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Executive Summary

In this second issue of the Sosyoekonomi’s 29" volume, the editorial board has curated a collection of
high-quality scholarly articles for its subscribers to follow up with the most up-to-date advancements blossoming
in the Social Sciences. The present issue consists of 25 articles authored individually or jointly by 54 distinguished
scholars working in various research institutions or independently.

The opening article by Kirca, Canbay, inal, and Yilmaz-Geng investigates the relationship between
R&D expenditures and per capita income for Hong Kong, South Korea, Singapore, China, and Turkey with the
help of panel causality tests. The second article belonging to Burhan and Acar attempts to test the validity of the
adaptive market hypothesis in the context of Turkey’s stock exchange market using a hidden Markov model. The
third article by Sezgin evaluates the GATT, WTO’s Agreement on Safeguards, and the Dispute Settlement
Procedure within the scope of safeguards. The author develops a theoretical model to compare the optimality of
tariffs resulting from the procedures that differ across agreements. The fourth article by Bozaci develops a structural
equation model to capture the effect of envy on conspicuous consumption and the moderating role of altruism. In
the subsequent article, ince-Yenilmez unfolds the various challenges faced by the Turkish women participating in
professional sports by examining questionnaire data gathered from 142 sportswomen.

The sixth article by Basar, Oztiirk, and Ara-Aksoy examines the gender disparity in the smoking
behaviour of the Turkish population. It suggests that policies aiming to combat smoking could be designed
differently according to the gender group targeted. The seventh article by Cicen investigates the relationship
between political and financial risks in Turkey by conducting a Fourier cointegration analysis. Based on his
findings, the author concludes that reducing political risks through the improvement of the institutional structure
and quality is a prerequisite to reduce financial risks in Turkey. The eight article by Giiltekin and Sarag, by
conducting process analyses with survey data collected from 200 participants, evaluates the roles of the store
atmosphere, the perceived quality of the parent brand, and the perceived fit in the determination of the extended
brand quality. The following article by Gazel, Alimrmak, and Karamasa establishes the performance rankings
of the commercial banks operating in Turkey by applying multi-criteria decision-making methods, namely the fuzzy
TOPSIS and fuzzy Shannon Entropy methods. The tenth article by Kaya and Bayraktar embarks on determining
the impacts of public incentive mechanisms on the renewable energy resources in 27 EU countries and Turkey.
Specifically, their dynamic panel data analyses investigate the possible effects generated by different incentives
such as tax reduction, subsidies, or implementation of a certificate system on the installed solar energy capacity of
the countries.

The eleventh article by Akgis-ilhan and Karakas establishes a spatial profile of the socio-economic
development of Turkey’s Bilecik province. While the study provides detailed mappings of various socio-economic
indicators at the neighbourhood level, it also attempts to determine the development degree's main factors. The
twelfth article by Orhan and Tirman empirically analyses the effects of governmental sukuk and participation
banking-based sukuk on Turkey's growth. The subsequent article by Koca, Egilmez, and Giiler attempts to
determine possible economic, administrative, and socio-demographic factors causing informal employment in
Turkey by using the DEMATEL-based analytical network process method. The fourteenth article by Kantarmaci,
Demiroglari, Erk, and Ucdogruk-Birecikli examines the overeducation phenomenon within the context of
Turkish Labour Market through a bivariate Probit model with a data sample belonging to nearly one million
individuals. The following article by Ariman and Tunger explores taxpayers' preferences over public expenditures
and their taxes payable for the same expenditures with survey data belonging to 782 Turkish taxpayers.

The sixteenth article by ipek and Akyaz tests the validity of the revealed preferences axioms-WARP,
SARP, and GARP with an experimental study. Their article is a valuable piece as it signifies a promising research
endeavour in experimental economics within the Turkish context. The subsequent article by Ozgiir-Keysan and
Sentiirk attempts to identify whether the perception of NGOs on the problems and expectations of the refugees
diverges from that of the Syrian female refugees located in Turkey. The eighteenth article by Ozyigit and Mazgit
aims at demonstrating the methodological and conceptual interplay between economics and physics through a
historical review of developments in income distribution research. The nineteenth article by imer, Oktem, and
Kaskati evaluates a sample of R&D companies operating in Gazi Teknopark and Bilkent Cyberpark between 2010-
2019 in terms of employment, R&D, sales, and exports. It discusses the potential of technoparks in generating the
desired benefits towards the development of Turkey. The following article by Giizel investigates a possible
interaction between the price formations of the USD/TRY foreign exchange rate emerging in the spot and
derivatives markets.



The twenty-first article by Ayhan and Onder explores the effect of human resources on the organizational
performance of civil society organizations (CSO) operating in Turkey through extensive survey data derived from
close to 1000 representatives from the CSOs. The following article by Aydin and Giiloglu examines the old-age
income poverty manifesting in the EU countries and Turkey through the data derived from the Income and Living
Conditions Surveys. The following article by Yazgan, Ceylan, and Mollavelioglu presents a convergence analysis
on the investment development path curves of 200 developed and developing countries. Specifically, foreign direct
investments and macroeconomic shocks on the investment development path curves are investigated. The twenty-
fourth article by Cilgin and Kurt conducts a cluster analysis over the foreign trade data of Turkey, Azerbaijan, and
Kazakhstan. The last article by Tabakan and Aver attempts to determine the variables influencing the voluntary
tax compliance of citizens with the help of logistic regression analyses over survey data belonging to Turkish
taxpayers.

While eight articles published in the present issue of Sosyoekonomi are written in English, the remaining
17 articles are written in Turkish. To facilitate more significant interaction between Turkish and non-Turkish
scientists and for faster dissemination of knowledge worldwide, Sosyoekonomi accepts submission of scientific
work in both Turkish and English languages for publication. However, considering the increased demand to the
journal from a wide variety of audiences worldwide, the editorial board consistently strives to maintain
comprehensive abstracts of the respective articles in both languages regardless of the language preference of the
authors.

The editorial board extends its sincere thanks to the distinguished authors and the respectable readers for
their increasing interest in publishing in and subscribing to Sosyoekonomi. The editorial board is also sincerely
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Editoriin Notu

Yaym Kurulu, Sosyal Bilimler’de filizlenen son gelismeleri bilim diinyasina sunmak ve okuyucularinin
yakindan takip etmesine olanak saglamak amaciyla st diizey bilimsel ¢aligmalari Sosyoekonomi’nin 29. cildinin
bu ikinci sayisinda bir araya getirmektedir. Halihazirdaki bu son sayi, cesitli akademik kurumlarda veya bagimsiz
olarak arastirmalarini siirdiirmekte olan toplam 54 arastirmacmn bireysel ya da ortaklasa yazmis oldugu 25
makaleden olusmaktadir.

Kirca, Canbay, inal ve Yilmaz-Geng tarafindan kaleme alnan agilis makalesi, Hong Kong, Giiney Kore,
Singapur, Cin ve Tiirkiye kapsaminda Ar-Ge harcamalari ile kisi bagi milli gelir arasindaki iliskiyi panel nedensellik
testleri yardimiyla aragtirmaktadir. Burhan ve Acar'a ait ikinci makale ise adaptif piyasa hipotezinin gecerliligini
gizli Markov modeli kullanarak Tiirkiye borsasi baglaminda test etmeye caligmaktadir. Sezgin tarafindan yazilan
tglincii makalede, caligmada gelistirilen teorik model gergevesinde farkli uluslararas: anlagmalar arasinda degisiklik
gosteren prosediirlerin optimal tarifeye etkileri karsilagtirilmaktadir. Bozaci tarafindan kaleme alman bir sonraki
makale, hasedin gosteris odakli tiiketime etkisini ve bu etkide 6zgeciligin diizenleyici roliinii yapisal esitlik
modelleri iizerinden incelemektedir. ince-Yenilmez’e ait besinci makalede ise, 142 sporcudan toplanan anket
verilerinin incelenmesiyle profesyonel spor yapan Tiirk kadinlarinin karsilastigi cesitli zorluklar irdelenmektedir.

Basar, Oztiirk ve Ara-Aksoy’iin yazarlar1 oldugu altinci makalede, sigara iciciligi konusunda Tiirk
toplumunda bulunan cinsiyet farklari incelemekte ve sigara bagimliligiyla miicadelede hedeflenen cinsiyet grubuna
gore farkl politikalar tasarlanabilecegi gosterilmektedir. Cigen tarafindan kaleme alinan yedinci makale, Fourier
esbiitiinlesme analizleri {izerinden Tiirkiye'deki siyasi ve finansal riskler arasindaki iliskiyi incelemektedir.
Caligmanin bulgulari, kurumsal yap: ve kurumsal kalitenin iyilestirilmesi yoluyla siyasi risklerin azaltilmasinin
Tiirkiye'deki finansal riskleri azaltmanin baslica kosullarindan oldugunu géstermektedir. Giiltekin ve Sarag’a ait
sekizinci makalede, magaza atmosferi, ana marka kalitesi ve algilanan uyumun genisletilmis marka kalitesini
belirlemedeki rolleri process analizleri kullanilarak arastirilmaktadir. Gazel, Altimirmak ve Karamasa’nin yazdig:
bir sonraki makalede, ¢ok kriterli karar verme yontemleri kullanilarak Tiirkiye'de faaliyet gosteren ticari bankalarin
performans siralamasini ortaya ¢ikarilmaktadir. Kaya ve Bayraktar tarafindan kaleme alinan onuncu makale ise,
vergi indirimi, siibvansiyonlar ve sertifika sistemleri gibi farkl: devlet tesviklerinin kurulu giines enerjisi kapasitesi
tizerindeki olasi etkilerini 27 AB iilkesi ve Tiirkiye 6zelinde incelemektedir.

Akgis-ilhan ve Karakas’in yazarlari oldugu on birinci makalede, Bilecik ilinin sosyoekonomik mekéansal
profili ortaya konmaktadir. Makalede, ¢esitli sosyoekonomik gostergelerin mahalle diizeyinde ayrintih
haritalamalar1 sunulurken, ayni zamanda kalkinma seviyesini belirleyen ana faktorler de belirlenmeye
caligilmaktadir. Orhan ve Tirman’a ait on ikinci makale, devlet ve katilim bankaciligi kaynakl kira sertifikasi
ihraglarinin Tirkiye bitylimesi iizerine etkisini arastirmaktadir. Koca, Egilmez ve Giiler tarafindan kaleme alian
miiteakip makale ise, DEMATEL tabanh analitik ag siireci yontemini kullanarak Tiirkiye'de kayit dis1 istihdama
neden olan muhtemel ekonomik, idari ve sosyo-demografik faktorleri belirlemeye ¢alismaktadir. Kantarmaci,
Demiroglari, Erk ve Ugdogruk-Bireciklinin yazdigi on dordiincii makale, Tiirkiye isgiicii piyasasindan yaklasik
bir milyon kisiye ait bir veri 6rneklemi kullanarak iki degiskenli Probit modeli iizerinden asir1 egitimlilik olgusunu
incelemektedir. Ariman ve Tuncer’in yazarlik yaptig1 bir sonraki makalede, yaklasik 800 vergi miikellefine ait
anket verileri tizerinden, kamu harcamalarina ve bu kamu harcamalari igin 6denecek vergilere dair miikelleflerin
tercihleri irdelenmistir.

ipek ve Akyaz tarafindan yazilan on altinct makale, agiga gikarilan tercih aksiyomlar1 olan WARP, SARP
ve GARP'in gegerliligini deneysel bir galisma ile snamaktadir. Ozgiir-Keysan ve Sentiirk'e ait bir sonraki makale,
STK'larin miiltecilerin sorunlarina ve beklentilerine iliskin algisinin Tirkiye'deki Suriyeli kadin miiltecilerinkinden
farkli olup olmadigim belirlemeye calismaktadir. Ozyigit ve Mazgit tarafindan yazilan on sekizinci makale ise,
gelir dagilimi arasgtirmalarindaki gelismelerin tarihsel bir incelemesi iizerinden ekonomi ve fizik bilimleri
arasindaki metodolojik ve kavramsal etkilesimi ortaya koymaktadir. imer, Oktem ve Kaskat1’ya ait on dokuzuncu
makale, Gazi Teknopark ve Bilkent Cyberpark’ta faaliyet gosteren Ar-Ge sirketlerini istihdam, Ar-Ge, satis ve
ihracat agilarindan degerlendirmekte ve ayni zamanda teknoparklarin Tiirkiye'nin gelismesine yonelik sahip oldugu
potansiyeli tartigmaktadir. Giizel tarafinda kaleme alinan sonraki makale, spot ve tiirev piyasalarda olusan
USD/TRY déviz fiyatlamalar arasindaki olasi etkilesimi incelemektedir.

Ayhan ve Onder’in yazdig: yirminci birinci makale, insan kaynaklarmm Tiirkiye'de faaliyet gosteren
STK’larn orgiitsel performans tizerindeki etkisini 1000'e yakin STK temsilcisinden elde edilen kapsamli anket
verileriyle arastirmaktadir. Aydin ve Giiloglu tarafindan kaleme alman yirmi ikinci makale, Gelir ve Yasam
Kosullar1 Anketleri’nden elde edilen veriler tizerinden AB iilkelerinde ve Tirkiye'de ortaya ¢ikan yash
yoksullugunu incelemektedir. Yazgan, Ceylan ve Mollavelioglu'na ait olan sonraki makale, dogrudan yabanci



yatirimlarin ve makroekonomik soklarin 200 gelismis ve gelismekte olan iilkenin yatirim gelisme yolu egrileri
tizerine etkilerini yakinsama analizleri iizerinden gérmeye ¢alismaktadir. Cilgin ve Kurt tarafindan kaleme alinan
yirmi dordiincii makale, Tirkiye, Azerbaycan ve Kazakistan dig ticaret verileri tizerinde gergeklestirilmis bir
kiimeleme analizi sunmaktadir. Tabakan ve Aver tarafindan yazilmis olan son makalede ise, vatandaglarin goniilli
vergiye uyumunu etkileyen degiskenler Tirk vergi miikelleflerine ait anket verilerinin kullanildigi lojistik
regresyon analizleri ile belirlenmeye ¢aligilmaktadir.

Sosyoekonomi’nin bu sayisinda yayimlanan makalelerden sekiz tanesi ingilizce, kalan 17°si ise Tiirkce
olarak okuyucularla bulusmaktadir. Sosyoekonomi, Tiirk ve Tiirk olmayan bilim adamlari arasindaki etkilesimi
kolaylastirmak ve bilginin diinya genelinde daha hizli yayilmasini saglamak maksadiyla bilimsel ¢aligmalarin
Tiirkge ya da Ingilizce dillerinde yayinlamasina olanak sunmaktadir. Bunun yaninda Yaym Kurulu, diinya
genelindeki takipgilerin artan ilgisini de goz 6niinde bulundurarak her bir makalenin kapsamli birer 6zetinin hem
Tiirkce hem de Ingilizce olarak sunulmasini sik1 bir prensip olarak benimsemektedir.

Yaym Kurulu olarak su ana kadar dergimizde ¢alismasi yer almis olan tiim aragtirmacilara ve Sosyal
Bilimler alanlarindaki son bilimsel gelismeleri Sosyoekonomi araciligiyla takip etmekte olan tiim degerli
okuyuculara dergimize siiregelen ilgilerinden dolay:r igten tesekkiirlerimizi sunmaktayiz. Bununla birlikte,
makalelerin degerlendirme siirecinde titizlikle ortaya koyduklar1 emeklerinden dolay1 Sosyoekonomi’nin bilime
olan katkisinda biiyiik paylar: bulunan segkin Hakem Heyeti’ne de icten tesekkiirlerimizi bir borg bilmekteyiz.

Furkan TUZUN
Yaym Kurulu Uyesi
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Abstract

This study investigates the relationship between R&D expenditures and per capita income for
Asian Tigers (Hong Kong, Korea, Singapore), China, and Turkey. For this purpose, the relationships
between variables are investigated using the bootstrap panel causality test developed by Konya (2006).
In the study, analyses are made using data between 1998 and 2016. According to the analysis results,
there is a unidirectional causality relationship between R&D expenditures to per capita income in Hong
Kong and Korea. On the other hand, there is a unidirectional causality relationship from per capita
income to R&D expenditures in China and Turkey. The coefficients of these causality relationships
are positive.

Keywords :  R&D Expenditures, Economic Growth, Per Capita Income.
JEL Classification Codes: 032, 047, P24.
Oz

Bu calismada Asya Kaplanlari, (Hong Kong, Giiney Kore, Singapur), Cin ve Tiirkiye i¢in Ar-
Ge harcamalari ile kisi bagina diisen gelir arasindaki iligkilerin aragtirilmasi amaglanmaktadir. Bu amag
dogrultusunda degiskenler arasindaki iliskiler Konya (2006) tarafindan gelistirilen bootstrap panel
nedensellik testi kullanilarak aragtirilmaktadir. Caligmada 1998-2016 doénemi verileri kullanilarak
analizler yapilmaktadir. Analiz sonuglarma goére Hong Kong ve Giiney Kore’de Ar-Ge
harcamalarindan kisi basina diisen gelire dogru tek yonlii nedensellik iliskisi vardir. Ote yandan, Cin

ve Tirkiye’de ise kisi bagina diisen gelirden Ar-Ge harcamalarina dogru tek yonli nedensellik iligkisi
vardir. Son olarak, bu nedensellik iliskilerinin katsayilar1 ise pozitiftir.

Anahtar Sozciikler : Ar-Ge Harcamalari, Ekonomik Biiyiime, Kisi Bagina Diisen Gelir.
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1. Introduction

Rapid developments in technology have significantly affected the dominance of
countries in international markets and are even a manifestation of the struggle for existence.
The main objectives of this struggle are to increase per capita income and to maintain stable
economic growth. Schumpeter (1939) intends to express the process of evolution in
machinery along with technological developments and the increase in the variety of new and
quality products and their effects on the markets. One of the most important of these effects
has been the implications that the old products are replaced by new ones and that companies
and countries that cannot adapt to this process will fall behind in the markets. Moreover,
Schumpeter (1939: 83-84) states that factors such as innovation, creative destruction, and
technological competition significantly affect economic growth, and even technological
developments are an important determinant of economic growth. Similarly, Shefer and
Frenkel (1998: 187) state that technological innovations, while providing a competitive
advantage in the markets, will be a driving force behind stable growth.

In the 1950s, the contribution of technological changes and developments to the
economies of some countries caused attention to focus on this area. Then, R&D activities,
which are the leading efforts behind the acquisition of technological developments, whose
main motivation is economic growth, began to be encouraged. Per capita income is the most
critical indicator of the economic performance and economic growth of the countries. It is
also a sign of welfare. Therefore, this research aims to investigate the impact of R&D
expenditures on per capita income, representing economic growth. In this paper, Hong
Kong, Korea, Singapore, which are among the Asian Tigers, and China and Turkey are
included in the study. In the 1970s, Asian Tigers initiated a process of structural
transformation based on the principle of manufacturing industry-oriented development
(Papageorgiou & Spatafora, 2012: 4). In the 1990s, all the efforts of these countries paved
the way for their economic growth. In the emergence of economic growth in these countries,
however, the emergence of new products and the use of new technologies has a large share
(Nelson & Pack 1999: 418-419). In this context, China was added to the study in order to
determine whether the factors that are valid for Asian Tigers in China’s rapid economic
growth since the early 1990s are valid in China. Also, determining the relationship between
the per capita income and the R&D expenditures is important for Turkey. It is important to
demonstrate the effect of R&D expenditures in the convergence of Turkey’s per capita
income to the per capita income of Asian Tigers. Due to this reason, Turkey is also included
in the study.

In this study, which aims to investigate the relationship between R&D expenditures
and per capita income representing economic growth; First, the theoretical framework of the
subject is discussed. Next, a literature review is done for previous empirical studies on the
subject. Then, data on R&D expenditures and per capita income variables of the countries
subject to the research are introduced. After that, information is given about the methods
used in analyzing the relationships between variables. Then, the empirical findings obtained
are presented. Finally, in the conclusion section, the findings obtained are evaluated, and
economic and political implications are made.
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2. Theoretical Framework

The foundations of economic growth theory are based on classical economists.
Especially the studies of economists such as Adam Smith, David Ricardo, Thomas Robert
Malthus, and then Frank P. Ramsey, in Allyn A. Young, and Joseph Alois Schumpeter form
the basis of growth theories (Barro & Sala-i Martin, 2004: 16). In these studies, another
important factor affecting growth was discussed as technological advances and
mechanization in addition to factors such as division of labour, foreign trade, population
growth, capital accumulation, and other important factors affecting growth. In fact, the first
economists to investigate the effects of technological advances on economic growth were
classical school economists. Smith considers economic growth as an endogenous process,
with an emphasis on the impact of capital accumulation on labour productivity. According
to Smith, growth depends on the decisions and actions of economic actors, such as their
savings and investment behaviour, creativity, and their ability to be innovative (Kurz &
Salvadori, 2003: 3-6). Smith attributes the growth in the UK compared to the European
countries to the division of labour in the manufacturing industry, the use of new machines,
and the specialization skills of those using the machines. Ricardo (2007: 71) was also aware
of the developments in the machines, similar to Smith’s thoughts. He thinks that the
developments in the machines show positive results for all classes except for the working
class. Ricardo does not adopt Smith’s positive ideas about the production function and
growth. According to Ricardo, production functions in agriculture and industry are under
the influence of different laws. Therefore, the law of return on production in agriculture in
the long run will determine the quality of the production function in the whole economy. In
other words, the law of diminishing returns in agriculture will also affect the industry sector,
and the whole economy will be dependent on the law of diminishing returns. Jean Baptiste
Say has a much more optimistic perspective. According to him, technological innovations
will continuously decrease costs and lead to an increase in efficiency (Kiigiikkalay, 2010:
216).

Schumpeter was the first to clearly express that technological development was the
main engine of economic growth (1939: 83-84). In his studies, Schumpeter emphasized the
importance of the impact of innovations and technological development on economic
development processes as well as the competitive advantage in the capitalist economy. Karl
Marx, who made an essential contribution to the literature of growth during the period when
the classical school was dominant, believed that innovations were the driving force of
economic growth, while he also included inventions and innovations among the
determinants of growth (Keirstead, 1948: 90). Moreover, Marx (2015: 362-363) stated that
some of the seemingly simple tools invented became machines just before and at the first
stage of the Industrial Revolution, and the beginning of the Industrial Revolution started
with the invention of these machines. Although the studies of the classical school
representatives could not include the technology as an endogenous variable in their growth
models, they are a guide for the research of the economists of the following periods.

The founder of the Keynesian school, which was the dominant view in the world after
the classics in economic theory, Keynes conducted studies on the recovery of economies
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from recession rather than growth. The addition of growth theories in Keynesian economics
was accompanied by the contributions of economists such as Roy Harrod and Evsey Domar,
who were considered pioneers of modern economic growth in the period between 1936 and
1956 (Snowdon & Vane, 2005: 598). The studies by Harrod (1939) and Domar (1946) is
more commonly known as the Harrod-Domar model because of the similarities between
them. Harrod and Domar included the capacity-building effect of investments neglected by
Keynes. In the model, AY/AK reflects the ratio of the increase in production capacity to the
increase in capital stock, and it is symbolized by c. Increasing the economic growth in the
Harrod-Domar model depends on the savings rate or the increase in the efficiency of the
capital (Ozel, 2012: 65). Although the Harrod-Domar model is not sufficient, it has an
important place in the economics literature in terms of guiding later studies. In the 1950s,
the neoclassical growth model emerged under the leadership of Robert Solow and Trevor
Swan, who dominated the literature on economic growth until the 1980s. In particular,
Solow’s emphasis on the definition of technological development has led him to be more
highly regarded than any other neoclassical economist. The growth model suggested by
Solow (1956: 85), one of the leading representatives of the neoclassical school, is
Y=AF(K,L). In the model, Y represents income, K capital, and L labour. A refers to the time-
varying technological change added to the model as an endogenous variable. Solow’s study
was criticized for not being able to fully explain the technology that it treats as an
endogenous variable within the model in which it was established, but also for giving place
only to the USA within the model.

With the studies of Arrow (1962) and Uzawa (1965), some studies began to be carried
out that technology can be explained as an endogenous variable within the model, as opposed
to Solow’s growth model. In the continuation of a process that started with the study of Paul
Romer (1986; 1990), especially affected by Arrow’s approach, some economists’
endogenizing technology as a variable dependent on their models led to the emergence of
new theories under the name of New Endogenous Growth Models. Romer endogenized the
technology by including the researchers seeking new ideas, who aimed to make a profit with
their inventions, in his model (Jones, 2001: 91). This model, unlike Solow’s model, assesses
the developed countries in the world as a whole. Besides, efforts to create technological
advances are considered to be R&D activities.

Romer included the term A as an endogenous variable, which Solow assumes
increasing at an exogenous and constant rate. In economies with R&D activities,
technological development, and knowledge, the output per hour with constant capital
accumulation can increase without being constant. According to Romer (1990: 71-83), A
refers to the stock of knowledge or new designs acquired in a given period. A = 5L, is the
production function, then § symbolizes the rate of finding new designs, while L, stands for
employment in the R&D sector. As indicated in the equality, the number of new designs will
increase if R&D activities are supported with more human capital. In addition, the increase
in the stock of knowledge in the R&D sector will also increase human capital efficiency.
With the acceptance of R&D as the driving force of growth, achieving sustainable growth is
directly proportional to the amount of human capital transferred to R&D activities. The more
qualified human capital transferred to the R&D sector, the higher the growth rate in the
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current economy. The new technology, according to Romer, is generated by human capital.
Due to limited access to knowledge, the potential for growth becomes unlimited, and
productivity increases thanks to the productivity of knowledge. In short, output per hour will
increase with increased capital accumulation in economies where technological
development and knowledge are available in Romer’s model.

One of the endogenous growth models based on technological developments and
inventions is the study of Gene M. Grossman and Elhanan Helpman. Grossman and
Helpman also believe that technological developments will increase productivity, and this
will increase economic growth. They examined the growth model to be realized through
technological innovations under two categories. The first of these categories is the growth
caused by technological innovations arising from product diversity, and the other is the
knowledge and growth effect with public characteristics (Eaton & Kortum 2006: 13).
Besides, Grossman and Helpman treat R&D activities as an economic activity and compare
the return of R&D activities to the monopolistic profit in the imperfect competition markets.
According to the authors, R&D aims to reduce production costs or invent a new product
(Grossman & Helpman, 1991: 45). They regard knowledge as a special good such as
physical capital and express that R&D activities have two outcomes, which are new design
and knowledge. The new design brings an income to its investor in the form of a monopoly
profit. Knowledge is also defined as a set of ideas and methods that the next generations can
use. If knowledge is considered as private capital, growth is interrupted in the long run.
Grossman and Helpman assume, in some cases, that researchers who contribute to their
knowledge cannot prevent the free use of this knowledge by others. For this reason,
knowledge is considered as a public input in the R&D process (Helpman, 1993: 1251).

Philippe Aghion and Peter Howitt established a new model of endogenous growth
that explores the impact of technological developments on economic growth as a result of
R&D activities with “A Model of Growth Through Creative Destruction” in 1992 and
“Endogenous Growth Theory” in 1998. According to the authors, there are two sectors in
the market, namely research, which shows the effort to produce intermediate goods for final
goods production, and production for final goods production. Inventions and innovations are
products of research sector activities. These outputs of the research sector reduce the
importance and benefit of the innovations previously achieved. In such a case, growth takes
place when innovations replace old ones. Innovations, which are the achievements of R&D,
increase the quality and variety of products in the market, causing old products to be less
preferred or even vanquished from the market. As a result, Schumpeter’s creative destruction
process operates through R&D activities (Aghion & Howitt, 1992: 323-351; 1998: 53-67).
In other words, researchers state that innovations bring about several “creative destruction”
in the range of existing production inputs and that each new input replaces the previous one,
thus ending the monopoly (Freeman & Soete, 2003: 373). According to them, innovations
are produced entirely as a result of activities in the R&D sector. The fact that R&D activities
create positive exogeneity in the model allows political governments to use R&D as an
instrument to achieve economic growth (Aghion & Howitt, 1992: 324). Briefly, growth in
the economic growth model raised by Aghion and Howitt based on Schumpeter’s creative
destruction process emerges as a result of technological developments based on the

15



Kirca, M. & S. Canbay & V. Inal & S. Yilmaz-Geng (2021), “Causality Relationships Between Per Capita Income and
Research and Development (R&D) Expenditures in Asian Tigers, China, and Turkey”, Sosyoekonomi, 29(48), 11-30.

competition engaged by companies operating in the R&D sector, which provides the
formation of innovations, in order to maintain their power in the market.

In contrast to the neoclassical growth model, Rebelo (1991: 517) established a model
to endogenize technological developments based on Romer’s study (1986). This model,
which belongs to Rebelo, is in the form of =AK, where A is a positive constant, and K
represents the technological level and capital stock. This model is based on the assumption
that the return on capital will not decrease while the capital stock will increase. Although in
this model, which is based on the view that there are constant returns to scale, the law of
diminishing returns is not applicable, and growth can be accelerated by increasing
investments, is not very realistic, the fact that K also includes human capital makes this
argument more reasonable (Barro & Sala-i-Martin, 2004: 63-64).

It can be concluded that technological developments, albeit with different
approaches, have been an important input for growth in the process that has passed from
classical school representatives to the present day. Starting with Schumpeter and the New
Endogenous Growth Theories, there seems to have been a consensus that R&D activities are
one of the most important tools for growth and the emergence of technological
developments.

3. Literature Review

Many researchers study the effects of R&D expenditures on economic growth within
the framework of these aforementioned theoretical approaches. These researchers, who
examined the relationships among different variables, included variables such as the GDP,
the per capita income, the productivity, and the output in their studies representing economic
growth. Griliches’ (1985) study for the USA is one of the first studies on the subject. In the
study conducted using the data of the 1957-1977 period, it was found that R&D expenditures
increase the amount of output. It has also been found that private-financed R&D is more
efficient than public-financed R&D. Aghion and Howitt (1992), who also conducted a US-
specific study, found that there was no strong relationship between R&D expenditure and
economic growth. In another study, Lichtenberg (1992) highlighted that R&D expenditures
financed by the private sector in 74 countries in the period 1964-1989 had a positive and
statistically significant effect on economic growth. The results of the analysis showed that
the R&D expenditures financed by the public had no statistical effect on economic growth.
In the study in which the data of 18 developed and 34 underdeveloped countries were used
over the period of 1960-1985, Goel and Ram (1994) determined a statistically significant
relationship between R&D expenditures spent only by developed countries and economic
growth. Gittleman and Wolff (1995) also concluded that R&D expenditures were an
important factor in explaining economic growth only in developed countries based on the
data from 1960-1988. Park (1995) conducted a study on R&D expenditures of the public
and private sector and included data from 10 OECD countries in his model for the period
1970-1987. The study results showed positive and statistically significant results between
R&D expenditures and economic growth in both sectors. Luh and Chang (1997) conducted
a study for Taiwan’s 1980-1991 period and stated that R&D expenditures were an important
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determinant of economic growth. Lee and Yu (1998), who conducted a study in South Korea
between 1975-1997, suggested a statistically significant and positive relationship between
R&D expenditure and economic growth. Freire-Serén (1999) revealed that R&D
expenditures positively affected economic growth in the study conducted by 21 OECD
countries with the data of the 1965-1990 period. Sylwester (2001), on the other hand, used
the data of the 20 OECD countries for the period 1981-1996 and could not achieve any
statistical relationships between R&D expenditures and economic growth. However, in his
study of the G-7 countries, he achieved positive and statistically significant relationships
between industrial R&D expenditures and economic growth. Zachariadis (2004) concluded
that R&D expenditures had a positive impact on productivity and growth in the study, which
used data from 10 OECD countries for the period 1971-2004. Yanyun and Minggian (2004)
found that R&D expenditure had a positive effect on economic growth in their study with
1994-2004 data from Korea, Philippines, Malaysia, Japan, Thailand, Singapore, Indonesia,
and China. Falk (2007) examined the relationships between R&D expenditures and
economic growth for 15 OECD countries. According to the analysis results for the data
between 1970 and 2004 in the study, a positive and strong relationship was found between
R&D expenditures and economic growth. It is seen that Falk (2007) also obtained findings
similar to other studies.

Wu and Zhou (2007) found that China had a bidirectional causality relationship
between R&D expenditures and economic growth in the long run, with data from the period
1953-2004. Yu-ming et al. (2007) investigated the relationship between R&D expenditure
and economic growth in China for the period 1953-2004 and determined a bidirectional
causality relationship between R&D expenditures and economic growth in the long-run.
Altin and Kaya (2009) conducted a study using data over the period of 1977-2006 in Turkey
and revealed a causal relationship between R&D expenditures and economic growth.
Similarly, Yaylali, Akan, and Isik (2010) conducted a study using Turkey’s 1990-2009 data
and identified a unidirectional causality relationship from R&D investment expenditures to
economic growth. Gen¢ and Atasoy (2010) determined a unidirectional causality
relationship from R&D expenditures to economic growth in Turkey in their study with 1997-
2008 data. Peng (2010) suggested that R&D expenditures had a positive impact on economic
growth in his study of Chinese data from 2000-2007. Bravo-Ortega and Marin (2011)
studied data from 65 countries between 1965 and 2005 and concluded that R&D expenditure
increased total factor productivity. Kim (2011) determined that R&D stock had a positive
impact on economic growth in their study by using Korea’s data from 1976-2009. Guloglu
and Tekin (2012) found that there is a bidirectional causality relationship between R&D
expenditures and economic growth based on data from 13 OECD countries from 1991 to
2007. Zhou, He, and Shen (2012) indicated that R&D improves productivity in their study
with 2005-2007 data for more than 30000 Chinese firms. Akinct and Seving (2013)
conducted a study on Turkey’s data from 1990-2011 and determined a causal relationship
from R&D expenditures to economic growth. In their study using 1990-2011 data from 15
OECD countries, including Turkey, Ozcan and Ar (2014) found that R&D expenditures
positively affected economic growth in both Turkey and all countries on the panel. In the
results of the study conducted in Turkey with data for the period 1998-2013, Bozkurt (2015)
only revealed the finding of a unidirectional causality relationship from economic growth to
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R&D expenditures. Tuna, Kayacan, and Bektas (2015) could not determine any relationship
between R&D expenditures and economic growth in Turkey in their study for the period
1990-2013. Sokolov-Mladenovi¢, Cvetanovi¢, and Mladenovi¢ (2016) stated that R&D
expenditures had a positive impact on economic growth in their study of EU28 country with
the data for the period of 2002-2012. Freimane and Balina (2016) found that R&D
expenditures had positive effects on economic growth in European Union member states
from 2000 to 2013. Dam and Yildiz (2016) observed that the impact of R&D expenditures
on economic growth was positive and statistically significant in their study using annual data
from BRICS and Turkey and Mexico between 2000 and 2012. Sungur, Aydm, and Eken
(2016) examined Turkey’s 1990-2013 period and found that there was a causal relationship
from R&D expenditures to growth. Feng and Ke (2016) concluded that R&D had positive
contributions to company productivity with data from China for the period of 2005-2007.
Bond and Guceri (2017) expressed that R&D expenditure had a positive impact on
productivity as a result of analysis by UK firms with data covering the period of 1997-2008.
Minniti and Venturini (2017) found that R&D improved productivity as a result of their
analysis using the data of 1975-2000 for U.S. manufacturing industries. Kutbay and Oz
(2017) suggested that R&D expenditures had a positive effect on economic growth in their
study with the analysis by a panel data model for the period of 1999-2016 in Turkey and
selected countries. In their study for the period of 1996-2015 in 12 European Union member
countries and Turkey, Ozkan and Yilmaz (2017) reached a unidirectional causality
relationship from economic growth to R&D. Tari and Alabas (2017) concluded that R&D
expenditures in Turkey had a positive impact on economic growth both in the short-run and
in the long-run in their study for the period of 1990-2014. Based on data from the period of
2005-2015, Tas et al. (2017) determined a causal relationship from economic growth to
R&D expenditures. Kesikoglu and Sara¢ (2017) identified a positive causal relationship
between R&D expenditures and economic growth in Turkey with the data of 2010-2014.
Ugak et al. (2018) deduced that the long-run impact of R&D on economic growth was
positive in their research conducted in Turkey with data from 1990-2016. Duman and Aydin
(2018) identified a causal relationship between R&D expenditures and economic growth in
Turkey with data for the period of 1998-2015. Tiirkmen, Agir, and Giinay (2019) found that
R&D expenditures had a positive contribution to economic growth in their research of 20
OECD countries over the period of 1991-2016. Dereli and Salgar’s (2019) study of Turkey’s
1990-2015 data revealed a bidirectional causality relationship between R&D expenditures
and economic growth. Shen, Lin, and Wu (2019) studied the effects of R&D on productivity
and growth in 30 provinces of China with the help of data from 1978-2014, but they found
no positive results. Pala (2019) carried out a panel study on 29 developing countries and
concluded that R&D expenditures in China had negative effects on economic growth, while
the number of R&D researchers in the countries of Turkey and China, which are in the
research sample, had a significantly positive impact on the economic growth of these
countries.

Many studies examining the relationship between R&D expenditures and economic
growth have concluded different results. The main reasons for these differences are the
countries or groups of countries, the levels of development of countries, the periods included
in the model, and the different analysis methods used. However, although different results
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are observed between the variables, it can be assumed that there are significant relationships
between these variables and economic growth in general. In this study, the use of a method
previously not used for this subject and for the group of countries subject to the study
distinguishes the study from these studies in the literature. It is seen that time series analysis
and other panel data analysis were used in previous studies. Thanks to the fact the panel
causality test used in Konya (2006) bootstrap panel causality is based on Seemingly
Unrelated Regressions (SUR), both the shocks between countries are considered, and
causality relationships can be acquired for each country separately.

4, Research Data

In line with the research objectives, the variables of the log of per capita income
(Ipgdp) and the ratio of R&D expenditures to GDP (R&D) are used in the analysis based on
the data taken from the World Bank Database, including the countries of Hong Kong, Korea,
and Singapore, which are called the Asian Tigers as well as China and Turkey. The study
period was determined as 1998-2016 because the data of these countries in the World Bank
database is balanced during the specified period. Descriptive statistics for variables of
countries are described in Table 1.

Table: 1
Descriptive Statistics
Variables: Ipgdp_CHN R&D_CHN Ipgdp_HKG R&D_HKG Ipgdp_KOR
Mean 8,845 1,439 10,659 0,679 10,190
Median 8,890 1,372 10,723 0,727 10,240
Maximum 9,572 2,108 10,904 0,794 10,463
Minimum 8,074 0,646 10,354 0,428 9,763
Std. Dev. 0,500 0,465 0,190 0,120 0,204
Jarque-Bera 1,521 1,195 1,853 3,889 1,268
J-B Probability 0,467 0,549 0,395 0,143 0,530
Observations 19 19 19 19 19
Variables: R&D_KOR Ipgdp_SGP R&D_SGP Ipgdp_TUR R&D_TUR
Mean 3,099 11,077 2,095 9,747 0,660
Median 3,000 11,100 2,104 9,755 0,691
Maximum 4,288 11,346 2,620 10,071 0,944
Minimum 2,066 10,748 1,737 9,460 0,362
Std. Dev. 0,806 0,196 0,200 0,201 0,178
Jarque-Bera 1,866 1,438 1,680 1,281 1,632
J-B Probability 0,393 0,487 0,431 0,526 0,442
Observations 19 19 19 19 19

CHN: China, HKG: Hong Kong, KOR: Korea, SGP: Singapore, TUR: Turkey.

According to Table 1, the highest Ipgdp is in Singapore based on an average of 19
years. The highest R&D is in Korea. China has the lowest Ipgdp, and Turkey has the lowest
R&D. Besides, the variables belonging to all countries are normally distributed according to
the Jarque-Bera normality test.

5. Methodology

In this study, relationships between variables are examined with the panel causality
test developed by Konya (2006). The most important reason for choosing this test is because
it separately reveals causality relationships for each country and because there is no need for
unit root and/or cointegration testing prior to it. However, the prerequisite for this test is that
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the models have cross-sectional dependence and a heterogeneous structure. For this reason,
before Konya (2006) bootstrap panel causality test, the study firstly tested the existence of
cross-sectional dependence on models and then tested the homogeneity/heterogeneity of
slope coefficients in models. The following part indicates more information about these
tests.

5.1. Cross-Sectional Dependence Tests

In the study, the relationships between variables are examined with the help of Model
1 and Model 2 and shown below. Before the cross-sectional dependence, firstly, these two
models are estimated by the ordinary least squares method, and the existence of the cross-
sectional dependence is tested in the residual values of u;, and e; , of these models.

lpgdpis = Bo + BiR&D;; + uy; 1)
R&D;; = ag + a;lpgdp;; + e 2

In this equation, S8, and «, are the constant terms and S; and «; are the slope
coefficients. B; shows the effect of a 1% change in R&D on Ipgdp, while a; shows the effect
of a 1% change in Ipgdp on R&D. The index i indicates the country size of the models, and
t indicates the time dimension of the models. The total number of countries (N) expressing
the total number of all i’s (i=1, 2,..., N) included in the models includes 5 countries, and T,
which expresses the entire length of time, is 19 (N=5, T=19).

For example, when the cross-sectional dependence for Model 1 is tested, u; . residual
terms for the model should be obtained first. Then the cross-sectional dependence is tested
by deriving Model 3 seen below.

e = @ + Bix;p + 8¢ (3)

Xit in the model represents the independent variables in the k x 1 dimension. In cross-
sectional dependence tests for the Model, ;= (Uits,... Uit-p), Where o; is constant term and
Bi is the slope coefficient. The residual term for each country is assumed as (&= &1, ..., &)
&~ 11D (0,0%). The test statistics obtained by using this information provide results about
whether there is cross-sectional dependence with the help of the following hypotheses. Using
this information, the following hypotheses are tested using BP.m developed by Breusch &
Pagan (1980), CD.m developed by Pesaran (2004), LM.gj developed by Pesaran, Ullah, &
Yamagata (2008), and finally LMgc developed by Baltagi, Feng, & Kao (2012) testst, which
are frequently used in panel econometrics and are superior to each other in terms of N and
T dimensions.

Ho: cov (&, &) = 0 or 0i=0 ve i # j. (No cross-sectional dependence on Model 1.)

L Since all of these tests were applied to the models in the study, detailed information about the tests was not given

separately.

20



Kirca, M. & S. Canbay & V. Inal & S. Yilmaz-Geng (2021), “Causality Relationships Between Per Capita Income and
Research and Development (R&D) Expenditures in Asian Tigers, China, and Turkey”, Sosyoekonomi, 29(48), 11-30.

Hi: cov (&, &) # 0 or ojj#0 (Cross-sectional dependence on Model 1.)

When deciding on hypotheses, the probability values of the test statistics are checked.
If the probability values of the test statistics are less than the statistical significance levels of
10%, 5%, and 1%, then the Ho hypothesis is rejected. This means that there is a cross-
sectional dependence on the model. The same operations are performed in Model 2’s
residual term e; . and the cross-sectional dependence is tested on Model 2. The meaning of
the existence of cross-sectional dependence in the models is that a shock in one of the
countries included in the models can create a shock in other countries.

5.2. Homogeneity Test

The fact that the slope coefficients of each country in the panel data are equal to a
single slope coefficient indicates that the model is homogeneous and that the coefficient of
each country is different means that the model is heterogeneous. The determination of the
slope coefficient has both econometric and economic importance. Firstly, its importance in
terms of econometrics is that depending on whether there is homogeneity in the determined
model, the tests used in the next steps change. If there is homogeneity in the model, first-
generation panel cointegration and panel causality tests can be used. In contrast, second-
generation panel cointegration and panel causality tests are used if there is no homogeneity.
In terms of economics, especially in the case of heterogeneity, detailed interpretations can
be made by observing the similarities and differences between countries for the defined
models. In this study, the homogeneity test is used as suggested by Pesaran and Yamagata
(2008) based on Swamy’s (1970) “Random Coefficients Model”. The homogeneity test
developed by Pesaran and Yamagata (2008) gives reliable results in larger N and T sizes,
unlike in Swamy’s (1970) study. In this study, it can be said that dimension T=19 is a long
period in terms of panel data models. For example, hypotheses in testing are established for
Model 2 as follows:

Ho: a; = a, for all i’s i=1,...,N (Homogeneous model)

Hi a; # a;, some i#j (Different coefficient of at least one country. Heterogeneous
model)

To test these hypotheses, Pesaran and Yamagata (2008) propose asymptotically
reliable statistics? of A" and Ead]-. If the probability values of the test statistics are less than
the statistical significance levels of 10%, 5%, and 1%, then the Ho hypothesis is rejected.
This means that the slope coefficients of the model vary in different countries.

5.3. Kénya (2006) Bootstrap Panel Causality Test

The panel causality test developed by Konya (2006; 982) analyses relationships
between variables using the Seemingly Unrelated Regression (SUR) estimator proposed by

2 Detailed information on test statistics can be obtained from the study of Pesaran and Yamagata (2008).
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Zellner (1962). It is also emphasized that Konya (2006; 983) is a more effective estimator
than the SUR estimator’s OLS (Ordinary Least Squares) estimation.

The SUR system of the Ipgdp and R&D variables, whose causality relations are
examined, are shown as follows:

ml_R&D,
B1,1,iR&Dy 1+ 81

B12iR&D;yr 1+ 121

1.1
lpgdp.e = @11 + Zm ped plallllpgdplt 1t Z

Lipgdp, IR&D1
Ipgdpa; = @1z + Yo e allepgdPZt D

)
|
}
|
)

ml_lpgdp, ml_R&D,

Ipgdpyne = @1n + Z 0~’1NllP9dPN (S Z ByniR&Dy -1+ &t

and

1LR&D. L1
R&Dy ¢ = @34 + Zm *By11R&Dyy—q + Zm pedp: a2 1,1lpgdpye—1 + &1 ]

1LR&D. Llpgd
R&D, ¢ = @,, + Zm *Basa, IR&DZ t-1 1 Zm PEcPz Az 21pgdpai—1 + &2t
(5)

ml_R&D ml_lpgdp
R&Dyt = N + Z : BZNZR&DNt 1t Z *aynpgdpne—1 + Eone

Equation 4 is used to test the causality relationship from R&D to Ipgdp. In contrast,
Equation 5 is used to test the causality relationship from Ipgdp to R&D. In models, ml_Ipgdp
and ml_R&D represent the lag lengths of the variables, while | represents the lag length.
These lag lengths are calculated by the combination that minimizes Akaike Information
Criterion (AIC) and the Schwartz Information Criterion (SIC). As Kénya (2006, p.980)
states, there is the Vector Autoregressive (VAR) equation developed by Sims (1980) as
much as the number of countries (N) in each system of equations. As with VAR equations
in the SUR system, variables do not have to be either stationary or cointegrated. The reason
for this is the uniform correlation between the VAR models belonging to the countries.

In the causality test, Wald Test statistics are calculated for each VAR equality of
countries. As in Konya (2006), these test statistics are compared with bootstrap critical
values. Causality relations obtained as a result of comparison are as follows:

e There is a unidirectional Granger causality relationship from R&D to Ipgdp if the
coefficient 3, ; is not equal to zero for all countries, whereas the coefficient a, ; is
equal to zero for all countries.

e There is a unidirectional Granger causality relationship from Ipgdp to R&D if the
coefficient B ; is equal to zero for all countries, whereas coefficient ay; is not
equal to zero.

e There is a bidirectional Granger causality relationship between Ipgdp and R&D if
both coefficients are not uniformly equal to zero.
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e There is no Granger causality relationship between Ipgdp and R&D if both
coefficients are uniformly equal to zero.

In the above hypotheses, the decision rule is to reject Ho hypotheses if the calculated
Wald test statistics are higher than the bootstrap critical values. To summarize, hypotheses
for each country can be listed up as follows:

Ho: For any i country, R&D does not Granger cause Ipgdp (Model 1), or Ipgdp does
not Granger causes R&D (Model2).

H1: For any i country, R&D Granger causes Ipgdp (Model 1), or Ipgdp Granger causes
R&D (Model2).

6. Findings

In this chapter of the study, the findings obtained using the methods mentioned above
are analysed. Firstly, Table 2 contains the results of the cross-sectional dependence test.
According to the results of the cross-sectional dependence test, both Model 1 and Model 2
have cross-sectional dependence. In the already globalized world, inevitably, a shock
occurring in one country will affect other countries. This finding is, therefore, not surprising.
Furthermore, this result shows that the first prerequisite of Konya (2006) bootstrap panel
causality test is met.

Table: 2
Cross-Sectional Dependence Test Results

Models Model 1 Model 2

Tests t-statistic Probability t-statistic Probability
BPLm 120,249* 0,0001 63,112* 0,0001
CDim 23,534* 0,0001 10,758* 0,0001
LMec 23,395* 0,0001 10,619* 0,0001
L Mag; 10,365* 0,0037 6,736* 0,0001

* shows the cross-section dependence at the level of 1% significance.

Table 3 indicates the homogeneity test results. According to the test results, it was
determined that the coefficients for both models vary in different countries; that is, the
models are heterogeneous. In other words, the effect of a change in the R&D of a country
on the Ipgdp or the effect of a change in the Ipgdp on the R&D varies across countries. Thus,
this result provides the second prerequisite of Konya (2006) bootstrap panel causality test.

Table: 3
Homogeneity Test Results
Models Model 1 Model 2
Test t-statistic Probability t-statistic Probability
A 15,045 0,0001 6,182 0,0001
Eadj 16,319 0,0001 6,705 0,0001

* shows the heterogeneity at the level of 1% significance.

In Table 4, Konya (2006) bootstrap panel causality test results show a unidirectional
causality relationship from R&D to Ipgdp for Hong Kong and Korea. Additionally, these
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causality coefficients are positive. The unidirectional causality relationship from lpgdp to
R&D is found in China and Turkey. The causality relationships in both countries are positive.
Based on these results, both the existence of causality relationships and the coefficients of
the relations vary significantly across countries.

Table: 4
Causality Test Results

Ho: R&D does not Granger cause Ipgdp (Model 1)

Country Coefficient**** t-statistic Critical Valug****
R&D Wald 10% 5% 1%
China -0,004 0,007 5,710 8,335 17,324
Hong Kong 0,229 26,962* 5,331 7,832 15,283
Korea 0,030 8,544** 5,510 7,924 15,571
Singapore -0,018 0,297 5,743 9,101 19,995
Turkey 0,128 2,037 5,658 8,367 16,674
Ho: Ipgdp does not Granger cause R&D (Model 2)
Country Coefficient **** t-statistic Critical Value****
Ipgdp Wald 10% 5% 1%
China 0,624 36,924** 17,819 25,194 45,992
Hong Kong -0,022 0,129 10,959 15,609 28,498
Korea 1,283 11,126 15,253 20,877 36,275
Singapore 0,285 2,216 7,771 11,217 20,289
Turkey 0,428 15,280*** 13,653 18,544 30,543

* R and *** respectively indicates %1, %5, and %10 causality.
**¥% The bootstrap critical values are derived by making 10000 bootstraps.

Analysis results of Hong Kong and Korea are in line with the study results of Yanyun
and Minggian (2004), Altn and Kaya (2009), Geng and Atasoy (2010), Yaylali, Akan and
Isik (2010), Akinci and Seving (2013), and Duman and Aydin (2018). The significant
positive causality relationship from R&D expenditures to per capita income in these
countries shows how important R&D expenditures are, especially in sustainable economic
growth and development. This significant relationship determined for Hong Kong and
Korea, which are in the high-income group, should set an example for developing countries.

Analysis results of China and Turkey are in line with the study results of Bozkurt
(2015), Tas et al. (2017), and Ozkan and Yilmaz (2017). This finding can be interpreted that
as the economic growth and development develop in these countries, the importance of R&D
expenditures is understood, and therefore, the share allocated to R&D expenditures
increases. Because in many studies, both theoretically and empirically, the importance of
R&D expenditures in the development adventures of developed countries is revealed. It is a
fact that both of these countries are in low ranks in terms of per capita income. For this
reason, the effect of R&D expenditures on per capita income should be increased by
spreading R&D expenditures made in these countries to more effective areas.

7. Conclusion

This study investigated the relationship between R&D expenditures and per capita
income representing economic growth using data from the 1998-2016 period in China and
Turkey, together with Hong Kong, Korea, Singapore, so-called Asian Tigers. According to
Koénya (2006) bootstrap panel causality results, it was found that there was a causality
relationship from research and development expenditures to per capita income in Hong
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Kong and Korea. It was also determined that the coefficient of this causality relation is
positive. No such results were acquired for the other countries that are analysed in this
research. This means that only research and development expenditures in Hong Kong and
Korea contribute to the level of welfare. In particular, the fact that Korea has the highest
share of research and development expenditures in the gross domestic product is considered
to have caused this effect. Although Hong Kong’s share of research and development
expenditures in the gross domestic product is relatively low compared to other countries,
both its stable and steady rise in per capita income may reveal the reason for significant
effect. It is also a sign of the efficiency of expenditures. Similar to Korea, although
Singapore’s share of research and development expenditures in the gross domestic product
is high, it is an unexpected result that no significant relationship effect was found.
Considering the share of Singapore’s research and development expenditures in the gross
domestic product in the 1998-2017 period, it is observed that it has decreased seriously,
especially after 2008, and it has not reached the high level recorded in 2008 again. In other
countries, it is seen that these expenditures increased more steadily. It is, therefore,
considered that no significant relationship effect in Singapore was found. When evaluating
China, where significant relationships were revealed, the effect of the population is
undoubtedly unavoidable. Compared to other countries in the research, China’s population
is many times higher. Also, the fact that research and development expenditures in China
focus on lower-cost products instead of producing high value-added products may also be
effective in this. In Turkey, it is an important factor that the share of research and
development expenditures in the gross domestic product is lower than in other countries.
Moreover, according to the data of the World Bank compared to other countries, the low
export of high technology products and the fact that research and development expenditures
could not be directed to productive areas may have resulted in no significant relationship.

There is a causality relationship from research and development expenditures to per
capita income in China and Turkey. In particular, developing countries such as Turkey have
to reserve a portion of their national income for research and development expenditures,
which are considered to be high costs. While the research and development expenditures
made by such countries may seem a burden on economic growth in the short-run, they are
an important factor for stable economic growth in the long-run. Therefore, the per capita
income increase in Turkey is thought to increase research and development expenditures. In
China, the most important reason for this effect to be significant may be due to the fact that
China spends a significant part of its income on research and development expenditures. The
fact that the increase in per capita income in other countries has no effect on research and
development expenditures shows that these countries have exceeded the threshold value for
research and development expenditures. The reason is that economic growth (per capita
income) up to a certain threshold affects research and development expenditures, and after
this threshold value is exceeded, research and development expenditures affect economic
growth. That such a causality relationship did not emerge in Hong Kong, on the other hand,
could be due to the fact that the research and development expenditures that they have
separated from their income are directed to sectors that can achieve high efficiency, as
discussed above.
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Consequently, in light of the findings obtained in this study, the following

suggestions can be emphasized:

¢ In the case of Hong Kong, however, it shows the importance of directing research

and development expenditures towards productive areas, because according to
World Bank data, the share of this country’s total exports in high-tech product
exports in 2017 is 13.5%, which is quite high (The World Bank Data, 2020).
Korea entered into a structural transformation process based on the principle of
manufacturing industry-oriented development with the 1970s, and it has gained a
great economic growth momentum with the 1990s thanks to the returns on their
efforts. The development of new products and the use of new technologies, as well
as high research and development expenditures, greatly contributed to the
emergence of this economic growth.

If the research and development expenditures are not stable, the effect on per
capita income can become insignificant, as in the example of Singapore.

As in the case of China, the population is still the most important factor for per
capita income. Although it ranks top in the world in gross domestic product
rankings, it has a serious problem in per capita income ranking. For this reason,
population control is of crucial importance. Thus, the effect of per capita income
on research and development expenditures, which is the most important factor in
growth, can increase. Moreover, the fact that the increase in per capita income of
this country, which is in an effort to become a global power, has increased the
research and development expenditures reveals the importance of these
expenditures.

For Turkey, it is thought that these expenditures may have a positive impact on
per capita income by increasing research and development expenditures and
directing them to more productive areas. The fact that the share of high technology
product exports among total exports in Turkey is 2.3% shows why there is no
causality relationship from per capita income to research and development
expenditures. However, as research results highlight, Turkey has an effort to
increase its research and development expenditures (The World Bank Data, 2020).
These increased research and development expenditures must be directed to
productive areas and must be sustainable. Thus, R&D expenditures can have an
impact on per capita income. As a result, Turkey’s per capita income can rise to
the level of developed countries in this way.
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The adaptive market hypothesis (AMH) has recently attracted significant interest in the
financial literature. The AMH has started to be considered an alternative to the efficient market
hypothesis. In this respect, this study, first of all, examines the AMH for the BIST100 index of
Turkey’s Borsa Istanbul stock exchange market by testing the return predictability. The applications
are performed via automatic portmanteau and the generalized spectral (GS) tests using daily closing
price data between January 1988 and December 2017. Secondly, the results of these tests are utilized
for a hidden Markov model (HMM) application to examine the periods that yield return predictability.
According to the results, it is observed that there is strong evidence for the validity of AMH within the
scope of Borsa Istanbul’s BIST100. Additionally, the results of the HMM application confirm the
periodic predictability regarding the determinants of the index.
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Oz
Adaptif piyasa hipotezi (APH) giincel finansal literatiirde belirgin bir ilgi gérmektedir. Bu
durum APH’nin yine finansal literatiirde siklikla arastirma konusu olan etkin piyasa hipotezine bir
alternatif olarak ortaya ¢ikmis olmasi ile baglantilidir. Bu dogrultuda galigmada, ilk olarak Borsa
Istanbul hisse senedi piyasas: BIST100 endeksi i¢in APH, getiri 6ngbriilebilirliginin test edilmesi
yoluyla incelenmistir. Bu baglamda Ocak 1988 - Aralik 2017 arasi giinliik kapanis fiyat1 verilerine
otomatik portmanteau ve genellestirilmis spektral (GS) testleri uygulanmistir. Analizin devaminda bu
testlerin sonuglari, getiri ongdriilebilirligi saglayan donemleri incelemek igin bir gizli Markov model
(GMM) uygulamasinda kullamlmistir. Sonuglara gore Borsa Istanbul’'un APH'ne giiclii bir sekilde

uyum sagladigi goriilmiistiir. Ek olarak, GMM uygulamasiin sonuglari, endeksin belirleyicileri ile
ilgili olarak da periyodik 6ngoriilebilirligi dogrulamistir.

L This study is derived from the doctoral dissertation of Hasan Arda Burhan entitled “A Hidden Markov Model
Approach in the Context of Adaptive Market Hypothesis: An Evidence from Borsa Istanbul”, supervised by
Eylem Acar in Kiitahya Dumlupinar University, Institute of Social Sciences, 19/11/2018.
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1. Introduction

The predictability of stock returns has been one of the core inquiries in economics
and finance. Given the related literature, the efficient market hypothesis (EMH) of Fama
(1970) can be regarded as the focal point of a broad range of studies in which the return
predictability of these financial assets has been investigated. The EMH asserts that, in an
efficiently operated market, asset prices reflect all available information and therefore,
market participants cannot benefit from the available information sets to predict future prices
and returns (Urqubhart & Hudson, 2013). According to the well-known threefold distinction
of Fama (1970), the strong form efficiency bases on private information, while the semi-
strong form includes publicly available information, and the weak form, which is the most
commonly tested form of the EMH, deals with the prices and returns of past periods. Along
with the adjustment of prices in compliance with this historical information, the returns
become unpredictable since prices follow a random walk (Charles et al., 2012: 1608).

However, opposing arguments have been presented in the literature and by
considering the stochastic feature of asset prices, the validity of EMH was started to be
questioned in various studies. Accordingly, some scholars began to develop models by
taking irrational human behaviours into consideration such as overreaction and
overconfidence, which later led to the development of behavioural finance (Shiller, 2003:
90; Kim et al., 2011: 868). The main idea behind this approach was the difficulty in defining
rationality, which brings about the realization of the unrealistic nature of the EMH (Farmer
& Lo, 1999: 9991-9992). However, there was a lack of an alternative theory in behavioural
finance until Lo (2004) combined the time-varying property of market efficiency and return
predictability with a behavioural perspective in a new concept, namely the adaptive market
hypothesis (AMH).

Along with the acknowledgment that the return predictability may appear
occasionally because of changing market conditions, it can be stated that the AMH associates
the EMH with Simon’s (1955) notion of bounded rationality, as the decision-makers in the
market prefer satisfying options rather than optimal ones due to probable difficulties of
accessing information in an unstable market environment (Charles et al., 2012: 1608-1609;
Rahman et al., 2017: 180). Also, the AMH incorporates the evolutionary principles to its
perspective for the determination of the state in which the decision-makers’ behaviour is
satisfactory (Lo, 2004). In this context, while certain behaviours such as overconfidence,
loss aversion, overreaction are regarded as breaches of rationality and thereby presents an
incompatibility to the EMH, these reactions are tolerated in the AMH because of their
consistency with the evolutionary model (Zhou & Lee, 2013: 1650; Ghazani & Araghi,
2014: 52). According to AMH, individuals adapt to the changing conditions of the market
environment through trial errors and natural selection by competing, learning from their
mistakes, and relying on heuristics (Kim et al., 2011: 869). Therefore, individuals in the
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market should be characterized as neither perfectly rational nor irrational, however
foreseeing and intelligent competitors that adapt to the habitat (Lo, 2012: 24). As the profit
opportunities deplete due to competition, new opportunities will be created with the help of
natural selection (Urquhart & Hudson, 2013: 130; Urquhart & McGroarty, 2016: 39).
However, this state of affairs should not be taken as a progression to an ideal condition,
because of the fact that in AMH, eventual stability and equilibrium are neither likely to
happen nor ensured such as in evolutionary biology (Lo, 2005: 33).

In order to examine the AMH, tests that seek linear and/or nonlinear dependence in
returns are widely used in the literature usually along with the moving (rolling) sub-sample
window approach (see Lim & Brooks, 2006; Todea et al., 2009; Kim et al., 2011; Lim et al.,
2013; Urquhart & Hudson, 2013; Zhou & Lee, 2013; Charles et al., 2017; Gyamfi, 2018).
According to these studies in which the return patterns are analysed over a period, the related
market(s) will be qualified as adaptive if at least three different periods of return
predictability (e.g. predictable, unpredictable, predictable) are observed (Urquhart &
Hudson, 2013: 131). In other words, if the market(s) switch between efficiency and
inefficiency over time, the AMH can be verified (Ramirez et al., 2015: 391-392). Therefore,
it can be stated that the AMH is also investigated by measuring the degree of market
efficiency, using a time-varying approach (see Ito et al., 2014; Ito et al., 2016; Noda, 2016).

In this study, first of all, the AMH is examined in Turkey’s Borsa Istanbul stock
market by testing the time-varying return predictability of the BIST100 index, which is
accepted as the main indicator of this market. The return predictability is investigated via
automatic portmanteau and generalized spectral (GS) tests by using daily closing price data
from January 1988 to December 2017. Similar to the studies of Kim et al. (2011) and
Urquhart & McGroarty (2016), a two-year moving sub-sample window approach is used to
capture the variation of return predictability over time and to determine the periods when
the market is predictable and when unpredictable (Charles et al., 2012; Gyamfi, 2018).

Secondly, the AMH test results are utilized for a Hidden Markov model (HMM)
application considering periods that present predictable behaviour in order to examine the
validity of the predictability for selected determinants of the BIST100 index value. Thereby,
an HMM is formed including variables BIST100 index as the observation series and the US
Dollars exchange rate, money supply, and consumer price index (CPI) as determinants, in
other words, the hidden states. By the solution of evaluation and optimal state sequence
problems presented in HMM, estimated values and actual data of the model components are
compared and results are interpreted. Although there is an extensive literature of return
predictability investigated in the markets of developed countries, there are still a limited
number of studies that focus on the emerging markets such as Turkey. Besides, the
discrepancy of the results in a variety of studies that tested the EMH for Borsa Istanbul (see
Balaban et al., 1996; Oziin, 1999; Buguk & Brorsen, 2003; Kahraman & Erkan, 2005; Aga
& Kocaman, 2011; Kilig & Bugan, 2016) presents an opportunity for the examination of the
AMH as an alternative approach.
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Moreover, financial data series exhibit stochastic features due to the temporal and
complex nature of market conditions, changing investment decisions, etc. (Li, 2016). In this
context, HMMs have become a well-recognized technique in the financial literature for their
ability of modelling and forecasting sequentially varying patterns. Therefore, it can be stated
that this paper contributes to the existing literature in two ways: Firstly, by testing AMH, a
hypothesis that attracts significant attention in recent years, with two well-known and
accepted statistical tests for an emerging market, namely the Borsa Istanbul. Secondly by
making use of an effective method, HMMs, in the financial literature in order to utilize and
examine the obtained test results of the AMH. The remainder of the paper is organized as
follows. The next section presents the recent literature on AMH. Sections 3 and 4 describe
the data and methodology while Section 5 reports the results. A brief interpretation of
findings, discussions and concluding remarks are given in the last section.

2. Literature Review

There is increasing attention to AMH in the recent financial literature along with
strong evidence in favour of the hypothesis. Lim & Brooks (2006) used portmanteau
bicorrelation test statistics with a moving sub-sample window approach in their studies on a
total of 50 stock markets. As a result, they stated that the activity in these markets followed
a cyclical pattern over time and that the findings were in harmony with the AMH. By using
the same methodology, Lim (2007) found out that efficiency varied over time for thirteen
markets which is consistent with the AMH. Todea et al. (2009) investigated the moving
averages strategy in six markets by using linear and nonlinear tests and according to the
results, the efficiency of the markets is not constant, thereby markets show characteristics
that are compatible with the AMH. Kim et al. (2011) investigated the return predictability
of daily Dow Jones Industrial Average (DJIA) index data for the period 1900 and 2009 by
using a moving sub-sample window approach with automatic variance ratio, automatic
portmanteau, and GS tests. Results were consistent with the AMH, as they stated that return
predictability fluctuates over time and is mostly determined by market conditions, such as
market crashes, economic and political crises, etc. Similarly, Alvarez-Ramirez et al. (2012)
examined the relative market efficiency in DJIA from 1929 to 2012 by entropy approach. It
was stated that the method was suitable for determining the market efficiency level and
according to the analysis, DJIA yielded features in accordance with the characteristics
specified in the AMH. Butler & Kazakov (2012) tested the AMH’s varying efficiency and
cyclic profitability by using experimental data and machine learning methodology.
According to the results, it was stated that the method can be used as a predictive tool for
the hypothesis. Charles et al. (2012) applied the automatic variance ratio, wild bootstrap
automatic variance ratio (WBAVR), GS, and Dominguez-Lobato (DL) tests within a two-
year fixed-length moving sub-sample window approach in order to examine the linear and
nonlinear dependencies of the major foreign exchange rates between 1974 and 2009. As a
result of the analysis, they found out that the predictability of the exchange rates changed
over time according to the market conditions and this was in line with the AMH. Lazar et al.
(2012) investigated the consequences of the global economic and financial crisis in foreign
exchange markets of Turkey, Russia, Czechia, Romania, Poland, and Hungary in terms of
efficiency by using the GS test. Obtained results indicated intermittent behaviours related to
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linear and nonlinear dependencies rather than continuous developments in efficiency level
over time, which is consistent with the AMH. Smith (2012) used variance ratio test for the
data of 15 European emerging and three developed markets including the Borsa Istanbul
within the moving sub-sample window approach in order to examine the time-varying
efficiency of these markets. Changing characteristics of the markets yielded compatible
results with the AMH, in addition to the highly efficient feature of the Borsa Istanbul. Lim
et al. (2013) investigated the return predictability for DJIA, Standard & Poor’s 500 (S&P
500), New York Stock Exchange (NYSE) by using wild-bootstrapped automatic variance
ratio and automatic portmanteau Box-Pierce tests. According to the second test, the return
predictability was accepted for these markets, while the first test yielded negative results.
However, it has been explained that the time-varying feature complies with the AMH.

Also, Popovic¢ et al. (2013) applied the Runs test within the moving sub-sample
approach to the Montenegro MONEX20 index data of 2004-2011 to investigate the market
efficiency over time and the result of the analysis confirmed the AMH. Urquhart & Hudson
(2013) studied the validity of the AMH for the stock markets of the US, UK, and Japan with
long-term historical data. As a result of the linear tests, it has been determined that all three
markets have adaptive characteristics and that the hypothesis generally provides a better
explanation of the stock returns compared to the EMH. Verheyden et al. (2013) examined
the proposed arguments of the AMH for the data of DJIA, S&P 500, National Association
of Securities Dealers Automated Quotations (NASDAQ), and Belgium’s BEL-20 indexes
with moving sub-sample windows and variance ratio tests. Although the results confirmed
the dynamic and time-varying efficiency, it was also stated that they have encountered
activity patterns that contradict the AMH regarding these markets. Zhou & Lee (2013)
handled the Real Estate Investment Trust (REIT) data through automatic variance ratio and
automatic portmanteau tests and investigated the predictability of the returns based on
market conditions by applying panel data analysis to the regression equation they
established. As a result of the analysis, the market has shown features compatible with the
AMH and the main reason for the varying efficiency was mentioned as the development
level of the market. Ghazani & Araghi (2014) conducted a research study with the data of
the Tehran stock market (TEPIX) between 1999 and 2013 by using variance ratio, automatic
portmanteau, GS, and McLeod-Li tests within moving sub-sample windows. The analysis
provided results in accordance with the characteristics specified in the AMH. Hiremath &
Kumari (2014) tested the AMH using linear and nonlinear tests such as Runs, variance ratio,
McLeod-Li, ARCH-LM for India’s Sensex and Nifty indexes. According to the results,
linear tests indicated time-varying efficiency, whereas other tests indicate nonlinear
dependence. This was interpreted as the Indian markets were still not adaptive but in the
process of evolution. Hiremath & Narayan (2016) applied generalized Hurst exponent to
India’s Sensex and Nifty index data between 1991 and 2013 within fixed and moving
windows. Obtained results were in accordance with the dynamic characteristic of the AMH
and therefore it was stated that these results can be accepted as adaptive features of these
markets. Madhavan & Arrawatia (2016) examined the activities of G8 countries represented
by credit default swaps and treasury bills in terms of the AMH and obtained the results using
the AR-GARCH filter and rescaled range (R/S) test. According to the analysis, they stated
that there are differences between the country activity levels, and these differences that
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change over time mean validation of the hypothesis. Noda (2016) investigated the validity
of the AMH for the Japanese stock markets TOPIX and TSE2. According to the results, the
market efficiency in both markets has varied over time, hence it was stated that that the
findings were in harmony with the AMH. Urquhart & McGroarty (2016) used three
bootstrapped version of the variance ratio test in order to test the AMH for S&P 500,
Financial Times Stock Exchange 100 (FTSE100), Japan’s NIKKEI225 and Eurozone’s
EURO STOXX 50 data over the period 1990 and 2014 within a two-year sub-sample
window approach. The results indicated predictability fluctuation over time which is
consistent with the AMH. Charles et al. (2017) analysed the 1996-2013 data of the Dow
Jones Islamic Market and Dow Jones Global indexes by automatic variance ratio and
automatic portmanteau tests. As a result, both indexes yielded time-varying predictability
and compatible results with the AMH. The Dow Jones Islamic index was tested for AMH in
the context of anomalies and efficiency by stochastic dominance and mean-variance
approach in the study of Al-Khazali & Mirzaei (2017) over the period 1996 and 2015.
According to the results, the calendar anomalies supported the AMH and it was stated that
this hypothesis provided a better explanation regarding the behaviour of the anomalies
compared to the EMH.

Additionally, Rahman et al. (2017) examined the data of Bangladesh, India, Pakistan,
and Sri-Lanka markets for the period between 1995 and 2013 by WBAVR test and price
delay measures. Obtained results yielded time-varying efficiency, which is in line with the
AMH. Ertas & Ozkan (2018) tested the AMH for the Borsa Istanbul BIST100 and S&P 500
indexes with the monthly data between 1988 and 2018 by examining autocorrelation
changes. According to the results, the AMH has been regarded as a better performer than the
EMH in terms of explaining the stock behaviours. Gyamfi (2018) examined the return
predictability for Ghanaian stock market indexes GSEALSH and GSEFSII using GS,
automatic portmanteau, and WBAVR tests in a moving window from 2011 to 2015. Results
indicated higher predictability for GSEALSH compared to GSEFSII and consistent
outcomes with the AMH. Khuntia & Pattanayak (2018) examined AMH for the Bitcoin
market and used the 2010-2017 Bitcoin prices as the research data. A moving sub-sample
window framework is used with GS and DL tests in order to determine time-varying linear
and nonlinear dependence. As a result, they stated that there was an evolving activity in the
Bitcoin market which is compatible with the AMH. Boya (2019) investigated the efficiency
degree of the French stock market and used a rolling variance ratio approach for the data of
the related index (CAC40) over the period 1987-2018. The results presented a pattern
switching between periods of efficiency and inefficiency and confirmed the AMH for the
French stock market. Ghazani & Ebrahimi (2019) tested the AMH for OPEC, Brent, and
West Texas Intermediate (WTI) oil markets within moving sub-sample windows by using
automatic portmanteau and GS tests over the period 2003-2018. The results yielded high
efficiency for Brent and WTI, while OPEC presents compatibility with the AMH as the
window length increases. Eyilipoglu & Eyiipoglu (2020) tested the AMH for the Borsa
Istanbul BIST100 over two periods January 2, 1990 - June 17, 2019 and April 2, 1991 - June
17, 2019 by using both linear and nonlinear tests. According to the results, utilized tests
yielded consistent results and confirmed the AMH by presenting periodic return
predictability. Similar to the study of Khuntia & Pattanayak, Khursheed et al. (2020)
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examined AMH for digital currencies such as Bitcoin, Monaro, Litecoin, and Stellermarket
over the 2014-2018 period. GS, DL, and automatic portmanteau tests were applied to daily
price data to identify time-varying linear and nonlinear dependence. It is stated that digital
currency markets supported the AMH as linear and nonlinear dependence varied over time.
Kotatka (2020) conducted an analysis by using the daily data of the Polish stock market
(WIG) over the period October 1994 - December 2019 by using autocorrelation and Brock,
Dechert & Scheinkman (BDS) tests within moving sub-sample windows. The analysis
provided results in favour of the AMH. Lekhal & EI Oubani (2020) examined various
aspects of the AMH by using daily data of the Moroccan stock market index MASI with
linear (WBAVR, automatic portmanteau, and the TV-AR model) and nonlinear (MacLeod-
Li and the momentum returns) tests. The results confirmed the profit opportunities along
with return predictability in this market, hence supported the AMH. Obelade & Muzindutsi
(2020) tested the AMH for Tunisian Stock Market (TSE) with daily index return data over
the period April 1999 and February 2018 by linear and nonlinear tests. According to the
results, high return predictability has been observed for volatile periods and it was stated
that the TSE confirms the AMH. Patil & Rastogi (2020) included a daily dataset of closing
prices and the number of trades (volume) of the Indian stock market, Sensex over the period
between July 13, 1995, and August 6, 2019, to examine the AMH by utilizing the
Multifractal Detrended Fluctuation Analysis (MF-DFA) and the Multifractal Detrended
Cross-correlation Analysis (MF-DCCA). According to the obtained results, it is stated that
existing chances of arbitrage opportunities supported the AMH for this stock market. Rosini
& Shenai (2020) investigated the AMH and calendar anomalies for London Stock
Exchange’s FTSE100 and FTSE250 indices over the 2007-2016 period by using
autocorrelation, variance ratio, BDS tests, and GARCH models. The results yielded varying
efficiency which supports the AMH and also calendar anomalies. Shahid et al. (2020) also
examined the AMH and calendar anomalies by associating the Turn-of-Month (TOM) effect
to the AMH. In order to do so, the daily return data of Pakistan’s PSX index was included
in the analysis for the 1996-2015 period. By applying the GARCH methodology, the AMH
was specified as more useful than any other approach when explaining the evolving trend
for the TOM effect. Tripathi et al. (2020) applied quantile regression methodology to test
the AMH in 21 major global market indices. Daily, weekly and monthly data were included
in the analysis for the 1998-2018 period. Results yielded positively autocorrelated stock
returns at lower quantiles and negatively autocorrelated stock returns at higher quantiles
which were considered in line with the features of the AMH.

Also as previously mentioned, hidden Markov models (HMM) are used in various
financial applications such as Elliott et al. (1998), Thomas et al. (2002), Rossi & Gallo
(2006), Lin et al. (2009), Langrock et al. (2012), Dias et al. (2015), Dionne & Hassani,
(2015), Nguyen & Nguyen (2015), Nystrup et al. (2015), Meng et al. (2017), Nystrup et al.
(2017), Huang et al. (2019), Zhang et al. (2019). Also, studies that concern Borsa Istanbul,
such as Oz (2009) and Daglioglu & Kiral (2018) are also present in the literature.
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3. Methodology

This chapter includes brief explanations of the statistical tests used in this study to
determine the time-varying return predictability thereby test the AMH, as well as a short
description of the HMMs.

3.1. Automatic Portmanteau Test

As one of the widely used tests, the portmanteau test depends on the hypothesis Ho:
p; = 0 for all j = 1,...,p. In other words, the null hypothesis implies that the first k
autocorrelations are equal to zero in a time series. Later, Lobato et al. (2001: 190-191)
proposed a more robust test statistic which is given below:

Q*k: T Z?:l 2’5]2 (1)

where the values of 57 were taken as estimators for the autocovariance of stock return order
j. This is followed by Escanciano & Lobato’s (2009) proposal of an automatic test where p
is determined not arbitrary but according to a data-dependent procedure, which can be
identified as follows:

AQ=T XK, 2 @)

where the value of p represents the optimal lag order and the automatic portmanteau test
statistic (AQ) follows the Chi-squared distribution. If the AQ is calculated greater than 3.84,
the null hypothesis of the test which is no return predictability (no return autocorrelation) is
rejected at the 5% level, hence inefficiency is accepted for the related period (Kim et al.,
2011: 871).

3.2. Generalized Spectral Test

It is stated that as an autocorrelation-based test, the automatic portmanteau test can
identify only the linear dependence (Charles et al., 2012: 1612). However, the GS test,
proposed by Escanciano & Velasco (2006) investigates both linear and nonlinear
dependencies in a time series as it takes dependence into account for all lags and presents
robustness to conditional heteroscedasticity (Gyamfi, 2018: 198). The main idea can be
described as transforming the data by an exponential function and taking the spectrum of
transformed series into consideration (Zhang, 2013). As a test that involves a wild-
bootstrapping procedure, if obtained p-value is less than 0.05, the hypothesis implying no
return predictability is rejected at a 5% level of significance and inefficient market
conditions are approved (Kim et al., 2011: 871). (For detailed explanations, see Escanciano
& Velasco (2006), Lazar et al. (2012), Zhang (2013), and Gyamfi, 2018)).

3.3. Hidden Markov Models

The HMM was firstly introduced by Baum and his colleagues in the early 1970s then
attracted significant attention in the1980s (Nguyen & Nguyen, 2015; Yilmaz & Can, 2016).
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According to the HMMs, a stochastic process that produces observation sequences is an
underlying and hidden stochastic process (Ibe, 2013: 417-419). Therefore in an HMM, a
state process that is hidden generates an observation process at time t (Sy); besides, this
hidden state fulfils the Markov property as, given the value St.1, St depends only on St.; hence
independent from all other states before time t-1 (Li, 2016: 6). Basic elements of an HMM
are given below (Ching et al., 2013: 202; Ibe, 2013: 419):

e S={S1, Sy, ..., Sn}, afinite set of N hidden states,

o V={Vy, Vy, ..., Vu} afinite set of M possible observation symbols,

o A = {ajj}, a set of state transition probability matrix where a;j represents the
probability of system going from state S; to state S;

o B = {bi(k) represents the probability of observing Vi when the system is in state S;

o 7 ={m}, initial state probabilities that z; is the probability of the system starting in
state Sjand defined as # =P[g1 =Si], 1 <i<N.

Hence for the transition probability matrix A = {a;} where ¥¥_; a;; =1,i=1, .., N
and ajj > 0, related matrix can be stated as;

aij = PlOu1=Sj | qe=Si], 1 <i, j<N (3)

while transition probabilities do not change over time and independent from observations
(Bhar & Hamori, 2004: 17).

Moreover, observation probabilities B = {bi(k)} can be stated as;
bi (k) = P[Or = Vk | g = Si] (C)]
while Y., b; (k) =1,i=1,..,N, k=1, ..., Mand bi (k) > 0 (Ching et al., 2013: 202).

By considering the number of hidden states (N), the number of possible observation
symbols (M) in addition to A, B, and =, an HMM generates T number of observations O =
{04, Oy, ...., Or}, thereby parameter set of the HMM is simply defined as 4 = {A, B, =}
(Y1lmaz & Can, 2016: 119).

Three basic problems of HMMs are given below (Rabiner & Juang, 1986; Ibe, 2013;
Nguyen & Nguyen, 2015):

1. The evaluation problem focuses on computing the observation probabilities P[O |
A] by using the forward and backward algorithm. Regarding the forward
algorithm, a joint probability ai(i) = P[O = Oy, Oy, ..., Oy qt = Si | 4] must be
defined and calculated repeatedly. The sum of these values yields the observation
probabilities as follows:

P[O|A] =N, a.(i) (5)

Similarly, a conditional probability:
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Bt(i) = P[ Ot+1, Ots2, ..., OT| gt = Si | A] (6)

is defined for the backward algorithm and this equation is calculated backwards starting
from t = T-1, hence the total probability is obtained as follows:

P[O|A]= ?’:1 Bi(Day () = ?’:1 B1(D)m1b1(01) (7

2. The optimal state sequence (decoding) problem is concerned with calculating the
most likely sequence of hidden states which will generate the given observation
sequence by using the Viterbi algorithm. First of all, a §,(i) variable is defined as
given below:

8eD)= g g o PIOL Gy e 61, 0= i, 01, Oz, .., O, G| A] ®)

and by induction:
Sera (=" [8:(D)aij1b;(0r1) ©)

is obtained. Then the most likely state q*7 will be chosen by the given formula below:

* argmax .
qr=1 ey Br (D] (10)
3. The learning problem utilizes the Baum-Welch algorithm in order to optimize the
{A, B, n} parameters by maximizing the observation sequence probabilities. In
order to represent how to calculate the parameters, a new variable &, (i, j) must be
defined as given below:

&(i,j)=Pl[at=Si, 1= Sj| O, 4] (11)
Also, a probability variable y, (i) is defined as follows:
ye() = ay(i) (i)  P[O | 4] (12)

Then, variable &.(i, j) can be stated as given below:

—a¢(D)aijbj(0r4+1)Br+1(J)

§e(i,)) = Plg= Si, qua = §j | O, A] = = (13)
hence;
Ve =X &) (14)

can be defined. This summation will provide new parameters; the expected number of
transitions from state S; to Sj, a;; and Ej (k), the ratio of the number of times when the system
is in state S; and observing symbol is vi to the expected number of times that the system is
in state S;. Therefore, new parameters can be defined as given below:
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_ ST EGD) 5 o - Sien e ()
= D) () = St "
&%= S R = 3G (15)

Finally, the re-estimated model can be stated as A = {4, B, }.
4. Data

In the first section of this study, daily closing prices of the BIST100 index were used
in order to examine the AMH by testing the time-varying return predictability. The data were
obtained from The Central Bank of the Republic of Turkey Electronic Data Delivery System
and range from 4 January 1988 to 18 December 2017. The daily closing prices of the stock
exchange are transformed into returns by the formula given below in which the natural
logarithm of the index at time t is In(Py):

rt = In(Py) - In(Pe1) (16)
Given below, Graph 1 presents the plot of the daily index and log returns:

Graph: 1
Time Plot of BIST100 Daily Index and Log Returns
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According to Graph 1, the market is bullish until 2008, however, BIST100 index
suffers a sharp decline around 2008 due to the global crisis. This is followed by a bullish
period until 2011 and then presents a volatile pattern since then. The descriptive statistics of
the daily returns are given in Table 1:

Table: 1
Descriptive Statistics of Daily Returns of the BIST100 Index

Observations

7485

Mean 0.001293
Median 0.001148
Std. Deviation 0.025514
Skewness -0.046280
Kurtosis 7.387619
Jarque-Bera 6006.641

According to Table 1, the returns indicate negative skewness and a high kurtosis
value presents leptokurtic distribution. Moreover, the Jarque-Bera test statistic indicates the
non-normal nature of the returns at the 1% level. In accordance with the explanation of
Gyamfi (2018), the data must include nonlinear patterns in order to apply the GS test.
Therefore, a BDS test was applied and according to the result, the test provided p-values less
than 0.05, which verifies the nonlinearity.

5. Empirical Results
5.1. Time-Varying Return Predictability
In order to evaluate the time-varying return predictability, a moving window

approach along with the automatic portmanteau and GS tests was used in this study. Graph
2 provides the AQ values and a dotted line corresponds to a 5% critical value of 3.84.

Graph: 2
Automatic Portmanteau Test Statistics
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According to Graph 2, the result of the automatic portmanteau test can be considered
significant for the periods in which the AQ values are over the dotted critical value line.
Thereby, it can be stated that the test statistics show a high degree of return predictability
and inefficient market conditions for the period 1988-1990 and around 1993 except for a
short period around 1991. After a dramatic decline in the test statistics after 1993, the test
provides statistically insignificant results, which indicates unpredictable stock return
features and efficiency in the market for a long time until 2008. Then, statistically significant
test statistics suggest the predictable nature of returns and inefficient market conditions
around 2008. Finally, from late 2008 to the end of the sample period, the unpredictable
behaviour of the stock returns and inefficiency carries on. Therefore, according to the
automatic portmanteau test results, it can be clearly stated a time-varying behaviour of
efficiency is evident with three different periods of predictability for the BIST100 index and
results support the AMH for Borsa Istanbul. The results of the GS test are given below in
Graph 3.

Graph: 3
P-values of the Generalized Spectral (GS) Test
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Graph 3 presents p-values of GS test for daily data of BIST100 index and the dotted
line represents the p-value 0.05. The result of the GS test can be considered as significant
for the periods in which the test values are below the dotted p-value line. Similar to the
results of the automatic portmanteau test, no return predictability hypothesis is rejected at
the beginning period of the data. According to the figure, there is evidence of return
predictability from 1988 to the late 1990s. After a period of no return predictability with
calculated p-values greater than 0.05, the data presents significant p-values around 1993,
which means an inefficient feature for the market. After five years with no significant p-
values indicating no return predictability, short terms of return predictability can be seen
between 1998 and 2000. Similar to the automatic portmanteau test results, stock returns were
unpredictable, traders could not predict future prices based on the past asset prices, and
efficient market conditions were experienced until 2008. Again, with a similarity to the
previous test results, the year 2008 presents a short-term of return predictability with p-
values lower than 0.05. From 2008 to the end of the sample period, the GS test p-values are
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statistically insignificant, which means failure to reject the hypothesis implying no return
predictability and duration of efficiency for Borsa Istanbul.

When compared to the related previous studies of Ertas & Ozkan (2018) and
Eyiipoglu & Eyiipoglu (2020) in which the AMH is tested for similar periods, it can be stated
that there is a consensus on the periodic return predictability in the Borsa Istanbul. Therefore,
the BIST100 provided strong evidence for the AMH as the inferential outcomes of both
automatic portmanteau and GS tests are obtained as largely consistent with each other.

5.2. HMM Application

After examining the AMH for the Borsa Istanbul, the test results are utilized for an
HMM application regarding the periods that present predictability in order to examine the
validity of this outcome for selected determinants of the BIST100 index value. Firstly, an
HMM similar to the model used by Oz (2009) is formed also in accordance with a literature
review and aggregated opinions of experts. The model includes BIST100 index as the
observation series and the US Dollars exchange rate, money supply, and consumer price
index (CPI) variables as hidden states. Since the automatic portmanteau test result mostly
covers the predictable periods obtained in the GS test, periods with predictability were
determined as of February 1991 - September 1993 and February 2008 - October 2008 by
considering the result of the automatic portmanteau test and data accessibility. As previously
stated, the last two months of these periods were estimated by the solutions of evaluation
and optimal state sequence problems and compared with the actual values. The learning
problem and its solution are not included in the analysis.

At the beginning of the application, change ratio series (CRS) were acquired for all
observation series and hidden states by the formula given below:

CRS = (current month’s value - previous month’s value) x 100 / previous month’s value (17)

Then, each series were classified into two or four groups according to the arithmetic
means of months with the increase (positive change values, if any) and decrease (negative
change values, if any) and a symbol is assigned for each group.

Considering the first period February 1991 - September 1993, the arithmetic mean of
positive values of change ratio series of BIST100 observation series was 14.55919 and the
arithmetic mean of negative values was -8.37184. In accordance with these calculations, four
groups and assigned symbols are given in Table 2:

Table: 2
Assigned Symbols and Groups of BIST100 for the Period of February 1991 -
September 1993

Change Ratio (CR) Symbol
CR > 14.55919 Al

0<CR<14.55919 A2

-8.37184<CR <0 A3
CR <-8.37184 A4
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According to Table 2, the symbols, namely, Al(above positive mean value) and A2
(below positive mean value) refer to positive changes in BIST100 over this period, whereas
A3 (above negative mean value) and A4 (below negative mean value) refer to negative
changes. Therefore, the assigned symbol for change ratios higher than 14.55919 will be A1,
and A2 for the ratios ranging between 0 and 14.55919 which will both considered as the
increase. The assigned symbol for change ratios lower than 0 and bigger than -8.37184 will
be A3; and A4 for the ratios lower than -8.37184 which will both considered as the decrease
in the change ratios.

Regarding the hidden states, the US Dollars exchange rate over the period between
February 1991 - September 1993 provided the arithmetic mean of positive values as
4.422869 and no negative values of change were obtained. Symbols were assignhed
accordingly as B1 (above positive mean value) and B2 (below positive mean value).
Concerning money supply, the arithmetic mean of positive values was obtained as 7.172406
and -5.59508 for negative values. Therefore, C1 (above positive mean value), C2 (below
positive mean value), C3 (above negative mean value), and C4 (below negative mean value)
symbols were assigned. Finally, the CPI yielded arithmetic mean for positive values as
4.390244, and no negative values of change were obtained similar to the first hidden state.
Thereby, D1 (above positive mean value) and D2 (below positive mean value) symbols were
assigned for this hidden state. In this context, arithmetic means and assigned symbols are
given in Table 3:

Table: 3
Assigned Symbols and Groups of Hidden States for the Period of February 1991 -
September 1993

Change Ratio (CR) Symbol
CR >4.422869 B1

0 <CR <4.422869 B2

Change Ratio (CR) Symbol
CR >7.172406 C1

0 <CR <7.172406 c2

-5.59508 <CR <0 C3
CR <-5.59508 C4

Change Ratio (CR) Symbol
CR >4.390244 D1

0 <CR <4.390244 D2

According to Table 3, symbols B1, B2, C1, C2, D1, and D2 refer to positive changes
(increase) in all hidden states for this period, whereas C3 and C4 refer to negative changes
(decrease) in the money supply. It can be stated that there are no negative changes in the US
Dollars exchange rate and the CPI for this period.

The given symbols refer to the sub-states and transitions between these sub-states are
possible; however, a transition from a set of sub-states to another is not. Thereby, Oz (2009)
and Y1lmaz (2015) recommended a set of combinations of these sub-states with new symbols
in order to ensure these transitions. For instance, the first new sub-state includes B1, C1, D1
sub-states, and the assigned symbol is X1. In accordance with this, the second new sub-state
X2 consists of B1, C1, and D2, and so on, up to X64 which includes B4, C4, and D4.

45



Burhan, H.A. & E. Acar (2021), “Adaptive Market Hypothesis and Return Predictability:
A Hidden Markov Model Application in Borsa Istanbul”, Sosyoekonomi, 29(48), 31-58.

Therefore, these new sets of sub-states present new hidden states in accordance with the
combinations.

By considering the elements of an HMM, it can be stated that sets of hidden states
and observations (S and V) are obtained. Although a 64-element new hidden state cluster
was formed, the handled period did not bring about all possible combinations, but only
twelve of them. Thereby, a 12x12 sized state transition probability matrix (A) has been
generated. Related matrix is given in Table 4 below:

Table: 4
State Transition Probability Matrix for the Period of February 1991 - September
1993

X2 X5 X6 X9 X10 X13 X17 X18 X21 X22 X25 X29
X2 0 0 0 0 0 0 0 0 0 1 0 0
X5 0 0.25 0.25 0 0.25 0 0 0.25 0 0 0 0
X6 0 0 0.5 0 0 0 0 0.5 0 0 0 0
X9 0 0 0 0 1 0 0 0 0 0 0 0
X10 0.333333 0.666667 0 0 0 0 0 0 0 0 0 0
X13 0 1 0 0 0 0 0 0 0 0 0 0
X17 0 0 0 0 0.5 0 0 0 0.5 0 0 0
X18 0 0 0 0 0 0.2 0 0 0.4 0.2 0 0.2
X21 0 0.25 0 0 0 0 0 0 0.25 0.25 0.25 0
X22 0 0 0 0 0 0 0.5 0.25 0 0.25 0 0
X25 0 0 0 0 0 0 0 1 0 0 0 0
X29 0 0 0 0 0 0 0 1 0 0 0 0

In accordance with Table 4 and the Markovian assumption that each month’s state is
dependent on the previous month’s, it can be stated that there is a 100% probability that
hidden state X2 will be followed by hidden state X22 as the value in the matrix is 1; similarly,
after hidden state X5, there is a 25% probability each for the next hidden state will appear
as X5, X6, X10 or X18 and the following items can be interpreted accordingly. This is
followed by forming the observation probabilities matrix (B). This matrix is generated with
regard to the states of transition probabilities matrix and one of the observation symbols (A1,
A2, A3, or A4) comes up accordingly. This matrix is given below:

Table: 5
Observation Probabilities Matrix for the Period of February 1991 - September 1993

Al A2 A3 Ad
X2 0 0 1 0
X5 0 0.2 0.4 0.4
X6 0 0.5 0 0.5
X9 1 0 0 0
X10 0.333333 0 0.333333 0.333333
X13 0 1 0
X17 0.5 0 0 0.5
X18 0.4 0.4 0.2 0
X21 0 0.5 0.25 0.25
X22 0.5 0.25 0.25 0
X25 1 0 0 0
X29 0 1 0 0

According to Table 5, there is a 100% probability that hidden state X2 will generate
observation A3 as the probability value is 1 for this observation; whereas hidden state X5
will generate observation A2 with 20%, A3 with 40%, and A4 with 40% probabilities and
the following items can also be interpreted accordingly. As for the last element of the basic
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HMM, initial state probabilities (x) are included as equal values since there is no dominance
among hidden states. This is followed by the solution of the evaluation problem for the last
two months of the handled period (August 1993 and September 1993) in order to compare
obtained values with actual data. Observation probability forecasts are given in Table 6
below:

Table: 6
Observation Probability Forecast for August 1993
Symbol Probability
Al 0.5
A2 0.25
A3 0.25
Ad 0

According to Table 6, the observation with the highest probability for August 1993
is Al (above positive mean value) which yields 50% probability, and this is followed by A2
(below positive mean value) and A3 (above negative mean value) with 25% probabilities
each. It can be stated that the prediction of a positive change (Al and A2) for this period has
the highest probability. When compared to the actual data which is A2, the forecast can be
considered as almost consistent. Since the probability of A4 (below negative mean value) is
zero, this observation is not included in the calculations of possible outcomes of the August
1993 - September 1993 period. Obtained results are given as follows:

Table: 7

Observation Probability Forecast for August 1993 - September 1993
Symbol Probability Symbol Probability
Al A1 0.475 A2, A3 0.1125
Al, A2 0.1625 A2, A4 0.25
Al, A3 0.1125 A3, Al 0.475
Al, A4 0.25 A3, A2 0.1625
A2, A1 0.475 A3, A3 0.1125
A2, A2 0.1625 A3, A4 0.25

According to Table 7, the highest probabilities belong to sequences of A1, Al; A2,
Al and A3, Al for August 1993 - September 1993 with the value of 0.475. Since the actual
data for September 1993 is Al, it can be stated that all possible sequences presented
consistent results which forecast above positive mean value.

In continuation, the solutions of the optimal state sequence (decoding) problem for
the given period is handled. As this procedure provides the most likely sequence of hidden
states which generate the given observation sequence, it was found that the hidden state that
yields Al for August 1993 was X25. This hidden state includes positive changes for the US
Dollars exchange rate and CPI, however negative changes for the money supply (B2, C3,
D1). According to the actual data, the hidden state was X22, hence positive changes for all
sub-states were observed (B2, C2, D2). Therefore, it can be stated that except for the money
supply, forecasts that predict positive change are almost consistent. Regarding the August
1993 - September 1993 period, forecast results were given in Table 8 below:
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Table: 8
Hidden State Forecast for August 1993 - September 1993
Symbol Hidden State Forecast Sub-states Symbol Hidden State Forecast Sub-states
Al, Al X25, X22 B2, C3,D1-B2, C2, D2 A2, A3 X25, X25 B2, C3,D1-B2,C3,D1
Al, A2 X25, X17 B2,C3,D1-B2 C1,D1 A2, A4 X25, X22 B2, C3,D1-B2, C2,D2
Al, A3 X25, X25 B2, C3,D1-B2,C3,D1 A3, Al X25, X22 B2, C3,D1-B2, C2,D2
Al, A4 X25, X22 B2, C3,D1-B2,C2, D2 A3, A2 X25, X17 B2,C3,D1-B2,C1,D1
A2, Al X25, X22 B2, C3,D1-B2,C2, D2 A3, A3 X25, X25 B2, C3,D1-B2,C3,D1
A2, A2 X25, X17 B2,C3,D1-B2 C1,D1 A3, A4 X25, X22 B2, C3,D1-B2, C2, D2

When compared to the values given in Table 8 above, it can be stated that the forecast
X22 for September 1993 can be considered highly consistent as it predicts below the positive
mean value for all sub-states (B2, C2, D2). Hence the actual observation of this period
consisted of positive changes regarding the actual values of sub-states (B2, C2, D1).

Considering the second period, February 2008 - October 2008, the arithmetic mean
of positive values of change ratio series of BIST100 observation series was 6.862312 and
the arithmetic mean of negative values was -8.9751. In accordance with these calculations,
four groups and assigned symbols are given in Table 9:

Table: 9
Assigned Symbols and Groups of BIST100 for the Period of February 2008 - October
2008
Change Ratio (CR) Symbol
CR > 6.862312 Al
0<CR<6.862312 A2
-8.9751<CR <0 A3
CR <-8.9751 A4

According to Table 9, the symbols, namely, Al (above positive mean value) and A2
(below positive mean value) refer to positive changes in the BIST100 over this period,
whereas A3 (above negative mean value) and A4 (below negative mean value) refer to
negative changes. Therefore, the assigned symbol for change ratios higher than 6.862312
will be Al; and A2 for the ratios between 0 and 6.862312 which will both considered as the
increase. Hence, A3 and A4 will be considered as the decrease in the change ratios.

Regarding the hidden states, the US Dollars exchange rate over the period between
February 2008 - October 2008 provided the arithmetic mean of positive values as 6.971529
and -2.47719 for negative values. Symbols were assigned accordingly as B1 (above positive
mean value) and B2 (below positive mean value), B3 (above negative mean value), and B4
(below negative mean value). Concerning money supply, the arithmetic mean of positive
values was obtained as 4.908061 and -1.6306 for negative values. Therefore, C1 (above
positive mean value), C2 (below positive mean value), C3 (above negative mean value), and
C4 (below negative mean value) symbols were assigned. Finally, the CPI yielded arithmetic
mean for positive values as 1.292083 and -0.29948 for negative values. Thereby, D1 (above
positive mean value), D2 (below positive mean value), D3 (above negative mean value), and
D4 (below negative mean value) symbols were assigned for this hidden state. In this context,
arithmetic means and assigned symbols are given in Table 10:
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Table: 10
Assigned Symbols and Groups of Hidden States for the Period of February 2008 -
October 2008

Change Ratio (CR) Symbol
CR >6.971529 B1

0<CR<6.971529 B2

-247719<CR<0 B3
CR <-2.47719 B4

Change Ratio (CR) Symbol
CR >4.908061 C1

0 <CR <4.908061 c2

-1.6306 <CR <0 C3
CR <-1.6306 C4

Change Ratio (CR) Symbol
CR >1.292083 D1

0<CR <1.292083 D2

-0.29948 < CR <0 C3
CR <£-2.29948 Cc4

According to Table 10, symbols B1, B2, C1, C2, D1, and D2 refer to positive changes
in hidden states for this period, whereas B3, B4, C3, C4, and D3, D4 refer to negative
changes. It can be stated that all hidden states faced negative changes in this period. Similar
to the previous period’s application, new symbols with X that include combinations of these
sub-states as new hidden states are used for this period. As this period did not bring about
all possible combinations either, a 6x6 sized state transition probability matrix (A) has been
generated. Related matrix is given in Table 11 below:

Table: 11
State Transition Probability Matrix for the Period of February 2008 - October 2008
X18 X21 X40 X42 X61 X63
X18 0 1 0 0 0 0
X21 0 1 0 0 0 0
X40 0 0 0 1 0 0
X42 0 0 0 0 0 1
X61 0 0 1 0 0 0
X63 1 0 0 0 0 0

According to Table 11, it can be stated that there is a 100% probability of hidden
state X18 will be followed by hidden state X21 as the value in the matrix is 1; similarly,
after hidden state X21, there is a 100% probability that the next hidden state will appear as
X21 and the following items can be interpreted accordingly. This is followed by forming the
observation probabilities matrix (B) which is given below in Table 12:

Table: 12
Observation Probabilities Matrix for the Period between February 2008 - October
2008

Al A2 A3 A4
X18 0 0 0,5 0,5
X21 0 0 0 1
X40 0 0 1 0
X42 0 0 1 0
X61 0 0 1 0
X63 1 0 0 0
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According to Table 12, there is a 50% probability each that hidden state X2 will
generate observations A3 and A4 as the related value in the matrix is 0,5; whereas hidden
state X21 will generate only the observation A4 because of the probability value 1 and the
rest of the items can be interpreted in the same way. Similar to the first application, initial
state probabilities () are included as equal values since there is no dominance among hidden
states.

In continuation, the evaluation problem is solved for the last two months of the
handled period (September 2008 and October 2008) in order to compare obtained values
with actual data. Observation probability forecasts are given in Table 13 below:

Table: 13
Observation Probability Forecast for September 2008
Symbol Probability
Al 0
A2 0
A3 0
A4 1

According to Table 13, with a 100% probability, the observation for September 200