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ABSTRACT 

EVOLUTION OF THE PRODUCT SPACE AND  

A NEW PROPOSAL FOR TURKEY’S EXPORT INCENTIVE SYSTEM 

What a country can produce and export says a lot about its development level. All countries 

are in a race toward producing most cutting edge products. Not all countries are so successful 

as can be deduced from limited quality of their export baskets. Products can be broadly 

organized as low-medium-high tech. But as researchers showed in the last decade, under 

closer scrutiny products shows an intricate network structure called Product Space. Each 

country only produces and exports a sub-network of Product Space and evolution of this 

sub-network says a lot about the development of the country. Many, if not all, countries have 

complicate export incentive schemes but none seems to have a broad and product-based 

incentive system in which a product is promoted so long as it helps the country reaching the 

cutting edge regions of Product Space. This book explores the idea that the evolution of 

Product Space for a country is predictable and that it is controllable by an appropriate 

incentive system. 

Keywords: Product Space, Diffusion, Export Incentive System, Industrial Policy 
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ÖZET 

ÜRÜN UZAYININ GELİŞİMİ VE 

TÜRKİYE'NİN İHRACAT TEŞVİK SİSTEMİ İÇİN YENİ BİR ÖNERİ 

Ürettiği ve ihraç ettiği ürünler bize bir ülkenin gelişmişlik seviyesi hakkında çok şey söyler. 

Tüm ülkeler, en gelişmiş ürünleri üretmeye yönelik bir yarış içindedirler. İhracat 

sepetlerindeki ürünlerden de görüleceği gibi tüm ülkeler bu konuda aynı derecede başarılı 

değildir. Ticarete konu ürünler kabaca düşük-orta-yüksek teknoloji olarak 

sınıflandırılabilirler. Ancak araştırmacıların son on yılda gösterdiği gibi, daha yakından 

incelendiğinde ürünler Ürün Uzayı denilen karmaşık bir ağ yapısı sergilemektedir. Her bir 

ülke bu Ürün Uzayı’nın sadece bir alt kümesini ihraç etmekte ve bu ağ aynı zamanda ülkenin 

kalkınma seviyesi hakkında çok şey söylemektedir. Ülkelerin hemen hemen tamamı 

karmaşık ihracat teşvik sistemlerine sahiptir. Ancak, hiçbiri ülkenin Ürün Uzayı'nın merkezi 

bölgelerine ulaşmasına yardımcı olacak Ürün Uzayı odaklı bir teşvik sistemine sahip 

değildir. Bu kitap, bir ülke için Ürün Uzayı’nın gelişiminin öngörülebilir ve aynı zamanda 

uygun bir teşvik sistemi ile kontrol edilebilir olduğu fikrini savunmaktadır. 

Anahtar Kelimeler: Ürün Uzayı, Difüzyon, İhracat Teşvik Sistemi, Sanayi Politikası 

iii 



iv 

 

 

 

 

 

 

 

 

In loving memories of 

 

Recai ATA (1971-2016) 

Senanur ATA (2005-2016) 

 

 

  



v 

PREFACE 

They say there are two kinds of people: one who tries to understand the world 

and the other who tries to change the world. Economists in general try to 

combine them. As an economist, I want to do the same thing in this book. That 

is first understand a small part of the economy and then try to change it by 

offering a relevant policy framework.  

From the viewpoint of an economist, the true purpose of a scientific research 

must be to change the world that we live around in a better way.  

In this book, I explain how the export basket of a country changes with time and 

what are the important policies that make the difference between a high-tech 

complex basket and a simple low-tech basket. I also make policy 

recommendations on what we can do to speed up the process so that we can catch 

and surpass the countries with sophisticated export baskets. 

This work is a book version of the Ph.D. thesis I completed at Ankara Yıldırım 

Beyazıt University, The Institute of Social Sciences, Department of Economics 

in November 2018.  

I started to work on this project in 2016 which mainly uses product space 

methodology. After getting preliminary results, I presented them to my 

colleagues and top executives in Ministry of Development.  

The 2018-2020 Medium Term Program was the first policy document that 

included a measure on improving the investment incentive system using the 

Product Space methodology. 

In the brainstorming stage of 11th Development Plan, Presidency of Strategy and 

Budget arranged multiple meetings with line ministries and other public and 

private organizations to discuss the new road map of industrial policy for Turkey. 

In those meetings, the results of the product space analysis has been shared with 

line ministries and their feedback were taken.  

As a result of further meetings and cooperation, Ministry of Industry and 

Technology has incorporated the product space potentials of products to its new 

methodology for developing new investment incentive mechanisms. 
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In my opinion, any idea has its own life journey and I guess being in book 

format helps to spread the idea to a wider audience. I thank Presidency of 

Strategy and Budget for printing this book as one of its publications. 

I would like to express my gratitude to my thesis advisor Prof. Dr. Mesut 

Murat Arslan. Professor Arslan have supported me painstakingly during all 

stages of this tough Ph.D. experience by giving ideas, clearing the 

methodology, reading, correcting and commenting on the drafts over and over 

again until I got a smooth flow of ideas throughout the text.  

I thank my committee members Prof. Dr. Murat Aslan, Asst. Prof.  Dr. Özgür 

Aydoğmuş, Asst. Prof.  Dr. F. Özgü Serttaş, and Asst. Prof.  Dr. Erkan 

Gürpınar for the fruitful discussions that I had with them. They gave 

insightful ideas and cleared the smoke from early drafts of the thesis. 

Presidency of Strategy and Budget (successor organization to State Planning 

Organization and Ministry of Development), where I have been working for 

15 years, and its managers have been supportive during all stages of my Ph.D. 

Indeed, during the early stage of my thesis, I wrote a background paper1 on 

foreign trade for 11th Development Plan of Turkey as a part of my job at the 

Ministry of Development. This report later became the backbone of my thesis. 

I am greatly thankful to Kutluhan Taşkın, Director General of Economic 

Modeling and Conjuncture Evaluation, Ali Sabuncu, Head of Economic and 

Social Development Research Department, Hakan Terzi, Strategy and Budget 

Associate Expert, and all members of Economic and Social Development 

Research Department for providing me a nice working place in which I can 

discuss problems and get feedback from them. 

My deepest gratitude goes to my father and mother, Mahmut Ata and Hatice 

Ata for their unflagging love and support.  

1
The background paper is available at: 

http://onbirinciplan.gov.tr/wp-content/uploads/2018/02/D%C4%B1%C5%9F-Ticaret-Arka-Plan-

%C3%87al%C4%B1%C5%9Fmas%C4%B1.pdf 
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1. Introduction 

1.1 Motivation 

Economic developments of everyday life affect economists’ thinking about the world and 

which in turn affects their theories on economics. Einstein once said “the whole of science 

is nothing more than a refinement of everyday thinking”. This is also true for economics. If 

great depression had not happened maybe Keynes would not be a great economist and would 

just continue to be richer by speculating on stock exchange. 

I liken complex network analysis to quantum physics. As quantum physics models the 

behavior of each single atom and electron, complex networks uses each agent’s info. There 

is no aggregation at least until the effect of aggregation is fully understood. Quantum physics 

and general relativity are not compatible yet. Going from atoms to the movements of stars 

requires solving an immensely complex problem of aggregation. Similarly in economics, the 

most important problem in my opinion is aggregation. 

After 2008 crisis economists understood that they need to make some progress in 

aggregation problem. Without fully understanding how to move from individual agents to 

macro structure it is impossible to have a true faith in macro analysis. Network analysis is 

just one strong candidate claiming that it can solve aggregation problem. 

While I had these ideas, the March 2013 volume of the scientific journal Nature: Physics 

made my mind clearer. Because the title of that special issue was ‘Complex networks in 

finance’ and it included a paper by Nobel Winner economist Joseph Stiglitz (Stiglitz, et al., 

2013). And then I encountered many recent papers of Daron Acemoglu many of which use 

the techniques of complex networks (Acemoglu & Ozdaglar, 2013; Acemoglu & Ozdaglar, 

2013; Acemoglu & Ozdaglar, 2013; Acemoglu & Robinson, 2015). And lately, especially 

the writings of two scholar motivated me towards networks. First one is Cesar Hidalgo from 

MIT Macro Connections Lab. He has written various papers applying statistical physics 

ideas onto economics ranging from economic complexity of countries and network structure 

of economic output to Product Space and research space (Hidalgo, 2009; Hidalgo, 2015; 

Hidalgo & Hausmann, 2009; Hidalgo, et al., 2007). The second one Albert-Laszlo Barabasi 

from Northwestern University, Center for Complex Network Research. He is more interested 

in theoretical properties of networks such as observability, stability and controllability while 
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also introducing network structure of seemingly unrelated objects such as disease network, 

protein network, medicine network, language network, internet network etc. (Barabasi, 

2016; Barabasi, 2002; Hidalgo, et al., 2007; Barabási, et al., 2017) 

Like the ones I mentioned above, currently many leading economists are using complex 

network tools to solve seemingly intractable macro-economic problems (Wierzbicki, et al., 

2016). Complex Systems are systems that have many interacting parts which displays a new 

quality of macroscopic behavior different from micro structure (Tarvid, 2016). So basically, 

in complex systems the whole is ‘bigger’ than the sum of parts. I believe that there is still a 

long way to get some major results in this area. A deep knowledge of mathematics, statistics 

and economics is needed for any major result. 

Analysis of international trade is a hot topic among economists. From simple linear 

regression models to more developed gravity (Ata, 2012) or entropy (Mastrandrea, et al., 

2014) models, there are various methods for analysis of trade. While analysis of aggregate 

level trade gives a general perspective, it may miss many important aspects of micro level 

structure of international trade network (ITN). Theory of complex networks was originally 

developed by physicists to study the dynamics of complex physical systems but lately it has 

become a method of choice for the analysis of dynamics for many economic systems such 

as credit network of banks and foreign direct investment network of countries. 

In this book, we analyze network of international trade via Product Space. The Product Space 

is a network of all products which are traded globally. Mathematically, a network is just a 

simple graph. A network consists of nodes (called ‘vertices’ or simply ‘points’) and edges 

connecting some of these nodes. The nodes of Product Space are products themselves, one 

point for each product. The edges among various products can be created via a multiple of 

different methods. But in the standard method, two products are connected to each other if 

they are similar enough. Two products are similar if the exporter countries of one product 

also export the other one with a probability higher than some pre-defined threshold value, 

and vice versa. 

A good way to visualize the Product Space is by analogy to a monkey living in a forest2. The 

monkey lives on the trees by eating different fruits from different trees. Some trees have 

2
This analogy was first used by Harvard economist Ricardo Hausmann: https://www.hks.harvard.edu/news-

events/publications/insight/markets/ricardo-hausmann 

https://www.hks.harvard.edu/news-events/publications/insight/markets/ricardo-hausmann
https://www.hks.harvard.edu/news-events/publications/insight/markets/ricardo-hausmann
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more and delicious fruits while the others have less and not so tasty fruits. With time, the 

monkey explores the forest in search of fruits. Returning to real world analogy, country is 

the monkey and products are the fruits. A country must make a ‘jump’ from a tree to another 

if it wants to produce ‘juicier’ products.  

With a homogeneous forest where trees and fruits are evenly distributed, our monkey has 

nothing to worry. It can make random jumps to neighbor trees and enjoy new fruits. But if 

the trees and fruits in the forest are not evenly distributed then the monkey must think about 

which way to go. Trees with juicier fruits may be concentrated in deep and faraway parts of 

the forest. 

The Product Space of global trade is surely not homogeneous which has a complicated 

network structure with concentrated ‘Amazon’ regions, loose ‘Sahara’ regions and even 

scary blind alleys.  

1.2 Background 

Today, all countries that follow the export-oriented growth strategy are in a race to develop 

the most advanced technological products. Because, the growth of countries is usually 

possible only by diversifying the products they produce. Turkey has not shown sufficient 

improvement in this area. In 2016, the share of high-tech products in total merchandize 

exports was 24.4% worldwide, whereas it was as low as 3.5% in Turkey.  

In order to increase exports in Turkey, various supports are given to exporting firms. Two 

common features of many of these supports are the equal treatment of all firms that meet the 

requirements and the support of process rather than the final product. While this system is 

positive in terms of improving the capacities of all companies a little, it does not generally 

cause the creation of new high-tech products. 

Although it has been well understood by policy makers that incentive system is important 

for increasing the technology level of exports, finding the optimal structure of an incentive 

system was too elusive in the past and is still elusive currently. In this book, we address the 

problem of optimal incentive system. In this respect, the government can formulate policies 

to raise average national productivity levels by encouraging latecomer firms to upgrade their 

products, processes and organizational practices. In our view, if these kind of diffusions are 

targeted to specific products and product chains, the upgrading process may be more 

effective.  
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In this book, before defining and using product space, we analyze some issues related with 

networks such as the usefulness of network representation, choosing the best network 

representation, and measuring the appropriateness of a network to answer our research 

question.  

The questions that we ask include: What is a product? How we classify it? And which 

product is the best to produce for a country? To answer these questions, we rely on the latest 

developments in industrial policy literature. Within this literature, we analyze catch-up 

ccyles, cycle times, and windows of opportunities in detail. 

We construct product space by using bilateral trade data of countries. In this study, we use 

4 digit SITC Rev. 2 classification. According to this classification, worldwide merchandise 

trade consists of 775 different products. They are divided into 5 groups according to their 

technology level. 

The product space is an example of networks. A network consists of nodes and edges. The 

nodes of the product space are 775 products. The edges are defined with the help of 

proximity index between two products.  

𝑃𝑖,𝑗 = 𝑚𝑖𝑛{Pr(𝑅𝐶𝐴𝑖 ≥ 1 | Pr(𝑅𝐶𝐴𝑗 ≥ 1), Pr(𝑅𝐶𝐴𝑗 ≥ 1 | Pr(𝑅𝐶𝐴𝑖 ≥ 1) }

According to this methodology, two product are similar if most of the countries which export 

product i also export product j, and most of the countries which export product j also export 

product i.  

After constructing product space of world wide trade, we construct product space of Turkey 

which is a just a subset of whole product space. We then analyze product space of Turkey 

via various methods. 

Our analysis shows that for Turkey there are many high-tech products that are similar to the 

products of the current export basket. That means these high-tech products are neigbors of 

Turkey’s current product space and can be reached in 1 step, while the remaining 44 high-

tech products are reachable in 2 or more steps.  

Assuming that Turkey reached the products that can be reached in 1 step, we calculate the 

products that can be reached in 2 steps. With similar logic, we compute all the products that 

Turkey can reach with three, four or more steps. Our analysis indicates that there are no new 

connections after 4th iteration if we use 0.5 as our proximity threshold. This fact implies that 
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these products, nonreachable with usual diffusion, can only be reached by making long-

jumps.  

Product space of Turkey includes many clues about the direction of development. Our 

analysis indicates that Turkey have huge diversity of products in low and medium-tech 

segments of products but not that much diversity in high-tech products.  

We also analyze the evolution of product space for 60 countries in detail. Our results show 

that while most of the developed countries displays a decreasing trend after reaching their 

peaks in terms of diversity of products in their export baskets, most of the developing 

countries are still trying to get to their peaks.  

The analysis of country group dynamics of product space shows that progress for countries 

happens in repeating cycles of jumps and diffusions.  This is analogous to the theory of 

Thomas Kuhn about the structure of scientific revolutions (Kuhn, 1962). According to Kuhn, 

there are two kinds of change: normal and revolutionary. While normal change consists of 

incremental improvements, revolutionary changes creates discontinuity, uncertainty and 

turmoil in science. In this framework, jumps correspond to scientific revolutions and 

diffusions correspond to incremental change. 

The jump vs diffusion dichotomy appears in many places of this work with different names. 

Explore vs exploit, revolutionary vs incremental, and jump vs diffusion dichotomies are all 

manifestations of the same idea.  

The evolution of Turkish product space data indicates that Turkey made the first jump in 

1980’s, the second one in 1990’s, and the last one in 2000’s. International comparison 

implies that Turkey is ready for the next jump which will happen into high-tech machinery, 

chemicals and miscellaneous manufactured products. Policy makers should keep in mind 

that international comparisons also show that when a country makes a jump forward into a 

new technology, it generally makes a similar backward jump simultaneously in an old 

technology just to make room for the new one.  

Evolotion of advanced countries’ product spaces shows that there is no uniform trend in their 

product space expansion. Countries such as United States, Germany, and Japan made their 

last jumps into high-tech products long time ago and now they are in exploit stage. Other 

countries such as Italy, Spain, and Austria are still in exploring stage.  
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Our analyses has shown that most of medium income countries such as Turkey have not yet 

reached their peaks in diversification. This fact indicates that Turkey has not passed yet from 

exploration part to exploitation part of process. To accomplish that, we suggest various 

policies including increasing risk appetite of Turkish firms and supplying the necessary 

incentives to give the private sector the needed confidence.  

The dependence of new products on existing capabilities means that a structural change left 

completely to the market is relatively slow. Because diffusion in the product space when left 

to itself primarily occurs in the neighborhood of similar products. 

Information externalities and coordination externalities indicate that it is relatively much 

more difficult for diversification to take place without planned public action. The most 

important examples of product space diversity are the result of planned public action and 

public-private partnership. 

Risk appetite of the firms is of big importance for the creation of new high-tech exporter 

firms. Turkish firms are not eager to take big risks in international arena. One of the reasons 

for not taking risk is the dire consequences of a failure. Especially in case of catch up cycles 

and windows of opportunities, risk appetite is crucial in taking advantage of suitable 

conditions for catching-up the leaders. In this study, we offer various incentives to increase 

the risk appetite of the firms. 

Successful latecomers in general have a good learning system so that they efficiently learn 

from leaders and other successful examples. We analyze the properties of successful 

latecomers in detail.   

FDI is an important tool to transfer some technology to developing countries. But, 

technology transfer has never been a priority for developed countries as their main criteria 

is low cost of land and labor, a big domestic market, low tax rates, and other incentives. So 

FDI is a necessary but not sufficient condition for successful upgrading of production 

technology.  

The relation between industry, technology, and science is a complicated one. Studies show 

that some sectors need only technology and not much basic science and that some other 

sectors need more basic science and less technology. We give different country examples to 

highlight this phenomena. 
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In Turkey, government support for R&D activities began in the 1990s and the share of R&D 

in GDP rose from 0.32% to 0.53% in 2002 and to 1.06% in 2015. But there is still a long 

way to go to catch the top performers such as South Korea (4.29%), Israel (4.19%) or Japan 

(3.58%). 

According to the proposed incentive system of this book, two criteria for government support 

in a given product are that the product must be a new product and that the product must have 

high potential. In our model, the potential of a new product is proportional to the average 

proximity of the new product to Turkish product space. This model is an improved version 

of the model developed in (Hidalgo, 2007). 

Two main criteria for state support for a specific product i are; 

i. The product i must be a new product (𝑅𝐶𝐴𝑖 < 1) 

ii. The product i must have high potential Π𝑖 as defined below 

The potential for a new product can be defined as; 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =  Π𝑖 =
∑ 𝑅𝐶𝐴𝑗 ∗ (𝑝𝑐𝑖𝑖)

𝛼 ∗ (𝑤𝑖)
𝛽 ∗ (𝑤𝑗)

𝛾 ∗ (𝑃𝑖,𝑗)
𝛿

𝑗

∑ (𝑃𝑖,𝑗)𝛿
𝑗

 

Where; 

𝑝𝑐𝑖𝑖      ∶ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖 

𝑤𝑖         ∶ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖 𝑖𝑛 𝑤𝑜𝑟𝑙𝑑𝑤𝑖𝑑𝑒 𝑡𝑜𝑡𝑎𝑙 𝑚𝑒𝑟𝑐ℎ𝑎𝑛𝑑𝑖𝑧𝑒 𝑡𝑟𝑎𝑑𝑒  

𝑅𝐶𝐴𝑖      : {
1 𝑖𝑓 (𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖) ≥ 1

0 𝑖𝑓 (𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖) < 1
  

𝑃𝑖,𝑗        ∶ 𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑖 𝑎𝑛𝑑 𝑗 

𝛼, 𝛽, 𝛾, 𝛿: 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑎𝑏𝑜𝑢𝑡 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑤𝑖𝑡ℎ ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 

So a product i with high potential have some of the following properties; 

i. It is a high-tech and complicated product with high 𝑝𝑐𝑖𝑖  

ii. It is a widely traded product worldwide so has a large 𝑤𝑖 

iii. Its neighbors in product space are widely traded products worldwide so have large 

𝑤𝑗’s 

 



8 

iv. The other products that i is similar to have current revealed comparative advantage

v. There are many products similar to product i

When we apply our model to Turkish product space, we see that all potential products in top 

20 are high-tech or medium-high-tech products. When we analyze the sectoral distribution 

of these products we see that all of them are broadly categorized as either chemicals, 

machinery or misc. manufactured products.   

In short, we argue that the government can set new policies to raise average national 

productivity levels by encouraging latecomer firms to upgrade their products, processes and 

organizational practices. If such diffusions are targeted to specific products and product 

chains in the product space, the upgrading process may be more effective. That is the main 

idea of this book. 
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2. What is Product Space 

2.1 Networks 

2.1.1 Why Networks 

Before defining and using networks in economic analysis, it may be apt to ask three 

important questions (Brugere, et al., 2016); 

i. Is network representation the best or most useful method to describe or to analyze 

our data? 

ii. Which kind of network representation is best for our analysis?  

iii. Can we measure appropriateness of a network to answer our research question? 

The quality of these methodologies differ for various domains and we do not have a common 

best-method for evaluating the quality of networks inferred from data. 

There are mainly two kinds of networks, natural networks and inferred networks. While 

natural networks have an obvious topology endowed upon them, inferred networks are not 

uniquely defined and can have very different properties depending on the parameters that 

were used to construct the inferred network.  

Product Space structure fundamentally depends on proximity threshold between the products 

and this fact makes the product space an inferred network. As we can see from Figure 2.1 

and Figure 2.2, the same underlying product data can be presented very differently. This 

user-defined feature of inferred networks make them also vulnerable for misguided analysis. 

The threshold we choose for proximity between the products affects almost all critical 

properties of network topology. A decrease in threshold will increase the number of edges 

and it will be more difficult to find the core regions and clusters in the product space. If we 

increase the threshold too much we may lose valuable information about dependencies 

between products. Product space literature usually use a threshold between 0.4-0.5. In this 

book, we will follow the common practice. The networks created in this study will all be 

inferred networks. 

When we construct an inferred network, we must be careful on whether topological 

structures of the network is meaningful for our research problem. Sometimes the allure of 

nice visualizations (e.g Figure 2.9) can mislead the researcher to the idea that network is the 

best method while other methods may be the best choice.  



Figure 2.1 Product Space with Proximity Threshold 0.6 

Source: Produced by the Author using Cytoscape 

Figure 2.2 Product Space with Proximity Threshold 0.3 

John Maynard Keynes describes economics as the “science of thinking in terms of models, 

joined to the art of choosing models which are relevant” (Harrod, 1938). In this 

respect, choosing the right network representation is more difficult than creating one. 

A good criteria to decide whether to choose network as our research tool is to ask the 

questions; Does the network really matter for our problem? Can we understand different 

10 

Source: Produced by the Author using Cytoscape 
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aspects of the problem without the underlying network? For example, it is difficult if not 

impossible to understand the spread of epidemic diseases without networks. The large scale 

energy grids are perfect examples of networks and again it is impossible to understand the 

power blackouts without them.  

The networks are especially suitable for our problem if we are interested in relation 

prediction or structural properties of a complex system. Link prediction problems ask the 

question, given the initial structure of a network, can we predict where the new links will 

occur next time? This is crucial in many social science or computer science problems. For 

example, in a social network, we can ask which pairs of people are most probable to become 

new friends. There are many different algorithms to do link prediction. Social networks 

apply these methods to predict the people we may know (e.g. Facebook).  

If we generalize these examples, it is possible to dissect network analysis problems into three 

broad categories; 

i. Link prediction: all nodes and some of the edges are known and the problem is to

predict the most probable new edges,

ii. Interaction networks: All nodes are known and the problem is predict the edges

relationships,

iii. Network tomography: Some of nodes and edges are known and the problem is to

predict the unobserved nodes and edges.

In this book, given the initial structure of product space for Turkey, we are trying to answer 

two questions. The first one is to guess the new products that Turkey can produce and the 

second one is to see how the Turkish product space evolve? 

In this chapter, I will give important definition needed for network analysis and then also 

give the main metrics of networks used in the literature. First definitions. 

2.1.2 Definitions 

Graph: A graph 𝐺 consists of a collection 𝑉 of vertices and a collection edges 𝐸, shown as 

𝐺 = (𝑉, 𝐸). Each edge 𝑒 in 𝐸 joins two vertices and these are called end points of the edge. 

If 𝑒 joins 𝑢 and 𝑣 in 𝑉, it’s written as 𝑒 = [𝑢, 𝑣]. In such a case, Vertex 𝑢 and 𝑣 are adjacent. 

Edge e is incident with vertices 𝑢 and 𝑣.  

Degree: The number of edges incident with a vertex 𝑣 is called as the degree of 𝑣, and is 

denoted as 𝑑(𝑣). Loops are counted twice. 
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Adjacency Matrix: Adjacency matrix of a graph 𝐺 with 𝑘 vertices and 𝑛 edges is matrix 𝐴 

with 𝑘 rows and 𝑛 columns with entry 𝐴[𝑢, 𝑣] denoting the number of edges joining vertices 

𝑖 and 𝑗.  

Walk-trail-path-cycle:A (𝑣0, 𝑣𝑘) walk in 𝐺 is an alternating sequence 

[𝒗𝟎, 𝒆𝟏, 𝒗𝟏, 𝒆𝟐, 𝒗𝒌−𝟏, 𝒆𝒌, 𝒗𝒌] of vertices and edges from G with 𝒆𝒊 = [ 𝒗𝒊−𝟏, 𝒗𝒊], in a closed

walk, 𝒗𝟎 = 𝒗𝒌. A trail is a walk in which all edges are distinct; a path is a trail in which also 

all vertices are distinct. A cycle is a closed trail in which all vertices except 𝒗𝟎 and 𝒗𝒌 are 

distinct.  

Connected: Two distinct vertices 𝑥 and 𝑦 in graph 𝐺 are connected if there exists a (𝑥, 𝑦) 

path in 𝐺. 𝐺 is connected if all pairs of distinct vertices are connected.  

Clique: A subset of vertices is called clique if every two vertices in the subset are connected 

by an edge.  

2.1.3 Metrics 

Vertex degree: The degree of a vertex 𝑣 is the number of vertices that are neighbor to 𝑣. 

Distance: Let 𝐺 be a directed or undirected graph and 𝑢 , 𝑣 in V(G). The (geodesic) distance 

between u and v, denoted as 𝑑(𝑢, 𝑣) is the length of a shortest (𝑢, 𝑣) path.  

Clustering Coefficient: The local clustering coefficient 𝐶𝑖 for a vertex 𝑣𝑖 is given by the 

proportion of links between the vertices within its neighborhood divided by the number of 

all possible links between them. For a directed graph, 𝑒𝑖𝑗 is distinct from 𝑒𝑖𝑗, and for each 

neighborhood 𝑁𝑖 there are 𝐾𝑖(𝐾𝑖 − 1) links that can exist among the vertices within the 

neighborhood (𝐾𝑖 is the number of neighbors of a vertex). So, the local clustering coefficient 

for directed graphs is defined as;  

𝐶𝑖 =
|{𝑒𝑗𝑘: 𝑣𝑗 ∈ 𝑁𝑖,  𝑒𝑗𝑘 ∈ 𝐸}|

𝐾𝑖(𝐾𝑖 − 1) 
Eq. 2.1 

The local clustering coefficient of a vertex in a graph shows how similar its neighbors are 

to a clique.  

The mean clustering coefficient for the whole network is then given by as the average of the 

local clustering coefficients of all the vertices;  

http://en.wikipedia.org/wiki/Clique_(graph_theory)
http://en.wikipedia.org/wiki/Clique_(graph_theory)
http://en.wikipedia.org/wiki/Subset
http://en.wikipedia.org/wiki/Subset
http://en.wikipedia.org/wiki/Subset
http://en.wikipedia.org/wiki/Vertex_(graph_theory)
http://en.wikipedia.org/wiki/Vertex_(graph_theory)
http://en.wikipedia.org/wiki/Edge_(graph_theory)
http://en.wikipedia.org/wiki/Edge_(graph_theory)
http://en.wikipedia.org/wiki/Edge_(graph_theory)
http://en.wikipedia.org/wiki/Clustering_coefficient#cite_note-WattsStrogatz1998-2
http://en.wikipedia.org/wiki/Vertex_(graph_theory)
http://en.wikipedia.org/wiki/Vertex_(graph_theory)
http://en.wikipedia.org/wiki/Vertex_(graph_theory)
http://en.wikipedia.org/wiki/Graph_(mathematics)
http://en.wikipedia.org/wiki/Graph_(mathematics)
http://en.wikipedia.org/wiki/Graph_(mathematics)
http://en.wikipedia.org/wiki/Neighbourhood_(graph_theory)
http://en.wikipedia.org/wiki/Neighbourhood_(graph_theory)
http://en.wikipedia.org/wiki/Neighbourhood_(graph_theory)
http://en.wikipedia.org/wiki/Clique_(graph_theory)
http://en.wikipedia.org/wiki/Clique_(graph_theory)
http://en.wikipedia.org/wiki/Clique_(graph_theory)
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𝐶̅ =
1

𝑛
∑𝑐𝑖

𝑛

𝑖=1

 Eq. 2.2 

There is another way to compute the clustering coefficient of whole network. We call it the 

global clustering coefficient. The global clustering coefficient 𝐶𝐺𝐿𝑂𝐵𝐴𝐿 is the ratio of three 

times the number of triangles to the number of pairs of adjacent edges in the network. 

𝐶𝐺𝐿𝑂𝐵𝐴𝐿 = 3 ∗
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑒𝑑𝑔𝑒𝑠
 Eq. 2.3 

Centrality: Centrality is a measure that hows the relative importance of a vertex in a graph. 

There are many different kinds of centrality measures and many different applications. 

These include how influential a person is within a social network, how important a bank is 

within inter-bank system, and how critical a gene is in disease-gene network. The most 

important versions of centrality are degree, betweenness, closeness, and eigenvector 

centralities.  

Degree Centrality: the number of links neighbor to a node. 

Closeness Centrality: The farness of a node s is defined as the sum of its distances to all 

other nodes, and its closeness is defined as the inverse of the farness. Closeness measures 

how long it takes to send information from s to all other nodes.  

Betweenness centrality: Betweenness centrality measures the number of times a node plays 

a role as a bridge along the shortest path between two other nodes. The betweenness 

centrality of a vertex 𝑣 in a graph 𝐺 ≔ (𝑉, 𝐸) is computed as follows: 

i. Compute the shortest paths for each pair of vertices (𝑠, 𝑡)  

ii. Determine the fraction of shortest paths that pass through the vertex 𝑣.  

iii. Sum this fraction over all pairs of vertices (𝑠, 𝑡).  

Eigenvector centrality: Eigenvector centrality measures how influential a node is in a 

network. It assigns relative scores to all nodes in the network based on the concept that 

connections to high-scoring nodes contribute more to the score of the node in question than 

equal connections to low-scoring nodes. The PageRank algorithm that Google uses to 

classify webpages is slightly modified version of the the Eigenvector centrality.  
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For a given graph 𝐺 ≔ (𝑉, 𝐸) with |𝑉| number of vertices let 𝐴 = (𝑎𝑣,𝑡) be the adjacency

matrix, i.e. if (𝑎𝑣,𝑡) = 1 if vertex 𝑣 is linked to vertex 𝑡, and (𝑎𝑣,𝑡) = 0 otherwise.  

The centrality score of vertex 𝑣 can be defined as:  

𝑥𝑣 =
1

𝜆
∑ 𝑥𝑡 = 

1

𝜆
∑𝑎𝑣,𝑡𝑥𝑡 

𝑛

𝑡∈𝐺

𝑛

𝑡∈𝑀(𝑣)

Eq. 2.4 

where 𝑀(𝑣) is a set of the neighbors of 𝑣 and 𝜆 is a constant. This can be rewritten in vector

notation as an eigenvector equation; 

𝐴𝑥 =  𝜆𝑥 Eq. 2.5 

We know from Linear Algebra that, in general, there are multiple solutions for the 

eigenvalues  𝜆. But, if we require all the components of the eigenvector to be positive, then 

by the Perron–Frobenius theorem, there is a unique eigenvalue corresponding to that case. 

Thus, only the greatest eigenvalue gives the centrality measure. The 𝑣𝑡ℎ component of the

eigenvector gives the centrality measure of the vertex 𝑣 in the network.  

2.1.4 Applications of Networks 

Nobel laurate economist Robert Lucas once said “once you start thinking about growth it's 

hard to think about anything else.” Nowadays, I believe many scientists from diverse areas 

think the same thing about networks. Personally, when I start to think about networks it is 

everywhere. Everything is a network!  

Let me give a personal account of what I see when I look around. 

Physically (in terms of classical physics) all matter is a bunch of particles and forces. 

Currently there are just 31 of them, namely, 24 fermions, 6 boson, and 1 famous Higgs 

boson. All the matter, light, electromagnetism and else is just a combination of these. 

Then, there is chemistry. It consists of interactions between 98 kinds of naturally occurring 

elements. There is another group of 20 elements which does not exist in nature but only 

exists in labs for short periods of time.  

Parts come together, a new structure appears, and we cannot see it coming from the behavior 

of parts. That is emergence. Ant hills, bee colonies, bird flocks making intricate dance over 

the sky are all emergence in flesh. In this respect chemistry is just emergent behavior of 

http://en.wikipedia.org/wiki/Adjacency_matrix
http://en.wikipedia.org/wiki/Adjacency_matrix
http://en.wikipedia.org/wiki/Adjacency_matrix
http://en.wikipedia.org/wiki/Eigenvector
http://en.wikipedia.org/wiki/Eigenvector
http://en.wikipedia.org/wiki/Eigenvalue
http://en.wikipedia.org/wiki/Eigenvalue
http://en.wikipedia.org/wiki/Power_iteration
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physical rules. Some mathematicians (Tegmark, 2014) claim that physics itself is an 

emergent phenomena rooting from mathematics and that the whole universe is no more than 

a mathematical function! But, for now, I will skip it. 

With only physics and chemistry, you would not be reading this sentence right now. We 

need conscious intelligent beings to achieve this and only humans are capable for that for 

now. I believe (but will not prove in this book) biology is also an emergent phenomena. A 

few years back, in Google Keep I took a note for myself “Man is a state of matter that tries 

to understand itself”. Nowadays, scientists are running algorithms to check the hypothesis 

that conscious beings are expected outcomes of complex dynamic systems and not just a 

coincidence from serendipity. 

After biology, intelligence and consciousness come. Cognitive scientists say consciousness 

may be emergent behavior or it may even be non-existent. But to make a claim such as that 

is like chemistry is non-existent because physics sets all the rules and there is no room for 

chemistry. The claim is not ridiculous but in the usual sense of world, chemistry and 

consciousness exists notwithstanding the philosophical arguments of (Dennett, 1992) and 

the likes.  

Then, one can ask why networks but not physics itself. Physical world itself is continuous 

but people, countries, products and trade between them are all discrete. Physical world is 

complicated but not complex. Because there are some simple rules that governs everything. 

The number of helium atoms in the universe is huge but every one of them behave the same. 
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Economics is complex and complicated at the same time. There are less people, country or 

product than the number of atoms, but each person or country is unique and interactions 

between them is also not uniquely defined. That makes it complicated. When the territory 

and interactions are not homogeneous everywhere we need networks. So networks can be 

thought of simplified discrete models of real world. Why we need to simplify it. Because it 

is very difficult to explain what will be the next sentence here if we start the logic from the 

big-bang and from the cloud of dust and gas.  

Continents divide, mountains erupt, rivers flow, winds blow, humans think. If Hayek did 

live now instead of a century ago, he would be a much bigger hero. In his time, there was no 

computer power. His only tool was thought experiments (like Einstein). He heavily criticized 

the classical models for they depended on strong axioms on regularity. According to Hayek, 

the real economy was more complex and it was not describable by classical theory. I guess 

he would be more like Barabasi.  

Human genome consists of about 25000 genes and each gene is responsible for a specific 

protein. Some proteins interact with some other. This creates a complex network structure 

which is responsible for many things from usual cell activities to rare genetic diseases.  

Networks are also used in finance. For example, the algorithm DebtRank is an example of 

how network structure of financial system can be used in stress testing of banks. The 

algorithm uses network effects that were not included in previous studies in analyzing the 

propagation of distress and some central banks started to test the new algorithm (Stiglitz, et 

al., 2013). 

As the above discussion shows network science gives us a suitable tool to analyze many 

different aspects of networks. In the next chapter, before going into the details of our 

network: the product space, we first analyze the nodes of this network which are products.  
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2.2 The Product 

Before going into the world of the Product Space, it may be suitable to answer some 

questions; What is a product? How we classify it? And which product is the best to produce 

for a country? 

We call an item a product if somebody sells it. It can be in various forms: physical, virtual 

or cyber. For each product, there is a cost and a selling price. The price depends on the 

quality of the product, the segment of targeted consumers and other general supply-demand 

conditions. Products are like animal species, each specific member of a product has an 

expected life duration after which it needs replacement and the product itself also have a life 

cycle after that the product must be reinvented. 

The number of products subject to international trade varies from 10 to a few thousands 

depending on the number of digits we zoom in in SITC (Standard International Trade 

Classification). A passenger car is one of 775 SITC 4 digit products. But it still consists of 

about 30,000 pieces and about 3,000 different parts. So when answering an economics 

problem it is important to make it sure we are looking through the lenses with the correct 

amount of zooming for the problem.  

In this book, we use SITC 4 digit classification that enables us to zoom enough to 

differentiate between every reasonable group of products without too much detail. This 

zooming gives us 775 different products which includes everything that is traded 

internationally. 

2.2.1 Catch-Up Cycles 

We have seen that each product has a life cycle. It is born, grows and then either it dies or is 

reinvented in a new form so that the product can continue to exist. For example, TV was 

born as black-white based on cathode-ray tube technology. Later, the initial form 

disappeared and color version took its place. Technology also changed many times black-

white to color to LCD to LED but the TV itself continues to live. During life-cycles of a 

product, new technologies appears and disappears. In some products, the speed of change is 

fast and in some others it is slow.  

The change in technologies of products offer risks and opportunities for the leader countries 

and followers in the production of these products. The process of changing leaders in a 
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product sector is called ‘catch-up cycles’. In some products, the change of leadership is 

frequent and fast, in others is long-term and slow. But almost every product experience 

change of leadership in its life-cycle. When this happens, the leader loses its superiority in 

technology, cost or marketing and the latecomers catch up. Later, this process continues and 

a new latecomer comes with better prospects.  

There are different questions that we can ask about that dynamic catch-up process (Lee & 

Malerba, 2017).  

i. How we model the catch-up process?

ii. What are the generic properties and dynamics in these catch-up cycles?

iii. Are there general rules that countries can follow to accomplish catch-up?

Successful latecomers in general have a good learning system so that they efficiently learn 

from leaders and other successful examples. Learning process happens in two ways. In the 

first one, latecomer visits the leader and analyze its system as Japanese and Chinese 

governments did when they sent thousands of student to United States to study abroad with 

the condition of return to home country after learning the top technologies. In the second 

one, the latecomer invites the leaders to the country for investment through various 

incentives such as tax cuts and special treatment in local market.  

Learning from the leaders is a necessary but insufficient condition for the majority of catch-

ups. Because by definition, learning can make a country a good follower. In some cases, if 

the follower has additional advantages over the leader such as lower labor costs and bigger 

domestic market, it can catch the leader. These cases cannot be counted as real catch-up 

cases. They are mostly temporary and when the leader develops a new technology, the 

latecomer cannot catch-up easily if it only uses learning methods.  

The second condition of catch-up, additional to learning and more fundamental for success, 

is innovation. The successful latecomer must use its capabilities in learning, technology, and 

innovation to identify the suitable time and conditions for the implementation of a catch-up 

process in a specific product or sector.  

If we think all the actors in a country which has an effect on catch-up process as a network, 

call it national innovation system (NIS), we see that different catch-up processes need 

different components of this network. National innovation network includes, among others, 



19 

 

legal and institutional structure, university, private and public research entities, human 

resources, suppliers, financial system etc. (Lee & Malerba, 2017). 

It is said that climbing to the top is difficult but the real difficulty is to be able to stay at the 

top once you achieve it. We have a similar situation in catch-up cycles. When a country 

becomes leader in a product, it experiences some new problems not encountered when it was 

catching-up. One of them is ‘innovators dilemma’ in which the leader country is not sure 

about making new technological breakthroughs as it can be detrimental to its current 

leadership position. The leader must destruct its old technology for making room for new 

creative technologies. This is a classic case of ‘explore or exploit’ situation which is analyzed 

in more detail in Chapter 4.  

A good example of decision problem for the leader is Motorola. Motorola developed the first 

widely used analog cell phone and was worldwide leader for a long period. When the digital 

technologies started to surface, Motorola decided to invest more on analog technologies 

where it had leadership advantage with huge patent list at hand. The company had assumed 

that the consumers would follow the technological path that the leader offered them. But 

history did not go in that way and Motorola lost the leadership to digital technology 

companies.  
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Table 2.1. Events of Leadership Change and Persistence in Six Sectors 

Source: (Lee & Malerba, 2017) 

We can see the leadership changes in Table 2.1. The leadership in cell phone changed two 

times. There was 14 years period between the changes. In 1998, Nokia introduced digital 

cell phones and quickly became the new leader. The next leadership change happened in 

2012 when Samsung introduced smart phones. In both cases, new technology played the 

critical role and offered a window of opportunity.  

In steel industry (see Table 2.1), before 1950s American firms controlled the production of 

steel but that has changed in 1970s when Japanese companies dominated the industry. After 

1980s, Korean firms challenges the Japanese firms and lately Chinese firms has emerged as 

the biggest steel producers as their local demand for steel exceeds the demand of all other 

countries. 

Shipbuilding is another industry in which repeated change in leadership occurred. During 

Second World War, American firms were dominant in worldwide shipbuilding but the 

British firms challenged them in 1950s. Japanese shipbuilders caught up in 1960s and they 

were dominant until 1990s, after which, Korean firms with the help of their highly developed 

steel industry dominated the shipbuilding industry. 
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Another example industry is telecommunication systems which was led by Swedish 

company Ericsson for a long period. A private Chinese company Huawei entered the 

telecommunication industry in a short time then grew quickly and became leader in 2012 

surpassing Ericsson in total sales. (Joo, et al., 2016) analyzes this rare phenomena and offers 

possible explanations. Their first observation is that Huawei’s main advantage over Ericsson 

was better technology instead of lower cost production. After this observation the paper 

models the process by using extensive data from European Patents Office. Analysis show 

that rapid expansion of Huawei is due to the new and different technologies developed by 

the firm itself instead of borrowing from other firms through patents. Main result of the study 

is that for a latecomer company it is not impossible to catch-up the leaders by developing its 

own technology (Joo, et al., 2016). 

An important difference of Huawei from other big Chinese firms is that it is privately owned 

instead of owned by state. Although it is a private company, Huawei was supported by 

Chinese government by a special incentive for foreign terms. This important policy is called 

‘trading market for technology’ and has been used extensively by Chinese government. The 

method allowed the foreign firms operate in China with the condition of bringing high tech 

to country. As an example, by this method, in 1980s the most developed telephone switching 

technologies was brought to China through foreign direct investment.  

After its establishment in 1980s, Huawei continuously spent at least 10% of its budget on 

R&D and distributed its research departments throughout the world in countries such as 

United States, India, and Sweden. Starting from the year 2000, various alliances has been 

formed between Huawei and other renowned high tech firms such as IBM, Intel, and Sun 

Microsystems.  

From these, we can see that establishment of a large R&D department, distributing it 

worldwide, and making alliances in strategic technologies with the leader firms allowed 

Huawei to catch-up the leaders become a world leader itself. 

When confronted with production possibilities there may be many different paths for a 

country. There are mainly three types of new path creation; 

i. Path-following 

ii. Stage-skipping 

iii. Path-creating 
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Sometimes, latecomer firms or countries try to catch-up the advanced leaders by learning 

the low-tech segments of advanced countries. That is called ‘path-following’. According to 

(Lee & Lim, 2001; Lee, 2013), path-following is not the only possible method for latecomers 

to use in catching-up the leaders. Some steps that were taken by advanced countries when 

they established a sector or technology can be skipped by latecomers. This is called ‘stage-

skipping’ and it allows the latecomers countries to save a lot of investment by skipping 

unnecessary or outdated parts of the technology. A still better method for latecomer is to 

create its own technology independent from advanced countries. That method is the most 

difficult one but it is also the one with the highest dividends. This last method is called ‘path-

creating’. 

When we analyze Huawei experience from this view, we see that catch-up process of Huawei 

started with path-following, later followed by stage-skipping and finally completed with 

path-creation. Another term closely related with all of three versions of paths is leapfrogging 

(Perez & Soete, 1988). According to this view, a latecomer country or firm can leapfrog the 

outdated primitive technologies of advanced countries by bypassing large investments 

needed for old technologies and also by making big investments in new emerging areas 

before the advanced countries.  

In simple terms, if a latecomer country or firm wants to catch-up or surpass the leaders, it 

either follows the same steps taken by the leaders or makes some short-cuts or finds an 

entirely new path. Following exactly same path with the leaders is seen the easiest way by 

developing countries and that is why they follow this method in their development process 

in general. But as we have already seen, there are some important pitfalls in this logic. First 

of all, some of the steps taken by the leaders may be outdated or unnecessary with the new 

improvements in the technology.  

Stage-skipping and path-breaking have some advantages over path-following but these are 

not without costs. The foremost disadvantage is the risk taken in the process. As an example, 

if we consider the telephone switch industry from its start to its current technology we see 

many changes in leadership. Brazil, Korea, China and India, among others, invested heavily 

in this sector and all four countries was successful in initiating their own version of 

technology in telephone switches. The divergence of countries occurred when mobile phone 

took over the fixed line telephones. During this transition, China and Korea transformed 
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their old technology successfully but India and Brazil could not cope with the new 

technology (Malerba & R. Nelson, 2012). 

The initial success of all four countries can be attributed to the fact that the telephone switch 

technology was mature and it was easy to get access to the know-how information from 

public literature or from licenses. As Tolstoy said “Happy families are all alike but every 

unhappy family is unhappy in its own way”. So it is more difficult to explain failed countries 

than the successful ones. The innovation network of the country says a lot whether the 

country will make a successful transition. The first critical factor is the attitude of state. 

While the state provided coordination and protection for the private firms in China and 

Korea, it did not play such a role in India and Brazil. The second important difference was 

that while in China and Korea initial successful start caused more buildup of R&D and 

technology that did not happen in Brazil or India.  

There is a discussion on the correct innovation system of a developing country. One view, 

Schumpeterian type, values domestic development of innovation system more and claims 

that the country itself must try to install the innovation system. Because, the developed 

countries put a wall between the developed and the developing world and kicked away the 

latter (Chang, 2002). So it is only in the hands of developing world to develop their own 

innovation system (Lee, et al., 2017). Some other development economists claim that global 

value chains and FDI are more important because it is difficult unless impossible for 

developing world to develop their own innovation system. So they depend on the developed 

world on that. The Korean case is a mixed one. Because it includes things from both side. 

So it is not clear which side is right. 

OEM (Original Equipment Manufacturing) based growth strategy is flawed. Because, with 

it a firm can achieve catch-up in terms of sales or capital accumulation but not in terms of 

technology. 

Another classic example of a successful catch-up process is Korean automobile industry and 

Hyundai Motors. This company started its business by making contract manufacturing 

agreement with American company Ford in 1968. In this agreement, the only role of 

Hyundai was assembling the parts that were produced by Ford. After a successful role played 

as an assembler, the founder of the firm, Chung Ju-Yung, wanted to produce a car with its 

own Korean brand. He ended the agreement with Ford and made a new one with Japanese 
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car manufacturer Mitsubishi. With the new agreement Mitsubishi had a 20% equity share in 

Hyundai Motors, and, in return, Hyundai used a Mitsubishi licensed engine in its production. 

As a natural next step, Hyundai Motors wanted to develop its own engine and transmission 

mechanism. Mitsubishi did not help this time and ended its collaboration with Hyundai in 

engine technologies. This time, Hyundai Company was at a critical juncture and had to 

decide whether to make a new collaboration with other companies or to take risk and to try 

to produce its own engine and transmission. The company chose the second option and, in 

1991, Hyundai successfully developed its own gasoline engine Alpha with 4 cylinders and 

with its own transmission mechanism (Lee, 2005).  

As can be seen from the typical example above, when the latecomer firms starts to develop 

their own technology, the leader companies starts to worry that the transfer of technology to 

latecomer company can make a ‘boomerang effect’ and hit back the company. The leader 

countries or firms in general are reluctant to help the latecomer firms too much. This shows 

it is the latecomer’s duty to want more and risk more for the prize of independence (Lee, et 

al., 2017). 

Figure 2.3 Foreign value added share of gross exports 

Source: OECD, Trade in Value Added (TiVA) (OECD, 2017) 

In Figure 2.3, we see FVA (foreign value added) shares of gross exports for selected 

countries. While Turkey and Brazil have relatively low FVA ratios, the other countries have 

high FVA ratios. To have a higher FVA ratio in itself is not always good or bad for the 
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national economy. A hypothetical country A can have a very low FVA ratio with a big trade 

volume and surplus implying that the country produces almost all export products with local 

ingredients. Conversely, another country B can have a very high FVA ratio but still with a 

high trade volume and surplus implying that the country positions itself well in global value 

chains and possibly in higher value added parts of the chain. 

 (Lee, et al., 2017) claims that FVA trajectory of developing countries does not follow a 

linear path. Instead, FVA of developing countries increases at the initial stages of 

development during low income and lower middle income levels. Later, during middle 

income and upper middle income stages FVA ratio decreases and finally when the country 

reaches high income stage it increases again. The reason for this non-linear path is that while 

the country initially uses lots of foreign intermediate goods for production and import, in 

next stage the country begins to create more value added locally and this decreases FVA 

ratio. Finally, when the country can produce high tech and high value added segments of 

GVC (global value chain), the FVA ratio increases again implying that the country have the 

power to outsource low value added parts of production to other low income or developing 

countries. 

These 3 stages of FVA is also called in-out-in strategy for the development of a developing 

country. In ‘in’ stages, the country uses intermediate imports heavily in its production but in 

‘out’ stage the country concentrates on upgrading its NIS so that it can move to higher 

segments in GVC.  

For a developing country to accomplish this, NIS must have 3 components. First of all, 

government must be supporting the firms which want to become independent in international 

markets. Secondly, government must promote private firm’s R&D initiatives and public-

private partnership in R&D. The last but not the least, in cases of international intellectual 

property disputes (IPR), the government must help the local firm.  

2.2.2 Current vs Future Endowments 

In the literature, sometimes we see papers named ‘key sectors of country A’, ‘central 

elements in the network X’ etc. One common misconception in some of this literature is that 

they all assume the current structure of country or network as given and exogenous. For 

example, a key sector analysis for a small banana-exporter Latin American country may very 
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well results in bananas as the only key sector. These models does not take into account the 

facts that the structure is dynamic and most of the variables are endogenous.  

The other extreme version of literature sees every country as a potential developed country 

and offers the quickest way to reach that level by suggesting production of cutting edge 

technology.  

We can criticize both point of view and argue that endowments of a country is not static and 

exogenous. A country can upgrade its endowments by growing and increasing its capital 

stock. Some endowments like land area and total population is fixed but others such as total 

capital and entrepreneurship are endogenous and improvable. According to Lin, the best way 

to accomplish high income status for a developing country is to aim the endowment structure 

of a country that has double the GDP per capita of developing country. After reaching that 

amount of endowment, the developing country must aim for long-established or leftover 

industries from the target countries (Lin, 2012).  

Literature is divided on whether comparative-advantage-following (CAF) or comparative-

advantage-defying (CAD) strategies are more successful (Siddique, 2016; Lin, 2012). CAD 

strategies argues that a developing country need not to follow the exact steps that a high 

income country followed. Instead, it can reach the level of developed country status faster 

by specializing in those areas with higher technological prospects. Because higher 

technology areas gives the country a bigger chance for growing faster. Technological level 

and the potential of a sector for growth can be calculated by the number of patents in a sector. 

The criticism against CAD strategies is that a robust relation of technological opportunity 

with GDP growth is not found (Radosevic, et al., 2017).  

In our opinion both strategy are extreme and the best option is combination of two. The 

product space methodology will give us more insights about that in Chapter 2.3. 

2.2.3 Cycle Time 

All technology changes with time. Some changes fast and others change slowly. For example 

Moore Law says that the number transistors on a chip doubles every year. This law clearly 

shows chip industry is changing very fast. On the other hand, big investment sectors such as 

iron steel industry or food industry changes slower. Some researchers suggest that the high 

speed of change can be an advantage for developing countries. 
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We measure how fast a technology is with ‘cycle time’ of technology. It measures with what 

speed the technology changes or becomes outdated with time. There are different methods 

for measuring the cycle time of a technology but the most widely used one uses the patent 

records of a technology. In the first page of a new patent, previous patents used are listed 

and technology cycle time is defined by computing the median age of patents cited in the 

new patent and then by taking average over all new patents. This methodology assumes that 

a longer cycle time implies slow technological change and a shorter cycle time implies a 

dynamic and fast changing technology.  

According to Lee (Lee, 2017) “The technological development of South Korea over the last 

three decades reflects the increasing specialization of South Korean industries into short-

cycle technologies during its catch-up period. South Korea began to specialize in labor-

intensive (low-value-added long-cycle technology) industries, such as the apparel or shoe 

industries, in the 1960s. The economy then moved to the shorter- or medium-cycle sectors 

of low-end consumer electronics and automobile assembly in the 1970s and 1980s; to the 

shorter-cycle sectors of telecommunication equipment (telephone switches) in the late 

1980s; and to memory chips, cellphones, and digital televisions in the 1990s. South Korean 

industries kept moving to shorter-cycle technologies to achieve technological 

diversification.” 

Lee also analyzes Korea, Taiwan and European G5 countries (Germany, France, United 

Kingdom, Italy, and Spain) and makes comparisons between them. According to this 

analysis, for Korea and Taiwan, the mean cycle time of technology is 8 years. That means 

the patents obtained by Korean and Taiwanese firms cite on overage 8 years old patents and 

older patents are deemed as outdated by technology firms. Analysis shows that starting from 

1980s, the cycle time of Korean and Taiwanese technologies get shorter. The cycle time of 

European G5 countries is about 9-10 years and that is longer than cycle times of Korean and 

Taiwanese technologies. The reason for the difference is the success of European firms in 

those sectors which have longer cycle times and higher value added such as machine tools 

and pharmaceuticals (Lee, 2017). 

When we look at the trends of Korea and Taiwan, we see that there is a structural change 

around 1980s when both countries started to achieve a successful catch-up process and began 

to move in and out of the group of middle income countries. Korea and Taiwan attained 25% 
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of US per capita GDP, whereas Turkish GDP per capita is around 20% of US per capita GDP 

in 2016. 

Cycle time methodology offers much insight especially for middle income countries in their 

development process. According to Lee, when these countries want to specialize on specific 

sectors, it is better to concentrate on sectors and technologies with shorter cycle times. 

Because in those technologies with shorter cycle time, investment requirements are lower in 

general and catch-up cycles are faster meaning that the country has a higher chance of 

success in the catch-up process.  

According to cycle time methodology, not all middle income countries can apply it to choose 

technologies with shorter cycle time. The country must have fulfilled some pre-requirements 

such as a skilled labor force, a working NIS and a financial system suitable for long term 

technology investments. Middle income countries with these qualifications can have 

comparative advantages in technologies with shorter cycle time. Because, in technologies 

with short cycle, the control of leaders is partial and they cannot be display dominance as 

the technology changes quickly and outdated R&D does not mean much in these sectors. 

The middle income countries which do not take cycle time methodology into account may 

face some problems. First of all, by trying to reach the level of advanced countries through 

concentrating on all high tech areas, the country becomes dependent on advanced countries 

in the long cycle technologies as in these technologies it is more difficult to make progress 

in a short time. On the other hand, middle income countries can progress faster by 

concentrating on short cycle technologies as in these sectors local firms can build up creative 

knowledge faster.  

The comparison of Latin American countries such as Brazil with East Asian countries such 

as Korea and Taiwan clearly shows the differences in policies and outcomes. In this 

comparison, Latin American countries represent very long cycle technologies and East Asian 

countries represent the short cycle technologies. Latin American countries gave more 

importance to academic research in high tech areas and expected that this high level research 

will led to higher technology and innovation. Although, there are good cases such as 

Brazilian aircraft industry, the overall success rate is low due to the fact that concentrating 

solely on cutting edge science is not significantly associated with GDP growth (Radosevic, 

et al., 2017). 
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Despite all those advantages, short cycle time is not without caveats and risks. First rule is 

that if you catch-up easily then you are caught-up easily. Higher chance of catch-up in short 

cycle technologies implies that the technology is changing quickly and once a country 

catches-up the leaders, it must continuously upgrade the ever changing technology. The 

ability of upgrading a technology dynamically is not easy and only a small subset of middle 

income countries can accomplish that. These countries have some common characteristics 

such as a minimum level of technological competence and a working national system of 

innovation. According to Lee, comparative advantage following strategy may help to 

achieve these minimums as it suggests learning and transferring mature technologies from 

advanced countries and these old industries increases the overall competence of country by 

creating a sample project to work on. 

From this analysis, it follows that some degree of comparative advantage defying strategy is 

necessary but insufficient for the upgrading of overall technology level of the country. But 

rejecting the comparative advantage defying strategy altogether may mean that the middle 

income trap becomes destiny rather than a short period that a country must experience before 

reaching the level of advanced countries.  

 South Korea and Taiwan are two good example of countries which applied technology cycle 

time in their development process. But an interesting question is whether these countries 

explicitly planned these cycle time strategies beforehand or they just emerged as a result of 

best reply strategy of the countries against the development problems they encountered. The 

answer, according to (Lee, 2017), is apparently no. The countries did not plan the cycle time 

strategies beforehand. It appears only after an ex-post analysis is done.  

This unplanned behavior implies that we must be cautious on offering cycle time strategies 

as proved methods for middle income countries. Because NIS is a complex structure and the 

overall behavior of a complex network in general cannot be determined by looking at just a 

small part of it. Economics science repeatedly (Lucas, 1976) showed that historical 

correlation or even historical causation relation between two variables does not mean that 

there is the same relationship now and it will be the same in future. 

 



30 

2.2.4 Windows of Opportunity 

Frankly, when I read the modern literature on technology cycles, leapfrogging etc., it 

reminds me the legendary philosophy of science book that is Thomas Kuhn’s The Structure 

of Scientific Revolutions. Before Kuhn, science was understood as a gradual increase in the 

understanding of nature. In this old version, each discovery in science made it closer to truth. 

In his seminal book, Kuhn questioned this idea and claimed that scientific progress consists 

of ‘normal’ and ‘revolutionary’ periods in which ‘paradigm changes’ occurs.  

According to Kuhn, there are two kinds of change, normal and revolutionary. Normal change 

consists of incremental improvements in the understanding of the standard scientific view of 

the day. It can be creation of new data, explanation of new data or some new interpretation 

of classical theory. Contrary to this, revolutionary changes creates uncertainty and turmoil 

in science. The old classical system and new revolutionary new system cannot be analyzed 

within a unique underlying model so they cannot be compared directly.  

When viewed from this angle, technological change and scientific change, or even political 

change display similar structure and display long periods of ‘normal’ years, decades or 

centuries and then the sudden and short-period bursts of revolutions in between. 

Technological changes that we analyze in this book shows exactly similar patterns. 

Incremental changes corresponds to comparative advantage following strategies which 

corresponds to path following strategies which will finally correspond to diffusion to close 

neighbors in product space terminology. Kuhn’s revolutionary changes of science, on the 

other hand, corresponds to comparative advantage defying strategies which correspond to 

path breaking strategies and which will later correspond to long jumps in product space of a 

country. For me, the most striking projection of Kuhn’s ideas to product space is ‘paradigm 

shift’ that corresponds to ‘windows of opportunity’. 

‘Windows of opportunity’ are discontinuities in the technological progress that resembles 

the ‘creative destruction’ of Hayek. The term was first used by (Perez & Soete, 1988) to 

explain the instances where a latecomers can have a more than usual chance of success in 

their struggle to catch-up the leaders. These windows of opportunity are of three kinds of 

paradigm shifts in technology, and corresponds to technological, demand, and institutional 

levels. 
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The change from analog technology to digital technology in mobile phones is a good 

example for a technological window of opportunity in which a latecomer firm has an 

advantage because it does not have any burden of old technology. The old technology always 

have some similarities with the new technology and one can think it must be an advantage 

over the latecomers. But history of changes in sector leaders of various technologies (see 

Table 2.1) repeatedly showed that being a leader and having a big investment in old 

technologies can be big burden which reminds the story of David and Goliath where the 

extreme power and weight of Goliath becomes a liability and a fatal drawback while the 

small and fast stature of David becomes a game changing feature (Gladwell, 2013). With 

modern terminology, Goliath was the victim of ‘incumbent trap’. 

A second kind of window of opportunity is called ‘demand window’. A demand window 

can be a new kind of demand which simply did not exist before, can be a peak of a business 

cycle with bigger opportunities for firms or can be a big shock to local demand. The huge 

demand increase in China’s local market in recent years or previously nonexistent demand 

that Indian consumers show for cars with low cost are good examples of demand window. 

These situations offer big opportunities for latecomer countries and firms in catching up the 

leaders in those sectors with high demand. Even at the trough of business cycle creates 

chances for latecomers as incumbent firms face economic difficulties while latecomers can 

have low cost entry advantage to the market. 

While the previous two windows are mostly exogenous to the firm or country, the third 

window of opportunity ‘institutional window’ is endogenous for the country and because of 

that it is the most critical one for a middle income country. Institutional windows are 

generally opened through public policy deliberately planned by the government. In many 

successful catch up cases, institutional windows were created by the corresponding 

governments. Korean and Taiwanese high-tech industries, Chinese telecommunications 

industry, and Indian pharmaceutical industry are good examples of successful institutional 

windows (Lee & Malerba, 2017). 

Windows of opportunities happen for different technologies in different times and do not 

differentiate between countries. But to see an institutional window is no easy feat and 

countries need various capabilities even to do that. So important questions is to see it when 

an institutional window is opened and how to respond nationally in the best way. As we said 



32 

before NIS is a complex network and best response against a window of opportunity is a 

must if a country want to catch up successfully. In most cases the various components of 

NIS works like a chain so the power of chain is measured by the weakest link. It is important 

for all components of NIS such as universities, research laboratories, education system, 

financial system, and public policy, to have the capability to respond to the window of 

opportunity. Response of firms are not the same although they all share the same national 

response to a new window of opportunity. Some firms can interpret the risks and 

opportunities of local and global system and give a better response and become a global 

leader. 

In our view, it is worth to analyze the China’s responses to various windows of opportunities 

in more detail as they offer much insight for other middle income countries in their catch up 

experiences. China has one advantage that no other country has with the exception of India, 

and that is its sheer population with a big local market. China used this advantage cleverly 

in many cases of technological catch-up through the use of ‘trading technology for market’ 

strategy which is a very Chinese invention with its semi-free market semi-state controlled 

economic system. In this strategy, foreign firms were allowed to operate and sell within local 

markets in China with the condition that the firms also bring the latest technologies that do 

not exist in China.  

The Chinese government understood the importance of this strategy early on in its 

development process. At least 80% of all FDI made in China since 1980s was based on this 

strategy especially in industries such as electronics, telecommunications, and chemicals. The 

essence of this strategy was first reflected in policy documents in 1979 by the ‘Law of Sino-

Foreign Equity Joint Ventures’ in which it was explicitly stated that “the technology and 

equipment contributed by a foreign joint venture as its investment must be advanced 

technology and equipment that suit China’s needs” (Mu & Lee, 2005). 

In summary, because of the big domestic market which inferred a large bargaining power, 

China was able to require latest technologies to be transferred to China with the incentive of 

operating within local market. 
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2.2.5 Which Product is better?  

Depending on the angle we look, there are many different lenses through which we can 

define which products are good for a country to produce? Some of the lenses are; 

i. Contribution to current account balance, 

ii. High-tech, 

iii. High value-added, 

iv. Similarity to current production structure, 

v. Contribution to regional development, 

vi. Contribution to employment, 

This book mostly elaborates on the structure of the Product Space and its impact on 

development. 

In risky endeavors of the firms, governments can help the firms in their catch-up process in 

international markets. Korean government is a good example in this respect as it helped those 

firms which took risks. Korean government implemented various policy measured targeted 

at risk taking latecomer firms. That was because most of the latecomer firms starting their 

own brand was confronted with harsh intellectual property right (IPR) lawsuits from their 

previous vendors.  

International property disputes are important tools and are used extensively by developed 

countries or sector leader firms to preclude latecomer firms from entering international 

markets. The process goes as the following: when a latecomer company starts its own brand 

in international markets, the leader firms in international markets sue this firm on property 

rights ground. IPRs take a long time to resolve in general and this inflicts a serious financial 

burden on latecomer firms. If latecomer Company cannot display a good legal defense, it 

may be forbidden from international markets or may be obliged to pay large amounts of 

administrative fines.  

Korea displayed a good example of state support in international IPR disputes by offering 

help in various areas such as by;  

i. Providing low-cost insurance in case of a possible IPR litigations, 

ii. Providing pre-marketing or export market analysis for possible litigations by 

other firms or countries, 

iii. Creating special consulting packages for those small and medium sized 

enterprises which experiences IPR litigations with foreign firms.   
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Figure 2.4 Stages in Dynamics of Catch-Up 

Source: (Lee, et al., 2015) 
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Figure 2.5 Catch-up Strategies of Korean Firms 

Source: (Lee, et al., 2015) 

The importance of FDI on development may even be higher than domestic investment. But, this 

only happens if the human capital level of host country is higher than a threshold value 

(Borensztein, et al., 1995).  
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2.2.6 Science vs Technology 

When we compare Latin American and East Asian development experiences, one of the key 

differences we see is that while Latin American countries gave bigger emphasis to science 

in terms of academic research output, successful East Asian countries such as Korea and 

Taiwan preferred science stemming from technological research. These differences 

culminates in the end as invention in Latin America and as innovation in East Asia. Invention 

and innovation or academic research and technological research cannot be separated easily 

as they intermingled within the complex system of NIS. But, giving more importance and 

resource to one side expresses itself in the results. Because technological knowledge is more 

important for economic development as it is the source of high value added production. 

Furthermore, we see from country examples that a developed academic research system and 

generation of high quality scientific knowledge does not mean technological innovation 

directly.  

To this end, (Kim & Lee, 2015) analyzed various country groups to see the roles that 

technological and scientific knowledge played in the development process of these countries. 

One observation is that in successful East Asian countries technological knowledge is mostly 

provided by corporate sector R&D initiatives which is lacking in most of Latin American 

countries. We see that especially in Korea and Taiwan, state favored technological policy 

over science policy by giving more importance to technological innovation of private sector. 

Latin American countries gave bigger emphasis in academic research with the hope that the 

theoretical knowledge that academic research produces will culminate in the technological 

knowledge and innovation. Theory and practice are same in theory but different in practice3. 

So although the idea looks logical at first sight, in practice it is naïve to expect that the result 

will follow automatically. When the links between the academia and private sector are not 

well designed, the results attained in academic patents will not produce technological 

patents. 

In contrast to Latin American case, East Asian governments encouraged the development of 

in-house R&D for private firms. As these industrial innovation activities increased, it also 

3
I looked for a source of this famous saying but apparently it’s anonymous.
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created a demand for academic research as some areas of industry have larger reliance on 

theoretical knowledge that can only be provided by long term research of academia. These 

demand and supply of technological knowledge created a healthy and productive interaction 

between university and industry (Nelson, 2017). 

A country is locked by middle income trap simply when its technology is too little for high-

tech production and its wage is too much for low-tech production. The only possible option 

looks like medium-tech production and that’s what most of middle income countries does. 

As decreasing the wages is impossible socially, the only possible way is increasing the 

technology level to exit from the middle income trap.  

The relation between industry, technology, and science is a complicated one. Studies show 

that some sectors need only technology and not much basic science and that some other 

sectors need more basic science. The machinery is an example to the first and biotechnology 

is an example to the second one.  

If we look at country examples, we see a big variation in successes and failures of catch-up 

processes. For example, in pharmaceutical industries, India has been a success story but 

Brazil has not been so. In telecommunications industries, China has been successful but India 

was not. Brazil has been successful in agro-food industries but not in telecommunication 

industries (Lee & Malerba, 2017). 

Another difference, other than scientific vs technological knowledge, is the scale of 

investment needed for production. In sectors with increasing return to scale, such as 

semiconductor or telecommunications, the private firms need to run big R&D departments 

and public policy must be designed to support the private sector’s R&D initiatives.  

On the other hand, in sectors where scale is not important and skills of researchers are more 

important, new and small firms generally dominates the sector by growing quickly and then 

losing the leadership to other newcomers. In these areas, government promotes education 

more as a high level of human capital is more important in these sectors. R&D initiatives of 

SMEs, low levels of corporate tax rates, and incentives for attracting more FDI is more 

critical for these areas. 

In some sectors, it is difficult to apply big scale investments and in these sectors more 

dispersed and individualistic structures appear such as some crops in agro-food sectors. In 
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these sectors, it is more important to develop a science and technology infrastructure, public-

private partnerships, and enable the diffusion of various market institutions. In this respect, 

China, Brazil, and Costa Rica are successful examples (Malerba & R. Nelson, 2012). 

Furthermore, in other sectors, more theoretical scientific research is more important. In these 

sectors, a big portion of technological innovation stems from academic research rather than 

private sector R&D. Pharmaceuticals is an example to this kind of sectors and country 

comparisons shows that India has become quite successful in this sector by concentrating on 

university research. The collaboration of private firms with research universities led to the 

cutting-edge technological innovation in pharmaceuticals and India caught-up the leaders.  

We can make a similar comparison between US and Japan in terms of fundamental vs 

technological innovation. In some industries, American firms are more interested in 

academic theoretical research, while the Japanese counterparts are more interested in 

commercialization of technologies in terms of developing new products and improving the 

production processes (Jang, et al., 2009). 

From various types of innovation discussed above, one question becomes apparent. Can we 

copy the best innovation policies in one technology and apply it to another technology? Our 

intuition and various country studies clearly show that the answer in no. As we have seen, 

the structure of technologies are different and a policy that works best in one technology 

may not work in another technology. So before copying policies from technology to 

technology, it is important to make a comparative analysis that analyze the similarities and 

differences in terms of key structural properties.  

There are successful and unsuccessful examples in terms of copying sectoral policies. One 

successful example is pharmaceuticals in India. Indian software industry caught up with the 

leaders by developing university research, improving the human capital, and creating a 

competitive market for firms with easy entry and exit. These successful policies were later 

applied in pharmaceuticals also with great success. One of the main reasons of success was 

the similarity between the structural features of software and pharmaceuticals industries. 

Another successful example is Korean policy that enabled the access of foreign knowledge 

via licenses, support to local firms, and protection of local market in initial period. These 

polices  were  first  introduced  in automobiles industry and led to a catch-up process in this 
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industry. Later, these policies were copied and applied to telecommunications and semi-

conductors with great success.  

Not all examples are successes. When the characteristic features of two sectors are different, 

a successful policy in one will not guarantee success in the other. For example, Taiwan tried 

to replicate its ICT policies in biotechnologies but it was a failure because of the 

characteristic differences between the two sectors.  

Having argued about the various aspects of products and how to choose which product to 

export, in the next section we turn our attention to the relations between the products to 

answer questions such as how we quantify the relations between the products and what they 

mean for development strategies of a country.   
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2.3 The Product Space 

Worldwide merchandise trade consists of 775 different products in 4 digit SITC Rev. 2 

classification. They are divided into 5 groups according to their technology level. The 

comparative advantage index for product p of any country c is 𝑅𝐶𝐴𝑐,𝑝 (Revealed 

Comparative Advantage Index) and defined as 

𝑅𝐶𝐴𝑐,𝑝 =
(
𝑥𝑐,𝑝

𝑥𝑐,𝑇
)

(
𝑥𝑤,𝑝

𝑥𝑤,𝑇
)

Where; 

xc,p : export of country c in product p, 

xc,T : total export of country c, 

xw,p : Total world export in product p, 

xc,p : Total World Export 

𝑅𝐶𝐴𝑐,𝑝 > 1 implies that country c has a comparative advantage in product p. In other words, 

the share of product p in exports of country c is greater than the share of product c in world 

trade. 

The products that Turkey has competitive advantage constitute a subset of whole Product 

Space. The table below shows the sectoral distributions of all products and also those 

products in which Turkey has competitive power. 
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Table 2.2 Sectoral Distribution of Products (SITC Rev. 2, 4 digit) 

Sector Technology 

Level 

# of 

Products 

# of products 

with RCATR>1 

Commodities 1 148 39 

Natural resource-based 

manufactures  

2 196 53 

Low-technology manufactures 3 154 90 

Medium-technology manufactures 4 203 63 

High-technology manufactures 5 61 3 

other 0 13 1 

Source: Prepared by the Author using Technological classification of exports by SITC 

When similar products are connected to each other, Product Space is formed and represented 

by a ‘Proximity Matrix’ with size775 ∗ 775. The similarity of any two products i and j is 

numerically defined as: 

𝑃𝑖,𝑗 = 𝑚𝑖𝑛{Pr(𝑅𝐶𝐴𝑖 ≥ 1 | Pr(𝑅𝐶𝐴𝑗 ≥ 1), Pr(𝑅𝐶𝐴𝑗 ≥ 1 | Pr(𝑅𝐶𝐴𝑖 ≥ 1) }

Here Pr(𝑅𝐶𝐴𝑖 ≥ 1 | Pr(𝑅𝐶𝐴𝑗 ≥ 1) represents the conditional probability of exporting good

i given that you export good j. By computing two conditional probabilities and then taking 

the minimum of these, we make it sure that an exporter of either of these products is most 

probably exporter of the other product also.  

Afterwards, product pairs with similarities greater than 0.5 are connected in Product Space. 

Each row and column represents a specific good, and the entry Pi,j off-diagonal measures the 

proximity between the products i and j. 

Figure 2.6 gives a standard example of a product space. Colors represent sectors and node 

size is proportional to total export value of the product. We see that while low-tech sectors 

such as fishing, tropical agriculture, oil, and cereals are loosely connected with other parts 

of the network, high-tech sectors such as vehicles/machinery, chemicals, and electronics are 

strongly connected within themselves and with other sectors. 
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Figure 2.6 The Product Space 

Source: (Hidalgo, 2007) 
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2.3.1 Product Complexity Index 

The technology classification of 775 SITC Rev.2 products used in this study is based on a 

UN Trade Statistics study (UN Trade Statistics, 2016). It has only a rough 2 digit 

classification which was converted to 4 digit by the author. It has also disadvantage of 

classifying products solely by their SITC code. But in reality, two products with the same 2 

digit SITC code can have different technology levels.  

To overcome this problem, a new measure has been created by MIT Atlas (Hausmann, et al., 

2014) called Product Complexity Index (PCI). It measures how complex a product is or how 

complex a country’s export basket.  

Complexity of a product c can be measured vaguely by counting the number of all countries 

c that can export the product c. If a big portion of countries export the product with 𝑅𝐶𝐴𝑐𝑝 ≥

1, then we call the product ubiquitous. If only a handful of countries export it, we may think 

of it as more complex.  

Similarly, we can define complexity of a country’s export basket by counting the number of 

products it has, and call the country’s export basket diverse if it has many products.  

Looking at just diversity and ubiquity may be misleading. A less diverse export basket may 

be preferred to more diverse one or a more ubiquitous product may be preferred to less 

ubiquitous one. For example, textile industry worldwide is more ubiquitous than banana 

industry and more countries export textile products than banana but it may still be preferable 

to have textile industry as it offers more options for going forward for a developing country. 

Similarly, a less diverse export basket of high-tech products may be preferred to more 

diverse products of low or medium-tech products. But, as we’ll see the diversity of export 

baskets and complexity of overall export will in general have high correlation. 

Diversity and ubiquity have a duality so that we can define each by linking it to the other in 

an infinite cycle. To do that, let 𝑀𝑐𝑝 be c by p matrix with entry 1 if country c produces 

product p with 𝑅𝐶𝐴𝑐𝑝 ≥ 1, and 0 otherwise. We can define diversity of a country and 

ubiquity of a product as follows. 
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𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 =  𝑑𝑐,0 = ∑𝑀𝑐𝑝

𝑝

 

Eq. 2.6 

𝑈𝑏𝑖𝑞𝑢𝑖𝑡𝑦 =  𝑑𝑝,0 = ∑𝑀𝑐𝑝

𝑐

 
Eq. 2.7 

In the next step, we can compute a new kind of diversity of an export basket as weighted 

sum of ubiquities of all products in that basket (Eq. 2.8). Similarly, we can construct a new 

kind of ubiquity of a product as a weighted sum of diversities of all countries which produces 

that product (Eq. 2.9).  

When we do this process recursively, we get: 

𝑑𝑐,𝐾 =
1

𝑑𝑐,0
∑𝑀𝑐𝑝

𝑝

𝑑𝑐,𝐾−1 
Eq. 2.8 

𝑑𝑝,𝐾 =
1

𝑑𝑝,0
∑𝑀𝑐𝑝

𝐶

𝑑𝑐,𝐾−1 
Eq. 2.9 

If we plug Eq. 2.8 into Eq. 2.9, we get 

𝑑𝑝,𝐾 =
1

𝑑𝑝,0
∑𝑀𝑐𝑝

𝑐

1

𝑑𝑐,0
∑𝑀𝑐𝑝′ ∙

𝑝′

𝑑𝑝′,𝐾−2 
Eq. 2.10 

Rewriting this: 

𝑑𝑝,𝐾 = ∑𝑀𝑐𝑝′

𝑝′

∙ 𝑑𝑝′,𝐾−2 ∑
𝑀𝑐𝑝𝑀𝑐𝑝′

𝑑𝑝,0𝑑𝑐,0
𝑐

Eq. 2.11 

We get: 
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𝑑𝑝,𝐾 = ∑𝑀𝑝𝑝′̃

𝑝′

𝑑𝑝′,𝐾−2 Eq. 2.12 

Where 

𝑀𝑝𝑝′̃ = ∑
𝑀𝑐𝑝𝑀𝑐𝑝′

𝑑𝑝,0𝑑𝑐,0
𝑐

 
Eq. 2.13 

 

In Eq. 2.12, if we think 𝑑𝑝,𝐾 and 𝑑𝑝′,𝐾−2 as a vectors, the equation becomes a system of 

linear equations. In the limiting case where𝑑𝑝,𝐾 = 𝑑𝑝′,𝐾−2, one obvious solution is the 

vector 𝑑𝑝,𝐾 = 1⃗ . But this solution, corresponding to eigenvalue 1, does not give useful 

information. The useful information comes from the vector corresponding to the second 

largest eigenvalue (Hausmann, et al., 2014, p. 24). 

So we define: 

 

𝑃𝐶𝐼 =
�⃗⃗� − 〈�⃗⃗� 〉

𝑠𝑡𝑑𝑒𝑣(�⃗⃗� )
 

Eq. 2.14 

Where 〈 〉 represents the mean value, stdev is standard deviation, and  

�⃗⃗� = 𝑒𝑖𝑔𝑒𝑛𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑀𝑝𝑝′̃ 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝑒𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒. 

Actually, because of duality between c and k, we get Economic Complexity Index (ECI) of 

countries if we change the index p by c in all of the equations above. Hidalgo et al. analyzes 

PCI and ECI of all products and countries in detail in (Hausmann, et al., 2014). 

2.3.2 PCI versus OECD Technology Classification 

When we compare the Product Complexity Index and OECD defined technology levels of 

products, we see that although there is a wide overlap between the two, there are some 

differences especially for the year 1971.  
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Figure 2.7 Are PCI and OECD Classification consistent? 

One thing missing from the figure above is the changing nature of PCI. While OECD defined 

technology levels are constant over the years or changing very slowly at best, PCI is dynamic 

and sensitive to yearly ebbs and flows in international trade of products.  

We see from Figure 2.7 that after 2000 there is an increase in the correlation of OECD 

classification and PCI score. That is most probably because of better classification 

techniques used for OECD classification after 2000. What we did in this study is an example 

of anachronism. Because OECD classification of products are only true for a short period of 

time. By extending the current classification to historical data, we are making an error. PCI 

scores are computed and updated every year so it does not have that kind of error. 

2.3.3 Visualizing the Product Space 

A visual representation of the proximity matrix shows that the network is not homogeneous. 

While some of goods are highly connected, some other goods are disconnected from most 

of the network. 
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Figure 2.8 Matrix plot of Product Space  

 

Dark colors represent stronger similarities.  

Source: Created by the author using Mathematica. 

When we compare the number of connections and the possible number of connections, they 

are very different. This implies the matrix is sparse. Approximately 32% of its 600625 

(775*775) elements are less than 0.1, and 65% of the entries are less than 0.2. The sparseness 

of the proximity matrix shows that a network visualization is a good way to analyze the 

dataset.  

The rule of thumb for a good visualization of a network is that the number of edges must be 

3-4 times the number of nodes. By changing the threshold proximity between two products 

we can change the appearance of the Product Space network. In this study, threshold 

proximity will vary between 0.3-0.6.  
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Color and size of nodes and edges represent various properties of the Product Space. It is 

possible to get many different kinds of visualizations by changing the color and size 

attributes.  

When we draw the Product Space by using threshold 0.3, we get Figure 2.9. In the figure, 

the black color represents low-tech products and red color the high-tech ones. It is clearly 

seen that the Product Space of Turkey is divided into two regions. Turkey’s successful 

products are mostly in low-tech southeastern part of the space. In northwest parts of the 

space where most high-tech products reside, Turkey does not have any significant product. 

The node size is proportional to Turkey’s export of the product. 

Figure 2.9 gives a striking example of Turkish product space. In this figure, the product 

space of Turkey looks like an island where most inhabitants are in poor south-east region. 

The other side of the island where mostly high-tech products reside is almost empty except 

a few products such as color TVs, Aircraft Parts and Accessories, and Electrical 

Transformers. 

The peculiarity of Turkish product space can be seen more clearly when we make a 

comparison between Turkish and Japanese product spaces given in Appendix A. There, we 

see that Turkey mostly exports what Japan do not, and Japan mostly exports what Turkey do 

not. This clearly shows the main difference between a developed and developing country. 

The developed country is mostly done with exploring the product space and instead focus 

on exploiting the high-tech high-value-added products that it finds out. Explore-exploit 

process is one of the pillars of this book and will be analyzed in more detail in the next 

chapter. 

When the same data is colored by PCI instead of classical SITC technology classification, 

we get Figure 2.12. In this figure, we can see the red nodes occupying the center of product 

space. These are the products with high PCI scores and they are in line with SITC technology 

classification. 

Figure 2.10 gives a partition of product space using only binary proximity values in which 

two products are connected when proximity between them is higher than 0.5 threshold. We 

see that the partition is different from usual SITC classification with 10 groups. This is 

natural as different point of views give different classifications. Actually, according to  
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(Hidalgo, 2007), the best classical classification that resembles the product 

spaceclassification we see in Figure 2.10 is Leamer classification. In Leamer 

classification products are divided into 10 groups; 

i. Petroleum

ii. Raw materials

iii. Forest products

iv. Agriculture

v. Animal products

vi. Cereals

vii. Labor intensive

viii. Capital intensive

ix. Machinery

x. Chemical

These groups gives higher in-group correlations than usual international classifications that 

depend on broad sectors (Hidalgo, 2007). 

Figure 2.11 is similar to Figure 2.9 except that nodes are shaped in a way to differentiate the 

products that Turkey exports competitively (RCA>1) or not. The figure indicates that Turkey 

has competitive power in almost all its major export products except products such as 

Unclassified Transactions and Circuit Breakers and Panels. 
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Figure 2.9 Turkish Product Space 

Source: Created by the author using Gephi. Proximity threshold 0.3. Black tones low tech, red tones high tech. Node size is proportional to Turkey’s export values. 



51 

 

Figure 2.10 Product Space Partition 

  

Proximity threshold 0.3.  

Source: Created by the author using Mathematica. 
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Figure 2.11 Turkish Product Space 

Proximity threshold 0.3. Blue tones low tech, red tones high tech. Nodes proportional to Turkey’s export values. 

Node shape; disk: rca<1, v-shape: rca>=1.   

Source: Created by the author using Cytoscape. 
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Figure 2.12 Turkish Product Space  

  

Node color represents Product Complexity Index (red high, blue low).  

Node size is proportional to product’s worldwide total export.  

Source: Created by the author using Cytoscape. 

 



54 

From the complex paths of Product Space jungle, an intriguing question lurks. A country is 

undeveloped or developing because whether; 

xi. They are all driving towards dead ends with full gas tanks so cannot move?

or

xii. Their roads have no dead ends but their car does not have fuel?

A car with full gas tank at a dead end of a road means a country have most of the ingredients 

(capabilities) to develop but its current production structure is not suitable to make a smooth 

transformation into being a high-tech producer. While a car on a superb highway with an 

empty gas tank means a country is on a good place of Product Space and many opportunities 

for transforming into being high-tech producer, but it does not have the environment for this 

to happen. In reality, of course, car’s tank is half-empty and road is rough. 

Products that Turkey has competitive advantage as of 2014 are shown in colored dots in 

Figure 2.13. Turkish exports are mostly concentrated in textiles (green), manufactured goods 

(yellow), and machinery& transport (blue). We see that there are vast empty areas that 

Turkey do not have any competitive power. These areas are mostly chemicals and related 

products, electronics, and high-tech machinery.  

When Turkish and Japanese product spaces are analyzed visually, it is seen that Turkish 

product space for the year 2016 is very similar to Japanese product space through 1960s and 

1970s. There is a sharp structural change in Japanese product space in which textile products 

suddenly lost competitive power and replaced by machinery, chemicals, and electronics. 
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Figure 2.13 Turkey's Place in Product Space 

 

Source: (Hausmann, et al., 2014) 

Once the data is compiled and Product Space is constructed, many interesting things can be 

done with it. For example; 

Hidalgo tries to explain why some countries cannot produce more sophisticated export 

products and so fail to attain development level of more advanced countries. They think the 

problem is mostly related with the structure of the Product Space and claim that “most of the 

diffusion occurs through links with proximities of 0.6 or larger, thus the most popular 

strategy involves diffusing to nearby products, a strategy that is successful for richer 

countries located on the core of the space, and ineffective for poorer countries populating 

the periphery” (Hidalgo, et al., 2007).  

The above paper shows one possible source of unbalances between developing and 

developed countries but does not offer any network based solution to this problem. One of 

the main claims of this book is that countries can have ‘guided paths to the core’ of the 

Product Space. With a guided path, a government tries to guide the industry into a specific 

path or direction so that arriving at the core will be faster for the country. This guidance can 

be via giving financial incentives, providing know-how, etc. 
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There are also studies that try to find correlations between Gravity Model variables and 

Product Space variables. For example, Dany, et al. (2014) finds that “the probability that a 

product is added to a country's export basket is, on average, 65% larger if a neighboring 

country is a successful exporter of that same product”. (Dany, et al., 2014) This is also in 

line with diffusion process of technology and shows that distance has an important role in 

the process. 

2.3.4 Criticism against the Product Complexity Index 

Although Product Space proponents give many useful applications of the method, there are 

also economists who are skeptical about that. For example, Lee claims that cycle time 

methodology is more helpful than product space methodology on the grounds that it offers 

a concrete transition path and higher value added GDP growth for middle income countries. 

There are various criticisms against the Product Space methodology, and especially against 

Product Complexity and Economic Complexity Indices. The main criticism is that the 

Product Space is just numbers, matrices, inverses, and indices. It cannot offer anything for 

the value-added analysis, industrial upgrading or global value chains, because it does not 

encompass any data about the value-added to the country. They claim, for example, from the 

the $299 retail price of an Apple iPod, China gets only $4 (Radosevic, et al., 2017).  

Nonetheless, there are many studies analyzing the high correlation of Economic Complexity 

Index with GDP.  

Keun Lee says “However, this strategy does not consider the ability of a country to compete 

in the international market. Specifically, the strategy informs latecomer countries that they 

must try to produce those products being made by the incumbents, but do not inform them 

about how to compete with these incumbents in the same or similar sectors. Instead of 

avoiding direct collision with the incumbent countries, latecomer countries must find a niche 

for them to survive and compete effectively in the market.” (Radosevic, et al., 2017)  

This criticism does not take into account the insight that Product Space gives. 

This book also can be read as a defense of Product Space view against criticism that it does 

not offer any real strategy other than offering some high-tech products. For example in 

(Radosevic, et al., 2017), Korean economist Keun Lee says; 

“In sum, Hausmann et al. (2007) and Hidalgo et al. (2007) did not propose an effective way 

for MICs (Middle Income Countries) to reach the core structure, but merely argued that 
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‘countries can reach the core only by traversing ‘empirically infrequent’ (meaning long) 

distances,’ which is a very difficult task to achieve. However, Hausmann et al. (2007) and 

Hidalgo et al. (2007) do not discuss how these countries can traverse the long distance to 

reach the core space. This observation may help us understand why poor countries have 

trouble developing more competitive exports and fail to match the income levels of rich 

countries.” 

In (Radosevic, et al., 2017), Lee also writes “Hausmann et al. (2007) and Hidalgo et al. 

(2007) also used income level as the weighting factor to calculate the degree of 

sophistication; in other words, those countries that produce the goods currently exported by 

high-income countries are considered highly sophisticated. This method makes such a 

measure tautological; in other words, a country can become rich by producing goods 

currently made by wealthier countries.” This is a big criticism against the Product 

Complexity Index and also against Economic Complexity Index. Because these two terms 

are defined recursively by using the other one repeatedly. These two indices are widely used 

in international comparisons and in my opinion Lee’s criticism is a little harsh. As the famous 

saying goes “All models are wrong but some are useful”. Although Product Space view 

offers no definitive final solution for the posed problems to the struggling country, it 

nonetheless offers valuable insights about the potential avenues that may be taken by the 

country. 

The best way to go would be to combine two sets of potential products, the first one offered 

by the Product Space and the second one by the cycle structure of the product. In our opinion, 

instead of running the two algorithms in parallel, it is better to run the Product Space 

algorithm first and then running the algorithm on this subset of products. By this way, we 

make it sure that the unwanted products are eliminated from the second step. 

In this respect, Product Space insights works exactly like the recommendation systems of 

machine learning algorithms. Recommendation systems are used extensively by almost all 

big tech companies. Amazon gives a list of books that you may like by using info from your 

previous purchases. Similarly, Facebook, Netflix, EBay lists potential friends, movies, and 

products that you may be interested in. Product Space, in the exactly same manner, offers 

the country a list of products that it may like (produce). Though these recommendations are 

not definitive, they are still helpful. Applying additional filters to the recommendations is 
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mandatory if these recommendations will be used by policy makers. Keun Lee’s “Smart 

Specialization with Short-Cycle Technologies” is a helpful filter in this regard (Lee, 2017).  

Keun Lee gives some possible filters that can be applied by developing countries to choose 

the sectors with the largest potentials. 

Lee criticizes the strategy of choosing technologies solely based on the growth prospects. 

We have seen before that growth prospect and cycle time of a technology can be measured 

by the new patents and the patents cited in these new patents of the technology. At a first 

approximation, it may be appealing for a middle income country to choose technologies by 

looking at growth rate of the technology. Because a new and fast growing technology offers 

more opportunities for developing countries. But the studies made on this subject did not 

find a robust relation between economic growth and technological opportunity yet 

(Radosevic, et al., 2017). 

A second criterion that a middle country may consider is the originality of a technology. 

Originality and creativity are similar terms and can be approximated from patent data as it 

is done when the cycle time of a technology is computed. In literature, a technology is 

considered highly original if the patents in this technology uses patents from a diverse pool 

of technologies. Similarly by averaging over all technologies that a country has, we can 

compute originality of a country’s technology portfolio (Radosevic, et al., 2017).  

Keun Lee says “Static or latent comparative advantages suggest that countries must enter a 

highly competitive market by inheriting those sectors left behind by forerunning economies 

because of their weak growth prospects. The sophistication of a country’s trade structure 

along the product space is also oriented toward the same idea, but does not provide directions 

among many neighboring spaces. By contrast, technological opportunity or originality is 

biased toward growth prospects without considering the possibility of entry and survival.” 

in (Lee, 2017). 

Then, what kind of properties a good potential must have? 

 entry/survival possibility

 growth prospect

Keun Lee offers the ‘cycle time’ of technologies as the best criteria for technological 

specialization (see Section 2.2.3 for details on cycle time).  



59 

 

In (Lee, 2017), Keun Lee criticizes product space as “… in contrast to Hausmann et al. 

(2007), who suggested that a developing country should become similar to a rich country, 

we propose that the transition strategy of a developing country must involve entering sectors 

that are based on short-cycle technologies instead of those that are dominated by rich 

countries, such as long-cycle technologies.” and as “Lin criticizes the product space by 

saying “The criterion and an effective transition path to an upgraded mechanism of growth 

suggest that the cycle time of technologies is better than criteria based on product spaces and 

is complementary to the idea of latent comparative advantage of (Lin, 2012)”. But, these 

criticisms is not correct as the ultimate aim of all development strategies is to attain the level 

of developed countries.  

2.3.5 Static vs Dynamic Nature of Product Space 

We can make one more criticism against Product Space that has not been encountered 

anywhere in literature. Let’s explain with a thought experiment. Theoretically, we can have 

two countries A and B with exactly same RCAs and Product Space structures but with totally 

different GDPs and export values. How can that happen? It is simple. If we multiply country 

A’s GDP and export value of each product with a nonzero constant λ, we see that RCAs does 

not change at all.  

So country B can be a miniature of country A but with exactly same Product Space! We 

know, this looks scary for it can undermine the whole Product Space story. But, we do not 

need to be scared too much because of two reasons. 

The first is that the main use of Product Space is to see the dynamics and evolution of 

production structure of a country. The static one-time picture does not say much about the 

potential of a country exactly like snapshot of a flying ball does not say anything about the 

direction and speed of ball.  

The second reason is that in real world we never see a country A whose GDP and export of 

each product are an exact multiple of another country’s. Because the weights of sectors and 

export products of a country does not change linearly as country develops. For example as 

Korea became competitive in electronics and machinery, the previous comparative 

advantages in textile and agriculture were lost and as a result the weights and RCAs of 

products changed considerably.  
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2.3.6 Walk or Jump? 

Technology, as one of the forces that drives regional economic development, not only affects 

the growth of current industries through externalities linked to the existing diversity, but is 

also important for the involvement of regions in new industries and the creation of new 

growth paths. (Zhu, et al., 2017) 

Studies show that regional diversity is a path dependent process. Because the regions 

generally develop towards industries that are similar to themselves in technology and 

connected with existing industrial structures. 

Such a path-dependent development can be explained by the fact that regions and countries 

may be jumping to limited distances in a heterogeneous and rough Product Space. This 

distance is determined by the technological link between the products. 

Developed countries, which are trying to jump from the dense areas in the core of Product 

Space, have more opportunities than countries trying to jump from the isolated regions on 

the edge of the Product Space. 

In some extreme situations, it is almost impossible for a developing country to penetrate into 

the core region. Because paths of developed countries and developing countries can diverge 

in the Product Space due to the path dependent diffusion process. This conclusion may be 

pessimistic, especially for developing countries / regions. This viewpoint accepts the 

assumption that regional diversity is affected or limited by industries, but overlooks the 

question of whether it is possible to develop the leaping capabilities of countries / regions. 

The movements of countries in Product Space can be divided into two groups. The first one 

is path dependent short distance jumps in the form of diffusion to similar products that are 

the immediate continuation of the current structure of the country. The second one is path 

breaking jumps that bring great innovation to the existing structure. 

According to Lin, government policies must ‘follow’ comparative advantage, instead of 

‘defying’ it. Stiglitz adds that “The problem is that some of the most important elements of 

comparative advantage are endogenous. Switzerland’s comparative advantage in 

watchmaking has little to do with its geography”. 

The examples below can be given in support of discontinuous jump methods (Altenburg, 

2010); 
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i. Ship-building industry of Vietnam was mostly developed by a large SOEs. It targets 

simple and labor-intensive segments of the market. It can move into more high-tech 

segments but depends on considerable state subsidies currently. 

ii. Ethiopia made a big investment in engineering by building 15-20 technical 

universities, and large national vocational training programs. There is no demand for 

this high level of skilled labor force. But it’s expected that in 5-10 years situation 

may change. 

iii. India‘s space program designed and produced satellites and the software to run them. 

This helped to increase the skilled labor force base that made India`s success in 

software exports possible. The satellites are used for agricultural projects but are not 

commercially profitable. 

iv. The finnish company Nokia was a pulp and wood products company before 

becoming a leader in the telecommunication industry.  

As the saying goes “the biggest risk is not taking one”. We can add that a country must either 

take no risk or if it takes risk, it must go until the end. Maybe the worst case is to take the 

initial risk of starting a new technology but later not supporting it until it catches-up with the 

leaders.  

A classic example is South Africa’s national electric car project named ‘Joule’. The firm 

Optimal Energy that was supposed to produce the electric car was established in 2005. The 

firm was start-up with the aim of “establishing and leading the Electric Vehicle industry in 

South Africa and expanding globally”. The first part of the project was successful and 4 

different prototypes were produced by the end of 2010. The electric vehicle Joule was an all-

electric five-seat passenger car with a new design. The car’s battery, motor, and software 

technologies were all developed in South Africa locally. Despite all this technological 

success and a wide web of partners, the firm closed in 2012 after the South African 

government decided to quit the financial support that was necessary for the start of big-scale 

production of the car. The uncertainties that surrounded the marketing success of the car in 

future prevented the government from taking the bold decision of large scale production. 

 In 2017, Turkish state announced the national electric car project with a few private firms. 

The country case of South Africa and others must be analyzed deeply before starting large-

scale production of the car as it is vital to plan all details from the design and input network 

to marketing network.  
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In this chapter, we have seen what product space is, what can do with it, and how to visualize 

it. We also have seen that product space methodology is not free of criticism. In the next 

chapter, we turn our attention to the various answers to the question: which policies must a 

country follow to develop as quickly as possible?  

2.4 Analysis of Product Space 

2.4.1 Complexity Theory View 

How to find out the optimal speed of diffusion in product space? This is a complex problem 

and for that we need complexity theory. As an example of complexity theory, we can 

consider how the structure of communication networks between actors influences system 

level performance. The results in this area of research show that when agents are confronted 

with a complex problem, the more efficient the network is in spreading the information, the 

better the short-term performance, but the lower the performance of the system in the long-

term.  

An effective network positively affects the distribution of information that facilitates the 

dissemination of effective strategies, but at the same time adversely affects the diversity of 

information associated with positive performance (Lazer & Friedman, 2007). 

Two frequently used terms with utmost importance are exploration and exploitation. These 

are two essential powers that shape the evolution of any complex behavior from a hunter-

gatherer deciding whether to settle into a cave which looks promising to a firm deciding 

whether to expand the current factory or invest in new technology. While exploration tries 

to reach new knowledge or territory, exploitation stops the exploration and instead focus on 

implementation. 

Using the jargon of optimization theory, in a solution space with many local optimums, we 

usually have to go through many sub-optimal points to reach the best option. So in real life 

with bounded knowledge and rationality, we are never sure when to explore and when 

toexploit. This simple thought experiment shows there is always the factor of risk. Without 

taking risk it’s impossible to reach new highs. 
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2.4.2 Networks Science View 

According to the network literature, the common feature of many successful high-

performance networks in different areas is their ‘small world’ property with high cluster and 

short path length (Kali, et al., 2013).  

Small world property has been made popular by famous Milgram experiment ( (Milgram & 

Travers, 1969) in which a random person X in United States was asked to reach another 

random person Y via a chain of acquaintances P1, P2, P3,… such that X knows P1 who knows 

P2 who knows P3,… who knows Y.  

Milgram computed average path length in this acquaintances network as 5.2. He even 

identified 3 persons as ‘stars’ because 48% of all paths passed through one of these 3 persons. 

This small world feature also manifests itself in Product Space. Global and mean clustering 

coefficients4 of Product Space (with threshold proximity 0.5) are 0.39 and 0.21 respectively. 

Global clustering coefficient is relatively higher indicating that products with higher number 

connections have smaller clustering coefficients.  

From microdata we see that local clustering coefficients for Turkish product space are 

especially high in textile industries and relatively low in machine and chemical industries. 

Figure 2.14 gives the distribution of local clustering coefficients of Turkish products. If we 

exclude the most common case of almost no connection with coefficient zero, we see that 

the neighborhood of a typical product includes about a third of all possible connections with 

each other. This is another proof of the fact that when the diffusion process is left to chance, 

the process will lead to products which are unrelated to each other.  

4
For definitions of global and mean clustering coefficients, see Section 2.1.2. 
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Figure 2.14 Histogram of Local Clustering Coefficients 

Source: Created by the author using Mathematica. 

Figure 2.15 gives the distribution of node degrees which is the number of products that are 

connected to the original product. Figure 2.16 gives an exponential fit for degree distribution 

of nodes which is in line with the literature. In cases such as this, the distribution is called as 

a power law distribution (Barabasi, 2016). 

Figure 2.15 Vertex Degree Histogram 

Source: Created by the author using Mathematica. 
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Figure 2.16 Exponential Fit for Degree Distribution of Nodes 

 

Source: Created by the author. 

Table 2.3 gives network statistics of some of the classical networks that we encounter in 

literature frequently. We see that although number of nodes and number of links varies 

greatly, average degree of nodes, average distance between the nodes, and maximum 

distance between two nodes (diameter of the network) are comparable. 

The average path length is 5.8, and compared to other classic real world networks, this is 

about the average.  



66 

Table 2.3 Reference Networks and Properties 

Source: (Barabasi, 2016) 

The explanation of variables in the above table and the values computed by the author for 

the network of Product Space are; 

𝑁 =  # 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠 =  775 

𝐿 =  # 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠 =  2850 

〈𝑘〉 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠 =  7.4  

〈𝑑〉 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑛𝑜𝑑𝑒𝑠 =  5.8 

𝑑𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑛𝑜𝑑𝑒𝑠 =  18 

𝑙𝑛𝑁

𝑙𝑛〈𝑘〉
= 3.3 

The last equation implies (after taking logarithm of both sides) 

𝑁 ≅ 〈𝑘〉3.3

In the light of Milgram’s experiment and many other network examples, this equation means 

that we can reach from a product to any other product in 3.3 steps on average. This makes 

the product space a small world. 

The small world feature creates a strong distribution among the products, bringing the 

potential for long-range jump across the network. Both of these properties of the ‘small 

world’ offer advantages to countries in terms of economic development. Because short 
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average path length in the Product Space makes it easier to leap from low-tech products to 

high-tech products.  

Almost all known networks in the nature, such as the network of scientific collaborations, 

the US electric network and the wormhole neural network, are ‘small world’ networks. These 

findings support the claim that the ‘small world’ is a good topology in real world for 

successful networks. In the context of Product Space, this new perspective can be useful for 

creating a new development strategy for Turkey and for evaluating existing strategies with 

a fresh eye. 

2.4.3 Unifying Theory 

Actually, Product Space can be thought as the output of a black box system (Figure 2.17). 

Figure 2.17 Black Box System of Product Space 

Source: Created by the author. 

Figure 2.18 Product Space Components 

Source: Created by the author. 

Country 
Charecteristics

Black Box Product Space

Product 
Space

Physical capital

Capability 
space

Human capital

Skill space

Corporate 
capital

Policy space
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Until last decade, the black box was mostly a theoretical construct that included lots of 

theoretical literature and little data. Within the last decade, Product Space literature 

flourished with the advent of big data of international trade, fast computing power, and data 

visualization capability. Whether the beautiful visualizations and new analytical techniques 

which were not available before is enough for a new breakthrough in economics is not 

obvious. A really big breakthrough would be unravelling the black box with explicit 

construction of three components of production; human capital, physical capital, and 

corporate capital by defining the network structure of each and then constructing Product 

Space which is network of these networks (Figure 2.18).  

Currently network structure of these can be done only manually. For example, to construct 

the policy space, we first need to know the nodes the basic building blocks of macro policies. 

We can manually make a long list of policies and try to extract the linkages via various 

techniques such as correlation, component analysis, and factor modelling. But the structure 

is most probably more complex than what these techniques can solve.  

The best candidate to solve the system completely in future is ML (machine learning) which 

started to decipher systems in such a way that we, humans, can see the result but cannot 

comprehend what’s going on in the black box of ML.  
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3. Industrial Policy of Turkey 

Turkey's growth performance was particularly high in 2001-2007. In this period, high growth 

rates are because of; 

i. Positive external conditions (world economy grew rapidly in the same period), 

ii. Increased government spending (due to the rapid decline in interest payments), 

iii. Financing a significant portion of the current account deficit with portfolio 

investments. 

In the near future, the effects of these factors will be relatively small in the growth of Turkey 

and a new perspective is needed to reach high growth rates again. 

The question of what this new perspective should be is being discussed by the political and 

academic circles in our country for many decades. In the 1960-80 period, an industrial policy 

based on import substitution was implemented along with the planned growth strategy. 

Despite the high growth rates in this period, our international competitiveness did not 

increase as in East Asian countries (e.g. South Korea) that passed from a similar process. 

East Asian countries, after gaining competitiveness in international arena, have left 

protectionist policies that set the stage for import substitution policies and focused on free 

trade and export-oriented growth. However, Turkey, like the Latin American countries, 

continued its protectionist policy and adopted export-oriented growth strategy with the 

January 24 decisions (1980), before becoming competitive in international trade. 

Acquiring technology based competitive power now is even tougher than before. This is 

mainly due to the fact that the Washington Consensus and the subsequent unconventional 

trade rules, which were implemented with the World Trade Organization channel at the 

request of the developed countries, made the import substitute production structure almost 

impossible. In any case, an import substitute structure that is not export-oriented will be 

lacking in competition power due to the economies of scale in today's interconnected world. 

As a result, the most logical option in the future is a policy of protection and a system of 

incentives to be implemented in accordance with international rules. In fact, the decisions of 

January 24, 1980 were based on exactly that. Because these decisions have put many 

different incentives in support of export-oriented growth. 
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From the post-1980 fictitious export example, we see that the objectives and performance 

criteria of the incentives are vital. In this context, an output-driven incentive system instead 

of input-driven one can contribute more towards a high-tech export based growth. 

Five key interrelated factors impede achieving high growth rates in Turkey; 

i. Low savings levels,

ii. Low (productive) investment levels,

iii. Low productivity gains,

iv. Slow speed of structural change (in favor of manufacturing and in favor of more

productive / high-tech products in manufacturing),

v. Low employment rates (closely related with women's low labor participation

rates in urban areas).

Low savings levels lead to permanent current account deficits that increase financing needs 

(and therefore growth) for investment. This makes the economy fragile and makes it more 

vulnerable to external shocks. 

The declining share of agriculture and the urbanization process helped to increase 

productivity in recent years. However, due to the decrease in agricultural employment, the 

potential to increase productivity with this kind of structural changes is limited in future. In 

addition, the share of manufacturing industry steadily declined in recent years, and this 

process is similar to what is called ‘Premature Deindustrialization’ by (Rodrik, 2015) which 

has been experienced especially in Latin American countries. The continuation of this trend 

in the future will limit the growth potential of the Turkish economy. In addition to the 

declining share of the industry, there was not enough success in transitioning to more 

productive / high-tech products in the manufacturing industry, and the share of high-tech 

products in exports remains at very low levels (~ 3% in 2016). 

In order for our country to regain high growth rates, 

i. increased productivity growth rate,

ii. shifts in the economy (more productive / advanced technology)

iii. establishing new jobs, especially for urban women,

iv. raising savings and investment rates as a necessary condition for all these changes

is required. 

The government can provide technology extension services focused on dissemination of 

‘good practices’ across the economy. Determination and implementation of product and 
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process standards can be used to disseminate ‘good practices’. In other words, the 

government may create policies to raise average national productivity levels by encouraging 

and / or enforcing latecomers to upgrade their products, processes and organizational 

practices. If such diffusions are targeted to specific products and/or product chains, the 

upgrading process may be more effective. That is the main idea of this book. 

R&D policies have long been used in our country to encourage technological innovation. In 

recent years, a large number of programs have begun to be implemented to support R&D. In 

order to make effective use of these programs, the legal framework of R&D policies should 

be simplified. 

In order to increase productivity and wages, it is necessary to make structural changes for 

more productive / high value-added activities in production. Structural change in production 

will also facilitate structural change in services for more productive / high added value 

services such as commercial services. 

3.1 The Literature on Industrial Policy 

Even before the advent of fast computing power and big trade datasets, there was a big 

literature on network analysis of trade and its effect on growth and development. (Martin, 

2010; Martin & Sunley, 2006; Martin, 2011) Especially evolutionary economic geography 

literature is full of jargon like inheritance, resilience, adaptive cycles, lock-in from fields as 

diverse as evolutionary biology, statistical physics, and complexity theory. 

The closest classical field in economics to Product Space in terms of policy analysis and 

recommendations it offers is Development and especially Industrial Policy subfield. 

Industrial Policy is an already beaten path in this respect through questions like: Vertical or 

horizontal? Choosing winners or losers? Market failure of policy failure? Capital intensive 

of labor intensive? Comparative advantage or absolute advantage or latent comparative 

advantage? Etc. 

For example, according to Hirschman, one of the founders of Development Economics, all 

kinds of development assumes some kind of priority-setting via policy-making (Kattel, et 

al., 2009, pp. 4-11).  

Another founder, Nurkse, favors balanced growth path over unbalanced. But, this fact does 

not prevent him from thinking that by balanced growth, at best, a middle income country 

can be created (Kattel, et al., 2009, p. 16).  
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According to Lin, “industrial upgrading and technological advances are best promoted by a 

facilitating state, i.e. a state that facilitates the private sector’s ability to exploit the country’s 

areas of comparative advantage”. He also thinks that “the key is to make use of the country’s 

current comparative advantages—not in the factors of production that it may have someday, 

but in the factors of production that it has now” (Lin & Chang, 2009, p. 491). 

More up-to-date forms of ‘industrial policy’ include public policy instruments aimed at 

influencing resource allocation and accumulation, and the choice of technologies to provide 

them. One of the most important parts of the industrial policy set is the part that encourages 

learning and technological development. (Stiglitz & Akbar, 2016) 

 ‘New industrial policy’ suggested by (Aghion, et al., 2011) claims that the interventions that 

the industrial policy offers targeting particular technologies or sectors can be more effective 

than previously assumed by neoclassicals. They claim that credit constraints and capital 

market imperfections are two important factors for sectoral policies. An efficiently working 

capital market system enables the allocation of new investments among the new sectors. On 

contrary, an immature or imperfect financial sector hinder efficient allocation and this in 

return makes state intervention necessary. They also argue contrary to traditional view that 

competition policy and industrial policy must be regarded as complementary rather than as 

substitutes. 

In this respect, governments play a strategic coordinating role not only in the application of 

property rights and contracts, but also in ensuring macroeconomic stability and industrial 

policy. In developing countries, innovation is constrained by supply, not by demand. 

Because entrepreneurs see new products as risky and less profitable. (Hausmann & Rodrik, 

2002) 

The appeal of industrial policy as precursor of development surely has a high variability 

depending on which decade you are looking at. According to Rodrik (Rodrik, 2004), 

economic policies of the last two decades have been based on the view that the government 

has interfered too much with the marketplace. As a result of this view, governments 

especially in developing countries gave up regulation, trade restrictions, and public 

ownership. The reaction to failed import substitution policies of the past led the governments 

to ignore their failure to intervene when necessary.  
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As liberation and privatization do not seem to provide the expected benefits, governments 

tend towards a more balanced strategy. Well-formulated industrial policies are gaining 

importance as an important part of these strategies. But well formulated policy sets are in 

high demand and hard to find. According to (Taymaz & Voyvoda, 2015), one of the main 

obstacles for accomplishing inclusive and active industrial policies in Turkey is the absence 

of an ‘active pro-active state’ and ‘effective policy design’. 

When we look at the Turkey’s export structure, we see that the transformation that Turkey 

has experienced in the export sector lately differs from that of other countries such as Korea. 

First of all, Turkey's transformation is slower. While exports of engineering products 

surpassed that of textiles in 1983 in Korea, Turkey accomplished this only in in 2004 

(Taymaz & Voyvoda, 2015). Secondly, within the engineering products, while Turkey has 

gained competitive power in medium-technology products such as machinery and motor 

vehicles, the same success is not repeated yet in sectors based on information-intensive 

electrical and electronic engineering (Taymaz & Voyvoda, 2015). In addition to that, 

Turkey's net exports of metal goods and motor vehicles are less than 1% of total imports.  

In Turkey, government support for R&D activities began in the 1990s and the share of R&D 

in GDP rose from 0.32% to 0.53% in 2002 and to 1.06% in 2015. But there is still a long 

way to go to catch the top performers such as South Korea (4.29%), Israel (4.19%) or Japan 

(3.58%). 

Two of the most encountered market failures are information and coordination externalities. 

Information externalities are closely related with asymmetric information but they are 

different. In terms of domestic manufacturing firms, if some firms know how to produce a 

specific product and other firms do not, then there exists asymmetric information. But if 

none of the firms knows how to produce, then there exists an information externality. If a 

specific firm learns how to make a specific product and this knowledge becomes a positive 

information externality to other firms. Because, now they know that the product can be 

produced in domestic market without incurring any additional cost to the firm. 

While coordination externalities are about systemic properties of the market, information 

externalities are related with the micro structure of the system. (Hausmann & Rodrik, 2002) 

emphasize the externalities that arise in self-discovery, which is defined as the process by 

which an economy finds the cost structure for the production of new goods. 
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According to this view, to encourage export of a new product, the first exporter of a high-

tech product should receive the highest incentive. Because a company trying to produce a 

new field is actually trying to reveal the product cost structure of the country. In the event of 

failure of the company, all liability and damages are attributable to itself and if it is successful 

and profitable, this product will be copied by other companies and profit will be shared. 

(Hausmann & Rodrik, 2002) 

For this reason, private returns from developing a new product are lower than total social 

benefits, and market incentives for self-discovery are often insufficient on their own. In such 

a case, the standard solution is to subsidize the state channel to make private revenues 

compatible with social revenues. Thus the negative externality of cost structure will be met 

by the state. 

Coordination deficiencies and externalities are a particularly effective constraint for high-

tech and new products. Developing a new product often requires a complex supply chain 

and it is difficult to develop a product for which the supplier is not available. In addition, it 

is difficult to find skilled and experienced workers for high-tech new products because 

nobody has produced this product in Turkey yet. So, is it possible for a structural 

transformation in such a case? 

The dependence of new products on existing capabilities means that a structural change left 

completely to the market is relatively slow. Because diffusion in the Product Space when 

left to itself is relatively slow and primarily occurs in the neighborhood of similar products. 

Instead of developing new talents, domestic firms usually use existing skills in production. 

The new capabilities in production often come about through new products. 

Information externalities and coordination externalities indicate that it is relatively much 

more difficult for diversification to take place without planned public action. 

The most important examples of Product Space diversity are the result of planned public 

action and public-private partnership. 

Information externalities 

Diversification of the product space requires the ‘exploration of the cost structure’ of an 

economy. That is discovering which products can be produced profitably. Entrepreneurs 

must first  try  new  production  processes. They have to connect with the technology of the 
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foreign manufacturers and adapt their technology to local conditions. This is a process 

called ‘self discovery’ (Rodrik, 2004). 

The cost structure mentioned here should not be confused with innovation and R&D. 

Discovery here represents any kind of product that is not produced in the country with 

relative comparative advantage. So the discovery process here is applicable to all products 

that are produced by other countries but not yet by Turkey. 

Countries with almost the same source and factor equipment are seen to specialize in very 

different products. 

A good measure against information externalities which decrease self-discovery is to support 

investments made in non-traditional new products. 

Carrot and Stick 

Since self-discovery requires incentives for entrepreneurs, one side of policy must be using 

carrots. This could be in the form of subsidies, trade protection, or provision of venture 

capital. 

For the system to function properly, incentives must be given to initial investors not to the 

imitators. 

These incentives should be subject to performance criteria (e.g. export requirement) to 

ensure that bad projects are phased out and mistakes are not sustained. 

Successful East Asian industrial policies possess both ingredients. The fact that Latin 

America generally had a lot of carrots and less sticks, in part, explains the inefficient and 

low added value production / export structure of this region. 

The point to be emphasized here is that some of the investments encouraged even in the 

optimum incentive program will fail. The task of the policy maker is not to choose the 

winners but to determine the losers when they lose. 

Coordination Externalities 

Most of big investment projects require simultaneous, large-scale investment to be 

profitable. This is a classic coordination problem. It is a dilemma that profitable new 

industries may not develop unless they are established simultaneously with investments in 

forward and backward-connected sectors. 
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For example, in the big push model, the firm ties in its investment decision to other 

companies. This model assumes economies of scale with oligopolistic market structure and 

states that all firms must act at the same time for the industrialization to take place. 

An implicit rescue guarantee may be useful in reducing negative coordination externalities. 

If the project is successful, no subsidy is paid to the investor. A good example is South Korea 

where Park regime Korea provided covered investment guarantees to leading companies 

(Chaebol) investing in new areas. 

Appropriate policy interventions should focus not on industries or sectors but on factors and 

technologies that are the source of coordination failure. 

Here, there is a similarity between policies that address coordination disruptions and policies 

that focus on information externalities. Both intervention groups should target activities (a 

new technology, a specific type of education, new goods or services) rather than sectors 

themselves. 

However, policy makers must be careful about the limitations. The public sector is not fully 

aware of the private sector and may know no more than the private sector about the real 

causes market failures. It may be the case that the public sector have no idea about what they 

do not know (Rumsfeld style5). 

Elements of institutional system; 

i. Strong political leadership at the highest level

ii. Coordination and negotiating bodies

iii. Transparency and accountability instruments

General properties of industrial policy 

i. Incentives must only be given to new activities.

ii. Clear criteria have to be set for success and failure.

5
On June 7 2002, US Secretary of Defense, Donald Rumsfeld on a press conference on Iraq War said: “Now what is the 

message there? The message is that there are no "knowns." There are thing we know that we know. There are known 

unknowns. That is to say there are things that we now know we don't know. But there are also unknown unknowns. There 

are things we don't know we don't know. So when we do the best we can and we pull all this information together, and we 

then say well that's basically what we see as the situation, that is really only the known knowns and the known unknowns.

And each year, we discover a few more of those unknown unknowns. It sounds like a riddle. It isn't a riddle. It is a very 

serious, important matter” In my opinion, this quote is applicable especially to public policy makers when making policy 

on private sector issues. 
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iii. When and under what conditions public support will be ended should be clearly

indicated. (Sunset clause)

iv. State support should aim activities, not sectors.

v. The promoted activities must have a clear potential for spillovers to other

activities

vi. The authority to conduct industrial policies must have sufficient experience and

competence.

vii. Policy-making institutions should be closely monitored by the institution with the

highest political authority.

viii. Organizations that promote policies should keep communication channels open

to the private sector.

ix. In an optimal structure, errors that sometimes result in ‘choosing failures’ will

occur. The goal should not be to block the discovery process by minimizing the

likelihood of faults occurring, but rather to reduce the costs of these faults to the

minimum.

x. Potential Product promotion activities should possess the capacity to renovate

themselves so that the series of innovation becomes an enduring practice.

(Schumpeter, creative destruction)

Possible incentive programs 

i. Supporting ‘self-discovery’ costs

Criteria for the financing of such studies;

a. They are interested in major new activities

b. Other companies have the potential to supply learning externalities

c. Open to surveillance and performance audits

ii. Development of high-risk financing mechanisms

Self-discovery efforts require long-term, high-risk financial intermediation

products.

a. Development banks

b. Venture funds funded by the public,

c. State guarantees for long-term commercial bank loans

d. Special tools to direct some of the public pension fund assets to the high-

risk investment portfolio

iii. Internalization of coordination externalities

iv. Public R&D,

v. Support for general technical training,

Innovative firms fear that on-the-job training increases labor turnover rate, thus,

approach costly trainings very cautiously,

a. Vocational

b. Technical

c. Language
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vi. Making use of citizens abroad

Some of the tax incentives given to foreign investments can make a serious difference

when targeting citizens abroad

As the poor countries become richer, sectoral output and labor force become less 

concentrated and more diverse. This continues until the country reaches advanced stages of 

development. However, after the countries have roughly reached the Irish income level, the 

production patterns begin to intensify (Imbs & Wacziarg, 2003). This process may be a 

consequence of optimal exploration-exploitation structure.  

Role of the State in East Asian Miracle 

In all cases of successful development in East Asia, the state plays a central role, and this 

key role has often been with the policies of the opposite direction of the Washington 

Consensus. The state has done more than merely fulfilling contracts, not just regulating, but 

also catalytic. (Stiglitz, 2016) 

The success of China's export strategy cannot be explained only by comparative advantage 

and free trade. (Rodrik, 2006) The state played a critical role in the development of 

indigenous skills in consumer electronics and other sophisticated areas which could not 

develop without government policies. 

As a result, China had a sophisticated export basket that would not be anticipated from a 

country with similar income level. This is one of the most important determinants of China's 

rapid growth. For China, sustaining high growth rates will depend not only on the volume 

of exports, but also on the capacity to produce new sophisticated products. 

China, in 2000s, asked foreign producers such as Siemens and Kawasaki to supply 

locomotives for the high-speed rail network. In advance, Chinese companies became able to 

compete with Siemens and Kawasaki in international locomotive markets. 

However, large-scale technological investments always have various risks. For example, 

after the invention of transistors in 1947, many countries made big investments to become 

world supply leader in semiconductors. Only the United States, Taiwan and South Korea 

have been successful (Table 3.1). 
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Table 3.1 State Support for Semiconductor Industries 

Source: McKinsey Global Institute 

3.2 How to Make Industrial Policy Work: The Japanese Case 

In this section, We will give a specific country examples in terms of the optimal overall 

government structure for the long-term strategic planning for the country as well as some 

examples for specific R&D support mechanisms. The country example will be Japan which 

used a government led development plan for the private sector. 

In Turkey, we are currently arguing over how to increase the saving rate and how to design a 

good BES systems. We see that Japan and US argued over these more than a century before. 

Following passage clearly shows this. 

After defeated by United States and its allies in World War II, Japan entered the period of 

occupation and rehabilitation during 1945-1952. To transform the political, economic, social 

and military structure of Japan, the occupying forces made many new reforms (United States 

Department of State, 2017). 

Just after the occupation, saving rate of Japan was very high and one of the highest worldwide 

in that period. That was no coincident. Japanese system had various regulations some on 

purpose and some unknowingly to accomplish high savings rate such as;  

i. An undeveloped social security system,

ii. a wage structure which twice a year makes big lump-sum payments,

iii. the decline of a worker’s wage significantly when he/she becomes 60 years old,

iv. scarcity of land suitable for decent housing and high price of good quality

university education, both of which made large savings mandatory, 
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v. a weak consumer credit structure,

vi. a postal savings system that was run by government and paid handsome interest on

savings,

vii. an undeveloped capital market, and lack of any efficient saving mechanism

Although Japan was under US military control for 7 years and US economic advisers proposed 

various plans for Japan, it was deliberate Japanese planning that succeeded and this was at 

times against the US will. The most critical part for the Japanese to succeed in the international 

arena was the acquirement of latest technology.  

For the big success of Japan in transforming from a defeated country of WWII into a miracle 

industrial state, (Johnson, 1982) credits almost completely MITI (Ministry of International 

Trade and Investment). (Johnson, 1982) is also one of the first in literature to give a 

definition of industrial policy. For him, industrial policy was a bundle of policies in order 

to improve the international competitiveness of a country6. 

The Japanese industrial planning policy was so strict that until the capital liberalization of 

1960s and 1970s;  

i. unless MITI approved no technology was imported,

ii. joint venture agreements were completed only after MITI’s detailed analysis and

most of the time terms of the rule were changed upon the request of MITI,

iii. there was no buy of foreign patents without MITI’s intervention and as a result the

cost of patents were reduced or it had become more advantageous for the whole

Japanese economy,

iv. without MITI’s or some of its advisory committees approval that it is the correct

time for nurturing the relevant industry nobody could import foreign technology,

During the 1950-1980 period, the Japanese government controlled the whole technology 

transfer process. This process consisted of complex public-private interactions which is 

nowadays called industrial policy. The leading government agency in formulating and 

executing this process was MITI. 

6
Korean industrial policy led by Economic Planning Board (EPB) is mostly a restatement of Japanese system.
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3.2.1 Market-Rational vs Plan-Rational 

If we go deep into the Japanese system we see that there are some major differences with 

other industrialized countries most notably United States. After some thought, we can see 

that the differences may be superfluous. Because the correct way of comparing would 

consider not the current US industrial policy but the policy it had applied when it was still 

an ‘underdog’ pre-industrialized country when compared with industrialized Great Britain 

during 18. and 19. century.  

The most obvious difference of Japan with US is that while the first is a plan-rational state 

the latter is a regulatory market-rational state with some exceptions such as defense industry. 

Basically, a market-rational state likes to put the rules forward and control whether 

competition is working under these rules. To give an example, there are many very detailed 

antitrust regulations in the US that put limits on the maximal market size of firms but not as 

much regulation on which sectors must grow and which must be shrunk.  

The plan-rational state on the other hand puts forward strict economic and social goals and 

organizes public and private resources to accomplish these goals. One implication of the 

difference is that while market-rational systems values lawyers more, plan-rational systems 

values the bureaucrats more. 

In terms of their strategic goals the counterpart of MITI in US is not Department of Commerce 

but Department of Defense which behaves exactly like MITI with its goal-oriented long-term 

planning. 

I believe, in this respect, Turkey is in a junction between defense oriented US style and 

development and strategic goal oriented Japan style. Both systems have some advantages and 

disadvantages. This is an explore-or-exploit problem that we analyze in detail in Section 4.2.2. 

Speaking broadly, we can state that in situations where the problem is clearly stated and the 

solution is roughly standard it is more reasonable to exploit the situation with a plan-rational 

outlook. But, in real world there is no free lunch and exploit period will come to an end. The 

surroundings will be unfamiliar and standard plan-rational solutions will not work. Now, time 

is ripe for distributing the resources to all possible paths and solutions. Because nobody knows 

the exact solution and future is full of surprises. Market-rational system where nothing is 

forbidden and everything is possible becomes more reasonable. Resources are not directed at 
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pre specified goals and instead are distributed in a game theoretical mixed-strategy 

perspective. 

One of the differences between market-rational and plan-rational systems is that while the 

first one needs more lawyers, the second one needs more stable and powerful bureaucrats. 

We can see this clearly in numbers. While it is very difficult to change the position of a high-

level bureaucrat in Japan, the Japanese prime minister can appoint only about 20 ministers, 

United States president appoints more than 1000 bureaucrats. 

Market-rational systems involves more general principles of success, while plan-rational 

systems involves more specific and well defined goals. In evolutionary terms, in a newly 

explored area, being more robust and agile is more important and this implies that in a period 

characterized by fast change in an unchartered territory, market-rationality offers more 

chances of catching-up the leaders.  

(Johnson, 1982) clearly states that; 

“Within the developmental state there is contention for power among many bureaucratic 

centers, including finance, economic planning, foreign affairs, and so forth. However, 

the center that exerts the greatest positive influence is the one that creates and executes 

industrial policy”. 

3.2.2 Industrial Policy 

Robert Ozaki is one of the first to make it clear what industrial policy means (Ozaki, 1970). 

According to him industrial policy 

 "is an indigenous Japanese term not to be found in the lexicon of Western economic 

terminology. A reading through the literature suggests a definition, however: it refers 

to a complex of those policies concerning protection of domestic industries, 

development of strategic industries, and adjustment of the economic structure in 

response to or in anticipation of internal and external changes which are formulated 

and pursued by MITI in the cause of the national interest, as the term 'national interest' 

is understood by MITI officials.” 

He states the ambitions of Japan in a poetic way also: 

“It ain't right an' fair 

To let a baby wrestle 
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With a Texas-tall giant 

If your stature bothers you  

Do your thing for bigness  

Trust, combine an' merge 

Merge, baby, merge  

Till you dwarf USS  

Bigness is goodness  

'Cause you feel good with bigness.”  

According to Ozaki “In Japan, competition is visibly ‘excessive’ and causes tremendous waste 

in resources and harmful instability of the market.” 

Ozaki in 1970 wrote that “Liberalization, therefore, will proceed in gradual steps. We must 

distinguish between the ideal and the reality of the world economy today. Despite the 

propagated virtues of a free system we still live in a nationalistic world where each 

government does what it believes to be best for its country.” We see that after 50 years, the 

world may return to the same point again.  

When a government wants to give incentives to private sector there is a dilemma that almost 

no government can escape. The dilemma is that it is very difficult to apply a serious industrial 

policy and to sustain the competition at the same time. MITI tried to accomplish exactly that 

in Japanese case by aiming to create a strong interest in private sector which favors a shift of 

energy and interest from old sectors towards new technologies and industries. 

Old and established firms try to protect their market shares and their existing investments and 

know-how in general means there is no freedom for diversifying their investment portfolio.  

The first truth to keep in mind about industrial policy is that no country did apply successful 

industrial policy intentionally. There is no Adam Smith or Marx of industrial policy.  

Another implication of this difference is the distaste of Japans with American style capitalism 

which mainly depends on price competition and antitrust legislation. They like the mindset of 

Schumpeter more than other classical economists; 

"In other words the problem that is usually being visualized is how capitalism 

administers existing structures, whereas the relevant problem is how it creates and 

destroys  them.  However,  it  is  still  competition  within  a  rigid  pattern  of  invariant 



84 

conditions, methods of production and forms of industrial organization in particular, 

that practically monopolizes attention. But in capitalist reality as distinguished from 

the textbook picture, it is not that kind of competition which counts but the competition 

from the new commodity, the new technology, the new source of supply, the new type 

of organization." (Schumpeter, 1943) 

As we have seen in Korean case, the Japanese industrial policy also was not done intentionally 

and beforehand. Only after it had become successful that economists started to recognize the 

growth system of Japan. (Lee & Lim, 2001) says the same thing happened for Korea. Korean 

policy makers did not planned the national innovation system theoretically on paper. The 

system was like a living organism. It changed dynamically as it was born and developed.  

In Japan economy bureaucracy had the total control over foreign exchange and any imports 

of technology. This enabled them to choose the sectors or technologies to nurture. In 21. 

Century, it’s impossible to apply the same procedures in Turkey, but nonetheless it’s possible 

to find some proxy policies with the same overall effect. The first suspect that is wrongly 

applied in Turkey for a long time is incentive system. The product space methodology asserts 

that a suitable incentive system can replace even a very strict plan-rational Japanese system.  

Another set of powers that Japanese bureaucrats enjoyed are the abilities to disperse 

preferential financing, to give tax breaks, and to protect firms from foreign competition. These 

policies gave the power to the bureaucracy to lower the costs of the chosen industries 

mentioned above. The main difference of these policies from the preceding ones is that these 

policies are applicable and indeed are applied in Turkey. The crucial thing about the policies 

that are applied in Turkey is that they are mostly applied without a selection process. It may 

be even the case that preferences are given to the industries with lower total factor 

productivity. In many cases, short-term advantages of lower value-added sectors are preferred 

instead of long-term high-stake risky investments. One major exception is defense industry 

which reached a scalable level as a result of more than 30 years of planning. 

The last set of powers that Japanese bureaucrats enjoyed included the ability to allow cartels 

to be created and the ability to create bank-led business conglomerates. This enabled the 

bureaucrats to set the competition level at the right level. 
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3.2.3 MITI bureaucrats  

Industrial policy in Japan has been conducted so seriously that, in one incidence, MITI 

minister had to resign from office as he declared in a Parliament meeting that “"It makes no 

difference to me if five or ten small businessmen are forced to commit suicide". 

Japan preferred loaning system to capital market. One of its main distinctive properties was 

that the whole system relied on a cascade of dependencies. In this system, a group of firms 

forms an agglomeration and borrows from a bank well beyond their capacity and in many 

cases beyond their net worth. The banks in turn over borrowed from the Bank of Japan. As 

the Bank of Japan was the guarantor of the whole banking system, it had a complete control 

over the lending criteria of private banks. As a whole around 80% of the capital for the postwar 

firms came from the Bank of Japan via the private banks. So we can say that Japan was more 

of a capitalist country after the WWII than before it.  

One reason for the inclination of firms for loans instead of issuing equity shares was that 

equity shares paid dividends from profits only after taxes, while interest pain on bank loans 

was deductible for taxes. As banks also relied upon the health of their customer firms, the 

relation of firms and banks was of a kind of symbiosis. This system of symbiosis between 

firms and banks is reminiscent of old German banks such as Deutche or Dresdner banks in 

which there were cross-shareholding between the firms and the banks. This system of cross-

shareholding is illegal in many countries, most notable example being United States. 

Enterprises Rationalization Promotion Law of 1952 that MITI envisaged was a ‘completely 

epoch-making law’ according to MITI officials. It is complicated rules can be summarized as 

three important points.  

First, with the Law, firms were able to get government subsidies for their new machine and 

equipment and they also got rapid amortization and immunity from domestic taxes for all 

R&D investments.  

Secondly, some the cost of modern equipment installations in some industries were 

depreciated 50 percent for the first year of installation.  

Thirdly, by the Law, the central and local governments were required to build highways, ports, 

railroads, power generator units and industrial zones to be paid by government and the Law 

also made these investments available to chosen industries. 



86 

In short, it was joked that MITI would accept anything short of piracy if it is deemed necessary 

for Japan’s rapid economic growth. 

Japan thought that there is a disparity between competition and high-growth and the optimal 

level of competition is less than the then-current level. In this respect, MITI recommended a 

new law with the aim of providing ‘coordination of investment’ which would lead to mergers 

to solve the problem of ‘excessive competition’.  

3.2.4 The End of Comparative Advantage 

MITI officials understood it very well that comparative advantage methodology would lead 

nowhere for Japan as the only advantageous endowment was the very cheap and large labor 

supply. If Japan ever wanted to break the heels of this vicious cycle, it had to go the sectors 

in which Japan had comparative disadvantage. 

A final ingredient of the Japanese system was the promotion exports and domestic sales 

dynamically in such a way that the firms could produce at full capacity in all phases of 

business cycle. In that coherent structure, when balance of payments deteriorate, government 

would support the exports and restrict the domestic demand. Conversely, when import prices 

were suitable, domestic sales would be encouraged.  

3.2.5 How to Create and Support a Sector 

In its full-fledged form, MITI provided a full set of measures for nurturing (ikusei) a new baby 

industry. For example, in 1950’s the following measures had been taken for petrochemicals 

(Johnson, 1982): 

i. The first thing to do was an investigation and after that a basic policy report was

prepared within the MITI such as ‘Petrochemical Industry Nurturing Policy’.

ii. MITI authorized all foreign currency allocations and the Development Bank provided

the necessary funding.

iii. The permits for the importation of the foreign technology were given by MITI. All

critical components of petrochemical technology was imported through licensing from

abroad.

iv. The industry were treated as ‘strategic’ to give it distinctive and fast-tracked

depreciation on its investments.

v. The industry were provided with suitable land free of charge or cheaply.
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vi. Various tax breaks were given to the industry such as customs duties exemption on 

special machinery imports.  

vii. MITI also set up an ‘administrative guidance cartel’ to control competition and 

manage investment between the firms within the industry. In petrochemical case the 

‘Petrochemical Cooperation Discussion Group’ was established by MITI. 

In situations where the establishment of new industry was too risky for the private sector to 

do alone, joint public-private corporations could be established. The first wave of chosen 

industries included steel, ship-building, chemical fertilizers, and electric power. The second 

wave included synthetic textiles, plastics, petrochemicals, automobiles, and electronics. 

3.2.6 Capital Liberalization 

Japan was very proud of their product competition in international markets. Their 

development strategy included competition in terms of quality, design, and price. In this 

respect, Japan imported the critical technology from United States and Europe, combined this 

technology with cheap Japanese labor. But when it comes to capital liberalization, it was a 

totally different story. The general tendency in Japanese economic bureaucracy was totally 

against capital liberalization.  

Capital liberalization included technology, capital assets, management and many other things 

in addition to trade liberalization. Loan based system was preferred to capital market and as a 

result the low capitalization level of firms in Japanese bureaucrat’s eyes made them easy target 

for foreign acquisitions especially by Americans. According to Japanese, American firms 

already bought most of the assets in European capital markets and they were also eager to do 

the same thing in Japan.  

IN 1960s and 1970s, Japan liberalized only a limited number of industries with so many 

caveats that it was almost impossible for foreigners to make big capital investments in Japan.  

Some of these rules included (Johnson, 1982); 

i. Only those industries in which competition with Japan was almost impossible were 

liberalized 100 percent. These sectors included industries like motorcycles, sake 

brewing etc. 

ii. In all other industries only joint ventures with a minimum 50 percent Japanese 

participation were allowed. 
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iii. In case of capital investments in already established firms, the equity ownership to

foreigners were limited to 20 percent.

iv. Even in seemingly liberalized industries, some segments were omitted from

liberalization in such a way that competition by foreign firms was almost impossible.

A striking example was television industry that were confirmed as liberalized except

that integrated circuits and color sets were forbidden from production by foreign firms.

v. In all joint-ventures, a minimum of 50 percent of directors were required to be

Japanese national.

It was interesting that when Japanese economy was fully liberalized in 1970s, the main 

investors in Japan were Arabs (Johnson, 1982). 

3.3 Turkish Industrial Policy: The Past 

Turkey used many different industrial policy tools since its inception. 

8. Development Plan, Industry ÖİK (Specialization Commission) Report (2001) aimed at:

i. Transition to a high-tech industrial structure,

ii. Promoting science and technology policies and transferring more resources to

R&D,

iii. Promoting arrangements to increase innovation capability,

iv. Introducing technology-intensive projects,

v. Dissemination of information access opportunities,

vi. Realization of the transformation, especially by the private sector,

The report has been criticized and described as a ‘target and policy bundle’ which does not 

discuss in detail the steps that must be taken and that requires a very intensive planning. 

While the structure of the economy is given, the report is incomplete on how to reach the 

targets laid out. 

While the aim of the Industrial Strategy (2010) is to be the production base of Eurasia in 

medium and high-tech products, the aim of the Industrial Strategy (2014) is to be the design 

and production base of Afro-Eurasia in medium-high and high-tech products. 

When the development of the last 50 years is examined, it is seen that Turkey is a good 

follower that did not close the gap with the developed countries but also did not allow the 

widening of the gap even further. 
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Unlike countries like Korea, the main reason for this is that Turkey cannot demonstrate the 

will to implement policies aimed at changing its position in the world economy and 

constantly prefer passive adaptation to structural and macroeconomic conditions. 

For example when the industrialists started to invest in the housing sector and its possible 

negative effects became visible, one of suggested strategies was to encourage smart 

manufacturing and similar sectors to encourage higher value-added manufacturing industries 

via the housing sector. 

According to (Taymaz & Voyvoda, 2015), it did not differ in the post-2002 period, and 

despite the favorable national and international conjuncture, no industrial transformation 

occurred due to passive reactive policies. Their proposal for a new model includes; 

• Labor market policies that encourage the development of human capital rather than 

pressure on labor costs 

• Tax policies that provide equity in income distribution and do not punish productive 

investments 

One takeaway in this book is that big Turkish firms are afraid of big fights against their 

western partners. This is true because while Korean and Chinese firms used catch-up 

strategies and followed OEM-ODM-OBM path, Turkish companies are stuck at ODM level 

at best. Fiat Egea of Koç Holding is a good example to that. Whether Turkish private sector 

companies or Turkish State are to blame is not clear. Because the firms did not get the needed 

back-up from the state in their upgrading process.  

We know from catch-up literature, sometimes, firms need to step back in global value chains 

to get independence. This is in-out-in strategy and firms need courage themselves and 

support from government to do that. Product space view can help Turkey and its firms in 

their upgrading process. 

3.4 Turkish Industrial Policy: The Current 

In this section the recent developments that are related with industrial policy in Turkey will 

be given. 

3.4.1 Business and Investment Environment 

In the Business Environment report prepared by the World Bank in 2014 and 2017, Turkey’s 

place was 51 and 60, respectively. Compared to the first 20 countries in the overall standings, 
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especially Company Liquidation, Tax Payment, Building Permits, Credit Supply and 

Recruitment have the potential to carry Turkey upward if improvements are made in these 

areas. 

With the Law on the Amendment of Certain Laws for the Improvement of the Investment 

Environment No. 6728, significant amendments were made in 20 different laws. In this 

framework, procedures for investors have been simplified, permit and approval times have 

been shortened and investment costs have been reduced. There is a need to improve permits, 

approvals, licenses, investment location, legislation and legal processes in Turkey from the 

start of the investment until running of the operation. 

Among the supports given to the investments with the law no 6745 aiming to support the 

investments on a project basis are; 

i. corporation tax deduction or exception,

ii. income tax withholding incentive,

iii. customs duty exemption,

iv. VAT exception,

v. VAT refund,

vi. Allocating land for investment,

vii. employer's insurance contribution support,

viii. energy support,

ix. investment loan interest support,

x. wage support for qualified personnel,

xi. Contribution of capital, up to 49 percent,

xii. public procurement guarantee.

Project based incentive system, in line with the long-term targets of development plans and 

annual programs, supports highly innovative, R&D intensive and high added value 

investments each with a minimum total investment of 100 million $ that will meet the current 

or future needs of Turkey, providing supply security, reducing external dependency, 

providing technological transformation. In addition to these, project-based support can be 

given by the Council of Ministers on legislative and administrative processes and 

infrastructure investments.  
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The first application of project-based support was realized in 2018 April. Incentive 

certificates were given to 23 projects with a total projected investment of 137.4 billion TL. 

These projects are estimated to create 35,000 direct employment and 138,000 indirect 

employment. Investments are expected to have a positive impact of $ 19 billion on the 

current account deficit through increasing exports by 6 billion $ and decreasing imports by 

12 billion $. These 23 supported projects ranges from renewable energy, petro-chemical 

industry, and carbon fibers to furniture and agricultural sectors.  

The State Support Information System has been established within the Undersecretariat of 

Treasury in order to provide data collection, reporting and monitoring from government 

granting organizations. In future, it is envisaged to carry out impact analysis studies by 

evaluating the data entered into the system. When this is done, it will be possible to evaluate 

and differentiate between good and bad incentives.  

3.4.2 Public Private Partnership  

Turkey made big investment in infrastructure in recent years and it is just not possible to 

finance all the investments with public resources. In this framework, the PPP model widely 

used in developed and developing countries in recent years is also applied in our country. 

During 2014-2017, the PPP model was applied especially in the transportation and health 

sectors, especially in the financing of mega projects. 

3.4.3 Science, Technology and Innovation 

The ratio of R&D expenditures to GDP increased from 0.86 percent in 2014 to 0.94 percent 

in 2016. In the same year, the EU-28 average was 2.03 percent. The number of full time 

equivalents (FTE) researchers and the number of FTE R&D personnel were realized as 100 

thousand and 137 thousand respectively in 2016. 

Within the scope of the legal arrangement for the R&D Reform Package 2016, which 

includes regulations for the improvement of the R&D and innovation ecosystem and the Law 

No. 7033 on the Development and Production Support of the Industry, the condition of 

obtaining private sector R&D center certificate has been facilitated and the design centers 

have been included in the scope of support and basic sciences graduates incentives have been 

introduced for employment, arrangements have been made to improve university industry 

cooperation and to encourage post-doctoral research. 



92 

Approximately 6.1 billion TL has been allocated for the establishment and development of 

research infrastructures in public institutions and universities in 2002-2017 period. Within 

this scope, there are 131 completed and supported projects of 109 thematic research 

laboratories. These centers are mainly in life sciences, defense, information and 

communication technologies, aviation and space and energy fields. In addition, central 

research laboratories have been established at 58 universities to improve the research 

capacity of the universities, and installation is continuing at other 38 universities. 

In order to ensure the more effective use and sustainability of research infrastructures, the 

Law on Supporting Research Infrastructures No. 6550 and the secondary legislation of this 

Law have entered into force in 2014 and 2015, respectively. With this Law, arrangements 

have been made regarding the management, financing, staff structure monitoring, evaluation 

and support of research infrastructures. By the end of 2017, four research infrastructures 

started to be supported under the Law. 

3.4.4 Transformation in the Manufacturing Industry 

Given the global developments in the manufacturing industry, it is observed that countries 

are moving towards more active industrial policies, consumer and customer demand and 

needs are reshaped, digitalization is more efficient, flexible and faster production 

opportunities are increasing, technological change is accelerating and sustainability is 

increasingly important. 

The development of flexible production models based on new technology and automation, 

as well as information and communication technologies, such as artificial intelligence, 

robotics and joint manufacturing, enable consumer demands and needs to be met more 

personally, cost-effectively and quickly. Rapid dissemination of new technologies to 

substitute labor power is increasing the importance of selective technology policy in 

manufacturing industry competition power. 

Although productivity per worker in the manufacturing industry has increased in the period 

of 2014-2016, this issue remains important. When large-scale firms and small-scale firms 

are compared to EU member countries, there is a significant productivity gap against small-

scale firms. In addition to capital and technology, human resources need to be used well in 

order to increase the productivity level of the manufacturing industry. In this direction, the 

need for qualified staff in the industry continues to increase. The value added per capita in 
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manufacturing industry in Turkey was 1576 dollar and 1852 dollar in 2005 and 2016, 

respectively. While in terms of total value added of the manufacturing industry, Turkey is 

16. in the world, in terms of manufacturing value added per capita Turkey ranks 46. This 

indicates a significant improvement potential in the manufacturing industry due to increased 

productivity. 

In the distribution of manufacturing industry exports, the share of products above the 

medium-tech is observed to increase. The share of high technology sectors in the 

manufacturing industry exports, which was targeted at the Tenth Development Plan period 

as 5.5 percent, was 3.5 percent in 2016, following a stagnant course. However, in the Tenth 

Development Plan, the share of high-tech sectors in manufacturing industry exports was 

targeted at 32.1 percent, while this share was 33.1 percent in 2016. Compared with the world, 

the share of high technology sectors in exports remains low. The share of high technology 

sectors in world exports for the year 2016 is 24.4 percent. 

In 2014-2017, changes and arrangements have been made to use public procurement as an 

effective tool to further support domestic, innovative and technological production. But 

effective implementation and infrastructure are still lacking.  

In Turkey, it is observed that large industrial companies in the manufacturing industry are 

shifting their investment to other non-manufacturing sectors. In addition to that fact, the 

manufacturing industry is in need of large-scale investment. In order to make these 

investments, the improvement of Development Bank and other credit and guarantee facilities 

remains important. 

Turkey Industry Strategy Document (2015-2018) has been put in place in 2015. Within the 

scope of 70 actions under three main strategic targets and eight priority policy areas, issues 

such as technological transformation, infrastructure, access to finance, green production, 

improvement of investment and business environment, increase of international trade and 

investment capacity, qualified labor force need and regional development, are discussed. 

Law No. 7033, called Production Reform Package, was enacted in 2017 in order to improve 

the industry and to support the production. Important regulations have been made in the form 

of legal support and simplification of legislation. Work on secondary legislation on 

regulations is ongoing. 
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The production structure based on fashion design and export with branded products has 

continued to develop with preserving the production structure in textile, leather and garment 

industry. On the other hand, negativities related to the image of the country negatively affect 

the sector. 

Establishment of chemical parks in the chemical sector by making appropriate logistics in 

areas such as petrochemical, plastic, composite and advanced materials will enable the sector 

to be transformed into a high added value structure and will give the sector advantages in 

terms of firms' competition power and new investments. Rubber and plastic products sector 

continues to be highly dependent on imported raw materials. 

Imported high technology products are predominant in the medical device and 

pharmaceutical sector, which is mostly produced by traditional technologies in our country. 

Within the scope of the Domestic Drug Production Project, 80 percent of the drugs consumed 

in 2017 in terms of the number of boxes and 45 percent in terms of the expenditure were 

produced domestically. 

In order to increase competition power in the steel sector, taking effective role in solving the 

global inert capacity problem, increasing the efficiency of implementing protective measures 

by taking into consideration the changing circumstances of customs and foreign trade 

regimes, and removing the burden on input costs are of great importance. 

In the machinery sector, support for product-based product development, which makes a 

difference for order-based, high-quality and high-performance manufacturing, has increased 

and design and production capabilities have improved. Activities to increase product quality 

have gained importance in the sector. Supportive services such as after-sales services are 

becoming an integral part of the product. 

It should be taken into account that while the automotive sector has set new targets for the 

future, the existing capacity has been adequately used and new targets can only be reached 

with new vehicle investments. In parallel with the development of the technological content 

of the vehicles, the use of electronic parts has increased, and the competitiveness of our 

supply industry, which has a very limited competitive activity and accumulation in this area, 

is decreasing. 

The increase in R&D expenditures in the electronics industry, the increase in the production 

of electronic components, and the emergence of domestic producers in sectors with intense 
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competition, such as mobile phones, indicate that competition in the sector is increasing.  

Defense industry development studies are underway within the scope of SSM Strategic Plan 

2017-2021. Studies on increasing the locality rate and R&D share in the defense industry 

are continuing. Improvements have been made in the area of networking and clustering. 

3.4.5 Entrepreneurship and SMEs 

As of 2015, the level of labor productivity in enterprises with 1-19 employees is about 1/6 

of those with more than 250 employees. 

As of 2017, SMEs contribute 99.9 percent of total enterprises, 72.7 percent of employment, 

53.5 percent of value added, 55 percent of investments, 56 percent of production, and 17.7 

percent of R&D expenditures. SMEs use 25 percent of bank loans and make 55.3 percent of 

exports. 

While the number of enterprises supported by the CGF (Credit Guarantee Fund) in 2013 is 

1,200, in 2017, the number of enterprises reached 272 thousand and the volume of loans 

reached 192.2 billion TL from 882 million TL. While the number of enterprises that received 

early stage investment in 2013 was 78 and the investment amount was 65 million USD, in 

2017, 167 enterprises received a total of $ 177 million worth of angel investment, venture 

capital and private capital investment. The investments and start-ups in Turkey is still very 

low compared with Western European countries.  

Existing commercial banking services are inadequate for long-term and high-risk financing 

needs, especially for innovative business models and high technology entrepreneurs. There 

is a continuing need to support mechanisms to fund innovative entrepreneurship in this 

framework. 

Policy interventions aimed at SMEs and entrepreneurs are not efficient enough to encourage 

the needed efficiency and innovation increases. The inclusive and egalitarian attitude 

towards all firms is not helpful in differentiating between which firms increase their 

productivity as a result of the state support and which firms do not. There is a need to design 

special, unique and flexible support mechanisms for different initiatives in entrepreneurship 

and SME support. There is a continuing need to develop different approaches to the needs 

of different segments, such as newly established, innovative, fast-growing, steadily growing 

and productivity-enhancing export companies involved in global supply chains. 
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3.4.6 Intellectual Property Rights 

In the field of industrial property rights there has been a significant acceleration in 2014-

2017 period, as the number of trademark applications increased from 111,544 in 2014 to 

118,354 in 2017, design applications from 42,844 to 46,500, and patent applications from 

12,375 to 18,161. 

3.4.7 Information and Communication Technologies 

The size of Turkey’s ICT sector in 2016 is 24.8 billion dollar. 60.5 percent of the ICT market 

consists of the electronic communication sector and 39.5 percent is the information 

technology sector. 

Significant progress has been made towards the widespread use of broadband internet access 

services. Broadband subscriber density, which was 42.5 per cent in 2013, reached 85.1 per 

cent in September 2017. In terms of satellite system, Turksat 4B to be used for both data 

communication television broadcasting were taken into service in 2015. While TÜRKSAT 

5A and 5B satellites are planned to enter service in 2020 and 2021, 6A is planned to be 

produced in Turkey and be blast off in 2020. 

Especially new technologies, such as artificial intelligence (AI), machine learning (ML), 

quantum computing, internet of things (IoT), brain-machine interface (BMI), and big data 

create new products, services, markets, and important opportunities for the next big 

transformation. 

The race of developed nations in some of these areas already took off and still in some other 

sectors they are just warming up. AI is a good study case. China announced its AI strategy 

in 2017 claiming that China would lead the world in AI technology by 2030. China’s AI 

Strategy poses a credible threat to US leadership in technology.  

The French AI strategy titled “For a Meaningful Artificial Intelligence” was written in 2018 

by famous mathematician and French Parliament member Cédric Villani. President Macron 

said that “I think artificial intelligence will disrupt all the different business models and it’s 

the next disruption to come. So I want to be part of it. Otherwise I will just be subjected to 

this disruption without creating jobs in this country.” (Delaney, 2018) 

Even more prepared than France in AI is China. It is claimed that military and commercial 

AI ambitions of China creates the first serious danger to technological supremacy of United 
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States since the Soviet Union. The main advantage of China is its focus and enormous 

funding (Allen, 2017). 

European Union Vice-President Market Andrus Ansip said that "Just as the steam engine 

and electricity did in the past, AI is transforming our world. It presents new challenges that 

Europe should meet together in order for AI to succeed and work for everyone. We need to 

invest at least €20 billion by the end of 2020” (Middleton, 2018). 

3.5 Turkish Industrial Policy: The Future 

3.5.1 Public procurement 

According to the Public Procurement Law No. 4734, it is obligatory for the Ministry of 

Science, Industry and Technology to provide a price advantage of 15% in favor of the 

tenderers who offer domestic products with medium or high technology approved by the 

Ministry. 

Public procurement will contribute to R&D and innovation activities and will be used for 

investments to promote indigenization and technology transfer. In this scope; 

i. Long-term procurement plans for public procurement will be prepared and joint 

purchasing facilities will be established between the institutions. 

ii. Priority will be given to the fields of pharmaceutical and medical device industry, 

rail systems and air vehicles, defense systems, energy equipment, information and 

communication systems. 

iii. Domestic products will be given priority in DMO (The State Supply Office) 

procurement and TOKI (Housing Development Administration of Turkey) projects. 

So far, we have analyzed the structure of Product Space and looked at the literature on what 

it says about the development of a country.   

Our detailed analysis showed that if we look at the development process of a country from 

the viewpoint of Product Space, there are various models of development all competing with 

each other. In this book, we are comparing different views on how the product space evolves 

best for growth and development. 

i. Comparative advantage 

ii. Latent comparative advantage 
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iii. Long-jumping

iv. Extra-regional linkages

v. Catch-up cycle with windows of opportunity

vi. In-out-in strategy

vii. Smart Specialization With Short-Cycle Technologies

viii. Optimal Exploration-Exploitation

This study compares these different views on the optimal diffusion behavior on product 

space and finds the best one. 

How to diversify best? Like Korea; two-staged, first quickly diversify and then concentrate 

on high-tech and machinery, forgetting textile and agriculture? Or like what; do not leave 

behind any sector like textile or construction but develop with them. Is this possible at all? 

We see that the star products which occupies most of the avenues from Turkey’s current 

products to Turkey’s future products are similar in vein to Milgram’s ‘star’ persons in his 

original experiment in 1960’s (See Section 2.4.2). 

As a result we can conclude that to be able to support industrial policy, an effective public 

procurement system must have the following properties;  

i. Identification of strategic targets with which public procurement policy will be

aligned

ii. Public procurement agency must have the capability to foreseen future

technologies and must be to act pre-emptively with anticipative demand, and

iii. strong management

3.5.2 National Sovereign Funds 

About 13 percent of the national sovereign wealth funds in the world are investing in new 

technology areas, and this rate has been increasing in recent years. For example, one of the 

largest investors of Apple, the largest US technology company, is the Norwegian sovereign 

wealth fund, the world's largest one, with a portfolio size of 971 billion $.  

One of the purposes of newly established Turkey Sovereign Wealth Fund Management Inc. 

(Türkiye Varlık Fonu) is "to participate in large-scale strategic investments". Investing in 

companies focused on production and export of high-tech products will accelerate the 

technological transformation in exports. 
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3.5.3 Jump Further 

Private firms may well predict future products, but generally they may be uncertain about 

technological viability, risky financial products and marketing uncertainties. Because of that, 

to overcome that problem, it is best to create a process in which promising growth areas are 

asked to private sector firms and after that a public-private partnership is formed to overcome 

the financial and technological bottlenecks and uncertainties. 

There are many examples to this kind of strategy. Taiwanese notebook sector is one of them. 

When Taiwanese technology firms decided to develop technology for laptops, their only 

proven technology was calculators! Taiwanese policy makers first established a public 

research institute that concentrated upon developing new technology and architecture for 

laptops. The acquired technologies later were transferred to private firms and this enabled 

sustainable development of electronic sector in Taiwan (Mathews, 2002).  

When we compare 1980 and 2016 GDP per capita levels for various countries as a ratio to 

corresponding US level, we see that while some countries improved their ratios, other 

countries deteriorated even more (Figure 3.1). Turkish per capita GDP as a ratio of US level 

did not improve much during 1980-2016 period and is about 20%. However, as can been 

seen in Figure 3.2, in terms of PPP per capita GDP, Turkey improved a lot and have a PPP 

per capita GDP of more than 40% of US level in 2016.   
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Figure 3.1 Per Capita GDP in 1980 and 2016 (as % of US Value) 

Source: Generated by Author using Stata. 

Figure 3.2 Per Capita PPP GDP in 1980 and 2016 (% of US Value) 

Source: Generated by Author using Stata. 
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In Turkey, one of the basic problems is the lack of proper analysis of the situation, the 

deficiencies, the risks, and the opportunities about the future technologies. The low 

percentage of high-tech products in export basket imply that the private sector and public 

sector alike unable to see the future reminding unknown unknowns of Rumsfeld (See 

Footnote 5). 

One strategy that is proposed here for Turkey is a new search process for future technologies 

that Turkey must go for in order to gain a first mover advantage. The proposed search process 

consists of; 

i. A public-private joint force is established. This taskforce surveys the entrepreneurs, 

academics, and the firms extensively on the possible technologies that they see 

potential in medium-term and long-term and also on the bottlenecks and risks that 

accompany the opportunities.  

ii. The most promising technologies or business ideas with highest future potential are 

decided by a dual process of i-identifying technological opportunities, and ii-

identifying market opportunities. While technological opportunities are best 

predicted by academics, technology geeks, and bureaucrats, these guys are no good 

in assessing the market side opportunities and success chance of these technologies. 

Entrepreneurs and managers complete the missing link by assessing the odds of 

successful marketing of these new technologies. 

iii. For the proper assessment of technological opportunities, financial, regulatory and 

other kinds of uncertainties and deficiencies are laid down precisely so that they can 

be dealt within a constrained maximization framework (See Box. 1).  
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3.5.4 Create More Value 

When we analyze international markets we see that there are three kinds of firms. 

i. Original Equipment Manufacturing (OEM) Firms,

ii. Own Design Manufacturing (ODM) Firms,

iii. Original Brand Manufacturing (OBM) Firms,

Original equipment manufacturing (OEM) firms does not need any R&D process or any 

marketing strategy because they produce according to the specifications of contracting firms. 

Many car spare part producers in Kocaeli, Turkey are good examples to OEM’s.  

Next step in hierarchy is own design manufacturing (ODM) firms. These firms are capable 

of most parts of the product design process. But, still, the customer firms of ODM companies 

do the marketing functions. Egea brand of automobile producer firm Fiat is a good example 

of an ODM. Although Fiat Egea is mostly designed and produced in Turkey under a Turkish-

Italian collaboration, it is still under the umbrella of a foreign firm.  

The final level is the original brand manufacturing (OBM). These firms does the design, 

R&D, and marketing themselves but may or may not channel the manufacturing processes 

to OEM’s depending on the cost structure.  

OEM-ODM-OBM is the standard order of steps that a developing country firm takes until it 

becomes competitive globally. 

From the experience of Korean firms (see Section 2.2.3) we see that for the latecomer firms 

to reach OBM stage they need to reduce FVA ratio of their exports. This includes a risk of 

decline in sales for a prolonged period of time.  

Some of the best examples in OEM-ODM-OBM transition comes from East Asian countries 

and especially from Korea. There are various Korean firms that successfully transformed 

from OEM to ODM without an industrial policy. Analysis of (Lee, et al., 2015) shows that 

the transition occurs only with a strategy concentrating on path creation which combines 

existing paths rather than creating completely new paths. 

For example, the story of the Korean toy manufacturer firm Aurora is a classical case study. 

Inıtially, the firm was enjoying handsome growth rates and profits by contract manufacturing 

for leader firms in the 1985-1990 period. The firm decided to become an OBM in 1991 and 
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started to sell its products under its own brand. The vendor firms that previously purchased 

products from the firm canceled all OEM-ODM orders with the aim of preventing Aurora 

from becoming a new leader and competitor. In 1991-1996 period, the total sales of the 

company displayed a sharp drop from the previous period dues to the canceled orders. Such 

a period is named ‘OBM River’ meaning that it must be crossed over by latecomer firms if 

they want to catch-up and become an OBM firm. 

We see strong similarities between Turkey and Mexico in terms of value added in exports. 

Mexico is neighbor to big advanced market economy of United States and export to US 

heavily especially in transportation vehicles sector. Mexicans call the subcontracted final 

assembly activities as ‘maquiladora’ and explains the decrease in their value added by it. 

The Maquiladora exports makes up more than 40% of total exports in 2007 compared to 

10% in 1980. This fact imply that Mexico similar to Turkey is not successful in creating 

more value-added activities such as ODM and OBM.  
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4. Results

4.1 Analysis of the Turkish Product Space 

Countries upgrades their export basket through diffusing in product space. We have seen 

that there is a never ending product cycle with newborn products on one end, dying products 

on the other end, and evolving products in between. Product spaces of high-income 

developed countries are relatively in equilibrium with small perturbations. These countries 

have passed most stages of exploration and are now in exploit stages. Low-income countries 

are on the other end of the spectrum but they share a property with high-income countries 

that both groups have stable trajectories of number of products in each technology level.  

More interesting dynamics happens only in the product spaces of middle-income countries 

such as Turkey. Diversity of products are high and are mostly concentrated on medium and 

medium-high technologies. We have seen that while CAF strategies enables countries to 

move in the close neighborhood of existing products, CAD jumps allow for long jumps 

needed for quick access to the core regions of the product space. 

In this section, we first apply the product space methodology to real data and find the 

potential high-tech products which are closest to the existing products of Turkey. For this, 

Turkish product space is analyzed using Matlab programming software. For each high-tech 

product, it is computed whether it’s possible to reach that product in one-step. If it is possible, 

then all possible ways are counted from existing product space of Turkey to that high-tech 

product.  

The product space is constructed using all bilateral trade data between all countries. So, in a 

way, it represents the statistical behavior of international trade. If we want to analyze the 

product space of a specific country, we first need to construct that country’s product space 

by taking only the nodes with RCA>1. In this section, such an analysis is done for Turkey. 

The analysis done in Matlab shows that for Turkey there are 14 high-tech products that are 

similar to the existing products (Table 4.1). 
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Table 4.1 High-Tech Products similar to Already Exporting Products 

SITC # of 

links 

Tech 

level 

(0-5) 

RCA Product 

5413 1 5 0.10 'Antibiotics' 

5416 2 5 0.11 'Glycosides and Vaccines' 

5417 5 5 0.21 'Medicaments' 

5419 3 5 0.27 'Non-Medicinal Pharmaceutical Products' 

7129 5 5 0.01 'Miscellaneous Parts of Steam Power Units' 

7162 1 5 0.79 'Electric Motors and AC Generators' 

7163 1 5 0.32 'Rotary Converters' 

7169 9 5 0.66 'Miscellaneous Rotating Electric Plant Parts' 

7188 17 5 0.33 'Miscellaneous Engines' 

7741 3 5 0.07 'Electrical Medical Equipment' 

7783 9 5 0.86 'Automotive Electrical Equipment' 

7784 1 5 0.09 'Power Tools' 

8743 1 5 0.31 'Control Instruments of Gas or Liquid' 

8744 1 5 0.07 'Analog Instruments for Physical Analysis' 

* The number of links indicates the number of products that we have competitive power similar to the product.

Note: A table containing detailed sector information is given in the appendices section.

These 14 products, similar to existing export products, can be reached in 1 step, while the 

remaining 44 high-tech products are reachable in 2 or more steps. Turkey does not have 

comparative advantage for any of 14 high-tech products in Table 4.1. But Turkey does have 

at least one similar product with comparative advantage for any of them. For example, for 
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the product 'Miscellaneous Engines', Turkey does not have comparative advantage but does 

have 17 products all of which are similar to 'Miscellaneous Engines'. 

Assuming that Turkey reached the products that can be reached in 1 step, we can calculate 

the products that can be reached in 2 steps. When we do this analysis, we reach 15 new high-

tech products (Table 4.2). 

Table 4.2 High-Tech Products That Can Be Reached in Two Steps 

SITC # of links Tech RCA Product 

5411 2 5 0.07 Vitamins 

5415 3 5 0.01 Hormones 

7161 3 5 0.13 DC Motors 

7522 4 5 0.03 Personal Computers 

7523 1 5 0.04 CPUs 

7524 1 5 0.00 Digital storage units 

7528 1 5 0.07 Miscellaneous Data Processing Equipment 

7712 1 5 0.23 Miscellaneous Power Machinery 

7742 5 5 0.07 X-Ray Equipment

7763 1 5 0.02 Diodes, Transistors and Photocells 

7764 1 5 0.01 Electronic Microcircuits 

7768 1 5 0.02 Miscellaneous Electronic Circuit Parts 

8742 3 5 0.18 Mathematical Calculation Instruments 

8748 6 5 0.15 Miscellaneous Electrical Instruments 

8749 3 5 0.19 Measuring Instrument Parts 

Note: A table containing all linked sectors is given in the appendices section. 
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Table 4.3 gives a summary of the products that are in top 100 of both ‘world weight’ and 

‘pci’ rankings. The list have 23 products and except three of them all products in the list are 

high-tech or medium-high-tech. Turkey has revealed comparative advantage only in 2 of 

them, namely ‘Vehicles Parts and Accessories’, and ‘Piston Engine Parts’. Almost all 

products in the list are from three sectors; machinery, chemicals, or miscellaneous 

manufactured products. 
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Table 4.3. The Products That Are in Top 100 of both ‘World Weight’ and ‘PCI’ Rankings 

Name of the product No 4 digit 

sitc 

rev. 2 

Technology 

Level of the 

Product 

Product 

Complexity 

Index 

(2001-2013 

average) 

Hidalgo 

RCA 

Index 

for 

Turkey 

2014 

Percent of 

World 

product in 

total 

World 

Export 

Percent of 

Turkish 

product in 

total 

Turkish 

Export 

Dummy=1 if 

RCA(TR)>=1 

Eigenvalue 

Centrality 

Sector Names 

(SITC Rev 2, 1 

digit) 

Vehicles Parts and Accessories 661 7849 4 1.42 1.26 2.10 2.63 1 19275.5 machinery 

Machinery for Specialized Industries 572 7284 4 2.12 0.39 0.96 0.34 0 3763.8 machinery 

Glycosides and Vaccines 293 5416 5 1.33 0.11 0.85 0.08 0 1357.2 chemicals 

Chemical Products 341 5989 4 1.43 0.36 0.73 0.26 0 918.7 chemicals 

Valves 603 7492 4 1.51 0.75 0.55 0.38 0 17265.6 machinery 

Optical Instruments 717 8710 5 1.54 0.03 0.50 0.01 0 6.5 misc manufactured 

Heterocyclic Compounds 264 5156 2 1.63 0.02 0.45 0.01 0 21.5 chemicals 

Motor Vehicles Piston Engines 532 7132 4 1.47 0.28 0.43 0.11 0 5071.9 machinery 

Piston Engine Parts 535 7139 4 1.17 2.85 0.40 1.10 1 10282.5 machinery 

Parts of Gas Turbines and Reaction 

Engines 

538 7149 4 1.38 0.56 0.37 0.18 0 38.3 machinery 

CPUs 611 7523 5 1.42 0.04 0.36 0.02 0 133.1 machinery 

Miscellaneous Non-Electrical 

Machines 

601 7452 4 1.61 0.59 0.35 0.17 0 5483.9 machinery 
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Name of the product No 4 digit 

sitc rev. 

2 

Technology 

Level of the 

Product 

Product 

Complexity 

Index 

(2001-2013 

average) 

Hidalgo 

RCA 

Index 

for 

Turkey 

2014 

Percent of 

World 

product in 

total World 

Export 

Percent of 

Turkish 

product in 

total 

Turkish 

Export 

Dummy=1 if 

RCA(TR)>=1 

Eigenvalue 

Centrality 

Sector Names (SITC 

Rev 2, 1 digit ) 

Pulley System Parts 604 7493 4 1.69 0.67 0.34 0.22 0 11125.1 machinery 

Lifting and Loading Machinery 598 7442 4 1.25 0.57 0.33 0.17 0 12300.1 machinery 

Orthopedic Devices 765 8996 3 1.37 0.17 0.31 0.05 0 939.9 misc manufactured 

Filtering and Purifying Machinery 595 7436 4 1.24 0.80 0.27 0.20 0 8092.3 machinery 

Control Instruments of Gas or Liquid 723 8743 5 1.62 0.31 0.27 0.08 0 1179.6 misc manufactured 

Automotive Electrical Equipment 651 7783 5 1.27 0.86 0.26 0.23 0 7618.2 machinery 

Optical Lenses 734 8841 4 1.18 0.16 0.26 0.04 0 155.9 misc manufactured 

Air Pumps and Compressors 592 7431 4 1.40 0.34 0.25 0.08 0 1666.9 machinery 

Miscellaneous Heating and Cooling 

Equipment 

586 7416 4 1.74 0.49 0.23 0.10 0 5969.3 machinery 

Fasteners 509 6940 3 1.26 0.98 0.23 0.22 0 6176.2 manufactured 

Mathematical Calculation 

Instruments 

722 8742 5 1.57 0.18 0.21 0.03 0 433.5 misc manufactured 

Source: Prepared by the Author
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What are the shortest paths to all of the high-tech 

products which are not in Turkey's Export 

Basket? 

Analysis done with Matlab shows that there are 

no new connections after 4th iteration (Table 

4.4). There are 61 high-tech products. Turkey 

produces only 3 of these with RCA>1, namely, 

'Vegetable Alkaloids and Derivatives', 'Color 

TVs', and 'Electrical Transformers'. In one step 

Turkey can reach 14 more high-tech products. In 

two-step 15 more, in three-step 13 more, and 

finally in four-step 4 more high-tech products 

can be reached. After that no new products can 

be reached because proximity of these non-

reachable 17 products are all smaller than our 

threshold 0.5.  

So, Turkey or any other country trying to reach 

one of these products must make a long-jump. 

This impossibility of reaching these 17 high-

tech products with diffusion also says something 

about the classical ‘kicking-away the ladder’ 

idea. It must be kept in mind that a few of these 

17 products such as ‘Black and White TV’, ‘TV 

Tubes and Cathode Rays’, and ‘Lightbulbs’ are 

remnants from almost historical times and must 

be taken care of separately from our main 

analysis.  

Some claim that the good old 

days of Korea, Taiwan, and 

even China is gone. No new 

country can expect to succeed 

by copying their strategies. But, 

we know that China is copying 

Korea which copied Japan 

which copied United States 

which copied United Kingdom 

which copied … There is no 

starting point in copying the 

successful predecessors so no 

need to expect an end also. 

There will always be those 

countries successful and those 

countries not successful in 

industrial policy. So the 

question is to be or not to be in 

the race. 

ARE ‘WINDOWS OF 
OPPORTUNITY’ GONE? 

MAYBE NOT YET! 
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Table 4.4 Reachability of High-tech Products for Turkey 

Already 

Exporting 

Reachable in 

1-step 

Reachable in 

2-step 

Reachable in 

3-step 

Reachable in 

4-step 

Non-

reachable 

Vegetable 

Alkaloids and 

Derivatives 

Antibiotics Vitamins Miscellaneous 

Office 

Equipment 

Typewriters Radioactive 

Chemicals 

 Color TVs Glycosides and 

Vaccines 

Hormones Computer 

Peripherals 

Calculating 

Machines 

Miscellaneous 

Radioactive 

Materials 

 Electrical 

Transformers 

Medicaments  DC Motors Computer Parts 

and Accessories 

 Analog 

Computers 

 Steam Power 

Units 

 
Non-Medicinal 

Pharmaceutical 

Products 

Personal 

Computers 

Electronic 

Valves and 

Tubes 

Parts of Office 

Machines 

Nuclear 

Reactors 

 
Miscellaneous 

Parts of Steam 

Power Units 

 CPUs Miscellaneous 

Electrical 

Machinery 

Measuring 

Controlling 

Instruments 

Black and 

White TV 

 
Electric Motors 

and AC 

Generators 

Digital storage 

units 

Optical 

Instruments 

 
TV Tubes and 

Cathode Rays 

 
Rotary 

Converters 

Miscellaneous 

Data Processing 

Equipment 

 Cameras 
 

 Batteries 

 
Miscellaneous 

Rotating 

Electric Plant 

Parts 

Miscellaneous 

Power 

Machinery 

  
 Lightbulbs 

 
Miscellaneous 

Engines 

X-Ray 

Equipment 

  
 Helicopters 
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Already 

Exporting 

Reachable in 

1-step

Reachable in 

2-step

Reachable in 

3-step

Reachable in 

4-step

Non-

reachable 

Electrical 

Medical 

Equipment 

Diodes, 

Transistors and 

Photocells 

 Small Aircraft 

Automotive 

Electrical 

Equipment 

Electronic 

Microcircuits 

 Aircraft 

 Power Tools Miscellaneous 

Electronic 

Circuit Parts 

 Large Aircraft 

Control 

Instruments of 

Gas or Liquid 

Mathematical 

Calculation 

Instruments 

Miscellaneous 

Aircraft 

Equipment 

Analog 

Instruments for 

Physical 

Analysis 

Miscellaneous 

Electrical 

Instruments 

Aircraft Parts 

and Accessories 

Measuring 

Instrument 

Parts 

Analog 

Navigation 

Devices 

Movie 

Cameras and 

Equipment 

 Photo and 

Movie 

Equipment 

Source: Created by the Author. 

Table 4.5 gives the evolution of Turkish product space for the period 1970-2014. The most 

striking feature of the data is that although the number of new products in the product space 

of Turkey decreased in recent years when compared with 1980-1990 period, the percentage 

of diffusing products in all new products increases over time.  
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This observation indicates that the evolution of Turkish product space displays more 

diffusing behavior in recent period. Conversely, it was displaying more jumps in 1980-1990 

period. We see in Figure 4.1 that 1980-1990 was a period of high growth in the number of 

technology level 2 products which are classified as natural resource-based manufactures.  

Figure 4.1 Evolution of Technologies in Turkish Product Space 

Source: Created by the author using data from (Feenstra, et al., 2005) and UN Comtrade. 

The above analysis shows that Turkey was a better ‘jumper’ in preceding period as it was 

easier to jump from the bottom of product space. After 2000s, it become more difficult to 

make long jumps to higher technology products and Turkey instead opted for the easier 

option of diffusing to similar products.  

This strategy made Turkish product space one of the most diversified in the developing 

world. Nonetheless, too much diversification caused the Turkish product space to lose the 

jumping capability.  
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Table 4.5 Evolution Turkish Product Space 

Year Percentage of 

diffusing product 

in all new 

products 

# of New 

Products 

# of New 

Products 

with tech 

level 5 

# of New 

Products with 

tech level 4 or 5 

# of 

Diffusing 

Products 

Lower 

Bound for 

Proximity 

Minimum 

Tech 

Level 

1970 14 7 0 1 1 0.5 4 

1971 14 7 0 1 1 0.5 4 

1972 0 14 0 3 0 0.5 4 

1973 0 10 0 1 0 0.5 4 

1974 0 29 0 1 0 0.5 4 

1975 0 20 1 4 0 0.5 4 

1976 0 34 0 6 0 0.5 4 

1977 0 14 0 2 0 0.5 4 

1978 0 7 0 3 0 0.5 4 

1979 0 16 0 1 0 0.5 4 

1980 11 19 0 3 2 0.5 4 

1981 8 25 0 6 2 0.5 4 

1982 3 33 0 4 1 0.5 4 

1983 5 21 1 3 1 0.5 4 

1984 8 66 0 9 5 0.5 4 

1985 12 17 0 3 2 0.5 4 

1986 7 56 0 14 4 0.5 4 

1987 29 35 3 16 10 0.5 4 

1988 13 46 3 12 6 0.5 4 

1989 10 29 2 8 3 0.5 4 

1990 8 24 2 4 2 0.5 4 

1991 19 27 1 9 5 0.5 4 

1992 0 16 0 3 0 0.5 4 

1993 10 21 0 4 2 0.5 4 
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Year Percentage of 

diffusing product 

in all new products 

# of New 

Products 

# of New 

Products 

with tech 

level 5 

# of New 

Products with 

tech level 4 or 5 

# of 

Diffusing 

Products 

Lower 

Bound for 

Proximity 

Minimum 

Tech Level 

1994 27 22 0 8 6 0.5 4 

1995 12 26 0 5 3 0.5 4 

1996 3 31 1 7 1 0.5 4 

1997 10 42 2 12 4 0.5 4 

1998 0 0 0 0 0 0.5 4 

1999 12 26 1 7 3 0.5 4 

2000 12 25 1 5 3 0.5 4 

2001 14 21 1 7 3 0.5 4 

2002 25 20 1 9 5 0.5 4 

2003 11 19 0 4 2 0.5 4 

2004 30 23 0 11 7 0.5 4 

2005 20 30 1 11 6 0.5 4 

2006 15 20 1 8 3 0.5 4 

2007 20 20 2 7 4 0.5 4 

2008 13 15 0 5 2 0.5 4 

2009 27 26 3 16 7 0.5 4 

2010 26 27 2 11 7 0.5 4 

2011 24 17 0 7 4 0.5 4 

2012 42 12 0 5 5 0.5 4 

2013 15 20 0 8 3 0.5 4 

2014 7 14 0 3 1 0.5 4 

Source: Created by the Author. 
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A visual evolution of Turkish product space is given in Figure 4.2. It gives the product space 

of Turkey for the years 1976, 1996, and 20167. The colored nodes have RCA>1 and each 

color represents a different sector. The gray nodes represents those products in which Turkey 

do not have revealed comparative advantage. The increase in the number manufactured 

goods over the years is striking. In 2016, the machinery & transport products such as 

passenger motor vehicles (excluding buses) and other parts and accessories, for vehicles of 

headings become an important part of Turkish product space. 

Figure 4.2 Evolution of Turkish Product Space 

7
A movie version of the product space of Turkey for all years can be found at: 

http://atlas.cid.harvard.edu/explore/network/?country=224&partner=undefined&product=undefined&productClass=SITC

&startYear=1995&target=Product&year=2016

1976 

http://atlas.cid.harvard.edu/explore/network/?country=224&partner=undefined&product=undefined&productClass=SITC&startYear=1995&target=Product&year=2016
http://atlas.cid.harvard.edu/explore/network/?country=224&partner=undefined&product=undefined&productClass=SITC&startYear=1995&target=Product&year=2016
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Source: (Hidalgo, 2016)  

2016 

1996 
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4.1.1 Choosing Worms 

When an economist considers questions like “Should a bird eat only the biggest and best 

worms or should it eat every worm it finds? How long should a predator go on trying to get 

the remaining nourishment from one carcass before leaving it to look for other prey? Should 

a stag challenged by a rival fight or run away?” (Alexander, 1996), should he be inclined to 

think about the product space? The answer is yes. Because, the problems and cures looks too 

similar. 

First let’s make a comparison in which 

worms and carcasses are products and 

animals are countries. Until lately, Turkey 

was like a lazy chicken or cow who is ok 

in his own turf and who is afraid of any 

adventure. Korea is like a falcon glooming 

from above forever in the look for a 

tasteful prey. One can argue that a tortoise 

and a falcon both stays alive but when one 

considers the tortoise in the unmerciful 

claws of a falcon flying over the cliffs, it 

is not something that tortoise is happy 

about. So, rule one is stay alive, and rule 

two is climb to the top of hierarchy. 

Figure 4.3 Exploration or Exploitation? 

Source: Harley Davidson Advertisement (2000) 
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4.1.2 Bandits Are One-armed, Two-armed or Multi-armed? 

“How should animals choose between different feeding places when they do not know in 

advance how easily they will find food in them?” The answer in the animal kingdom reached 

after billions years of experience is clear. “They should search for a while in each place, see 

how well they do in each and then concentrate on the place that seems best.” (Alexander, 

1996). 

The question above is surely from animal kingdom. But the answer above could easily be 

mistaken for a suggestion to a developing country that was derived from a Product Space 

analysis. This is a classical multi-armed bandit problem. 

Hidalgo and Haussmann consider monkeys on the trees as an example of product space, but 

it is interesting that they missed a much better comparison, which is birds looking for fruits 

on the trees which is also a multi-armed bandit problem that mimics the developing country 

problem much better (Hidalgo, et al., 2007; Alexander, 1996). 

(Alexander, 1996) only gives limited information and sources for multi-armed problem. But, 

since the publication of the book, there has been much research about different versions and 

aspects of multi-armed bandit problem. Especially Machine Learning (ML) algorithms 

exploit the power of different probabilistic methods for solving multi-armed bandit problems 

(Athey, 2017).  

4.2 Evolution of Product Space for Country Groups 

Product space of countries includes many clues about the direction of development for the 

specific country. In this section, we analyze the evolution of product space for 60 countries8. 

Of these, 25 are high income, 20 are medium income and 15 are low income countries. 

Developing countries in general have huge diversity of products in low and medium-tech 

segments of products but they do not display that much diversity in high-tech products.  

                                                 

8 The countries included in this section are Angola, Argentina, Australia, Austria, Belgium, Bangladesh, Bulgaria, Bolivia, 

Brazil, Canada, Switzerland, Chile, China, Cameroon, Colombia, Czech Republic, Germany, Denmark, Algeria, Ecuador, 

Egypt, Spain, Ethiopia, Finland, France, United Kingdom, Ghana, Greece, Hungary, Indonesia, India, Ireland, Iran, Israel, 

Italy, Japan, Kenya, Korea, Morocco, Mexico, Malaysia, Netherlands, Norway, New Zealand, Pakistan, Philippines, 

Poland, Portugal, Romania, Russia, Saudi Arabia, Sudan, Sweden, Thailand, Turkey, Taiwan, Tanzania, United States, 

Vietnam, and South Africa. 
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Figure 4.4 shows the evolution of medium-high and high-tech products for Turkish exports. 

It’s clear that there are two different trends. While the number of medium-high-tech 

(level=4) products display a long term increasing trend, high-tech products are stuck at a low 

number. 

Figure 4.4 Evolution of Medium-High and High Tech Products in Turkish Exports 

Source: Created by the author using data from (Feenstra, et al., 2005) and UN Comtrade. 

When we plot the same graphs for all countries in our sample, we see that different country 

groups display different trends. While trajectories of high-income countries mostly 

stabilized over the period, medium and low-income countries display chaotic trajectories 

(Figure 4.5, Figure 4.6, Figure 4.7).  
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Figure 4.5 High Income Countries, Number of High-Tech Products with RCA>1 

 

Figure 4.6 Medium Income Countries, Number of High-Tech Products with RCA>1 
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Figure 4.7 Low Income Countries, Number of High-Tech Products with RCA>1 

Source: Created by the author using data from (Feenstra, et al., 2005) and UN Comtrade. 

4.2.1 The Effect of Natural Resources 

One of the general patterns we see in the graphs is that the countries whose exports heavily 

depend on natural sources have a quickly changing export basket. To see this fact, we have 

constructed a variable that measures the percentage of products that stayed in export basket 

with RCA>1 for the last 5 years successively (Figure 4.8). Saudi Arabia, Norway, and 

Algeria are clear examples of this sort of basket (Figure 4.9).  
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Figure 4.8 Percent of Products That Stayed In Export Basket with RCA>1 for the Last 

5 Years 

High-Income Countries 

  

Medium-Income Countries 
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Low-Income Countries 

Figure 4.9 Percentage of Products That Stayed In Export Basket with RCA>1 for the 

Last 5 Years 
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4.2.2 Explore or Exploit? 

From Figure 4.10, we can see that in many of the developed countries such as Germany, 

Switzerland, United Kingdom, Korea, the number of products with RCA>1 increases first, 

reaches a peak and starts to decrease after that.  

This behavior is a display of a general development trajectories of countries. In their 

development path, countries first try to increase their production capabilities as much as 

possible. We see this fact in the number of all products with RCA>1. After reaching 

maximum diversity of products, countries start to specialize in the products which offers the 

biggest growth prospects for the country. Because of that we see a decreasing trend in total 

number of products.  

Figure 4.10 Number of all Products with RCA>1, High-Income Countries 

 

While most of the developed countries displays a decreasing trend after reaching their peaks, 

most of the developing countries are still trying to get to their peaks. From Figure 4.11, we 

can see that countries such as Turkey, Malaysia, Poland, and Thailand have not yet reached 

their peaks. The decreasing trend that we see in some of the developing countries are due to 

the 2008 financial crisis. We can see that, in that period, many countries lost some of the 

diversity in their export basket.   
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Figure 4.11 Number of all Products with RCA>1, Middle-Income Countries 

Low-Income countries are still in their infancy in terms of the number of the products that 

they export competitively (Figure 4.12).  

Figure 4.12 Number of all Products with RCA>1, Low-Income Countries 
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We see that while most of high-income countries reached their peaks in high-tech products 

(Figure 4.5), Middle-Income countries display a completely different picture. 

We see from Figure 4.13 that most of the Middle Income countries reached their peaks in 

medium-tech products. We also see that these countries are in climbing part of their journey 

in medium-high-tech products (Figure 4.14). It is clear from the figure that these countries 

have no idea about what to do in high-tech products except a few countries such as China, 

Malaysia, and Thailand (Figure 4.6).  

From product space perspective, these middle-income countries are in search of medium-

high-tech products. They are already exploiting medium-tech products and diffusing towards 

medium-high-tech products. 

Figure 4.13 Number of Medium-Tech Products with RCA>1, Middle-Income 

Countries 

 

 
Source: Created by the author using data from (Feenstra, et al., 2005) and UN Comtrade. 
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Figure 4.14 Number of Medium-High-Tech Products with RCA>1, Middle-Income 

Countries 

Source: Created by the author using data from (Feenstra, et al., 2005) and UN Comtrade. 

4.3 A New Proposal for Turkey’s Export Incentive System 

In Turkey, export incentives are used by companies for roughly 3 purposes; 

i. To continue to do what is currently being done,

ii. Expanding the existing structure,

iii. Move to new production structure

Although a substantial part of the incentives are used for the purposes i and ii, the main aim 

and the more difficult one is to increase the firms' ability to produce new products. 

In order to increase the level and quality of Turkish exports, many kinds of supports are 

given to exporting firms through various state agencies. Two common features of many of 

these supports are the equal treatment of all firms that meet the requirements and the support 

of process rather than the final product. While this system is effective in terms of improving 

the capacities of all companies a little, it does not generally cause the creation of new high-

tech products.  
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In this section, we first construct a model to measure the potential of a product by extending 

the model of (Hidalgo, et al., 2007). Then, the high-potential for Turkey is discussed. 

Depending on the model, a new export incentive system is proposed for Turkey. The main 

scenarios of the offered system is given and then the optimal strategy for the implementation 

of the proposed incentive system is given. 

4.3.1 The Model 

In this section we propose a new model to measure the potential of a new product for the 

country. A simple version of this model is discussed in (Hidalgo, et al., 2007). They measure 

average proximity of a new product to current product space of a country which they call 

density. 

Two main criteria for state support for a specific product i are; 

iii. The product i must be a new product (𝑅𝐶𝐴𝑖 < 1)

iv. The product i must have high potential Π𝑖 as defined below

The potential for a new product can be defined as; 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =  Π𝑖 =
∑ 𝑅𝐶𝐴𝑗 ∗ (𝑝𝑐𝑖𝑖)

𝛼 ∗ (𝑤𝑖)
𝛽 ∗ (𝑤𝑗)

𝛾 ∗ (𝑃𝑖,𝑗)
𝛿

𝑗

∑ (𝑃𝑖,𝑗)𝛿
𝑗

Eq. 4.1 

Where; 

𝑝𝑐𝑖𝑖  ∶ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖 

𝑤𝑖  ∶ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖 𝑖𝑛 𝑤𝑜𝑟𝑙𝑑𝑤𝑖𝑑𝑒 𝑡𝑜𝑡𝑎𝑙 𝑚𝑒𝑟𝑐ℎ𝑎𝑛𝑑𝑖𝑧𝑒 𝑡𝑟𝑎𝑑𝑒 

𝑅𝐶𝐴𝑖 : {
1 𝑖𝑓 (𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖) ≥ 1

0 𝑖𝑓 (𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖) < 1

𝑃𝑖,𝑗  ∶ 𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑖 𝑎𝑛𝑑 𝑗 

𝛼, 𝛽, 𝛾, 𝛿: 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑎𝑏𝑜𝑢𝑡 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑤𝑖𝑡ℎ ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 

So a product i with high potential have some of the following properties; 

vi. It is a high-tech and complicated product with high 𝑝𝑐𝑖𝑖

vii. It is a widely traded product worldwide so has a large 𝑤𝑖

viii. Its neighbors in product space are widely traded products worldwide so have large

𝑤𝑗’s
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ix. The other products that i is similar to have current revealed comparative advantage

x. There are many products similar to product i

4.3.2 The Results 

When we apply the formula given in Eq. 4.1 for product space of Turkey with the parameters 

alpha=1, beta=1, delta=1, gamma=1, we get the following results; 

Figure 4.15 Products with Highest Potential 

Source: Author calculations. 
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Table 4.6 Products with Highest Potential 

 No  Product Sector Potential RCA Tech 
Level 

PCI Weight 
in 

World 
Trade 

(%) 

Weight 
in 

Turkish 
Exports 

(%) 

1 Medicaments chemicals 0.66 0.21 5 0.74 2.29 0.40 

2 Electronic Microcircuits machinery 0.58 0.01 5 1.13 2.09 0.02 

3 Machinery for Specialized Industries machinery 0.58 0.39 4 2.12 0.96 0.34 

4 Glycosides and Vaccines chemicals 0.35 0.11 5 1.33 0.85 0.08 

5 Circuit Breakers and Panels machinery 0.35 0.86 4 0.96 1.11 0.96 

6 Valves machinery 0.30 0.75 4 1.51 0.55 0.38 

7 Telecom Parts and Accessories machinery 0.27 0.04 4 1.11 0.75 0.05 

8 Chemical Products chemicals 0.27 0.36 4 1.43 0.73 0.26 

9 TV and Radio Transmitters machinery 0.27 0.01 4 0.83 1.07 0.02 

10 Optical Instruments misc manufactured 0.20 0.03 5 1.54 0.50 0.01 

11 Heterocyclic Compounds chemicals 0.20 0.02 2 1.63 0.45 0.01 

12 Motor Vehicles Piston Engines machinery 0.20 0.28 4 1.47 0.43 0.11 

13 Pulley System Parts machinery 0.19 0.67 4 1.69 0.34 0.22 

14 Miscellaneous Electrical Machinery machinery 0.18 0.12 5 0.99 0.59 0.08 

15 Miscellaneous Non-Electrical Machines machinery 0.18 0.59 4 1.61 0.35 0.17 

16 Lifting and Loading Machinery machinery 0.15 0.57 4 1.25 0.33 0.17 

17 Miscellaneous Power Machinery machinery 0.15 0.23 5 1.13 0.36 0.10 

18 Control Instruments of Gas or Liquid misc manufactured 0.14 0.31 5 1.62 0.27 0.08 

19 Medical Instruments misc manufactured 0.14 0.20 4 0.77 0.58 0.11 

20 Miscellaneous Heating and Cooling Equipment machinery 0.14 0.49 4 1.74 0.23 0.10 

Source: Author calculations
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Figure 4.15 gives potential for each product in product space of Turkey. We see from Table 

4.6 that all potential products in top 20 are high-tech or medium-high-tech products. These 

results are in line with the analysis done in Section 4.1 where it was shown that 14 high-tech 

products are within one-step reach of products that Turkey exports competitively. 

When we analyze the sectoral distribution of top 20 potential products we see that all of them 

are broadly categorized as either chemicals, machinery or misc. manufactured products. 

'Glycosides and Vaccines' and 'Medicaments' are in top three here and are also chosen in the 

previous analysis as they are similar to current Turkish export basket.  

4.3.3 The Proposed Incentive System for Turkey 

The national incentive or innovation system does heavily affects the success of latecomer 

country in jumping to the core of the product space. So it’s important to design a national 

incentive system so that it is capable of offering different catch-up schemes for different 

sectors and products.  

Diffusion in the Product Space depends heavily on the road ahead and the road ahead is 

different for each product. Sometimes there is a big scientific or technological breakthrough 

and sometimes it’s just incremental change or upgrade. Depending on details, the country 

must enable the maximum use of catch-up schemes to gain competitive power in 

international markets. 

Country specific properties are important in the success of catch-up policies. There are 

mainly three types of effects at country level: 

i. information effect,

ii. complementarity/lock-in effect,

iii. learning effect

An ‘information effect’ refers to organizations and institutions specific to the country that 

have an effect on the local firm in terms of firm’s capabilities for searching new technologies 

or methods. A complementarity/lock-in effect refers to the impact of the complex network 

of the interactions in the country’s innovation system on the local firm that affects the 

capability of the local firm to recognize the technological discontinuities and windows of 

opportunities. Finally, a learning effect refers to national innovation system’s impact on the 

local firms in accumulating capabilities at the firm level. 
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These country specific properties are the main determinants in countries’ catch-up processes 

and depending on them different trajectories of catch-up dynamics can be observed. The 

level of technological disruption, the amount of lock-ins, the structure of technological 

structure, and latecomers’ initial capabilities are determining factors in the catch-up process. 

Most of the export incentive system of Turkey differentiates among companies depending 

on sector or region. But this leads to inefficient distribution of incentives. Mostly because 

these are the sectors with low technology production. High technology incentives are given 

in terms of the budget constraints of big investments.  

According to proposed incentive system, to encourage export of a new product, the first 

exporter of a high-tech product should receive the highest incentive. Because a company 

trying to produce a new field is actually trying to reveal the product cost structure of the 

country. In the event of failure of the company, all liability and damages are attributable to 

itself and if it is successful and profitable, this product will be copied by other companies 

and profit will be shared. For this reason, private returns from developing a new product are 

lower than total social benefits, and market incentives for self-discovery are often 

insufficient on their own. In such a case, the standard solution is to subsidize the state channel 

to make private revenues compatible with social revenues. Thus the negative externality of 

cost structure will be met by the state. 

Coordination deficiencies and externalities are a particularly effective constraint for high-

tech and new products. Developing a new product often requires a complex supply chain 

and it is difficult to develop a product for which the supplier is not available. In addition, it 

is difficult to find skilled and experienced workers for high-tech new products because 

nobody has produced this product in Turkey yet. So, is it possible for a structural 

transformation in such a case? 

The dependence of new products on existing capabilities means that a structural change left 

completely to the market is relatively slow. Because diffusion in the Product Space when 

left to itself is relatively slow and primarily occurs in the neighborhood of similar products. 

Instead of developing new talents, domestic firms usually use existing skills in production. 

The new capabilities in production often come about through new products. 

Information externalities and coordination externalities indicate that it is relatively much 

more difficult for diversification to take place without planned public action. The most 
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important examples of Product Space diversity are the result of planned public action and 

public-private partnership. 

Success of these incentives should be measured by defining a criteria set to ensure that bad 

projects are phased out and mistakes are not sustained. We see that, the successful policies 

that East Asian countries applied possess these elements. The fact that Latin America 

generally had a lot of carrots and less sticks, in part, explains the inefficient and low added 

value export structure of this region. The point to be emphasized here is that some of the 

investments encouraged even in the optimum incentive program will fail. The task of the 

policy maker is not to choose the winners but to determine the losers when they lose. 
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Box. 1 Export Incentive System Proposal for Turkey 

CONSTRAINED OPTIMIZATION PROBLEM 

OBJECTIVE FUNCTION: Attain Competitive Power in Maximum Possible Number 

of High-Tech Products in Shortest Possible Time 

CONSTRAINTS: Budget, Innovation System, Financial System, Infrastructure 

POLICY VARIABLE: Incentive System 

CRITERIA: The total state incentive given to product i is proportional to the potential 

of the product i.  

Potential of a product is a combination of its technology level, proximity to current 

export basket, and weight in world trade. 

Turkey can have ‘guided paths to the core’ of the Product Space. With a guided path, 

The State guides the industry into a specific path or direction so that arriving at the core 

will be faster for the country.  

This incentive method is not unique as there may be multiple incentive methods with 

the same result. One option is improving infrastructure + giving financial incentives 

and tax benefits + providing know-how. Another option is a State interfering with free 

market in case of under-investment and lack-of-interest of private sector in critical 

areas. 

In all options the common theme is the adoption of the common goal of reaching the 

core of product space in the shortest period of time by all actors. 

SOLUTION: Proposed Export Incentive System for Turkey 
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Box. 1 gives a summary of the proposed export incentive system for Turkey. When we 

consider the properties that this incentive system must have, Section 3.1 is our main 

reference. 

For an incentive system to be effective it must have various properties. When we try to get 

modified versions of those properties for Turkey, we find that an effective incentive system 

in Turkey must have the following properties; 

The promoted activities should have a clear potential to provide spillovers and 

demonstration effects. 

Our analysis in previous chapters demonstrates that spillover effects of new products diffuse 

mainly through the product space structure. In the proposed incentive system, spillover 

effects are maximized by choosing the paths that leads to the core regions of the product 

space.  

There must be clear criteria for success and failure. 

In Turkey’s case the criteria is clear: give maximum support for the exporter of a high-tech 

product which is in neighborhood of current product space of Turkey. The tricky part is that 

the exporter will have a difficult time on choosing the new risky high-tech product. The main 

role of state is spreading the risk by giving incentives to risk-takers via tax benefits, long-

term investment credits, risk insurances etc.  

One opportunity for Turkey in this area is the newly established Turkey Sovereign Wealth 

Fund Management Inc. (Türkiye Varlık Fonu). One of the tasks of the Fund is ‘to participate 

in large-scale strategic investments’. Investing in companies focused on production and 

export of high-tech products will accelerate the technological transformation in exports. 

Prudence must be always the first property to have in case of state interfering in free market 

as there are more ‘unknown unknowns’ than ‘known unknowns’ (see Footnote 5). 

When and under what conditions public support will be ended should be clearly indicated. 

One may think that putting clear criteria for success and failure guarantees optimal 

distribution of incentives. This assertion is not true. Even successful activities may become 

mediocre after some time and if there is not clear sunset clause then it may be difficult to 

stop the incentive. So there must be clear rules for the start and end of incentives.  
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In an optimal structure, errors that sometimes result in ‘choosing failures’ will occur. The 

goal should not be to block the discovery process by minimizing the likelihood of faults 

occurring, but rather to reduce the costs of these faults to the minimum. 

Measuring success or failure is comparatively easier than measuring genuine risk taking 

behavior. Because of that, governments in general use success or failure when giving 

incentives to firms. But more important criteria is risk taking behavior of the firms. When 

state only rewards success, the optimal behavior of firms is not taking risk but goes for easy 

successes. This partly explains the low number of high-tech product in export basket of 

Turkey. 

The main aim of the state is to create an environment that encourages creativity and risk 

taking. Because innovation does not happen without risk. Some of these outcomes can be 

bad, and encouraging risk taking can help increase innovation.  

Policy-making institutions should be closely related to or monitored by the institution with 

the highest political authority. 

For a given incentive system, if we want to measure its quality, the first thing we look at 

must be whether the incentive system is a part of consistent long term industrial policy. 

Otherwise, an incentive system becomes a disoriented list of supports when the industrial 

policy is a wish list instead of a programmed list of the things to be done.  

So it is important that industrial policy and incentive system is planned by the same authority. 

The higher the rank of authority the higher the chance of success. Because as (Rodrik, 2004) 

says industrial policy “requires a certain degree of autonomy for the bureaucratic agencies 

implementing it. But autonomy does not and should not mean lack of accountability. Close 

monitoring (and coordination) of the promotion activities by a cabinet-level politician, a 

principal who has internalized the agenda of economic restructuring and shoulders the main 

responsibility for it, is essential. Such monitoring guards not only against self-interested 

behavior on the part of the agencies, but also helps protect the agencies from capture by 

private interests”.  
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4.3.4 Main Tools for the Proposed Incentive System 

One way to think about exports is that if you do not export then you depend solely on one 

market, the domestic market, and this is extremely dangerous for a country. The aim of 

Turkey in promoting the exports is to get a system of strong and diversified exporters. There 

are many different ways to construct an incentive system for export and production. 

We have seen that the problem of creating high-tech export products can be thought as a 

constrained optimization problem (see Box. 1). In constrained optimization problems, a 

constraint is defined as binding if changing the constraint also changes the optimal solution. 

So once an optimal solution is found the planner can improve the solution only by relaxing 

the binding constraints.  

In our case, we argue that there are three main constraints and related sub-constraints; 

i. Risk Appetite of Firms

a. Coordination externalities

b. Cost of self-discovery process

c. Cost and availability of financial instruments for risky investments

ii. The Skill Set of Population

a. Education system

b. vocational, technical, and language training

iii. The Infrastructure

a. Research

b. Transportation

c. Communication

d. Electric, water, etc.

Increase Risk Appetite Of Firms 

One of the main impediments of risk appetite is the dire consequences of a failure as 

explained in Section 2.2. Especially in case of catch up cycles (Section 2.2.1) and windows 

of opportunities (Section 2.2.4), risk appetite is crucial in taking advantage of suitable 

conditions for catching-up the leaders. State support for risk-takers enables the firms to go 

for the big game. The incentives to increase the risk appetite includes but is not limited to; 
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i. Increase the capacity of development banks substantially (see Japanese Development 

Banks section).  

ii. Public guarantees for long-term commercial bank loans 

iii. Special tools to direct some of the public pension fund assets to the high-risk 

investment portfolio 

Direct some of the fund of Turkey Sovereign Wealth Fund Management Inc. (Türkiye Varlık 

Fonu) to high-tech high-risk investments.  

Broaden the Skill Set of Population 

In sectors where scale is not important and skills of researchers are more important, new and 

small firms generally dominates the sector by growing quickly. In these areas, promoting the 

advancement of skill-sets of population is critical as high level of human capital is more 

important in these sectors.  

Supplying the young with the indispensable skills of algorithmic reasoning, coding, and 

critical and creative thinking is utmost responsibility of the State. The PISA scores 

publicized by OECD indicates that Turkey needs a big restructuring in education system to 

obtain these goals for the majority of students. 

Labor market innovations are important to increase the effectiveness of vocational, technical, 

and language training. Innovative firms fear that on-the-job training together with a labor 

turnover rate will reduce the benefit to the company and cautiously approach costly training. 

Develop the Infrastructure 

Sustainable development is impossible without a well-functioning infrastructure. Many 

countries do not have the institutional capacity and resources to develop big and critical 

infrastructure projects, and that fact deters potential investments in the country. 

In some sectors, it is difficult to apply big scale investments and in these sectors it is more 

important to develop a science and technology infrastructure, public-private partnerships, 

and enable the diffusion of various market institutions (See Section 2.2.6). 

In order to ensure the more effective use and sustainability of research infrastructures, the 

Law on Supporting Research Infrastructures No. 6550 and the secondary legislation of this 
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Law have entered into force in 2014 and 2015, respectively. With this Law, arrangements 

have been made regarding the management, financing, staff structure monitoring, evaluation 

and support of research infrastructures. By the end of 2017, four research infrastructures 

started to be supported under the Law (See Section 3.4.3). 

4.3.5 The Will to Change 

In economics and politics alike, it’s widely believed that copying rules from other countries 

is easy but copying technology is not. Upon closer scrutiny, we see that that is not necessarily 

the case. Rules and incentives are impossible to copy perfectly. Even if we assume a perfect 

hypothetical copy of rules, it is impossible to apply these rules perfectly without copying the 

institutions, technology capabilities and productivity levels as well as the rules and 

incentives. If a country has a stable but not necessarily an efficient system of rules, it’s very 

difficult to change the status quo as the cost of a consensus and coordination is high (Romer, 

2010). 

Macroeconomist Paul Romer claims that “Innovations in meta-rules, the rules for changing 

rules, would be particularly valuable if they made it easier for groups of people to transition 

from an existing set of rules to better ones that have been shown to work elsewhere” (Romer, 

2010). 

According to Romer, one very important meta-idea is the modern city where a large 

population of people live together in harmony. Another one is the market economy where 

market forces guide almost all decisions that people make in their interactions. These two 

meta-ideas allow large populations of people to cooperate by creating and sharing new ideas. 

According to Romer, the third important meta-idea is university. With the invention of the 

university, the creation of science became standart.  

In this respect, we need to look beyond for the meta-ideas of the future. Because, only new 

meta-ideas can transform economies in a big scale and only the frontier countries can take 

the advantage of meta-ideas by being the first users of them. This is an example of ‘Matthew 

effect’ or simply ‘the rich get richer’ effect. In classical dynamic network models, the nodes 

with more links are likely to attract more links than the nodes with only a few connectons. 

This effect is also true for countries. For example, those countries having big patent pools 

create more patents by combining existing ones. So, the best way to catch-up the leader 

countries is to invest in meta-ideas of future.  
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5. Conclusion  

In Turkey, a variety of supports are given to exporter firms for boosting exports. The two 

most common features of these supports are equal treatment of all firms which meet the 

criteria, and giving support to the processes rather than to the final products. While this 

system is good for improving the capacities of all companies to a certain degree, it does not 

usually lead to the creation of new high-tech products that Turkey needs in its catch-up 

process with the leading countries. 

There may be various methods to increase the export level. One method is to increase the 

volume of exports without changing the tech level by either increasing intensive or extensive 

margin of Turkish exports. Most of the import substitution policies that Turkey applied in 

the past are of this kind. Creation of new high-tech export products has not been a priority 

of policy makers. Nowadays, we better understand the importance of high-tech and high 

value-added products. In this respect, it is important to find a new mechanism that enables 

the support of high-tech product export.  

Although it has been well understood by policy makers that incentive system is important 

for increasing the technology level of exports, finding the optimal structure of an incentive 

system was too elusive in the past and is still elusive currently. In this book, we address the 

problem of optimal incentive system. In this respect, the government may create policies to 

raise average national productivity levels by encouraging latecomer firms to upgrade their 

products, processes and organizational practices. If such diffusions are targeted to specific 

products and product chains, the upgrading process may be more effective. That is the main 

idea of this book.  

In the product space of Turkey, diversity of products are high and are mostly concentrated 

on medium and medium-high technologies. While CAF strategies enables countries to move 

in the close neighborhood of existing products, CAD jumps allow for long jumps needed for 

quick access to the core regions of the product space. 

The analysis we have done shows that for Turkey there are 14 high-tech products that are 

similar to the products of the current export basket. These 14 products, similar to existing 

export products, can be reached in 1 step, while the remaining 44 high-tech products are 

reachable in 2 or more steps. Turkey does not have comparative advantage for any of these 



14 high-tech products. But Turkey does have at least one similar product with comparative 

advantage for all of them.  

Assuming that Turkey reached the products that can be reached in 1 step, we can calculate 

the products that can be reached in 2 steps. When we do this analysis, we reach 15 new high-

tech products. Our analysis shows that there are no new connections after 4th iteration if we 

use 0.5 as our proximity threshold. Our analysis implies that these products, nonreachable 

with usual diffuson, can only be reached by making long-jumps.  

Product space of Turkey includes many clues about the direction of development. Turkey 

have huge diversity of products in low and medium-tech segments of products but not that 

much diversity in high-tech products. In this respect, choosing the best feeding place is a 

classical problem for animals. They simply “search for a while in each place, see how well 

they do in each and then concentrate on the place that seems best.” This can be also a good 

strategy for Turkey in deciding which products to export and which products to quit. 

While most of the developed countries displays a decreasing trend after reaching their peaks 

in terms of diversity of products in their export baskets, most of the developing countries are 

still trying to get to their peaks. Our analyses has shown that countries such as Turkey have 

not yet reached their peaks. This fact indicates that Turkey has not passed yet from 

exploration part to exploitation part of process. To accomplish that, Turkish firms must take 

risks in quitting investment in low-tech products and starting to invest in risky high-tech 

products. The state must supply the necessary incentives to give the private sector the needed 

confidence in international arena. 

When the development of the last 50 years is examined, it is seen that Turkey is a good 

follower that did not close the gap with the developed countries but also did not allow the 

widening of the gap even further. In this respect, Turkey is in a junction between defense 

oriented US style and development and strategic goal oriented Japan style. Both systems have 

some advantages and disadvantages. This is a classical problem of explore-or-exploit kind.  

Our analysis shows that in situations where the problem is clearly stated and the solution is 

roughly standard it is more reasonable to exploit the situation with a plan-rational outlook. 

But, in real world there is no free lunch and exploit period will come to an end. The 

surroundings will be unfamiliar and standard plan-rational solutions will not work. In this 
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situation, distributing the resources to all possible paths and solutions for a certain 

exploration period is the optimal strategy. Because nobody knows the exact solution and 

future is full of surprises. In these cases, market-rational system where nothing is forbidden 

and everything is possible becomes more reasonable. Resources are not directed at pre 

specified goals and instead are distributed in a game theoretical mixed-strategy perspective.  

In our proposed incentive system, the two criteria for state support for a specific product i 

are that the product must be a new product and that the product must have high potential. 

We have found out that all potential products in top 20 are high-tech or medium-high-tech 

products. All of these products are broadly categorized as either chemicals, machinery or 

miscellaneous manufactured products. 'Glycosides and Vaccines' and 'Medicaments' are in 

top three and they were also chosen in the first analysis we did.  

The national incentive or innovation system does heavily affects the success of latecomer 

country in jumping to the core of the product space. So it’s important to design a national 

incentive system so that it is capable of offering different catch-up schemes for different 

sectors and products. 

Most of the export incentive system of Turkey differentiates among companies depending 

on sector or region. But this leads to inefficient distribution of incentives. Mostly because 

these are the sectors with low technology production. High technology incentives are given 

in terms of the budget constraints of big investments.  

The dependence of new products on existing capabilities means that a structural change 

left completely to the market is relatively slow. Because diffusion in the Product Space 

when left to itself is relatively slow and primarily occurs in the neighborhood of similar 

products. 

Information externalities and coordination externalities indicate that it is relatively much 

more difficult for diversification to take place without planned public action. The most 

important examples of Product Space diversity are the result of planned public action and 

public-private partnership. 

The constrained optimization problem, its solution, and main incentive tools indicate that 

Turkey can have ‘guided paths to the core’ of the Product Space. With a guided path, The 

State guides the industry into a specific path or direction so that arriving at the core is faster 

for the country. This incentive method to guide the diffusion process is not unique as there 
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may be multiple incentive methods with the same result. In all options the common theme 

is the adoption of the common goal of reaching the core of product space in the shortest 

period of time by all actors. 

Risk appetite of the firms is of big importance for the creation of new high-tech exporter 

firms. We have seen that Turkish firms are not eager to take big risks in international arena. 

One of the reasons for not taking risk is the dire consequences of a failure. Especially in case 

of catch up cycles and windows of opportunities, risk appetite is crucial in taking advantage 

of suitable conditions for catching-up the leaders. State support for risk-takers enables the 

firms to go for the big game. The incentives to increase the risk appetite includes but is not 

limited to increasing the capacity of development banks substantially, giving public 

guarantees for long-term commercial bank loans, offering special tools to direct some of the 

public pension fund assets to the high-risk investment portfolio, and directing some of the 

fund of Turkey Sovereign Wealth Fund Management Inc. (Türkiye Varlık Fonu) to high-

tech high-risk investments. 

Policy interventions aimed at SMEs and entrepreneurs are not efficient enough to encourage 

the needed efficiency and innovation increases. The inclusive and egalitarian attitude 

towards all firms is not helpful in differentiating between which firms increase their 

productivity as a result of the state support and which firms do not. There is a need to design 

special, unique and flexible support mechanisms for different initiatives in entrepreneurship 

and SME support.  

There is also a continuing need to develop different approaches to the needs of different 

segments, such as newly established, innovative, fast-growing, steadily growing and 

productivity-enhancing export companies involved in global supply chains. As we have 

shown, product space perspective is a unifying framework bringing together different 

aspects of products. 

Technologies, such AI, ML, quantum computing, IoT, BMI, and big data create new 

products, services, markets, and important opportunities for the next big transformation. The 

race of developed nations in some of these areas already took off and still in some other 

sectors they are just warming up.  

Turkey’s good university education in computer sciences indicates that with good planning 

and investment Turkey can create its own ecosystem in high-tech areas, eduacate a new 

144 



145 

generation of scientists and engineers, and make it sure that the Turkish workforce will be 

ready for the automated future.  

A well-planned public procurement system is instrumental in supporting the industrial 

policy. If Turkey Sovereign Wealth Fund Management Inc. (Türkiye Varlık Fonu) invest in 

companies focused on production and export of high-tech products that will accelerate the 

technological transformation in export products.  

For a proper analysis of the situation, the deficiencies, the risks, and the opportunities about 

the future technologies, creation of a new process has been proposed in which promising 

growth areas are asked to private sector firms and after that a public-private partnership is 

formed to overcome the financial and technological bottlenecks and uncertainties. 

When we analyze international markets we see that there are three kinds of firms; OEM, 

ODM, and OBM. One of the claims in this book is that big Turkish firms are afraid of big 

fights against their more developed partners. This is true because while Korean and Chinese 

firms used catch-up strategies and followed OEM-ODM-OBM path, Turkish companies are 

stuck at ODM level at best. This is in-out-in strategy and firms need courage themselves and 

support from government to do that. Product space view can help Turkey and its firms in 

their upgrading process.  

For big Turkish firms, collaboration with world leaders in high-tech areas is important. But 

the degree of collaboration must not deteriorate the chances of Turkish firms to become 

ODM or OBM instead of OEM. To accomplish that, it is important for big Turkish firms to 

establish large R&D departments, distributing it worldwide, and making alliances in 

strategic technologies with the leader firms. This structure allows a latecomer Turkish firm 

to catch-up the leaders and become a world leader itself. 

Although FDI is an important tool to transfer some technology to developing countries, 

technology transfer has never been a priority for developed countries as their main criteria 

is low cost of land and labor, a big domestic market, low tax rates, and other incentives. So 

it is only in the hands of developing world to develop their own innovation system and to 

produce high-tech products.  

FVA trajectory of developing countries does not follow a linear path. Instead, FVA of 

developing countries increases at the initial stages of development during low income and 
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lower middle income levels. Later, during middle income and upper middle income stages 

FVA ratio decreases and finally when the country reaches high income stage it increases 

again.  

Turkish latecomer firms must not be afraid of temporary drops in their production or export 

levels if they want to catch-up the leaders. The most critical role in this area belongs to The 

Turkish State who must give the necessary confidence to private firms in their risk-taking 

international endeavors. Firstly, the state must be supporting the firms which want to become 

independent in international markets. Secondly, government must promote private firm’s 

R&D initiatives and public-private partnership in R&D. The last but not the least, in cases 

of international intellectual property disputes (IPR), the government must help the local firm. 

Korean case offers valuable insights for the Turkish state and private firms alike. 

Cycle time methodology offers much insight especially for middle income countries such as 

Turkey in their development process. When these countries want to specialize on specific 

sectors, it is better to concentrate on sectors and technologies with shorter cycle times. 

Because in those technologies with shorter cycle time, investment requirements are lower in 

general and catch-up cycles are faster meaning that the country has a higher chance of 

success in the catch-up process. In this respect, Turkish private firms and state alike must do 

firstly a breadth-first search and then a depth-first search for possible technologies which are 

suitable for Turkey and which have short cycle times. 

Rejecting CAD strategy altogether may mean that the middle income trap becomes destiny 

rather than a short period that Turkey must experience before reaching the level of advanced 

countries.  

Windows of opportunities happen for different technologies in different times and do not 

differentiate between countries. It is important when an institutional window is opened and 

how to respond nationally in the best way. NIS is a complex network and best response 

against a window of opportunity is a must if Turkey wants to catch up successfully.  

In most cases the various components of NIS works like a chain so the power of chain is 

measured by the weakest link. It important for all components of NIS such as universities, 

research laboratories, education system, financial system, and public policy, to have the 

capability to respond to a new window of opportunity.  
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Invention and innovation or academic research and technological research cannot be 

separated easily as they intermingled within the complex system of NIS. But, technological 

knowledge is more important for economic development as it is the source of high value 

added production.  

Turkish State must encourage the development of in-house R&D for private firms. As these 

industrial innovation activities increase, it also creates a demand for academic research as 

some areas of industry have larger reliance on theoretical knowledge that can only be 

provided by long term research of academia. These demand and supply of technological 

knowledge creates a healthy and productive interaction between university and industry. 

The relation between industry, technology, and science is a complicated one. Studies show 

that some sectors need only technology and not much basic science and that some other 

sectors need more basic science. The machinery is an example to the first and biotechnology 

is an example to the second one. In this respect, the regions in Turkey must take into account 

the expertise areas of their local universities and vice versa.  

The government can provide technology extension services focused on dissemination of 

‘good practices’ across the economy. Determination and implementation of product and 

process standards can be used to disseminate ‘good practices’. In other words, the 

government can create policies to raise average national productivity levels by encouraging 

latecomers to upgrade their products, processes and organizational practices. If such 

diffusions are targeted to specific products and product chains, the upgrading process can be 

more effective.  

R&D policies have long been used in our country to encourage technological innovation. In 

recent years, a large number of programs have begun to be implemented to support R&D. In 

order to make effective use of these programs, the legal framework of R&D policies should 

be simplified. 

Contrary to traditional view that competition policy and industrial policy must be regarded 

as complementary rather than as substitutes. As the Japanese story indicates, high 

competition can co-exist with high level state incentives. The historical Turkish case shows 

that good intentions does not give good results. We claim that a well-planned incentive 

system can bring high-level of competition to the Turkish private sector. Giving same 

incentive to all firms or keeping the bar very high or low will not give the desired results (for 

a personal explanation see Appendix E). 
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In an automated future for the labor force, mental skills instead of physical skills will be more 

important. Supplying the young with the indispensable skills of algorithmic reasoning, coding, 

and critical and creative thinking is utmost responsibility of the State. Turkey needs a big 

restructuring in education system to obtain these goals for the majority of students. 

Policy coordination, especially in the areas of education, infrastructure, innovation and 

financing, plays a critical role in supporting the simultaneous evolution of product space and 

framework conditions9. In this book, we offered product space as a new methodology to 

connect industrial policy and growth process of Turkey and a well-defined way to speed up 

the development process.  

As a result, in order to attain export-oriented high growth rates required for the long-term 

development targets, Turkey needs a policy agenda aimed at continuously improving its 

product space and its physical, human and institutional capital dimensions. 

9
‘framework conditions‘ is English translation of  German phrase “Rahmenbedingungen” and refers to the business and 

regulatory environment in which a company or economic actor is operating.
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A. PRODUCT SPACES OF SELECTED COUNTRIES (GOODS&SERVICE EXPORTS / GDP %, HIGH-TECH

EXPORTS / TOTAL GOODS EXPORTS %)

Turkey (22%, 2%) 

Source: (Hidalgo, 2016) 
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China (19.6%, 25.2%) 
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Mexico (38.2%, 15.3%) 
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Malaysia (67.7%, 43.0%) 
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Brazil (12.5%, 13.4%) 
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South Korea (42.2%, 26.6%) 
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Japan (16.1%, 16.2%) 
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B. HIGH-TECH PRODUCTS REACHABLE IN ONE STEP

SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

6996 'Miscellaneous Articles of Base 

Metals' 

2.1 3 0.51 5413 'Antibiotics' 0.1 5 

5169 'Organic Chemicals' 1.3 2 0.64 5416 'Glycosides and Vaccines' 0.1 5 

7219 'Miscellaneous Agricultural 

Machinery' 

1.1 4 0.53 5416 'Glycosides and Vaccines' 0.1 5 

5334 'Varnishes and Lacquers' 1.3 4 0.59 5417 'Medicaments' 0.2 5 

5543 'Polishes for Floors, Footwear and 

Metals' 

2.8 4 0.60 5417 'Medicaments' 0.2 5 

6428 'Miscellaneous Articles of Paper' 3.8 3 0.51 5417 'Medicaments' 0.2 5 

6996 'Miscellaneous Articles of Base 

Metals' 

2.1 3 0.65 5417 'Medicaments' 0.2 5 

7449 'Miscellaneous Parts of Lifting 

Machinery' 

1.2 4 0.52 5417 'Medicaments' 0.2 5 

5169 'Organic Chemicals' 1.3 2 0.56 5419 'Non-Medicinal Pharmaceutical 

Products' 

0.3 5 
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SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

5334 'Varnishes and Lacquers' 1.3 4 0.51 5419 'Non-Medicinal Pharmaceutical 

Products' 

0.3 5 

5335 'Glazes' 2.1 4 0.56 5419 'Non-Medicinal Pharmaceutical 

Products' 

0.3 5 

6637 'Miscellaneous Refractory Goods' 1.1 2 0.52 7129 'Miscellaneous Parts of Steam Power 

Units' 

0.0 5 

6997 'Miscellaneous Articles of Iron' 1.6 3 0.53 7129 'Miscellaneous Parts of Steam Power 

Units' 

0.0 5 

7139 'Piston Engine Parts' 2.9 4 0.54 7129 'Miscellaneous Parts of Steam Power 

Units' 

0.0 5 

7449 'Miscellaneous Parts of Lifting 

Machinery' 

1.2 4 0.53 7129 'Miscellaneous Parts of Steam Power 

Units' 

0.0 5 

7868 'Non-Mechanically Propelled 

Vehicles' 

1.2 4 0.51 7129 'Miscellaneous Parts of Steam Power 

Units' 

0.0 5 

6649 'Miscellaneous Glass' 1.3 2 0.52 7162 'Electric Motors and AC Generators' 0.8 5 

5837 'Polyvinyl Acetate' 2.7 4 0.51 7163 'Rotary Converters' 0.3 5 
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SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

8121 'Central Heating Equipment' 9.2 4 0.50 7163 'Rotary Converters' 0.3 5 

6649 'Miscellaneous Glass' 1.3 2 0.54 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

6991 'Locksmith Hardware' 1.7 3 0.50 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

6997 'Miscellaneous Articles of Iron' 1.6 3 0.64 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

6998 'Miscellaneous Metal Articles' 1.3 3 0.51 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

7449 'Miscellaneous Parts of Lifting 

Machinery' 

1.2 4 0.62 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

7849 'Vehicles Parts and Accessories' 1.3 4 0.54 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

7861 'Transportation Containers' 1.3 4 0.57 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 
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SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

7868 'Non-Mechanically Propelled 

Vehicles' 

1.2 4 0.63 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

8121 'Central Heating Equipment' 9.2 4 0.54 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

8212 'Medical Furniture' 1.0 3 0.6 7169 'Miscellaneous Rotating Electric 

Plant Parts' 

0.7 5 

5334 'Varnishes and Lacquers' 1.3 4 0.52 7188 'Miscellaneous Engines' 0.3 5 

5335 'Glazes' 2.1 4 0.54 7188 'Miscellaneous Engines' 0.3 5 

5837 'Polyvinyl Acetate' 2.7 4 0.50 7188 'Miscellaneous Engines' 0.3 5 

6210 'Rubber Materials' 2.8 2 0.52 7188 'Miscellaneous Engines' 0.3 5 

6282 'Transmission Belts' 1.0 2 0.54 7188 'Miscellaneous Engines' 0.3 5 

6632 'Abrasive Powder' 1.2 2 0.50 7188 'Miscellaneous Engines' 0.3 5 

6996 'Miscellaneous Articles of Base 

Metals' 

2.1 3 0.54 7188 'Miscellaneous Engines' 0.3 5 

6997 'Miscellaneous Articles of Iron' 1.6 3 0.52 7188 'Miscellaneous Engines' 0.3 5 
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SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

7211 'Soil Preparation Machinery' 1.3 4 0.55 7188 'Miscellaneous Engines' 0.3 5 

7283 'Miscellaneous Mineral Working 

Tools' 

2.6 4 0.57 7188 'Miscellaneous Engines' 0.3 5 

7372 'Rolling Mills' 2.5 4 0.54 7188 'Miscellaneous Engines' 0.3 5 

7449 'Miscellaneous Parts of Lifting 

Machinery' 

1.2 4 0.70 7188 'Miscellaneous Engines' 0.3 5 

7822 'Special Purpose Trucks and Vans' 1.4 4 0.51 7188 'Miscellaneous Engines' 0.3 5 

7849 'Vehicles Parts and Accessories' 1.3 4 0.52 7188 'Miscellaneous Engines' 0.3 5 

7868 'Non-Mechanically Propelled 

Vehicles' 

1.2 4 0.58 7188 'Miscellaneous Engines' 0.3 5 

8212 'Medical Furniture' 1.0 3 0.5 7188 'Miscellaneous Engines' 0.3 5 

8946 'Non-Military Arms' 8.3 3 0.5 7188 'Miscellaneous Engines' 0.3 5 

5169 'Organic Chemicals' 1.3 2 0.58 7741 'Electrical Medical Equipment' 0.1 5 

5836 'Acrylic Polymers' 1.5 4 0.50 7741 'Electrical Medical Equipment' 0.1 5 
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SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

7219 'Miscellaneous Agricultural 

Machinery' 

1.1 4 0.51 7741 'Electrical Medical Equipment' 0.1 5 

6210 'Rubber Materials' 2.8 2 0.51 7783 'Automotive Electrical Equipment' 0.9 5 

6571 'Felt' 4.8 3 0.54 7783 'Automotive Electrical Equipment' 0.9 5 

6632 'Abrasive Powder' 1.2 2 0.50 7783 'Automotive Electrical Equipment' 0.9 5 

6637 'Miscellaneous Refractory Goods' 1.1 2 0.66 7783 'Automotive Electrical Equipment' 0.9 5 

6994 'Metal Springs' 1.9 3 0.56 7783 'Automotive Electrical Equipment' 0.9 5 

7139 'Piston Engine Parts' 2.9 4 0.54 7783 'Automotive Electrical Equipment' 0.9 5 

7372 'Rolling Mills' 2.5 4 0.52 7783 'Automotive Electrical Equipment' 0.9 5 

7428 'Miscellaneous Pumps' 1.4 4 0.64 7783 'Automotive Electrical Equipment' 0.9 5 

7810 'Cars' 1.2 4 0.54 7783 'Automotive Electrical Equipment' 0.9 5 

7849 'Vehicles Parts and Accessories' 1.3 4 0.60 7783 'Automotive Electrical Equipment' 0.9 5 

7757 'Home Electrical Appliances' 1.0 4 0.50 7784 'Power Tools' 0.1 5 



174 

SITC Already Exporting Product RCA Tech Proximity SITC Similar Potential Product RCA Tech 

6994 'Metal Springs' 1.9 3 0.64 8743 'Control Instruments of Gas or 

Liquid' 

0.3 5 

5836 'Acrylic Polymers' 1.5 4 0.52 8744 'Analog Instruments for Physical 

Analysis' 

0.1 5 
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C. HIGH-TECH PRODUCTS THAT CAN BE REACHED IN TWO STEPS* 

SITC 1. Step Product RCA Tech Proximity SITC 2. Step Product RCA Tech 

268 Inorganic Esters 1 2 0.58 289 Vitamins 0.1 5 

724 
Analog Instruments for Physical 

Analysis 
1 5 0.54 289 Vitamins 0.1 5 

565 Miscellaneous Printing Machines 1 4 0.53 292 Hormones 0.0 5 

567 Printing Machine Parts 1 4 0.53 292 Hormones 0.0 5 

724 
Analog Instruments for Physical 

Analysis 
1 5 0.56 292 Hormones 0.0 5 

542 
Miscellaneous Rotating Electric Plant 

Parts 
1 5 0.55 539 DC Motors 0.1 5 

603 Valves 1 4 0.50 539 DC Motors 0.1 5 

651 Automotive Electrical Equipment 1 5 0.56 539 DC Motors 0.1 5 

286 Printing Ink 1 4 0.52 610 Personal Computers 0.0 5 

724 
Analog Instruments for Physical 

Analysis 
1 5 0.57 610 Personal Computers 0.0 5 
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SITC 1. Step Product RCA Tech Proximity SITC 2. Step Product RCA Tech 

753 
Miscellaneous Office and Stationary 

Supplies 
1 3 0.55 610 Personal Computers 0.0 5 

760 Sound Recording Media 1 3 0.71 610 Personal Computers 0.0 5 

760 Sound Recording Media 1 3 0.53 611 CPUs 0.0 5 

315 Epoxide Resins 1 4 0.57 612 Digital storage units 0.0 5 

760 Sound Recording Media 1 3 0.56 614 
Miscellaneous Data Processing 

Equipment 
0.1 5 

540 Electric Motors and AC generators 1 5 0.52 630 Miscellaneous Power Machinery 0.2 5 

268 Inorganic Esters 1 2 0.62 637 X-Ray Equipment 0.1 5 

286 Printing Ink 1 4 0.57 637 X-Ray Equipment 0.1 5 

565 Miscellaneous Printing Machines 1 4 0.53 637 X-Ray Equipment 0.1 5 

636 Electrical Medical Equipment 1 5 0.55 637 X-Ray Equipment 0.1 5 

724 
Analog Instruments for Physical 

Analysis 
1 5 0.54 637 X-Ray Equipment 0.1 5 

315 Epoxide Resins 1 4 0.59 646 Diodes, Transistors and Photocells 0.0 5 
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SITC 1. Step Product RCA Tech Proximity SITC 2. Step Product RCA Tech 

315 Epoxide Resins 1 4 0.56 647 Electronic Microcircuits 0.0 5 

315 Epoxide Resins 1 4 0.55 648 Miscellaneous Electronic Circuit Parts 0.0 5 

268 Inorganic Esters 1 2 0.52 722 Mathematical Calculation Instruments 0.2 5 

286 Printing Ink 1 4 0.58 722 Mathematical Calculation Instruments 0.2 5 

565 Miscellaneous Printing Machines 1 4 0.50 722 Mathematical Calculation Instruments 0.2 5 

262 Organo-Sulphur Compounds 1 2 0.50 726 Miscellaneous Electrical Instruments 0.1 5 

268 Inorganic Esters 1 2 0.62 726 Miscellaneous Electrical Instruments 0.1 5 

286 Printing Ink 1 4 0.56 726 Miscellaneous Electrical Instruments 0.1 5 

565 Miscellaneous Printing Machines 1 4 0.56 726 Miscellaneous Electrical Instruments 0.1 5 

582 Furnaces 1 4 0.50 726 Miscellaneous Electrical Instruments 0.1 5 

724 
Analog Instruments for Physical 

Analysis 
1 5 0.57 726 Miscellaneous Electrical Instruments 0.1 5 
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SITC 1. Step Product RCA Tech Proximity SITC 2. Step Product RCA Tech 

262 Organo-Sulphur Compounds 1 2 0.52 727 Measuring Instrument Parts 0.2 5 

636 Electrical Medical Equipment 1 5 0.52 727 Measuring Instrument Parts 0.2 5 

723 Control Instruments of Gas or Liquid 1 5 0.54 727 Measuring Instrument Parts 0.2 5 

*RCA of all the products that can be reached in one step are assumed to be 1 and then based on this assumption, the products that are reachable in

two steps are computed.
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D. DATA AND CODE  

All data and code used in this book are publicly available at: 

https://www.researchgate.net/publication/330089293_data-and-code-for-the-thesisrar 

The Matlab code includes the following parts: 

Part 1: Evolution of Turkish Product Space 

Part 2: Products Reachable in 1-Step 

Part 3: Products Reachable in 2-Step  

Part 4: Shortest Paths 

Part 5: Computation of Potential for Products 

Part 6: Computation of Difference between New and Old Product Lists 

Part 7: Plot of Country Groups 

PDF version of the book is available at: 

https://www.researchgate.net/publication/330090073_Evolution_of_the_Product_Space_and_

A_New_Proposal_for_Turkey's_Export_Incentive_Sytem 

  

https://www.researchgate.net/publication/330089293_data-and-code-for-the-thesisrar
https://www.researchgate.net/publication/330090073_Evolution_of_the_Product_Space_and_A_New_Proposal_for_Turkey's_Export_Incentive_Sytem
https://www.researchgate.net/publication/330090073_Evolution_of_the_Product_Space_and_A_New_Proposal_for_Turkey's_Export_Incentive_Sytem
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E. BEHAVIORAL ROOTS OF INCENTIVES: MICRO ANALYSIS OF

PRIMARY SCHOOL PUPILS

My older son Ahmet Turan is in 4th grade. His school is close to my workplace, and once or 

twice a week I visit his class and ask questions with small rewards for the winner. At the 

beginning I was making a pairwise elimination tournament and asking a classical guessing 

game for each pair in which a random number generator (downloaded to my smart phone) 

produces a number between 1-100 and two players make guesses simultaneously at each round. 

I respond by declaring that their guesses are above or below the chosen random number until 

one of the students find the number. All students go crazy for this game as it requires no 

knowledge or strategy10 and their winning chances are almost equal. 

Other kinds of problems includes mathematical ones such as ‘How many squares are there in a 

chess board?’, or ‘What is the least nonnegative integer which requires 20 letters to write in 

Turkish?’11 Student behavior for these questions depends on  

i. the mood of the student on the day,

ii. the reward of the problem, and

iii. perceived probability of winning

Most acute problems I encounter are; 

i. If I ask difficult questions, even the most talented students do not participate.

ii. If I always ask mathematical problems, a few talented students win all the rewards and

other students are pissed off and quit participating after some time.

iii. If I ask questions such that winners are decided by chance most of the time, participation

is very high but there is no progress in the problem solving skills of students.

To solve these problems, in the next rounds of competitions, I plan to ask individualized 

questions suitable for the level of each student. 

10 Actually there is a stochastic strategy for maximizing the winning chance but large number 

of students makes it almost obsolete and most of the time winner is decided by chance alone. 

11 Try it yourself! Check out https://oeis.org/A305100 for the answer! 

https://oeis.org/A305100
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