be aligned with the national goals in order to benefit from state investments
and incentives effectively. Companies need to harmonize their long-term master
plans and company level technology roadmaps with the national vision. Similarly, it

is important to make the subcontractors aware of strategic goals of the main
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contractor company as well as about the national goals. By this way vendors can

make appropriate investment scheduling for medium-term to long-term.

As we consider the weakness related to the capability on “Well-organized training to
reach external knowledge”, it is necessary to recall the importance of human
resources. Continuous development of human assets can be possible through training
programs and promoting personal progress within the scope of carrier planning. In
order to systematically plan and utilize the results of training programs, it is a
common approach used by aerospace companies to have dedicated training
departments within their organizational structure. This department has to
continuously search for external sources of knowledge, based on the requirements of
different departments within the company and in a way that meets the strategic goals

of the company.

Moreover, well-organized training to reach external relevant knowledge will provide
the necessary prior knowledge related to equipment before starting an ITT project.
By this way, transferee will be familiar with relevant technology and it will be
possible to take precautions at the very early steps to reach utmost level of self-
dependence for the period after the ITT project. These measures have to target
maintainability and flexible logistic support apart from the home party. Even the host

party may choose to “make” instead of to “buy” for future self-dependence.

In order to improve the capability regarding the “Interactions with players outside
national borders”, as a first step it is necessary to establish the pathways for
knowledge to flow. Attending international events, such as conferences and
exhibitions, is one of the most effective ways that would serve that purpose as they
provide the chance to establish new contacts. International conferences are places for
latecomers to witness and extract the experiences of leaders and generally may
inspire followers to reach untried solutions. It can be possible to figure out the
matured results of tests and analysis works, which are only on the very early stages

in the developing country.
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Another way of building such international communication channels is to take part in
international technology development programs. European Union Framework
Programs (FPs) provide this opportunity for latecomers. FPs are the main programs
of the European Union by which multinational research and technology development
projects are supported. The main targets of the FPs are; strengthening the scientific
and technological base of Europe, supporting the industrial competition and
encouraging the collaboration between the member states and associated countries.
Even a small role in an international consortium under the scope of FPs, provides lots
of benefits to latecomer companies in terms of accessing varying forms of

knowledge.

In Turkey, in order to encourage national aerospace industry to take part in FPs,
information days, coordination and information meetings have been organized
systematically by the state. However, firms are supposed to make an effort to take
part in FPs. For this purpose dedicated departments in the organization have to
systematically search for possible cooperation areas in line with company strategies

and closely follow the opportunities in FPs.

Moreover, such departments have to work jointly with the business development
departments in order to increase the proportion of external knowledge flow from
international collaborators. Offset regime applied by Undersecretariat for Defense
Industries (SSM) that was introduced in Section 2.2 forces foreign investors to make
technological collaboration with Turkish defence industry and has to be utilized in

line with this purpose.

Research Question-2:

Are there any determinants affecting the success of international technology transfer

other than firm level absorptive capacity?

Preparations for the ITT Project:

According to the results of the quantitative analysis provided in Section 5.2, both

Regression Analysis-1 and Regression Analysis-2 indicate that, “Preparations for the

184




ITT Project” is the most statistically significant variable group affecting the

Performance of the ITT Projects.

According to the achievements of Step-3 of this research, the components that form
this variable group, were found out to be as given below.

e Strong political will

e ITT fills a gap in the technology roadmap

e Significant strategic benefits of the ITT

e Selection Process of Home Company

e Transferred technology is not practically obsolete

e Motivation of the Home Party

e Response of developed countries and big companies

e Well-prepared contractual documents

Based on the results of the quantitative analysis, it can be stated that the
abovementioned variables directly affect the performance of an ITT project. This
conclusion is an expected outcome according to the relevant literature. There are
many researchers who had emphasized the importance of the policy environment.
For example, Forbes and Wield (2003), Kim and Lee (2009), Gerschenkron (1962),
Akamatsu (1962) and Korhonen (1994) indicated strategic sectors and role of
governments and well-coordinated government intervention. Forbes and Wield
(2003) indicated the importance of having a technological roadmap while Hikino and
Amsden (1994) and Dutrénit (2004) referred to incremental improvement as well as
managerial and organizational skills. Ramanathan (1999), Oner and Kaygusuz (2007)
and Reddy and Zhao (1993) focused on Pre-ITT Project period, partner selection,
technological gap assessment and importance of negotiation. Moreover, many
researchers like Baranson (1978), Krugman (1979), Mansfield and Romeo (1980),
McCulloch and Yellen (1982) and Wilking (1974) studied ITT from the perspective
of the home party.

According to Appendix C, weaknesses and strengths of the evaluated ITT project in

terms of “Preparations for the ITT Project” are evaluated. It is found out that
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“Transferred technology is not practically obsolete” and “Selection Process of Home
Company” are evaluated as strong features. This indicates that the process of
selection of the home party is evaluated as a developed capability, which is mainly

under the control and guidance of Undersecretariat for Defense Industries (SSM).

On the other hand, the variable related to the national technology roadmap, namely
“ITT fills a gap in the technology roadmap” is evaluated as a weak feature of this
variable group. It was previously stated that, ITT is an important tool for developing
countries to be used as technology capability gap filler. However, achieving the
aimed technology through an ITT project may not be enough for long-term
development if there is not an accurate and well-designed technology roadmap.
Researchers like Forbes and Wield (2003), Hikino and Amsden (1994), Dutrénit
(2004) highlighted the importance of technological roadmap and incremental

improvement.

The aim of technology transfer is to reach a certain level of capability in the relevant
field. The type of technology transfer project can differ in terms of the final goal of
intended technological capability. A technology roadmap, on the other hand, is a plan
that matches technological goals or targeted technological capabilities, with specific
technology solutions to reach these goals. Having a firm level technology roadmap
would provide the target of the ITT project to be set in such a way that serves to a

bigger picture and certainly will improve the scope of contractual expectations.

Performing intra-firm technology development projects in line with the firm level
technology roadmap will be a rewarding approach. Even the modest attempts for
developing in-house capabilities will offer an awareness and openness to the related
technology. However, sustainability of such efforts (in terms of management and
enabling funding mechanisms) has to be prioritized. Additionally, continuous
development of indigenous design and analysis tools as well as encouraging and
appreciating the development of indigenous design and analysis tools within the

company would provide an improvement in the scope of the ITT project. Dedicated
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specialized organizational structures and mechanisms would help to improve the

capabilities of the in-house tools.

Actively taking part in events that paves the way for interactions with state
organizations, universities, research centers and rivals such as national technology
platforms as well as project planning, feasibility studies and proposal preparation
activities in a continuous manner would enable the company to reach valuable
knowledge generated nationally. Additionally, such relations within the national
boundaries would certainly help reaching a common mind on technical expectations
that are going to be indicated in the ITT project’s contractual documents. In other
words, this would provide a national level technology assessment to define the
technological gaps at national level. Moreover, this would probably help to

accelerate the process of persuasion of decision-makers and fund suppliers.

Abovementioned efforts would help the company to make a reliable technology
assessment, both at the firm level and national level. Consequently, it would be
possible for the company to define the technological gaps within the technology
roadmap and plan the ITT project accordingly, in such a way that ITT project fills a
technological gap.

According to Appendix C, another weakness of the evaluated ITT projects appears to
be in the subject of “Response of developed countries and big companies”. As it was
previously mentioned, the intentional international cooperation in the form of
technology transfer may bother developed companies and rivals. This may lead to
obstacles to emerge preventing the realization of the project. From the perspective of
a developing country, international lobbying (at the level of state and companies) in

order to convince developed part of the world is of vital importance.

In the previous pages, recommendations for firm level strategies to improve the
identified weaknesses regarding the “Preparations for the ITT Project” are given.
Moreover, policy recommendations regarding this issue is also discussed and

provided in Section 6.2.
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Conducting the ITT Project:

In this research a new metric to quantify the “Sophistication Level of ITT Project” is
introduced as described in Section 4.2.2 and Section 5.1.2. According to this
approach, technical support provided by the transferor party varies according to
“Functional Capability” and “Level of Product”. The ITT projects evaluated within
this thesis are categorized according to this new approach. When we consider ITT
projects in aerospace industry, instead of US-originated technology readiness levels
(TRL), this two dimensional technological maturity categorization is used in order to
be more distinctive. TRL metric, as defined in Section 3.2.4, is especially designed to
measure the maturity level throughout the development process. But when it is
applied to technology transfer projects, it is not as distinctive as the new metric
introduced. According to TRL approach, a technology is developed step by step and
the targeted maturity level requires the accomplishment of the previous levels. In
contrast, in an ITT project, targeted level of technological maturity is not achieved
step by step. It is similar to targeting to learn how to write a book without previously
learning the alphabet. Hence, for an ITT Project, instead of utilizing the TRL scale, a
new metric which is based on “Sophistication Level of ITT Project” has been

introduced.

The number of ITT projects that were evaluated within the sample according to their
calculated Level of Sophistication is given in Figure 16. It can be seen that the
diversity within the sample is quite high. The sample includes 6 of 10 predefined
sophistication indexes. It can be interpreted that, the proportions shown are in
compliance with the nature of ITT projects in aerospace industry and this can also be
presented as a reason for not having any ITT projects with Level-9 and Level-10.
This consequence is based on the difficulties of configuring and initiating such
complicated international cooperation projects, which cover almost all types

“functional capabilities” and “level of products”.
The biggest portions of evaluated ITT projects belong to Level-6 and Level-7. As

presented in Appendix D, these levels of sophistication indicate daring attempts to

obtain capabilities through ITT projects. The evaluated ITT projects within the
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sample dominantly involves “to manufacture”, “to test”, “to assembly and integrate”

type of functional capabilities for “sub-system” and “system” level of products.
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Figure 16 Proportion of ITT projects within the sample according to the Level of Sophistication

According to the results of the quantitative analysis provided in Section 5.2, both
Regression Analysis-1 and Regression Analysis-2 indicate that, “Conducting the ITT
Project” is a statistically significant variable group affecting the Performance of the
ITT Projects. This is an expected result as there is a strong correlation between
“Conducting the ITT Project” and “Preparations for the ITT Project” variable groups
and the latter is found out to be the variable group that affects the Performance of
ITT Project most significantly.
Step-3 of this research provided the components that form this variable group, as
given below.

e Benefits of “design phase”

e Benefits of “equipment installation and commissioning phase”

e Benefits of “ground development tests phase”

e Benefits of “manufacturing phase”

e Mechanisms for effective absorption

e Implementing systems engineering approach by Home Company

e Various sources for raw materials
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e Benefits of the “equipments” provided
e Benefits of the “in-house softwares” provided
e Benefits of the “training” provided

e Managing the language constraints

The results of the quantitative analysis results indicate that the abovementioned

variables directly affect the performance of an ITT project.

According to Appendix C, none of these variables is distinguished in terms of its
high level of maturity for the evaluated ITT project. However, the variable indicating
“Various sources for raw materials” is apparently evaluated as the weakest variable
of all variables. This result is directly related to the nature of aerospace and defense
projects. As it was introduced in Section 3.3, there are international regulations like
Missile Technology Control Regime (MTCR), which can act as a barrier to
internationalization. Such regulations can make it very difficult to diversify the
source of supply for some specific materials and may force the host party to rely
upon some limited sources of supply. Therefore, it is very important to map out the
ITT projects to target a flexible design in such a way that would prevent supply
related shortcomings like the ones mentioned. Sometimes such an approach can only

be possible at the cost of performance degradation.

Alternatively, a better approach would be to figure out the critical materials and
implement independent technology development projects in order to develop such
materials indigenously. However, this would require a well-planned technology
roadmap. Moreover, even it is possible to develop and establish the production
infrastructure for pilot production of such high-technology materials, when the scale
production is considered, it is generally beyond the means of companies and has to
be handled by the state. Policy recommendations regarding this issue are given in

Section 6.2.

Recommendations for firm level strategies to improve the identified weaknesses

within the explanatory variable groups are summarized in Table 26.
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Table 26 Summary of recommended firm level strategies to improve identified weaknesses

Weakness within the
Variable Group

Brief Explanation for Recommended Firm
Level Strategies

Knowledge Production (KP):
e Fringe benefits

e Emotional capability

e Appealing working environment

e Shared vision, systematic meetings

Knowledge Flow within the

Company (KF):

¢ Coordinating intra-firm
knowledge creation
activities

¢ Preventing the unfavorable effects of “need to
know” approach through dedicated
organizational structures

Knowledge Flow within the

Sectoral Innovation System

(SIS):

e Improving capabilities of
sub-contractors

e Well-organized training to
reach external knowledge

¢ Interactions with players
outside national borders

e Repeated cooperation, planned spillovers to the
subcontractors (through on the job training,
providing technical support, sharing
infrastructure), making the subcontractors
aware of the strategic goals

¢ Continuous development of human assets,
dedicated training departments

¢ Attending international events (such as
conferences and exhibitions), taking part in
international technology development
programs, dedicated departments that follow
closely the opportunities in European Union
Framework Programs, making use of the offset
regime applied by SSM
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Table 26 Summary of recommended firm level strategies to improve identified weaknesses

(Cont’d)

Weakness within the
Variable Group

Brief Explanation for Recommended Firm
Level Strategies

Preparations for the ITT

Project (PREP):

e ITT fills a gap in the
technology roadmap

e Response of developed
countries and big
companies

e Having a firm level technology roadmap,
performing intra-firm technology development
projects, continuous development of
indigenous design and analysis tools, reliable
technology assessment both at the firm level
and national level, defining technological gaps

¢ International lobbying

Conducting the ITT Project
(CON):

e Various sources for raw
materials

e Mapping out the ITT projects targeting a
flexible design, conducting technology
development projects for developing high-
technology materials

As we recall the research questions and summarize the research findings given in the

previous pages, we can briefly answer the research questions as given below;

e Brief Answer to Research Question-1: There is a relation between firm level

absorptive capacity and the success of international technology transfer in

aerospace projects. However, discovered relation is obvious only for “Knowledge

Production” component of firm level absorptive capacity. The relation between

“Knowledge Flow within the Company” and the Performance of ITT Project is

ambiguous. Furthermore, there is no statistically significant relation observed

between “Knowledge Flow within the Sectoral Innovation System” and the

Performance of ITT Projects.

e Brief Answer to Research Question-2: There are other determinants affecting the

success of international technology transfer other than firm level absorptive

capacity. Such determinants are grouped under conceptualized variable groups
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“Preparations for the ITT Project” and “Conducting the ITT Project” and it is
observed that both groups have significant effects on the success of ITT projects.
This result indicates that, standalone efforts by the company for improving firm

level absorptive capacity are not enough for the success of ITT projects.

The research findings indicate that there is an opportunity to exploit the
conceptualization to make estimations for the future success of international
technology transfer projects based on the maturity of firm level absorptive capacity.
The evaluation of current situation of the company especially in terms of
“Knowledge Production” would offer this opportunity. Moreover, the evaluations of
the variables under the variable group of “Preparations for the ITT Project” will
enhance the results of such estimation. In other words, the conceptualization and
evaluation method introduced in this research make it possible to predict the

possibility of success of an ITT project in advance.

6.2 CONCLUDING REMARKS AND POLICY IMPLICATIONS

In the previous section, research findings were provided together with suggestions on
firm level strategies, which are supposed to improve the identified weaknesses. It
was concluded that standalone efforts by the company for improving firm level
absorptive capacity are not enough for the success of ITT projects. In other words,
policy tools are required to be suggested to improve the possibility of success of ITT

projects.

Research Question-3:

What kind of measures can be taken to increase the possibility of success of

international technology transfer projects?

In this section, policy recommendations are discussed based on the results of the

research and as an answer to the relevant research question as follows:
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Promoting indigenous development of technologies: Analysis results indicate
that, “Knowledge Production” component of firm level absorptive capacity is
significantly affecting the success of an ITT project. Therefore, policy
measures to enhance this component are suggested.

Promoting knowledge flow within the sectoral innovation system: Based on

the findings of this research, there is no statistically significant relation
observed between “Knowledge Flow within the Sectoral Innovation System”
and the Performance of ITT Projects. This is interpreted as the relevant
Sectoral Innovation System is not mature enough in Turkey to utilize and SIS
does not seem to be working properly and effectively. Policy measures are
suggested to improve the maturity and functionality of the relevant SIS in
Turkey.

Ensuring a high level of readiness prior to starting an ITT project: The

analysis results indicate that “Preparations for the ITT Project” has
statistically significant effects on the success of ITT projects. In addition,
there is a strong correlation between “Preparations for the ITT Project” and
“Conducting the ITT Project”, which also has a statistically significant effect
on the performance of ITT project. As a result, policy measures are suggested

to enhance the maturity of preparations prior to an ITT project.

6.2.1 Promoting Indigenous Development of Technologies

Innovating capacity is one of the most important assets that a company should have

for sustainable long-term growth. In other respects, obtained analysis results indicate

that aerospace industry needs to be nourished by the innovation system in order to

develop its innovative capacity.

OECD (2011) highlights that in order to enhance the innovation environment

proposed policies shall aim targets such as; the quality and adaptability of the

workforce; the capacity to attract and retain talent; development of high value-added

production and services; entrepreneur and creative population; the demand for new

products and services; the quality of regional interactions and global connections.
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The policy instruments introduced by OECD (2011) to pursue abovementioned
targets are as follows:
e promoting ways of talent attraction and retention,
e establishment of science and technology parks,
e funding for research infrastructure,
e encouraging the formation of clusters, networks, competitiveness poles and
competence centers,
e promoting innovation advisory services for existing SMEs to assist them for
innovation,

e supporting innovative start-ups.

Policy tools proposed by OECD (2011) can be implemented to promote innovation
in aerospace industry in Turkey, but only up to a certain extent. Country dynamics in
Turkey and industry specific conditions require more attentive and dedicated
measures to be taken. Therefore, under this policy proposal, five policy measures are

produced.

Policy Measure-1: Renovating university curriculum according to the needs of
aerospace industry

Generally, in aerospace companies in Turkey, majority of the employees are
graduated from national universities with high reputation. Although most of the
relevant undergraduate programs are covering a huge variety of related technical
topics, the need of the aerospace industry is focused on some specific issues that are
not directly covered in undergraduate programs. If the needs of aerospace industry
are explicitly declared, it may show a path for universities for further studies. For this
purpose aerospace companies have to set academic goals for graduate programs and
support the students enrolled in these programs. Besides, having solid interactions
with national universities in aerospace fields will enable building the paths for
bilateral knowledge flow. These relations can be established through performing
common projects, knowledge & technology transfer offices, researchers training

programs, lectures provided by company experts in universities, etc. Moreover,
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research centers within universities can be established in collaboration with industry
to reinforce knowledge flow. Consequently, it is suggested that the state may
encourage aerospace companies and universities to collaborate in continuous
renovation of university curriculum by introducing relevant technical elective

courses according to the needs of aerospace industry.

Policy Measure-2: Establishment of a central authority responsible for technology
management with broader authorization

In developed countries, the mechanisms for technology management are quite
sophisticated in terms of planning the roadmap, technology readiness assessment and
linking developed technologies and system-level development projects. For example,
in the US, Department of Defense has adopted evolutionary acquisition as a strategy
to deliver an operational capability over several increments, where each increment is
dependent on a sufficiently defined technological maturity level. Each increment is
defined by a set of objectives, entrance and exit criteria. This extracts the R&D
efforts out of system-level development projects and specific milestones are
supposed to be accomplished to continue incremental development. What makes this
approach sophisticated is that, a comprehensive way of managing stakeholders
within the innovation system is required, which can only be possible with appropriate
organizational structure, sufficient technological knowledge as well as suitable
legislation and funding mechanisms. Therefore, state organizations responsible for
managing this process have to be well equipped with knowledge and high quality
employees. This comes with the fact that, the human capital is not only important for

the industry but also for the state organizations for overall success.

In Turkey, there is an attempt to pursue such an incremental approach and there are
dedicated structures within Ministry of Defense and Ministry of Transport, Maritime
Affairs and Communications. However, technology assessment methodologies have
to be reinforced in line with the system-level requirements. Establishment of a
central authority responsible for technology management with broader authorization
through appropriate legislation and precautions for improving its human capital,

might lead to more fruitful and beneficial results. Improvement of demand side will
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certainly improve the efficiency of innovation system. This centralized authority
might also be responsible for harmonizing outputs of projects conducted by different

national players and managing international relations in the relevant fields.

Policy Measure-3: Formulating flexible legislation for funding R&D projects that
can be adjusted according to the scope and type of the projects

In Turkey, for system-level development type of aerospace projects, typically the
customer is the state. In general, R&D is a desired and esteemed portion of such
projects and supposed to be performed by national players in order to increase the
local content of the final product. However, in these projects, research aspect within
the R&D becomes a contractual obligation to be fulfilled within the defined period of
the project. As it was indicated previously, it is not possible to innovate under

performance obligations.

As the projects may vary according to their sophistication in terms of functionality
and end product, the legislation for supply also has to be flexible, as one size does
not fit all. This flexibility has to ensure and ease the state organization that is
responsible for supply to freely search for administrative solutions instead of forcing
industry to comply, which might end up with lock-in. Similarly, repealing penalties
for R&D projects or increasing the scope of tax exemptions will encourage industry

to take part in challenging projects.

Policy Measure-4: Formulating legislation to force aerospace companies in creating
more innovative environments

As the aerospace industry of a developing country matures and consequently sets
more challenging goals to take part in the league of superior players, the need for
new approaches and tools arises for sustainability and continuous growth other than
state support. Although state support is indispensable and the state is responsible for
improving the innovative environment, companies must take innovative steps for

further development.
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In developed countries, the active participation of private sector is an indicator of
forthcoming strong leap in the development of the industry and relevant market as it
was in civil aerospace industry in the first half of 20" century. Today there is a
similar case in the US space industry. The role of NASA has been changed in recent
years and in line with the US space policy, many private companies started to take
significant responsibilities. For instance, SpaceX as a private company obtained the
capability of launching satellites, which is a very technically sophisticated part of
space business. Obviously, while reaching this admirable success, the role of state

policies and matured innovation system are undeniable.

In Section 3.2, it was discussed that the goal of policy must be to encourage firms to
build technical capability (Forbes and Wield, 2003). This statement can be elaborated
and rephrased as the proposed policy measure- formulating legislation to force
aerospace companies in creating more innovative environments. Such legislation
may contain below mentioned approaches;
e supporting companies in funding graduate education abroad,
e encouraging firms to fund a portion of working time, which is not directly
related to an ongoing project but instead dedicated to creative undefined

activities.

Motivating employees, providing benefits to attract human capital and creating
innovative environments within the company are company level responsibilities.
However, the state may intervene and encourage these attempts by creating
awareness. Legislation can be promoted to stimulate companies to create more
innovative environments. For instance, the state may invent legislation to force

companies to use a portion of their profit in funding abovementioned activities.

Additionally, mobility of employees is a source for diversity and through fruitful
combination of different approaches, continuous development might be possible.
However, companies may be reluctant to encourage mobility. State may design and
implement regulations encouraging controlled mobility between stakeholders in

order to foster innovation.
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In addition, rewarding mechanisms can be implemented within the abovementioned
legislation in such a way that encourages aerospace companies;
e to set academic goals for graduate programs and supporting the students
enrolled in these programs,
e to provide facility of access to world literature via highly equipped libraries
or membership to digital libraries,
e to elaborate technology roadmaps,
e to initiate intra-firm technology development projects funded by own
resources,
e to develop indigenous design and analysis tools,
e to implement systems engineering approach in compliance with international

standards.

Policy Measure-5: Defining areas of interests with well-defined boundaries for big
aerospace companies

Although there are a large number of companies performing in the aerospace
industry in Turkey, the number of bigger companies is limited. Encouraging
competition may not be a correct policy measure for aerospace industry of a
developing country, as it may hinder improvement. Instead, especially for the big
companies, defining areas of interests with well-defined boundaries may help these
companies to thrive in cooperation and develop and may give them chance to be

global players.

6.2.2 Promoting Knowledge Flow within the Sectoral Innovation System

Regression analysis results show that, there is no statistically significant relation
observed between “Knowledge Flow within the Sectoral Innovation System” and the
Performance of ITT Projects. This is interpreted as the relevant Sectoral Innovation
System is not mature enough in Turkey to utilize and SIS does not seem to be
working properly and effectively. In order to improve the maturity and functionality

of the relevant SIS in Turkey, three policy measures are proposed.
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Policy Measure-1: Organizing national technology platforms in aerospace fields in a
continuous manner

For an aerospace company in a developing country, it is crucial that the vision of the
company has to be aligned with the national goals in order to effectively benefit from
state investments and incentives. Companies need to harmonize their long-term
master plans and company level technology roadmaps with the national vision.
Additionally, interactions with other national sources of knowledge like knowledge
institutes and universities enable companies to reach valuable knowledge generated

nationally.

Companies need to take part in events that paves the way for interactions with state
organizations, universities, research centers and rivals in a continuous manner.
Therefore, a policy measure is suggested to foster such an environment through state
intervention. Organizing national technology platforms in aerospace fields in a
continuous manner with the attendance of state organizations, universities and
research centers as well as encouraging aerospace companies to actively take part in
such events would help promoting the knowledge flow within the Sectoral

Innovation System.

Policy Measure-2: Establishing and promoting channels through which aerospace
companies and national universities can develop solid interactions

As it was previously mentioned in Section 4.1, there are already existing channels in
Turkey in order to stimulate establishment of channels through which industry and
national universities can develop interactions. These channels can be summarized as
university - industry cooperation programs; knowledge transfer offices; technology

transfer offices; researchers training programs for the industry.

In order to promote knowledge flow within the related Sectoral Innovation System,
the abovementioned channels of interaction have to be handled in accordance with
the needs of aerospace industry. A policy measure in order to reinforce the
functionality of the existing channels can be formulated by implementing rewarding

mechanisms. Through these channels the activity of both universities and aerospace
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companies can be annually measured by specific indicators which is in turn

evaluated by state organizations and systematically rewarded.

Policy Measure-3: Encouraging aerospace companies for effective knowledge flow
This thesis conceptualized the firm level absorptive capacity in three branches one of
which was related to knowledge flow within the sectoral innovation system.
Research findings indicated the related weaknesses and in order to improve them
firm level strategies were recommended in Section 6.1. In addition to firm level
efforts, this policy measure is suggested to improve the effectiveness of knowledge
flow within the sectoral innovation system. Rewarding mechanisms or contractual
requirements, like the offset regime implemented by SSM, can be used within this
policy measure in order to encourage aerospace companies;

e to provide training, technical support or infrastructure to sub-contractors,

e to attend international events,

e to take part in international technology development projects (like European

Union Framework Programs).

State policies should not be locked-in only around existing main players, but should
rather focus on the diffusion of the innovation culture in the sector through other
players. Nowadays, the development and upgrading of clusters, which can be defined
as dense network between economic agents, is an important agenda for governments,
companies and other institutions. This subject is studied by many researchers like

Porter (1998), Bathelt et al. (2002) and Ozman (2009).

As discussed in Section 3.1, the most important notion in clusters is “value chain”
and it is important to keep in mind that supply chain is not sufficient. Value chain is
developed as a result of repeated interactions. Clusters provide the suitable
environment for successful spillover, which is an externality of knowledge transfer
from external sources received via pipelines. It would be wise to implement a policy
considering the possibilities of stimulating pipeline development rather than to make

extensive efforts in generating clusters. Besides, as clusters cannot be created, the
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successful policy regarding clusters might be focused on governance of the clusters

aiming the establishment of pipelines which provide access to external knowledge.

6.2.3 Ensuring a High Level of Readiness Prior to Starting an ITT
Project

International technology transfer is an alternative tool in obtaining a certain level of
technological capability. However, in order to institute the scope of an ITT project,
transferee of the technology has to be aware of what should be expected from the
transferor. “Knowing what to request” improves the quality and scope of the
prepared contractual ITT project documents and this requires an existing

technological maturity in the relevant technology area.

Previously this requirement was discussed from the perspective of firm level
absorptive capacity and in order to improve related weaknesses, firm level strategies
were recommended in Section 6.1. However, research findings show that there are
determinants other than firm level absorptive capacity affecting the efficient
utilization of an ITT project. Consequently, for the purpose of improving the

readiness prior to starting an ITT project, two policy measures are proposed.

Policy Measure-1: Setting the area of research as a technological priority area as an
indication of strong political will

The importance of having strong political will in the relevant technological area was
previously described. This policy measure is proposed under the condition of having
strong political will and the aim of the measure is to make use of this will through

setting the area of research as a technological priority area.

In addition to other numerous positive effects, determination of higher state
authorities also encourages different lower-level state organizations to conduct
focused events through which the national stakeholders find the chance to interact in
regular bases. Continuous monitoring of the outputs of these interactions will

definitely increase the boosting effect of such interactions.
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As we consider this topic from the perspective of reaching a strong and solid ITT
project contract, having strong political will is expected to ensure major
contributions to the scope and structure of the contract. Especially in ITT projects
with high level of sophistication, government to government relations in various
subjects (probably other than the field of ITT project) might enhance the negotiation
process to progress on behalf of the host party. Government and related state
organizations are supposed to use diplomatic channels, economic relations and other
tools to enhance the scope of contract. This would also help to balance between the
selection process of the home company, precautions to increase the motivation of the
home party and to make provisions for possible responses of developed countries and

big global companies.

Policy Measure-2: Establishing a national technology road map with explicitly
defined technological steps, relations between sub-technologies and technological
gaps

In order to configure the ITT project in such a way that it fills a gap in the national
technology roadmap and it provides significant strategic benefits, the state is
supposed to coordinate national actors of knowledge production in order to explicitly
predefine technological steps and relations between sub-technologies. Consequently,
ITT project has to be constructed in harmony with the national technology roadmaps.
This attentive way of planning approach enables to have rigid and meaningful
expectations to be included in the contractual documents as expectations from the
ITT project. In order to succeed, continuous and repeated interactions between the
actors have to be conducted through technology panels, monitoring of the
stakeholders, brainstorming in think tank groups, etc. under the supervision of state

organizations.

Firm level advances such as “having firm level strategic plan and technology
roadmap”; in conjunction with this roadmap, continuously performing intra-firm
technology development projects and continuous development of indigenous design

and analysis tools will provide valuable information for decision makers. Firm level
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knowledge generated, as long as effectively coordinated with other national
stakeholders through repetitive interactions, will definitely help ideas to be embraced

by state organizations, which will incrementally develop into strong political will.

Another point regarding this proposed policy measure is that it would also enable the
state to coordinate future actions that are beyond the means and influence area of
aerospace companies. For instance, it was previously stated that for high-technology
materials aerospace companies can develop and establish the production
infrastructure for pilot production for most cases. However, generally the investment
related to scale production of such materials has to be coordinated at the national

level considering the needs of national industries other than aerospace industry.
A summary of policy recommendations and policy measures / tools, which are

designated with the aim to increase the Performance of ITT Projects, are given in

Table 27.
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Table 27 Summary of policy recommendations

Policy Policy
Recommendation Measures / Tools

Promoting Renovating university curriculum according to the needs of

Indigenous aerospace industry

Development of

Technologies Establishment of a central authority responsible for
technology management with broader authorization
Formulating flexible legislation for funding R&D projects
that can be adjusted according to the scope and type of the
projects
Formulating legislation to force aerospace companies in
creating more innovative environments
Defining areas of interests with well-defined boundaries for
big aerospace companies (instead of encouraging
competition)

Promoting Organizing national technology platforms in aerospace fields

Knowledge Flow in a continuous manner

within the Sectoral
Innovation System

Establishing and promoting channels through which
aerospace companies and national universities can develop
solid interactions

Encouraging aerospace companies for effective knowledge
flow

Ensuring a High
Level of Readiness
Prior to Starting an
ITT Project

Setting the area of research as a technological priority area
as an indication of strong political will

Establishing a national technology road map with explicitly
defined technological steps, relations between sub-
technologies and technological gaps

Forbes and Wield (2003) stated that, for technology-followers the future is already

shaped and there is less uncertainty. According to them, a technology-follower is not

concerned with the generation of new technology. Although, this argument may be

rational for many industries, industries like aerospace industries are well beyond this

generalization and continuous innovation is vital for the companies in developing

regions.
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There are many differences between developed and developing countries in terms of
technology development environment. For instance, in the case of Turkey, high-
educated diversified labor pool is not available as it is in a developed country, or
structure of market is totally different regarding economic and cultural aspects.
Therefore, it is not possible to imitate the same model for Turkey, which worked for
developed countries. Instead of using the existing terminologies, new and country

specific terms have to be introduced for successful interventions.

In order to respond to the last research question, suggestions on firm level strategies
and national level policies are provided in the previous pages and summarized in
Table 26 and Table 27 respectively. These measures are supposed to increase the

possibility of success of ITT projects.

In sum, success of ITT projects in aerospace industry requires a policy mix among
science, technology and innovation policies; sectoral strategy policies; higher
education policies as well as company level strategies. If a good interaction between
these policies and strategies is obtained then it would be possible to have successful

steps in the development of aerospace industry.

For a developing country, international technology transfer is an alternative for
indigenous efforts in obtaining a certain level of technological capability. By
utilizing ITT, it might be possible to proceed with increased pace towards the defined
technological goal. However, usage of international technology transfer requires a
sophisticated harmonization of the overall process, such that, national efforts and the
benefits of technology transfer have to be coupled in an optimized way. ITT has to
be regarded as a tool, instead of the main purpose, on the road to achieve ultimate

goal of development and self-dependence.
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6.3 DIRECTIONS FOR FURTHER RESEARCH

This thesis generates some significant contributions to the existing literature on firm
level absorptive capacity and ITT performance. One of the major contributions of the
thesis is the extracted determinants and indicators through discussions with experts
from aerospace industry who have participated in broad range of ITT projects. These
variables are distilled in such a way that, an important portion is uniquely related to
aerospace industry. Although the study is focused on firm level capabilities, the
variables are extracted and evaluated from the viewpoint of sectoral innovation
system. Instead of the question “what are the forms of AC”, that is mostly addressed
in the relevant literature, this thesis research stands at a position to answer the

question of “what forms AC”.

There is no such comprehensive study in the literature that examines this topic from
the point of view of transferee country. This research is one of the first attempts in
the literature to examine the field of aerospace industry keeping in mind developing
country concerns. Moreover, this study is probably the first attempt in Turkey to
explore the linkages between firm level dynamics and sectoral innovation system in
the relevant field, both of which simultaneously affect the performance of ITT

projects.

The conceptualization and evaluation method introduced in this research make it
possible to predict the possibility of success of an ITT project in advance. The
determinants affecting firm level absorptive capacity and the performance of ITT
projects as well as the evaluation approach introduced in this thesis may be utilized
in different application areas. First of all, the thesis examines a portion of aerospace
industry, mainly the knowledge intensive military part. The evaluated company is
one of the biggest companies in this area in Turkey. Hence, it is possible to state that
the evaluation based on this company represents the circumstances in military

aerospace industry in Turkey. However, if the scope is expanded to cover the civil
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part of aerospace industry, most likely different results would be obtained. Similarly,
in other high-technology civil industries, in which barriers to internalization are not
so strong, variables based on economic concerns can be found out to be more

significant than political determinants.

When the “Sophistication Level of ITT Project” is considered, within the evaluated
sample there are no ITT projects with Level-9 and Level-10. This was interpreted as
a result based on the difficulties of configuring and initiating such international
cooperation projects in aerospace field. However, in other high-technology industries
there might be such ITT projects. Besides, for low-technology civil industries,
managing the language constraints might be an important issue, for the reason that
the number of employees with the knowledge of a second language in the transferee
country would be probably lower. As a result, more translators might be needed and

lack of their technical knowledge may give rise to complications.

The metrics developed within this thesis can be utilized in a repeatable manner. The
questionnaire that was used in the thesis demands answers in two parts; one is
dedicated to the absorptive capacity of the company and the other one is dedicated to
the evaluation of an ITT project. Experts are asked to evaluate past ITT projects they
have participated in, some of which were completed years ago. However, while
evaluating the absorptive capacity of the company, they possibly tended to consider
the current status of the company instead of the status at the time of conducting the
evaluated ITT project. Repeating the first part of the questionnaire on a regular basis
in time would enable to monitor the change in absorptive capacity of the company
and might give more precise estimations for the future success of international
technology transfer projects based on the maturity of firm level absorptive capacity.
In addition, absorptive capacity evaluations of different departments can provide

valuable information regarding the weaknesses and strengths within the company.
A sample with higher number of observations would most likely increase the

reliability of regression analysis. Additionally, it would be possible to include the

variable related to “Sophistication Level of ITT Project” in the econometric model to
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obtain results that can be statistically interpreted in terms of the sophistication level
of the ITT projects. When we consider increasing the number of observations, this
may be possible through evaluating other aerospace companies. However, this would
practically be possible when conducted with the support of a state organization. If the
state coordinates such an extensive study, the companies would not hesitate to
contribute and hence obtained results would certainly be very fruitful. Moreover, in
an extensive study, which would aim to obtain more observations, the definition of
“Sophistication Level of ITT Project” can also be extended with additional questions
like the number of personnel who had participated in the ITT project or the number
of output documents generated at the end of the ITT project. Such an approach would
enable to make more extensive interpretations for the relation between the

sophistication level and the rest of the variables.
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APPENDICES

APPENDIX A
SEMI-STRUCTURED INTERVIEW QUESTIONS

1. Who are the main players in aerospace industry in Turkey and what are their
roles?

2. How is it possible to develop indigenous technologies? What are the
mechanisms needed?

3. Are there specific pathways that make it possible for knowledge to flow
within your company?

4. What kind of opportunities are there in your company to obtain knowledge
generated externally?

5. What are the main factors affecting absorptive capacity in aerospace
industry? What are the ways of improving them?

6. What kind of technology transfer projects did you take place?

7. What was the target of these projects in terms of Technology Readiness
Level?

8. What are the main issues related to preparation phase for the ITT?

9. What can be the maximum support that can be obtained from the source of
technology?

10. What are the main success indicators of international technology transfer in

aerospace industry?

Note: Information about the profile of experts who had contributed to research through
semi-structured interviews is provided in Section 3.3 (Table 7).
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APPENDIX B
QUESTIONNAIRE

Note: Information about the profile of experts who had contributed to research by
filling in the questionnaire is provided in Section 5.1 (Table 10).

Part A: You are kindly asked to evaluate your company’s absorptive capacity.

Please put (x) in the selected cell.

PART-A
Evaluation of my company’s
Absorptive Capacity

No
idea

1

Strongly
disagree

2

Disagree

3
Neutral

Agree

5
Strongly
agree

1 My company sets academic
goals for graduate programs and
supports the students enrolled in
these programs.

O

O

O

O

2 My company commonly hires
graduates of the top universities.

3 My company provides facility
of access to world literature via
highly equipped library or
membership to digital libraries.

4 My company provides facility
of access to patent databases and
it is common to use this
occasion while making literature
survey.

5 My company has a strategic
plan for technology
development which is prepared
in a form of technology
roadmap. A dedicated
department is responsible for
planning the technology
roadmaps as well as for
coordinating and monitoring
relevant activities.

6 My company initiates intra-
firm technology development
projects to reach a technological
capability. If external funding
mechanisms are not available,
my company funds such
projects using own financial
sources.
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PART-A
Evaluation of my company’s
Absorptive Capacity

No 1 2 3 4

idea | Strongly | Disagree | Neutral Agree
disagree

5
Strongly
agree

7 My company encourages and
appreciates the development of
indigenous design and analysis
tools. There exist dedicated
specialized organizational
structures and mechanisms,
which help to improve the
capabilities of the in-house
tools.

O (| (| O O

(]

8 My company provides an
appealing working environment
with fringe benefits, a fair wage
policy and equal opportunities
as well as uses performance
evaluation tools efficiently to
encourage employees to their
highest potential.

9 My company provides an
environment where employees
can show their emotions and
share their ideas in a way
helping to create commitment
and deep loyalty.

In general, my company is
successful in knowledge
production.

10 My company has an
organizational structure which
coordinates overall knowledge
creation activities within the
company and prevents
redundant development efforts
in order to minimize
unfavorable effects of “need to
know” approach.

11 In my company there is a
culture of reporting the results
of conducted tasks and other
employees utilize these reports
as well as there are mechanisms
encouraging this process.
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PART-A
Evaluation of my company’s
Absorptive Capacity

No
idea

1

Strongly
disagree

2

Disagree

3
Neutral

Agree

5
Strongly
agree

12 My company implements
systems engineering approach in
compliance with international
standards and generated project
documents are easily accessible
by project personnel.

(]

(]

(]

(]

13 My company implements
procedures and processes
efficiently and such documents
are improved continuously as
well as these documents are
easily accessible by project
personnel.

14 My company provides well-
organized face to face
communication platforms
through formal and informal
meetings for the purpose of
orientation for new comers,
internal trainings, conveying
“lessons learned”, evaluation of
relations between departments,
etc.

In general, there is an efficient
and fruitful knowledge flow

within my company.

15 My company actively takes
part in events that paves the way
for interactions with state
organizations, universities,
research centers and rivals such
as national technology
platforms, project planning,
feasibility studies and proposal
preparation activities in a
continuous manner.
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PART-A
Evaluation of my company’s
Absorptive Capacity

No
idea

1

Strongly
disagree

2

Disagree

3
Neutral

Agree

5
Strongly
agree

16 My company has solid
interactions with numerous
national universities in
aerospace fields through;
performing common projects,
knowledge & technology
transfer offices, researchers
training programs, lectures
provided by company experts in
universities, etc.

(]

(]

O

17 My company has an
organizational structure
dedicated to training, which
efficiently plans training
programs based on the
requirements of different
departments and in a way that
meets with the strategic goals of
the company.

18 My company has a well-
organized purchase department
which has an access to a broad
network and continuously
improves national sub-
contractors through well-defined
qualification procedures and
constant monitoring as well as
through special programs like
training, providing technical
support or infrastructure.

19 My company effectively
follows the developments in
leading countries and companies
through attending international
conferences, taking part in
international technology
development projects (like
European Union Framework
Programs), supporting
employees who enroll in
graduate programs abroad and
hiring foreign consultants.

In general, my company uses
external channels for efficient
and fruitful knowledge flow.
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Part B: You are kindly asked evaluate an “International Technology Transfer”
(ITT) project that you have participated in.

“Home” is used for the owner of the technology; transferor.

“Host” is used for the customer; transferee.

Evaluation of an International Technology Project That You Have Participated
Before

MAIN GOAL of the evaluated international technology transfer project was to
achieve a capability at: (Please put (x) in the selected cell, you can select more than one option)

0 COMPONENT/MATERIAL LEVEL
0 SUB-SYSTEM LEVEL
0 SYSTEM-LEVEL

MAIN GOAL of the evaluated international technology transfer project was to
achieve a capability: (Please put (x) in the selected cell, you can select more than one option)

0 TO ASSEMBLY AND INTEGRATE (select only if assembly and integration activities were
performed during the project)
O TO TEST (select only if test activities were performed during the project)

LITO MANUFACTURE (select only if manufacturing activities were performed during the project)
LITO DESIGN (may be in form of feasibility, conceptual, preliminary, detailed design)

DID THE PROJECT COMPLETED?
O NO

O YES
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

1 In our country there was a
strong political will to achieve
technological improvement in the
area of research. The area of
research was set as a
technological priority area by the
state.

(]

(]

(]

2 In our country a technological
roadmap was established targeting
an incremental improvement in
the area of research. The
technological steps and relations
between sub-technologies were
predefined explicitly by the state
and this enabled considering
utilization of foreign technologies
through international technology
transfer projects to fill the specific
technological gaps.

3 The scope and the intended
outputs of the international
technology transfer project were
reasonable and well-matched with
the vision of my company, and
have long-term strategic benefits
for state as well as for the
company rather than short-term
economical profits. (there exists a
vision of my company related to
relevant area of research)

4 Selected Home Company was
the best choice among all
alternative technology sources in
terms of overall evaluation of
technical capability and proposed
level of technology transfer.

5 Selected Home Company is still
actively performing similar tasks
defined in the Technology
Transfer Project and the
technology is not practically
obsolete.
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

6 International Technology
Transfer Project provided
valuable benefits to Home Party
therefore Home Party set a high
value on the realization of the
project.

O

O

7 Developed countries or big
companies around the world
didn’t hinder or prevent the
realization of the intended
International Technology Transfer
Project through political
repression to both countries,
applying sanctions, preventing
supply of critical
material/equipment, etc.

8 Before beginning the project; at
the end of the contractual
negotiations, mutually agreed and
well-prepared descriptive project
definition documents have been
prepared as annexes to the
Project’s contract. These annexes
clearly defined the project scope,
schedule, responsibilities,
deliverables and cost.

In general, preparations before
initiating the ITT were
sufficient.

9 During the “design phase” of the
Project, my company’s experts
grasped the knowledge regarding
the design requirements, output
design documentation and TDP
through well-organized reviews.
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

10 During “equipment installation
and commissioning phase” of the
Project, my company’s experts
worked under the supervision of
Home company’s experts in our
territory and related
documentation is generated as a
result of joint efforts. The
produced documents are well-
suited to my company’s culture.

O

O

O

11 During the “ground
development tests phase” of the
project, design and products are
validated; related activities are
carried out in my company under
the supervision of foreign experts,
results are evaluated in details and
documented.

12 During the “manufacturing
phase” of the Project, production
process was optimized under the
supervision of foreign experts.
The produced documents were
well-suited to my company’s
culture.

13 My company utilized
mechanisms such as reviews,
meetings, and questions/answers,
therefore obtained detailed and
comprehensive information from
the Home Company throughout
the Project.

14 Home Company implemented
systems engineering approach in
compliance with international
standards and generated project
documents accordingly. These
documents satisfied the
requirements of predefined
reviews and enabled transferred
knowledge to be completely
adopted. For this purpose a rigid
configuration and data
management system has been
implemented.
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

15 Raw materials used in the
Project were selected in a way that
enabled the usage of a wide
variety of alternatives; therefore
my company was not dependent
on limited sources of raw
material.

O

O

O

16 Equipment provided by the
Home Company was worthy in a
way that it took the advantage of
modern and up-to-date
manufacturing technologies.
Besides operational and
maintenance costs were
reasonable and relevant tasks
could be performed independent
of Home Party.

17 In-house softwares developed
and provided by the Home
Company were totally adopted by
my company’s experts through
user manuals and trainings in a
way that there were no black-
boxes, undefined magic numbers,
and indemonstrable empirical
relations left within these tools.
My company’s experts mastered
the capabilities of these tools thus
future utilization beyond the ITT
project became possible.

18 Training Program (theoretical
and/or practical) that was
provided by the Home Party was
highly efficient in terms of;
planning, quality & scope of
training documentation,
sufficiency of instructors (and
translators), selected training tools
and effective monitoring of the
participants.
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

19 Translation of the technical
documents was made by
experienced specialists and a
common terminology has been
used. Translated documents were
proof checked in order to reduce
the level information loss caused
by translation to minimum.
During the face-to-face meetings
adequate numbers of capable
translators have been assigned.

O

O

O

In general, evaluated ITT was
successfully conducted.

20 Home Company fulfilled the
requirements of the contract in
terms of scope and the tasks
defined in the Statement of Work
as expected. By the successful
completion of the project the
intended technological gap
previously defined in the

technological roadmap was
bridged.

21 By the help of the Project, my
company reached a favorable
level of technological capability;
external dependence in terms of
items in the Product Breakdown
Structure, raw material and
equipment was reduced to
minimum.
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PART-B

Evaluation of an International
Technology Transfer That I Have
Participated in

idea /
Not

app.

(NA)

1

Strongly
disagree

2

Disagree

3

Neutral

Agree

5

Strongly
agree

22 My company’s experts
repeated design activities under
the supervision of foreign experts
and obtained the same results as
found during “design phase”. For
this purpose, design and analysis
tools provided by Home Company
or indigenously developed tools
were used and consequently
obtained design capability was
verified and validated.

O

O

O

23 Employees, who were
participated in the ITT, have been
working in the similar tasks that
they have gained experience even
the ITT is over.
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APPENDIX C

SUMMARY OF VARIABLES
Variable Definition Obs. | Mean Std. Min | Max
Dev.

Setting academic goals for

ABS_KP_1 universities 74 | 3.689 | 0.720 | 2.000 | 5.000
Hiring graduates of the top

ABS_KP_2 universities 74 | 4.108 | 0.587 | 3.000 | 5.000

ABS_KP_3 Access to world literature 74 | 3.797 | 0.596 | 3.000 | 5.000
Culture of utilizing patent

ABS_KP_4 databases 74 | 3.432 | 0.684 | 2.000 | 5.000
Firm level strategic plan and

ABS_KP_5 technology roadmap 74 | 3.757 | 0.592 | 2.000 | 5.000
Intra-firm technology

ABS_KP_6 development projects 74 | 3.878 | 0.739 | 2.000 | 5.000
Development of indigenous

ABS_KP_7 design and analysis tools 74 | 4.014 | 0.749 | 2.000 | 5.000

ABS_KP_8 Fringe benefits 74 | 3.257 | 0.908 | 1.000 | 5.000

ABS_KP_9 Emotional capability 74 | 3.135 | 0.689 | 2.000 | 4.000

General Evaluation of
intrafirm knowledge

ABS_KP_AVER production 74 | 3.689 | 0.547 | 2.000 | 5.000
Coordinating intra-firm

ABS_KF_1 knowledge creation activities 74| 2.581 | 0.740 | 1.000 | 4.000
Culture of codification

ABS_KF_2 within the company 74 | 3.703 | 0.716 | 2.000 | 5.000

Culture of implementing

systems engineering
ABS_KF_3 approach within the company 74 | 3.743 | 0.598 | 3.000 | 5.000

Utilizing codified procedures
and processes within the

ABS_KF_4 company 74 | 3.743 | 0.525 | 3.000 | 5.000
Face to face intra-firm

ABS_KF_5 communication 74 | 3.122 | 0.793 | 2.000 | 4.000
General Evaluation of

ABS_KF_AVER intrafirm knowledge flow 74 | 3.446 | 0.622 | 2.000 | 4.000
Interactions with national

ABS_SIS 1 players 74 | 4.014 | 0.652 | 2.000 | 5.000
Solid interactions with

ABS_SIS 2 universities 66 | 4.015 | 0.668 | 3.000 | 5.000
Well-organized training to

ABS_SIS 3 reach external knowledge 74 | 2932 | 1.077 | 1.000 | 5.000
Improving capabilities of

ABS_S|S_4 sub-contractors 74 2.581 0.979 1.000 5.000
Interactions with players

ABS_SIS 5 outside national borders 65| 3.369 | 1.024 | 1.000 | 5.000
General Evaluation of

ABS_SIS_AVER | external knowledge flow 74 | 3.649 | 0.671 | 3.000 | 5.000

ITT_PREP_1 Strong political will 74 | 3.581 | 0.907 | 1.000 | 5.000
ITT fills a gap in the

ITT_PREP_2 technology roadmap 72 | 3.389 | 0.972 | 2.000 | 5.000
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Variable Definition Obs. | Mean gzi Min | Max
Significant strategic benefits

ITT_PREP_3 of the ITT 74 | 3.946 | 0.700 | 2.000 | 5.000
Selection Process of Home

ITT_PREP_4 Company 74 | 4.014 | 0.836 | 2.000 | 5.000
Transferred technology is not

ITT_PREP_S practically obsolete 74 | 4.041| 0.913 | 1.000 | 5.000
Motivation of the Home

ITT_PREP_6 Party 74 | 3.743 | 0.684 | 2.000 | 5.000
Response of developed

ITT_PREP_7 countries and big companies 74 | 3.243 | 1.156 | 1.000 | 5.000
Well-prepared contractual

ITT_PREP_8 documents 74| 3.716 | 0.958 | 1.000 | 5.000
General Evaluation of ITT

ITT_PREP_AVER | preperations 74 | 3.662 | 0.799 | 2.000 | 5.000

ITT_CON_1 Benefits of “design phase” 43 | 3.488 | 1.009 | 2.000 | 5.000
Benefits of “equipment
installation and

ITT_CON_2 commissioning phase” 57| 3.895| 0.673 | 3.000 | 5.000
Benefits of “ground

ITT_CON_3 development tests phase” 37 | 3.486 | 1.044 | 1.000 | 5.000
Benefits of “manufacturing

ITT_CON_4 phase” 59| 3.797 | 0.886 | 2.000 | 5.000
Mechanisms for effective

ITT_CON_5 absorption 74 | 3.838 | 0.828 | 1.000 | 5.000
Implementing systems
engineering approach by

ITT_CON_6 Home Company 74| 3.405| 1.146 | 1.000 | 5.000
Various sources for raw

ITT_CON_7 materials 50| 2.420 | 1.180 | 1.000 | 5.000
Benefits of the “equipments”

ITT_CON_8 provided 57 | 3.544 | 0.657 | 2.000 | 5.000
Benefits of the “in-house

ITT_CON_9 softwares” provided 47 | 3.128 | 0.679 | 2.000 | 4.000
Benefits of the “training”

ITT_CON_10 provided 70 | 3.586 | 1.136 | 1.000 | 5.000
Managing the language

ITT_CON_11 constraints 57| 3.456 | 1.181 | 1.000 | 5.000
General Evaluation of the

ITT_CON_AVER | way of conducting ITT 74 | 3.608 | 0.873 | 1.000 | 5.000
Fulfilling contractual

ITT_PER_1 requirements 74| 3.770 | 0.803 | 1.000 | 5.000
Reduced external

ITT_PER_2 dependency 70 | 3.771 | 0.837 | 1.000 | 5.000
Obtained design capability is

ITT_PER_3 verified and validated 35| 3.143 | 1.033 | 1.000 | 5.000

ITT_PER_4 Preventing “brain drain” 74 | 3.500 | 0.925 | 2.000 | 5.000
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APPENDIX D
DETERMINATION OF SOPHISTICATION LEVEL OF ITT
PROJECT

The types of capabilities achieved through ITT projects

in terms of
“Functional Capability” and “Level of Product”
To design FCl1
. To manufacture FC2
Functional
Capability To test FC3
To assembly and integrate FC4
Component and/or material LPl
level
Level of
Product Sub-system level LP2
System-level LP3

e All types of Functional Capabilities (FCs) and Level of Products (LPs) has a
sophistication value (SV) of 1; excluding FCl1 and LP3 as these have
sophistication values of 2.

e n(FC): is the number of FCs covered within the ITT project.

e n(LP): is the number of LPs covered within the ITT project.

e For the relatively sophisticated ITT projects that cover at least 2 FCs and 2 LPs;
cond=1, for more simple projects cond=0.

e For any ITT project that covers different combinations of FCs and LPs,
sophistication level (sophist_level) is calculated by the below mentioned formula;

n(Fc) n(LP)
sophist_level(Project) = Z SV(FC) + Z SV(LP;) + n(LP) + Cond — 2
i=1 i=1

Example-1;
Assume an ITT Project which involves design (FC1) and testing (FC3) of a sub-

system level product (LP2).
Then according to abovementioned method;
n(FC)= 2, n(LP)=1, cond=0, SV(FC1)=2, SV(FC3)=1, SV(LP2)=1

sophist_level(Project) = 3
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Example-2;
Assume an ITT Project which involves manufacturing (FC2) and testing (FC3) of a

sub-system (LP2) and system (LP3) level products.

According to abovementioned method;
n(FC)=2, n(LP)=2, cond=1, SV(FC2)=1, SV(FC3)=1, SV(LP2)=1, SV(LP3)=2

sophist_level(Project) = 6

Types of capabilities achieved through ITT projects
Sophistication Level of
Technical Support Through

Functional Capability Level of Product ITT Project
FC1, FC2, FC3 LP1, LP2, LP3 10
FC1, FC2, FC4 LP1, LP2, LP3 10
FC1, FC3, FC4 LP1, LP2, LP3 10
FC1, FC2, FC3, FC4 LP1, LP2, LP3 10
FC1, FC2 LP1, LP2, LP3 9
FC1, FC3 LP1, LP2, LP3 9
FC1, FC4 LP1, LP2, LP3 9
FC2, FC3, FC4 LP1, LP2, LP3 9
FC1, FC2, FC3, FC4 LP1, LP3 9
FC1, FC2, FC3, FC4 LP2, LP3 9
FC2, FC3 LP1, LP2, LP3 8
FC2, FC4 LP1, LP2, LP3 8
FC3, FC4 LP1, LP2, LP3 8
FC1, FC2, FC3 LP1, LP3 8
FC1, FC2, FC3 LP2, LP3 8
FC1, FC2, FC4 LP1, LP3 8
FC1, FC2, FC4 LP2, LP3 8
FC1, FC3, FC4 LP1, LP3 8
FC1, FC3, FC4 LP2, LP3 8
FC1, FC2, FC3, FC4 LP1, LP2 8
FC1 LP1, LP2, LP3 7
FC1, FC2 LP1, LP3 7
FC1, FC2 LP2, LP3 7
FC1, EC3 LP1, LP3 7
FC1, FC3 LP2, LP3 7
FC1, FC4 LP1, LP3 7
FC1, FC4 LP2, LP3 7
FC1, FC2, FC3 LP1, LP2 7
FC1, FC2, FC4 LP1, LP2 7
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Types of capabilities achieved through ITT projects
Sophistication Level of
Technical Support Through

Functional Capability Level of Product ITT Project
FC1, FC3, FC4 LP1, LP2 7
FC2, FC3, FC4 LP1, LP3 7
FC2, FC3, FC4 LP2, LP3 7
FC2 LP1, LP2, LP3 6
FC3 LP1, LP2, LP3 6
FC4 LP1, LP2, LP3 6
FC1, FC2 LP1, LP2 6
FC1, FC3 LP1,LP2 6
FC1, FC4 LP1, LP2 6
FC2, FC3 LP1, LP3 6
FC2, FC3 LP2, LP3 6
FC2, FC4 LP1, LP3 6
FC2, FC4 LP2, LP3 6
FC3, FC4 LP1, LP3 6
FC3, FC4 LP2, LP3 6
FC2, FC3, FC4 LP1, LP2 6
FC1, FC2, FC3, FC4 LP3 6
FC1 LP1, LP3 5
FC1 LP2, LP3 5
FC2, FC3 LP1, LP2 5
FC2, FC4 LP1, LP2 5
FC3, FC4 LP1, LP2 5
FC1, FC2, FC3 LP3 5
FC1, FC2, FC4 LP3 5
FC1, FC3, FC4 LP3 5
FC1, FC2, FC3, FC4 LP1 5
FC1, FC2, FC3, FC4 LP2 5
FC1 LP1, LP2 4
FC2 LP1, LP3 4
FC2 LP2, LP3 4
FC3 LP1, LP3 4
FC3 LP2, LP3 4
FC4 LP1, LP3 4
FC4 LP2, LP3 4
FC1, FC2 LP3 4
FC1, FC3 LP3 4
FC1, FC4 LP3 4
FC1, FC2, FC3 LP1 4
FC1, FC2, FC3 LP2 4
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Types of capabilities achieved through ITT projects
Sophistication Level of
Technical Support Through

Functional Capability Level of Product ITT Project
FC1, FC2, FC4 LPI 4
FC1, FC2, FC4 LP2 4
FC1, FC3, FC4 LPI 4
FC1, FC3, FC4 LP2 4
FC2, FC3, FC4 LP3 4
FC1 LP3 3
FC2 LP1, LP2 3
FC3 LP1, LP2 3
FC4 LP1, LP2 3
FC1, FC2 LPI 3
FC1, FC2 LP2 3
FC1, FC3 LP1 3
FC1, FC3 LP2 3
FC1, FC4 LP1 3
FC1, FC4 LP2 3
FC2, FC3 LP3 3
FC2, FC4 LP3 3
FC3, FC4 LP3 3
FC2, FC3, FC4 LP1 3
FC2, FC3, FC4 LP2 3
FC1 LP1 2
FC1 LP2 2
FC2 LP3 2
FC3 LP3 2
FC4 LP3 2
FC2, FC3 LP1 2
FC2, FC3 LP2 2
FC2, FC4 LP1 2
FC2, FC4 LP2 2
FC3, FC4 LP1 2
FC3, FC4 LP2 2
FC2 LP1 1
FC2 LP2 1
FC3 LP1 1
FC3 LP2 1
FC4 LP1 1
FC4 LP2 1
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APPENDIX E
TURKISH SUMMARY

FIRMA SEVIYESI OZUMSEME KAPASITESI VE ULUSLARARASI
TEKNOLOJI TRANSFERININ BASARISI; TURKIYE HAVACILIK
VE UZAY SANAYI ORNEGI

Bu tez calismasinda firma seviyesi o6ziimseme kapasitesi (OK) ve uluslararasi
teknoloji transferinin (UTT) basarisi1 arasindaki iliskinin incelenmesi amag¢lanmaistir.
Ayrica UTT’nin basarisin1 etkileyen diger etkenler de belirlenmistir. Aragtirmada
teknolojiyi alan iilke agisindan ve gelismekte olan iilke perspektifinden
degerlendirme yapilmis ve Tiirkiye’deki havacilik ve uzay sanayisine

odaklanilmistir.

Oncelikle havacilik ve uzay sanayisinde OK’y1 belirleyen etkenler belirlenmistir. Bu
amagla 6zgiin teknoloji gelistirme yontemleri, bilgiye ulasma kanallar1 ve sektorel
inovasyon sisteminin (SIS) yapis1 incelenmistir. ilave olarak havacilik ve uzay
sanayisinde UTT nin bagarisin1 belirleyen etkenler ve ilgili gostergeler belirlenmistir.
Tezin literatiire onemli katkilarindan biri, ¢esitli UTT projelerinde gorev almis
sanayiden uzmanlar ile yapilan goriismeler sonrasinda tespit edilmis olan etkenler ve
gostergelerdir. Tespit edilen bu etkenlerden bir kismi havacilik ve uzay sanayisine

0zel nitelikler igermektedir.

Bu tez “firma seviyesi OK’y1 neler olusturur” sorusuna biitiinsel bir yaklasim ile
cevap aramaktadir. Bu kapsamda OK olusumunu etkileyen degiskenler 3 grupta
toplanmustir; “Bilgi Uretimi”, “Firma I¢i Bilgi Akis1”, “SIS i¢i Bilgi Akis1”. Calisma,
firma seviyesi yeteneklere odaklansa da degiskenler SIS perspektifinden

belirlenmistir.
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Etkenleri tespit edebilmek ve 6l¢ebilmek amaciyla bir soru seti olusturulmus, bu soru
seti kullanilarak sanayiden uzmanlarin daha 6nce gorev aldiklart UTT projelerini ve
ilaveten firmalarmin OK’sim degerlendirmeleri saglanmustir. Calismada, literatiire
katki saglayacak sekilde, teknolojiyi veren tarafin katkis1 temelinde UTT projesinin
karmagiklik seviyesini O0lgmeyi saglayacak bir metrik olusturulmus, bunun igin

“Fonksiyonel Yetenek” ve “Uriin Seviyesi” tanimlanmustir.

Ekonometrik analizler ile elde edilen sonuglar, aciklayici degiskenler ve UTT nin
basaris1 arasinda dogrudan bir iliski gostermektedir. Buna gore, gelecekte
gergeklestirilecek UTT projelerinin  bagarisinin  6ngdriilmesinin, firma seviyesi

OK’nin belirlenmesi ile miimkiin olabilecegi degerlendirilmektedir.

Teknolojiyi kazanan iilke perspektifinden kurgulanan bu tez caligmasi, kapsami
itibariyle 0zgiin bir ¢alisma niteligi tasimaktadir. Ayrica, bu aragtirma havacilik ve
uzay sanayisini gelismekte olan iilke perspektifinden degerlendiren ilk
calismalardandir. Calisma, ilgili alanda UTT projelerinin performansini etkileyen
firma diizeyinde dinamikler ve SIS arasindaki iliskileri arastirmak iizere bu

kapsamda yiiriitiilmiis Tiirkiye'deki muhtemelen ilk uygulamadir.

Tanimlanan degiskenler ve soru seti UTT projelerinin planlanmasi asamasinda
faydali bir ara¢ olarak kullanilabilir. Gelismekte olan iilkelerde cesitli yiiksek
teknoloji alanlarina uygulanabilir ve UTT projeleri dncesinde politika yapicilara

degerli bilgiler saglayabilir.

GIRIS

Modern ekonomilerde bilgiye dayali degerlerin 6nemi giin gectik¢e artmakta ve bu
tip ekonomiler “bilgi ekonomisi” olarak adlandirilmaktadir. Bilgi ekonomisine
yonelik calismalar icerisinde ele alinan “6ziimseme kapasitesi” (OK) kavrami yeni

bir bilgiyi anlama, i¢sellestirme ve uygulama kabiliyeti olarak tarif edilebilir.

Bu tezin baslica amaglarindan birisi firma seviyesi bilgi iiretim mekanizmalarini

anlamak ve firma ici/dis1 bilgi kanallarini tespit etmektir. Firma seviyesinde
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yiiriitiillen bu ¢aligmada uygulama alan1 olarak havacilik ve uzay sanayisi se¢ilmis,
sektorel inovasyon sisteminin etkileri de incelenmistir. Tezin odaklandig1 bir diger
konu ise uluslararasi teknoloji transferinin (UTT) basarisidir. Insan kaynaginin
niteligi, digsal bilgiye erisim kiiltliri, UTT oncesinde 6grenmeye hazir olacak sekilde
yetkinliklere sahip olunmasi gibi &rnek etkenler UTT basaris1 ve OK arasinda bir
iligki oldugunu gostermektedir. Bunun disinda UTT basarisini etkileyecek sekilde;
ilgili politikalar, s6z konusu alanda ulusal teknoloji yol haritasi, {igiincii taraflarin
etkileri gibi firma seviyesi OK diginda UTT bagarisim etkileyen etkenler de
bulunmaktadir. Bu 6rnekler dogrultusunda tezin arastirma sorulari asagidaki gibi

tanimlanmistir.

Arastirma Sorusu-1:

Firma seviyesi oziimseme kapasitesi ile havacilik ve uzay alanindaki uluslararasi

teknoloji transferi projelerinin basarisi arasinda bir iligki var mi1?

Arastirma Sorusu-2:

Firma seviyesi 6ziimseme kapasitesi disinda havacilik ve uzay alanindaki uluslararasi

teknoloji transferi projelerinin basarisini etkileyen bagka etkenler var m1?

Arastirma Sorusu-3:

Hangi yontemler ile havacilik ve uzay alanindaki uluslararasi teknoloji transferi

projelerinin basari ile sonuglanma olasilig1 artirilabilir?

Tez ¢alismasi asagida tarif edilen alt1 adimda ytiriitilmiistiir;

Adim 1: OK ve UTT’ye yonelik literatiir arastirilmistir.

Adim 2: Literatiirii temel alarak, “OK’y1 Etkileyen Etkenler” ve “UTT Basarisini
Etkileyen Etkenler ve Basar1 Gostergeleri” kavramlart ve bu kavramlar
altindaki degisken gruplari olusturulmustur.

Adim 3: Bir onceki adimda olusturulan kavramlar gelistirilmistir. Bu amagla yari
yapilandirilmis bir soru seti kullanilarak sanayiden ve ilgili sektorel

inovasyon sisteminden uzmanlarin goriis ve Onerileri alinmistir.
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Aragtirmanin  bu adimi  tamamlandiginda 47 farkli  degisken
tanimlanmaistir.

Adim 4: Bir onceki adimda tanimlanan degiskenlerin sayisallastirilarak ekonomik
bir analiz kapsaminda degerlendirilmesi amaciyla bir soru seti
hazirlanmistir. Likert 6l¢egi kullanilarak hazirlanan soru seti vasitasiyla;
bir firmamin OK’sinin degerlendirilmesi, firma tarafindan tamamlanmus
olan UTT projelerinin degerlendirilmesi ve s6z konusu UTT projelerinin
kapsami hakkinda bilgi alinmasi hedeflenmistir. Arastirmanin bu adimi
tamamlandiginda farkli Ozelliklerdeki UTT projelerine iliskin 74
degerlendirme elde edilmistir.

Adim 5: Degiskenler arasindaki iliskilerin tespit edilmesi amaciyla en kiiciik
kareler yontemi ile coklu regresyon analizi yapilmistir.

Adim 6: Bir onceki adimda gergeklestirilen analizin sonuglari tartisilmis ve bir
UTT projesinin basarili bir sekilde sonuglanmasini saglayacak firma

seviyesi stratejiler ve ulusal 6lgekte politikalar onerilmistir.

HAVACILIK VE UZAY SANAYISI

Havacilik ve uzay sanayisi ekonomik biiyiikliik ve ¢alisan sayisi agisindan diinyadaki
en biiytik ileri teknoloji sektorlerinden birisidir. Havacilik ve uzay sanayisi, sivil ve
askeri uygulamalara yonelik iki alt sektor altinda ele alinabilir. Sivil uygulamalara
yonelik kiiresel olgekte bir isbirligi ag1 ve dolayisiyla gorece yiiksek miktarda bilgi
akisindan s6z edilebilirken, askeri uygulamalara yonelik uygulamalarda bilginin
dolagimina ve kiiresellesmesine yonelik engeller bulunmaktadir. Havacilik ve uzay
sanayisinin askeri alt sektoriinde ele alinan UTT projelerinin yapisint da etkileyen
uluslararasi diizenlemelere 6rnek olarak Silahlarin Dolasimi Konusunda Uluslararasi
Kurallar (International Traffic in Arms Regulations - ITAR) ya da Filize Teknolojisi
Kontrol Rejimi (Missile Technology Control Regime - MTCR) gosterilebilir.

Tiirkiye’de havacilik ve uzay sanayisi; bilgi iiretimi, yeni teknolojilerin gelistirilmesi

ve Ar-Ge faaliyetlerinin yogunlugu agisindan degerlendirildiginde, askeri

uygulamalara yonelik alt sektoriin sivil alt sektérden daha etkin oldugu belirtilebilir.
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Tiirkiye’de askeri alandaki havacilik ve uzay uygulamalari; askeri ugaklar, roket/fliize

sistemleri ve uydu/uzay sistemleri olarak 6zetlenebilir.

Tiirkiye’de havacilik ve uzay sanayisi ile iligkili devlet yatirimlar1 konusunda etkin
olan baslica kamu kurumlar1 Savunma Sanayi Miistesarlig1 ve Ulastirma, Denizcilik
ve Haberlesme Bakanligi’dir. Son yillarda uygulanan politikalar ile s6z konusu
alandaki ihtiyacin yerli katkiyr azami seviyede tutacak sekilde karsilanmasi

hedeflenmektedir.

OZUMSEME KAPASITESI (OK)

Oziimseme kapasitesi konusunda literatiirde sik¢a atifta bulunulan calismalardan
birisi Cohen ve Levinthal (1990) tarafindan yiiriitiilmiistiir. Bu arastirmacilar OK’y1
bir firmanin yeni bir bilgiyi anlama, i¢sellestirme ve uygulama kabiliyeti olarak tarif
etmektedirler. Ayrica bilgiyi alan tarafin ilgili alandaki ge¢mis bilgisi ve tecriibesinin
bilginin alinma siirecine etkisi oldugu belirtilmistir. Ote yandan Ernst ve Kim (2002),
bilginin yayiliminin ancak i¢sellestirme siire¢lerinin basariyla isletilmesi ile miimkiin
olacagm belirtmistir. Bu arastirmacilar, OK ile organizasyonel ve bireysel 6grenme

stireclerini iliskilendirmiglerdir.

Mowery ve Oxley (1995) bilginin értiik bilesenlerine odaklanmis ve OK’nin bu tip
bilgiyi kazanabilmedeki etkisi tizerinde ¢alismistir. Caligmalarini ulusal inovasyon
sistemi temelinde ylriitmiis, bu kapsamda bir iilkedeki egitim diizeyi, Ar-Ge
personeli sayis1 gibi etkenlerin OK ile iliskisini belirlemeyi hedeflemislerdir. Kim
(1998) ise OK’y1 dgrenme ve problem ¢dzebilme yetenegi ile iliskilendirmistir. Bu
kapsamda kurumsal 6grenme sistemi, ge¢cmis tecriibe ve 6grenmeye yonelik ¢abanin

Oonemini vurgulamstir.

Zahra ve George (2002) OK’nm bir firmamn rekabetciligi iizerindeki etkilerini
incelemistir. Calismalarinda bilgiyi elde etme, igsellestirme, gilincelleme ve
kullanmaya yonelik kurumsal rutinlerin énemini vurgulamislardir. Ozellikle OK’nin
dinamik nitelikleri {izerinde ¢aligmalarini yogunlastirmislardir. Bu kapsamda

literatiire “potansiyel OK” ve “gerceklesen OK” terimlerini kazandirmislardir.
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Takiben Jansen et al. (2005) gibi aragtirmacilar tarafindan bu terimler kullanilarak
kapsamli firma seviyesi ¢alismalar yiiriitiilmiis ve OK’y1 etkileyen etkenler iizerinde

sayisal analizler gerceklestirilmistir.

ULUSLARARASI TEKNOLOJi TRANSFERI (UTT)

Teknolojik bilginin iilkeler arasinda dolasmasi i¢in UTT projeleri 6nemli bir aragtir.
Bir tedarik projesinden ya da iiretim dokiimanlarimin bagka bir iilkeden alinarak
tiretim siireclerinin isletilmesinden farkli olarak, UTT projeleri, alinan hizmetin
oziimsenmesi ve igsellestirilmesi icin onemli bir ¢aba gerektirmektedir. Ozellikle

transfer edilen bilginin ortiik bileseni bu ¢abayi ¢ok daha 6nemli kilmaktadir.

Hikino ve Amsden (1994) gelismekte olan ekonomiler icin yonetsel ve
organizasyonel yetkinliklerin dnemini vurgulamistir. Caligmalarinda siire¢ ve {iriin
performansinin kademeli olarak iyilestirilmesinin 6nemini 6ne ¢ikarmislardir. Forbes
ve Wield (2003) ise gelisim i¢in ulusal politikalarin énemine deginmistir. Benzer
sekilde Kim ve Lee (2009) de gelismekte olan iilkelerde UTT ile iliskili olabilecek
devlet tesviki mekanizmalar1 iizerinde ¢aligsmalar yapmistir. Forbes ve Wield (2003),
gelismekte olan iilkelerin teknolojik sigramaya iliskin sahip olduklar1 avantajlarini
belirtmis, inovasyonun ve planlamanin uzun vadede gelismekte olan iilkeleri de
kiiresel Olgekte rekabetci bir pozisyona getirebilecegini belirtmistir. Abramovitz
(1986), “sosyal yetenek” terimini tanitmig, egitim, sanayi politikalari, finans
diizenlemeleri gibi tlilkedeki dogrudan teknoloji alani ile ilgili olmayan yeteneklerin
Oonemini vurgulamistir. Bu kapsamda bir {ilkenin bir alandaki teknolojik olarak geri
kalmishiginin gelismis sosyal yetenekleri sayesinde hizlica telafi edilebilecegini

belirtmistir.

Ramanathan (1999), bir UTT projesinin sdzlesmesinin imzalanmasindan Onceki
dénemi “UTT-Oncesi” olarak adlandirmaktadir. UTT-Oncesi dénemde, teknolojiyi
verecek tarafin secilmesi, transfer edilecek teknolojinin kapsaminin ve maliyetinin
belirlenmesi gibi hususlar 6ne ¢ikmaktadir. Oner ve Kaygusuz (2007), UTT-Oncesi

donemde teknolojiyi alan tarafin OK’sinin degerlendirilmesinin kritik bir éneme
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sahip oldugunu belirtmistir. Reddy ve Zhao (1993) ise s6z konusu donemde UTT

Projesine yonelik sozlesme goriismelerinin dnemini vurgulamistir.

ONERILEN KAVRAM

OK ile ilgili incelenen literatiirde daha ¢ok “OK’nin tipleri nelerdir?” sorusuna cevap
arandi1g1 goriilmiistiir. Lane ve Lubatkin (1998) “bagil OK”y1, Zahra ve George
(2002) ise “OK’nin dinamik 6zellikleri”ni tanimlamistir. Gegmis calismalarda OK
derinlemesine incelenmis, kurumsal 6grenme, kurumsal yapilanma ve c¢evresel

etkiler gibi bircok alanda OK ile iliskili degerlendirmeler yapilmustir.

Ote yandan, bu tez “OK’y1 neler olusturur?” sorusuna biitiinsel bir yaklagim ile cevap
aramakta olup, literatlirde belirtilen ve havacilik ve uzay sanayisi ile ilgili olabilecegi
degerlendirilen etkenlerin tiimiiniin bir arada degerlendirilmesine calisilmistir. Bu
kapsamda OK’y1 etkiledigi degerlendirilen etkenler asagidaki gruplar altinda ele
alinmis ve bu gruplarin literatiir ile iligkisi de Tablo 1°de verilmistir.

e Bilgi Uretimi

e Firma i¢i Bilgi Akisi

e Sektdrel Inovasyon Sistemi iginde Bilgi Akist
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Tablo 1 Literatiire gore OK'y1 etkileyen etkenler

Oziimseme
K]‘:]l?]?ii:;t;::lm flgili Literatiir Anahtar Kelimeler/Ac¢iklamalar
Etkenler

Bilgi Dosi ve Nelson (2010), Perez (2001), | Teknolojik paradigma, teknolojik

Uretimi Bernard ve Ravenhill (1995), degisimin evrimsel gelisimi, teknoloji
Spender (1996), Mathews (2004) gelistirme projelerinin planlanmasi, Ar-Ge

stratejileri, rutinler, stratejik yonetim

Ancori et al. (2000), Carlsson (2006), | Biligsel beceriler, isgiicii becerileri, insan
Dolfsma (2008), Omidvar (2013), sermayesine yatirim
Abramovitz (1986), Mowery ve
Oxley (1995)
Cohen ve Levinthal (1990), Kim Farkli OK kavramlari, OK’y1 etkileyen
(1998), Zahra ve George (2002), etkenler, gecmis tecriibe ve bilgi, 6nceki
Jansen et al. (2005), Lane ve yatirimlarin ¢esitliligi, kurumsal rutinler,
Lubatkin (1998), Van den Bosch et firma hafizasi, teknolojik degisime aciklik
al. (1999)
Foray (2004), Simon (1999), Bilginin yazili forma ¢evrilmesi, bilisim ve
Brynjolfsson ve Hitt (2000), Hikino iletisim teknolojilerine yonelik yatirimlar
ve Amsden (1994), Scherrer (2005),
Zahra ve George (2002)
Akgiin et al. (2009) Duygusal yetenek

Firma l¢i Romer (1986), Lall (1992), Malerba | Ogrenmenin endojen sekilleri

Bilgi Akist (1992), Forbes ve Wield (2003),

Bathelt et al. (2002)

Katz (1999), Dutrénit (2004)

Polanyi (1969), Dosi ve Nelson
(2010), Morone ve Taylor (2010),
Dolfsma (2008), Balconi et al.
(2007), Ancori et al. (2000), Hey
(2004), Mowery ve Oxley (1995),
Szulanski (1996)

Jansen et al. (2005), Dutrénit (2004)

Ogrenme stratejisini etkileyen mikro
seviye ekonomik etkenler, teknolojik
yetenek olusturma

Ortiik bilginin paylasilmasi, kolektif
ogrenme, ortak vizyon

Koordinasyon yetenekleri, karar alma
siireglerine katilim
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Tablo 1 Literatiire gore OK'y1 etkileyen etkenler (devam)

Oziimseme
Kapasitesini e . .
Etkileyen Ilgili Literatiir Anahtar Kelimeler/Ac¢iklamalar
Etkenler
Sektorel Romer (1986), Bathelt et al. (2002), Dissalliklar, bilginin yayilimi
Inovasyon Chaudhuri ve Tabrizi, (1999),
Sistemi Christensen (1997), Foray (2004),
icinde Bilgi | Morone and Taylor (2010), Ernst ve
Akis1 Kim (2002)
Katz (1999), Mowery ve Oxley Rekabeteiligi tesvik eden diizenlemeler,
(1995) politikalar, iilke seviyesi OK
Ancori et al. (2000), Lane ve Ortak terminoloji, ortak dil
Lubatkin (1998)
Shariff (2006), Metcalfe (1997), Inovasyon sistemleri, inovasyon modelleri,
Kline and Rosenberg (1986), organizasyonlar arasi iliskiler

Carlsson (2006), Malerba ve Mani
(2009), Bergek et al. (2005), Vertesy
ve Szirmai (2010), Vermeulen ve
Barkema (2001)

Crispolti ve Marconi (2005), Yakalama politikalari, gelismekte olan
Korhonen (1994), Akamatsu (1962), | iilkelerde teknolojik gelisim politikalari
Kasahara (2004), Vernon (1971),
Abramovitz (1986), Mathews (2004),
Teitel (1984), Scherrer (2005)

Porter (1998), Bathelt et al. (2002), Kiimeler, aglar
Ozman (2009), Granovetter (1983)

Literatiir aragtirmasinin sonucunda UTT ile ilgili olabilecek etkenler ve UTT basarim
gostergeleri asagidaki gruplar altinda ele alinmis ve bu gruplarin literatiir ile iligkisi
de Tablo 2’de verilmistir.

e UTT Projesi Oncesi Hazirliklar

e UTT Projesinin Icrasi

e UTT Projesinin Performansi
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Tablo 2 Literatiire gore UTT’yi etkileyen etkenler ve basari gostergeleri

UTT’yi
Etkileyen
Etkenler ve ilgili Literatiir Anahtar Kelimeler/Ac¢iklamalar
Basari
Gostergeleri

UTT Projesi Forbes ve Wield (2003), Kim ve Lee | Politik ortam, stratejik sektorler ve

Oncesi (2009), Gerschenkron (1962), devletin rolii, devlet miidahalesi,

Hazirliklar Akamatsu (1962), Korhonen (1994) gelismekte olan iilkelerde gelismis

teknoloji alanlar1
Forbes ve Wield (2003), Hikino ve Teknoloji yol haritalari, yonetsel ve
Amsden (1994), Dutrénit (2004) organizasyonel yetenekler
Ramanathan (1999), Oner ve UTT-Oncesi donem, teknolojiyi verecek
Kaygusuz (2007), Reddy ve Zhao tarafin se¢imi, teknolojik bosluk
(1993) degerlendirmesi, OK degerlendirmesi,
sozlesme goriigmelerinin dnemi

Mansfield ve Romeo (1980), Balconi | Transfer edilen teknolojinin niteligi
et al. (2007)
Baranson (1978), Krugman (1979), Teknolojiyi veren tarafin bakis agisiyla
Mansfield ve Romeo (1980), UTT’nin degerlendirilmesi
McCulloch ve Yellen (1982),
Wilking (1974)

UTT Reddy ve Zhao, (1990), Mansfield UTT’nin farkl: tipleri

Projesinin (1975)

fcrast
Oner ve Kaygusuz (2007) Teknoloji ya da {iriiniin yerlilestirilmesi

UTT Aharoni (1991), Forbes ve Wield Teknolojiyi alan tarafin bakis acisiyla

Projesinin (2003), Reddy ve Zhao (1990), Oner | UTT’nin performansinin

Performansi ve Kaygusuz (2007) degerlendirilmesi

Yukarida belirtilen OK ve UTT ile ilgili gruplarin altinda yer alan etkenlerin

belirlenmesi amaciyla sanayiden ve kamudan uzmanlarin goriisleri alinmistir

(arastirmanin Adim-3’1). Yart yapilandirilmis bir soru seti lizerinden uzmanlar ile

yapilan goriismeler sonrasinda yukaridaki

etken gruplari

altindaki etkenler

belirlenmistir. S6z konusu etkenler Tablo 3’te 6zetlenmistir.
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Tablo 3 OK ve UTT ile ilgili etkenler

Etken Gruplan

Etkenler

OK'y1
Etkileyen
Etkenler

1) Bilgi Uretimi

e Universiteler icin akademik hedeflerin belirlenmesi,
e Baglica {iniversiteleri mezunlarinin istihdama,

e Diinyadaki literatiire etkin erisim,

e Patent veri tabaninin kullanim kiiltiird,

¢ Firma seviyesi stratejik plan ve teknoloji yol haritasi,
e Oz kaynak teknoloji gelistirme projeleri,

e Ozgiin tasarim ve analiz araclarinin gelistirilmesi,

e Maas disinda verilen haklar,

e Duygusal kapasite.

2) Firma I¢i Bilgi
Akisi

¢ Firma i¢i bilgi iiretim aktivitelerinin koordinasyonu,

e Bilgiyi yazili hale getirme kiiltiiri,

o Sistem miihendisligi yaklagiminin uygulanmasi
kiiltiird,

e Prosediirler ve siireglerin uygulanmasi kiiltiiri,

e Yiiz ylize iletisim kanallar1.

3) Sektorel
Inovasyon
Sistemi i¢inde
Bilgi Akis1

e Diger ulusal aktorler ile iletisim,
e Universiteler ile isbirligi,

e lyi planlanmis egitim,

o Alt yiiklenicilerin gelistirilmesi,
o Uluslararasi aktorler ile iletisim.

UTT’yi
etkileyen
etkenler

4) UTT Projesi
Oncesi
Hazirliklar

o Giiglii siyasi irade,

e UTT’nin bir teknolojik boslugu doldurmasi,

e UTT’nin belirgin stratejik faydalari,

e Teknolojiyi veren tarafin se¢imi,

e Alinan teknolojinin statiisii,

e Teknolojiyi veren tarafin motivasyonu,

o Gelismis iilkelerin ve biiyiik firmalarin tepkisi,
e lyi hazirlanmis sozlesme.

5) UTT
Projesinin
Icras:

e “Tasarim” doneminin faydalari,

¢ “Ekipman kurulum ve devreye alma” déneminin
faydalart,

e “Yer testleri” doneminin faydalari,

e “Uretim” déneminin faydalari,

e Etkin 6ziimseme mekanizmalarinin igletilmesi,

e Teknolojiyi alan tarafta sistem mithendisligi
siireclerinin etkin olarak isletilmesi,

e Ham malzeme kaynaginin ¢esitli olmasi,

e Tedarik edilen “ekipman”in faydalari,

e Tedarik edilen “6zel yazilimlar”in faydalari,

e Alinan “egitim”in faydalart,

e Dil farkliligindan olusan kisitlarin yonetilmesi.

UTT basari
gostergeleri

6) UTT
Projesinin
Performansi

e Sozlesme gereksinimlerinin karsilanmasi,

e Disa bagimhiligin azaltilmasi,

e Kazanilan tasarim yeteneginin gecerlenmesi ve
dogrulanmasi

e “Beyin gb¢ii”niin 6nlenmesi
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SAYISAL ANALIZ

OK ve UTT ile ilgili etkenler arasindaki iliskiyi belirlemek icin gerceklestirilecek
sayisal analizlerde kullanilmak amaciyla s6z konusu etkenlerin sayisal olarak
Olciilebilmesi gerekmektedir. Bu amagla bir soru seti olusturulmus ve bu soru seti
kullanilarak sanayiden uzmanlarin daha once goérev aldiklart UTT projelerini ve
ilaveten firmalarinmn OK’sim degerlendirmeleri saglanmustir. Likert olgegi ile
olusturulan soru seti iki boliimden olusmaktadir. Ilk boliimde yer alan sorular firma
seviyesi ortama (insan kaynaginin niteligi, teknoloji gelistirme konusunda bir
stratejik planin bulunmasi, kurumsal yapinin ve kiiltiiriin yenilik¢i calismalara
uygunlugu, vb.) yonelik cevaplar aramaktadir. lkinci boliimde ise, sorulart
cevaplayan uzmanlarin daha 6nce gorev aldiklar1 bir UTT projesini farkli agilardan
degerlendirmeleri (projenin yiiriitiildiigii alanda gii¢lii siyasi iradenin bulunmasi,
UTT projesinin planlama ve icra siireglerinin niteligi, UTT projesinin sonuglarinin
degerlendirilmesi, vb.) istenmektedir. ilave olarak, degerlendirilen UTT projesi ile
alinan teknik destegin kapsaminin belirlenmesini saglayacak sorular da soru setinde

yer almaktadir.

Soru setinin, Tiirkiye’deki havacilik ve uzay sanayisinde yer alan baglica firmalardan
birinde ¢alisan 10-25 yil sektor tecriibesi bulunan 20 farkli uzman tarafindan
doldurulmasi saglanmig, boylece farkli 6zelliklerdeki UTT projelerine iliskin 74

degerlendirme elde edilmistir.

Arastirmanin Adim-4’ tamamlandiginda daha 6nce Tablo 3’te verilen etkenlerin
Likert &lgeginde sayisallastirilmast miimkiin olmustur. ilave olarak, soru seti
sayesinde, degerlendirilen UTT projelerinin “Fonksiyonel Yetenek” ve “Uriin
Seviyesi” de Ogrenilmistir. “Fonksiyonel Yetenek™; tasarim, {retim, test,
montaj/entegrasyon kabiliyetleri acisindan, “Uriin Seviyesi” ise;
komponent/malzeme seviyesi, alt sistem seviyesi ve sistem seviyesi siniflarinda
degerlendirilmistir. Boylece ilgili proje i¢in “UTT projesinin karmagiklik seviyesi” 1

ve 10 arasinda sayisal bir deger olarak bulunabilmistir.
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Sayisallastirilan degiskenler arasindaki iligkilerin tespit edilmesi amaciyla en kiigiik
kareler yontemi ile ¢oklu regresyon analizi yapilmistir.

Regresyon Analizi-1: Degisken sayisinin (47 adet), gbzlem sayisina (74 adet) oranla
fazla olmas1 nedeniyle, degiskenler yukarida agiklanan “6nerilen kavram” ile uyumlu
olarak 6 grup altinda toplanmis, bu amacla her bir grup i¢in o grupta yer alan

degiskenleri temsil eden yeni bir degisken olusturulmustur.

Regresyon Analizi-2: “Onerilen kavram” ile uyumlu olarak 6 degisken grubu
kullanilmis, ancak Regresyon Analizi-1’den farkli olarak her gruba iliskin “genel

degerlendirme sorularinin cevaplari” kullanilmistir.

Regresyon Analizi-1’de kullanilan degiskenler Tablo 4’te verilmistir. Bu degiskenler
arasindan MEAN _ITT PER (UTT Projesinin Performansi) bagimli degisken olarak

degerlendirilmistir.
MEAN_ITT_PER
= o+ f1MEAN_ABS_KP + [,MEAN_ABS _KF + fsMEAN_ABS_SIS

+ B,MEAN_ITT_PREP + BsMEAN_ITT_CON + e

Tablo 4 Regresyon Analizi-1'de kullanilan degiskenler

Degisken Grubu Actklama Goz. Ort. g’:i Min | Maks.
MEAN ABS KP | Bilgi Uretimi 74 367 | 034 | 278 | 4.44
MEAN_ABS KF i‘g‘;f l¢i Bilgi 74 | 338 | 038 | 2.60 | 4.60
Sektorel inovasyon
MEAN_ABS SIS | Sistemi i¢inde 74 331 | 063 | 1.67 | 4.60
Bilgi Akis1
MEAN ITT PREP | 911 Projesi 74 371 | 052 | 263 | 488
- = Oncesi Hazirliklar
MEAN_ITT_CON | /1 Projesinin 74 | 351 | 057 | 238 | 463
MEAN ITT PER | U1 Projesinin 74 368 | 066 | 1.67 | 5.00
- = Performansi

Degiskenler arasindaki korelasyon incelenmis ve aralarinda iliski tespit edilen
aciklayict degiskenlerin bir arada yer almadigi regresyon modelleri olusturulmustur.

Bu sekilde gergeklestirilen analizlerin sonuglari Tablo 5’te verilmistir.
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Tablo 5 Regresyon sonuc¢lari (Regresyon Analizi-1)

5 (1) (2) (3) (4) (5) (6) (7
DEGISKEN Modell Model2 Model3 Model4 Model5 Model6 Model 7

MEAN_ABS KP  0.284**  (0.248**  (.306**
(0.122)  (0.120)  (0.146)

MEAN ABS KF  0.0104 0.0254  0.211%*
(0.0996) (0.0858)  (0.104)
MEAN_ABS SIS -0.0266 0.0601  -0.00284
(0.0621) (0.0529)  (0.0755)
MEAN_ITT PREP  ().850%** ] 040%** 1.034%% 1.03 5%
(0.142)  (0.0817) (0.0884) (0.0853)
MEAN_ITT_CON  0.221* 0.823%%* 0.812%%* 0.81 1%+
(0.112) (0.0894) (0.0938) (0.0948)
Sabit 1.239%%  _1.084*  -0.328  -0.238  0.122  -0.354  0.846%*
(0.576)  (0.605)  (0.660)  (0.419)  (0.547)  (0.396)  (0.399)
Gézlem 74 74 74 74 74 74 74
R-squared 0712 0.698 0.528 0.681 0517  0.684  0.503

Robust standard hata degerleri parantez i¢inde verilmistir
*Ex p<0.01, ** p<0.05, * p<0.1

Bu sonuglara gére MEAN_ABS KP (Bilgi Uretimi) ve MEAN_ITT PREP (UTT
Projesi Oncesi Hazirliklar) degiskenleri, tiim modellerde UTT projesinin
performansin1 en baskin sekilde etkileyen degiskenler olarak ortaya c¢ikmaktadir.
Tiim modellerin bir diger ortak 6zelligi de bagimli ve bagimsiz degiskenler arasinda

tespit edilen kuvvetli iligkilerin dogru yonlii olmasidir.

Aralarinda korelasyon igermeyen bagimsiz degiskenler ile olusturulan modellerin
sonuclarina gore en kuvvetli etkisi olan bagimsiz degisken MEAN ITT PREP’tir.
Bu degisken ayn1 zamanda en biiyiik sabite sahiptir. Ornegin Model-2 sonuglarina
gére MEAN_ITT PREP (UTT Projesi Oncesi Hazirliklar) degiskenindeki 1.00
birimlik artis, MEAN ITT PER (UTT Projesinin Performansi) degiskeninde 1.04

birimlik artisa neden olmaktadir.

Tablo 5’e gore en etkili ikinci degisken MEAN ITT CON (UTT Projesinin Icrasi)
degiskenidir. MEAN ITT PREP ve MEAN ITT CON arasinda yiiksek korelasyon

tespit edildigi icin bu beklenen bir sonugtur.

Model-2 ve Model-3 sonuglarma gére MEAN ABS KP’nin (Bilgi Uretimi) de,
MEAN _ITT PREP ve MEAN ITT CON kadar baskin olmamakla birlikte, etkili bir
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degisken oldugu anlasilmaktadir. Ote yandan, Model-4 ve Model-5 sonuglarima gore
MEAN_ABS KF (Firma i¢i Bilgi Akis1) ve UTT projesinin performansi arasindaki
iligki tam olarak belirgin degildir.

Tablo 5’e gore MEAN_ABS SIS (Sektorel Inovasyon Sistemi iginde Bilgi Akist) ve
UTT projesinin performansi arasinda bir iliski olmadigi anlagilmaktadir. Bu sonug
literatlir ile c¢elismesi nedeniyle sasirticidir. Tirkiye’deki havacilik ve wuzay
alanindaki sektorel inovasyon sisteminin tam olarak olgunlasmadigi seklinde

yorumlanabilecegi degerlendirilmektedir.
Regresyon Analizi-2, “genel degerlendirme sorularinin cevaplar1” kullanilarak
yapilmis ve sonuglar1 Tablo 6’da verilmistir. Bu sonuglar, Regresyon Analizi-1’in

sonuglari ile biiyiik oranda benzerlikler igermektedir.

Tablo 6 Regresyon sonuclari (Regresyon Analizi-2)

» (1) 2) 3) 4) ()
DEGISKEN Model 1 Model 2 Model 3 Model 4 Model 5

ABS KP_AVER 0.232%%  0206%  0270%%  0223%%  (0.270%*
(0.101) (0.104) (0.117) (0.104) (0.118)

ABS KF AVER 0.0278 0.0837 0.00100
(0.103) (0.0949) (0.0997)
ABS SIS AVER 0.0528 0.0921 -0.00591
(0.0912) (0.0845) (0.104)
ITT PREP_ AVER  0.466***  (0.580%*** 0.586%**
(0.120) (0.0617) (0.0597)
ITT CON_AVER 0.134 0.4971#** 0.492%#:%*
(0.119) (0.0752) (0.0682)
Sabit 0.353 0.511 0.915 0.381 0.935
(0.608) (0.561) (0.565) (0.581) (0.617)
Gozlem 74 74 74 74 74
R-squared 0.555 0.541 0.451 0.544 0.451

Robust standard hata degerleri parantez i¢inde verilmistir
*E* p<0.01, ** p<0.05, * p<0.1
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SONUC VE DEGERLENDIRME

Regresyon analizi sonuglarina gore bir UTT projesinin basarisint etkileyen etken
gruplart yukarida agiklanmistir. Soru setine verilen cevaplara gore séz konusu
gruplar altinda yer alan ve zayif oldugu tespit edilen etkenler i¢in firma seviyesi
strateji Onerileri olusturulmus ve 6zet olarak Tablo 7°de verilmistir. Elde edilen

sonuclar dogrultusunda arastirma sorular1 6zetle asagidaki sekilde cevaplandirilabilir.

Arastirma Sorusu-1 icin kisa cevap:

Firma seviyesi 0ziimseme kapasitesi ile havacilik ve uzay alanindaki uluslararasi
teknoloji transferi projelerinin basarisi arasinda bir iliski vardir. Ancak tespit edilen
iliski OK’nin sadece “Bilgi Uretimi” bileseni icin belirgindir. “Firma I¢i Bilgi
Akis1” ve UTT projesinin performansi arasindaki iligki belirgin degildir. “Sektorel
Inovasyon Sistemi i¢inde Bilgi Akis1” ve UTT projesinin performansi arasinda ise bir

iligki tespit edilmemistir.

Arastirma Sorusu-2 icin kisa cevap:

Firma seviyesi 6ziimseme kapasitesi disinda havacilik ve uzay alanindaki uluslararasi
teknoloji transferi projelerinin basarisini etkileyen bagka etkenler de vardir. Bu
etkenler “UTT Projesi Oncesi Hazirliklar” ve “UTT Projesinin icras1” etken gruplar
altinda ele alinmis olup, analiz sonuglarina gore her iki grubun da UTT projelerinin
basarisina kuvvetli etkisi oldugu anlasilmigtir. Bu sonuglar bir UTT projesinin basari

ile sonuclanmasi i¢in firma seviyesi ¢abalarin yeterli olmadigini gostermektedir.

Arastirma sonuglar1 gostermektedir ki, olusturulan kavram iizerinden bir firmanin
OK’s1 degerlendirilerek gelecekte firma tarafindan yiiriitiilecek bir UTT projesinin
basarisinin 6nceden kestirilmesi miimkiindiir. Ozellikle OK’nin “Bilgi Uretimi”
bileseni iizerinde yapilacak degerlendirmeler ile havacilik ve uzay alanindaki UTT
projeleri dncesinde bu degerlendirme yapilabilir. Ilave olarak, “UTT Projesi Oncesi

Hazirliklar”in degerlendirilmesi ile kestirim sonuglar1 gelistirilebilir.
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Tablo 7 Firma seviyesi strateji onerileri - 6zet

Etken Grubu icinde
Belirlenen Zayifliklar

Firma Seviyesi Strateji Onerilerinin Kisa A¢iklamasi

Bilgi Uretimi (KP):
e Maas disinda verilen
haklar

e Duygusal kapasite

e (Cazip ¢aligma ortami

e Ortak vizyon, sistematik toplantilar

Firma I¢i Bilgi Akist

(KE):

e Firma ici bilgi
iretim aktivitelerinin
koordinasyonu

e “Bilmesi gereken prensibi’nin olumsuz etkilerini azaltmak
amaciyla 6zel kurumsal yapilar teskil edilmesi

Sektorel Inovasyon

Sistemi icinde Bilgi

Akisi (SIS):

e Altyiiklenicilerin
gelistirilmesi

e lyi planlanmis
egitim

e Uluslararas: aktorler
ile iletisim

e Tekrarlanan isbirliginin temin edilmesi, planli bir sekilde
bilginin altyiiklenicilere yayiliminin saglanmasi (bu amagla
igsbas1 egitimi, teknik destek saglanmasi, altyapi paylasilmasi
gibi yontemler kullanilmasi), altyiiklenicilerin stratejik
hedeflerden haberdar edilmesi

e Insan varliklarmin siirekli olarak gelisiminin saglanmasi,
egitim konusunda atanmig kurumsal yapilarin teskil edilmesi

o Uluslararas etkinliklere katilim saglanmasi (konferans, fuar,
vb.), uluslararas1 teknoloji gelistirme projelerinde gorev
alimmasi, Avrupa Birligi Cerceve Programlarini takip eden
atanmus bir kurumsal yapi teskil edilmesi, SSM tarafindan
uygulanan offset rejimini avantaja ¢evirecek sekilde
sistematik yaklasimlar uygulanmasi

UTT Projesi Oncesi

Hazirliklar (PREP):

e UTT’nin bir
teknolojik boslugu
doldurmasi

e Gelismis tilkelerin
ve biliylik firmalarin
tepkisi

e Firma seviyesi teknoloji yol haritasina sahip olunmasi, 6z
kaynaklar ile teknoloji gelistirme projelerinin yiiriitiilmesi ve
bu yaklagimin siirekliliginin saglanmasi, 6zgilin tasarim ve
analiz araglariin gelistirilmesi ve bu yaklagimin stirekliligin
saglanmasi, firma seviyesinde ve ulusal seviyede giivenilir
teknoloji degerlendirme yontemlerinin uygulanmasi,
teknolojik bosluklarin tespit edilmesi.

o Uluslararasi lobi faaliyetleri yiiriitiilmesi

UTT Projesinin Icrasi

(CON):

e Ham malzeme
kaynaginin gesitli
olmasi

e UTT projelerinin kapsaminin belirlenmesi sirasinda esnek bir
tasarimin hedeflenmesi, ileri teknoloji igeren malzemeler igin
teknoloji gelistirme projelerinin yiiriitiilmesi
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Yukarida agiklandigir gibi bir UTT projesinin basart ile sonuglanmasi i¢in firma
seviyesi ¢abalarin yeterli olmadigi anlasilmistir. Bir bagka deyisle bu amaca hizmet
etmek iizere politika araclarina ihtiya¢ bulunmaktadir. Arastirma Sorusu-3’e cevap

olarak olusturulan politika 6nlemleri ve araclar1 6zet olarak Tablo 8’de sunulmustur.

Tablo 8 Politika onerileri - Ozet

Politika Onerisi Politika Onlemleri ve Araclan
Yerli Teknolojilerin Havacilik ve uzay sanayisinin ihtiyaclarina gore liniversitelerin
Gelisiminin Tesvik miifredatinin diizenlenmesi.
Edilmesi

Ilgili alandaki teknoloji yonetimi sorumlulugunun atanmis ve
genis yetkilerle donatilmig bir kurumda toplanmasi ve
merkezilestirilmesi

Ar-Ge projelerinin fonlanmasi amaciyla uygulanan mevzuatin, bu
projelerin kapsamina ve tipine gore giincellenebilmesini
saglayacak sekilde esnek bir yapida formiile edilmesi

Havacilik ve uzay alaninda faaliyet gosteren firmalarin yenilikei
ortamlar yaratmasini saglamak iizere mevzuat diizenlenmesi

Havacilik ve uzay alaninda faaliyet gosteren biiyiik firmalarin
caligma alanlarinin belirlenmesi ve ¢akismay1 engelleyecek
sekilde smirlandirilmasi

Sektorel inovasyon Havacilik ve uzay alaninda ulusal teknoloji platformlarinin

Sistemi i¢inde Bilgi diizenlenmesi ve bu etkinliklerin siirekliliginin saglanmasi

é(llq 1$ nm Tegvik Havacilik ve uzay alaninda faaliyet gosteren firmalar ve ulusal

timest iiniversiteler arasindaki baglar1 kuvvetlendirecek sekilde kanallar

kurulmasi ve kurulmasinin tesvik edilmesi
Havacilik ve uzay alaninda faaliyet gosteren firmalarin, sektorel
bilgi akist mekanizmalarini etkin bir sekilde kullanmasinin tesvik
edilmesi.

UTT Projesi Igili teknolojik alana yonelik giiclii siyasi iradeyi ortaya koyacak

Oncesinde Hazir sekilde ilgili teknoloji alaninin 6ncelikli bir alan olarak

Olunmasinin Temini belirlenmesi

Ilgili alanda bir Ulusal Teknoloji Yol Haritast kurgulanmasi ve bu
kapsamda; teknolojik adimlarin tarif edilmesi, ilgili alt
teknolojiler arasindaki iligkilerin tespit edilmesi ve teknolojik
bosluklarin belirlenmesi.

Bu tez ¢alismasinda “firma seviyesi OK’y1 neler olusturur” sorusuna biitiinsel bir
yaklasim ile cevap aranmustir. Bu kapsamda OK olusumunu etkileyen degiskenler 3
grupta toplanmistir; “Bilgi Uretimi”, “Firma Ici Bilgi Akis1”, “SIS ici Bilgi Akist”.
Calisma, firma seviyesi yeteneklere odaklansa da degiskenler sektorel inovasyon

sistemi (SIS) perspektifinden belirlenmistir.
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Etkenleri tespit edebilmek ve 6l¢ebilmek amaciyla bir soru seti olusturulmus, bu soru
seti kullanilarak sanayiden uzmanlarin daha Once goérev aldiklari uluslararasi
teknoloji transferi projelerini ve ilaveten firmalarinin 6ziimseme kapasitesini
degerlendirmeleri saglanmistir. Calismada, literatiire katki saglayacak sekilde,
teknolojiyi veren tarafin katkisi temelinde uluslararasi teknoloji transferi projesinin
karmagiklik seviyesini O0lgmeyi saglayacak bir metrik olusturulmus, bunun igin

“Fonksiyonel Yetenek” ve “Uriin Seviyesi” tamimlanmustir.

Ekonometrik analizler ile elde edilen sonuglar, aciklayict degiskenler ve UTT nin
basaris1 arasinda dogrudan bir iligki gostermektedir. Buna gore, gelecekte
gerceklestirilecek  uluslararas1  teknoloji  transferi  projelerinin  basarisinin
Ongoriilmesinin, firma seviyesi 0ziimseme kapasitesinin belirlenmesi ile miimkiin

olabilecegi degerlendirilmektedir.

Teknolojiyi kazanan iilke perspektifinden kurgulanan bu tez caligmasi, kapsami
itibariyle 6zgilin bir caligsma niteligi tasimaktadir. Ayrica, bu arastirma havacilik ve
uzay sanayisini gelismekte olan {lke perspektifinden degerlendiren ilk
calismalardandir. Calisma, ilgili alanda UTT projelerinin performansini etkileyen
firma diizeyinde dinamikler ve SIS arasindaki iliskileri arastirmak iizere bu

kapsamda ytiriitiilmiis Tiirkiye'deki muhtemelen ilk uygulamadir.

Tanimlanan degiskenler ve soru seti UTT projelerinin planlanmasi asamasinda
faydali bir ara¢ olarak kullanilabilir. Gelismekte olan iilkelerde cesitli yiiksek
teknoloji alanlarina uygulanabilir ve UTT projeleri dncesinde politika yapicilara

degerli bilgiler saglayabilir.

Soru setinin ilk boliimiiniin belirli siirelerde tekrar edilmesi sayesinde degerlendirilen
firmanin 6ziimseme kapasitesinin zaman i¢indeki degisimini takip etmek miimkiin
olacaktir. Boylece gelecekte firma tarafindan gerceklestirilecek bir uluslararasi
teknoloji transferi projesinin basarisinin daha hassas bir sekilde Ongoriilmesi

miimkiin olacaktir. ilave olarak, bu tip bir degerlendirme sayesinde firmanim kuvvetli
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ve zayif ozellikleri de tespit edilebilecek, iyilestirmeye/gelistirmeye yonelik tedbirler

alinabilecektir.

Daha ¢ok gozlem ile olusturulacak bir veri seti regresyon analizlerinin giivenilirligini
artiracaktir. Bu sekilde uluslararasi teknoloji transferi projesinin karmasiklik seviyesi
de ekonometrik modele dahil edilerek bu degisken agisindan da istatistiksel olarak
yorumlanabilecek sonuclar elde edilebilir. Gozlem sayisinin ¢ogaltilmasi igin
sektorel inovasyon sisteminde yer alan diger firmalarin da degerlendirilmesi
gerekecektir. Ancak, boyle kapsamli bir ¢alismanin, kamu kurumlari tarafindan

koordine edilmesi halinde yiiriitiilebilecegi degerlendirilmektedir.
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