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Abstract

It is inadequate to evaluate merely basic macroeconomic indicators to speak of economic growth. Economic
growth is also related to external factors. One of these factors is the sentiment of confidence. Economic
confidence is associated with expectations. Consumers, producers, savers, and laborers make their economic
decisions according to their expectations and affect the economy. In this context, the rise in confidence in
the economy positively affects consumption and production decisions, and economic growth is achieved.
The study aimed to investigate the relationship between economic confidence and economic growth in Tur-
key. For this purpose, the economic confidence index data obtained from the official website of TSI over the
period 2007-2020 were utilized. The overall situation of the economy was evaluated by considering the data
of these index values. As a result of the study, it was observed that the economic growth slowed down in
the pessimistic situation where the confidence in the economy decreased, whereas the economic growth bo-
osted in the optimistic situation where the confidence in the economy increased. Moreover, within the scope
of this study, both annual and quarterly changes in the Gross Domestic Product, a measurement of econo-
mic growth, were predicted with different artificial neural networks (ANNs) over the period 2007 — 2020.
Throughout the prediction process, the time-series of economic confidence index with monthly data observed
within the same period were included in the inputs of the neural network as the auxiliary variable. The
results indicated that artificial neural networks performed successfully in predicting the time-series for
economic growth and this situation was based on the relationship between economic growth and economic
confidence index.

Keywords:  confidence, economic growth, Turkey, prediction, artificial neural networks.
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Ekonomik Giiven Endeksi ve Ekonomik Biiyiime
Iliskisi: Yapay Sinir Aglari ile Tiirkiye Ornegi

Ongoriisii
*

Oz

Ekonomik biiyiimeden soz edebilmek icin yalmzca temel makroekonomik gostergeleri degerlendirmek
yetersizdir. Ekonomik biiyiime aymi zamanda digsal etkenlerle de iliskilidir. Bu etkenlerin basinda giiven
duygusu gelmektedir. Ekonomik giiven beklentilerle iliskilidir. Tiiketici, iiretici, tasarruf ve emek sahip-
leri ekonomik kararlarini beklentilerine gore almakta ve ekonomiyi etkilemektedir. Bu baglamda ekono-
miye olan giiven artis: tiiketim ve iiretim kararlarini pozitif yonde etkilemekte, ekonomik biiyiime ger-
ceklesmektedir.Calismanin amacim Tiirkiye’de ekonomik giiven endeksi ve ekonomik biiyiime arasindaki
iliskiyi aragtirmak olusturmaktadir. Bu amag dogrultusunda TUIK in resmi internet sitesinde yer alan
2007-2020 donemine ait ekonomik giiven endeksi verilerinden yararlamilmigtir. Bu endeksteki verilerin
degerlerine bakilarak ekonominin genel durumu degerlendirilmistir. Calisma sonucunda genel itibartyla
ekonomiye olan giivenin azaldig: kotiimser durumda ekonomik biiyiimenin de yavagladigi, ekonomiye
olan giivenin arttigt iyimser durumda ise ekonomik biiyiimenin arttig1 gozlenmistir. Ayrica bu caligma
kapsaminda 2007-2020 yillar: arasinda gozlenen, ekonomik biiyiimenin bir 6lciisii olan, Gayri Safi Yur-
tici Hasila yillik ve ceyreklik degisim verileri farkls yapay sinir aglari (YSA) ile ongériilmiistiir. Ongorii
siirecinde ayni donemde gozlenmis aylik ekonomik giiven endeksi zaman serisi yardimct degisken olarak
sinir agimn girdilerini olusturmustur. Elde edilen sonuclar, yapay sinir aglarimin ekonomik biiyiimeye
iliskin zaman serilerinin 6ngoriilmesinde bagarili bir performans sergiledigi ve bu durumun ekonomik
biiyiime ile ekonomi giiven endeksi arasindaki iliskiye dayandigin ortaya koymustur.

Anahtar Kelimeler:  giiven endeksi, ekonomik biiyiime, Tiirkiye, 6ngorii, yapay sinir aglari.
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Introduction

Expectations have always been highly effective on the economic decision-
making processes of individuals living in a society. Economic phenomena
encountered by individuals within the micro-framework also differentiate
macro-decisions such as future investment, consumption, and savings. The-
refore, upon considering expectations, individuals would base their deci-
sion-making mechanisms on their confidence in the economy.

The experiences of the consumers (micro) and the economic indicator
and performance (macro) of the country in which they live would steer the
expectations. In this context, the economic confidence index, which is ac-
cepted as one of the main indicators of economic crises, and the level of in-
dividuals’ confidence in the society tend to loom large. The Consumer Con-
fidence Index is being calculated by the Turkish Statistical Institute (TSI)
with the Monthly Consumer Tendency Survey and published on its official
website. The responses given to the survey questions consisting of sub-do-
mains (Consumer Confidence Index, Real Sector Confidence Index, Retail
Sector Confidence Index, Service Sector Confidence Index, and Construc-
tion Sector Confidence Index) are used in preparing the Monthly Consumer
Tendency Survey. Expectations for the future as well as tendencies to spend
and save in the future are measured with financial conditions and overall
economic evaluation of the individuals.

Uncertainty in the expectations of economic decision-making units
would create differences in consumers’ consumption preferences and pro-
ducers’ preferences of production and investment. Fluctuations in produc-
tion and consumption would lead to changes in basic macroeconomic data
such as the gross domestic product (GDP), employment, inflation, and cur-
rent account deficit. The economy flourishes during periods when uncerta-
inty ceases to exist and confidence in the economy triumphs (Arisoy, 2012,
p-305). Financial markets also improve during such a process.

Keynes attributed awareness of economic developments to the characte-
ristics of expectations and confidence in the long-run. In Keynes” analysis,
the sensitivity of producers and consumers toward economic developments
constitutes the basis of fluctuations in the economy (Ludvigson, 2004, p.29;
Aarle and Kappler, 2012, p.44). Therefore, there is a quite close relationship
between the basic economic indicators and the economic confidence index.
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The basic elements affecting the confidence in Turkey’s economy consist of
the political stability and the presence of determination, the global econo-
mic crises and the unstable structure of assets, efficiency, and consistency of
the economic policies in force, as well as the existence of the long-term ef-
fective measures (Tiirkkan, 2001, p.151).

The aim of the study involves revealing the relationship between econo-
mic confidence and economic growth in Turkey. To this end, the economic
confidence index data obtained from the official website of TSI over the pe-
riod 2007-2020 are utilized. Upon considering the data in this index, the ove-
rall condition of the economy is evaluated and the positive impacts of eco-
nomic policies implemented to boost social confidence on economic growth
are introduced.

Besides, the time-series of GDP data with 55 observations obtained over
the period 2007:Q1 — 2020:Q3 along with the time-series of the Economic
Confidence Index (ECI) monthly data obtained over the same period are
analyzed using both feedforward and feedback artificial neural networks
via multivariate models.

In the second part of the study, a detailed literature review is introduced.
The third part concentrates on the relationship between the ECI and GDP
in Turkey. In the fourth part, the predictions of both annual and quarterly
percentage change in GDP with artificial neural networks are carried out
and the obtained results are evaluated in detail. In the last part, the results
are discussed and the perspective for future studies is presented.

Literature Review

Various studies in the literature investigating the relationship between eco-
nomic confidence index and economic indicators are listed as follows:

Matsusaka and Sbordone (1995) examined the relationship between con-
sumer confidence index and national income over the period 1953-1998 in
the USA using the Granger causality and Vector Autoregression (VAR) mo-
del. As a result of the study, a causal relationship from the consumer confi-
dence index toward national income was detected, and it was stated that
consumer sentiment had a 13-16% impact on national income.
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Knack and Keefer (1997) explicated the relationship between the confi-
dence index and economic growth for 29 different economies. It was asser-
ted that a 10% rise in the confidence level would have increased the econo-
mic growth by 0.8%.

Zak and Knack (2001) investigated the relationship between confidence
indexes and the economic performance of 41 different countries. As a result
of the study, the presence of a significant relationship between the confi-
dence index and economic growth was detected.

Utaka (2003) investigated the relationship between consumer confidence
index and GDP of Japan over the period 1982-2000 via the Granger causality
analysis and VAR model. There was a causal relationship running from the
consumer confidence index toward GDP only in the short-run.

Golinelli and Parigi (2004) conducted a research study for the economies
of France, Germany, Italy, England, America, Japan, Canada, and Australia
utilizing the quarterly data via the VAR model and Toda-Yamamoto (1995)
type Granger causality tests. According to the results of the study, consumer
confidence was affected by a wide variety of variables and served as crucial
guidance in predicting economic performance.

Junoh (2004) conducted a comparative study on the ANN and econo-
metric approaches in order to estimate GDP growth in Malaysia over the
period 1995-2000. In the study, knowledge-based economic indicators ba-
sed on time-series data obtained over the period 1995-2000 were utilized.
As a result of the study, it was claimed that ANN aggravated its potential
in predicting GDP growth based on knowledge-based economic indicators
according to the conventional econometric approach.

Ozsagir (2007) evaluated the association between the real sector confi-
dence index and economic growth in Turkey’s economy over the period
1988-2005 using the correlation analysis and detected a quite significant cor-
relation coefficient (0.908265). Accordingly, there was a significant relati-
onship between the real sector confidence index and economic growth in
Turkey’s economy.

Boulila et al. (2008) investigated the relationship between economic
growth and social confidence over the period 1980-2000 for various develo-
ped and developing countries. In the study, the economies of 35 different
developed and developing countries were examined. Accordingly, the
study concluded that social confidence significantly and positively affected
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economic growth. The rise in social confidence strengthened economic per-
formance along with institutional development.

Diizgiin (2008) predicted GDP over the period 1987:Q1 — 2007:Q3 using
the ANN and ARIMA (Autoregressive Integrated Moving Average) models.
The study concluded that the ARIMA model yielded better results than the
ANN model.

Celik et al. (2010), in their research study including the economies of Bra-
zil, China, Mexico, Poland, South Africa, and Turkey, examined the relati-
onship between consumer confidence and economic growth via the Pedroni
(1999, 2004), Westerlund (2007) and Westerlund-Edgerton (2007) panels
data analyses. Industrial production index and stock market data, which are
considered among the determinants of economic growth, were explicated
in the study. As a result of the study, it was determined that industrial pro-
duction index and stock market data were related in the long-run.

Zanin (2010) investigated the relationship between the economic senti-
ment indicator and economic growth for 6 different EU-member countries’
economies. The study emphasized that positive and negative differences in
the economic sentiment indicator did not have the same impact on GDP and
that the impact might have differed from country to country and over time.

Arisoy (2012) investigated the impacts of both consumer and real sector
confidence indexes on employment, stocks, consumption expenditures, and
on the level of industrial production (as a determinant of economic growth)
using monthly data obtained over the period from January 2005 to January
2012 via the VAR model. As a result of the study, it was explained that the
consumer confidence index affected the consumption level, the real sector
confidence index affected the industrial production index and the stock
market, whereas the confidence indexes were determinants of the real eco-
nomy.

Ibicioglu et al. (2013) examined the association between foreign
exchange rate and consumer confidence index in Turkey utilizing the data
obtained over the period 2003:12 - 2011:12 using the Johansen cointegration
and Granger causality tests. As a result of the Johansen cointegration test, a
cointegration relationship between the exchange rate and the consumer
confidence index is detected in the long-run. According to the Granger ca-
usality test results, the existence of a unilateral causal relationship from the
exchange rate toward the consumer confidence index is revealed.
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Girgiir and Kiling (2015) analyzed the cointegration relationship
between consumer confidence index and basic financial and macroecono-
mic variables for Turkey over the period 2004:01-2015:04 by performing the
ARDL Bounds Test. Consumer confidence was affected by the interest rate
of consumer loans, unemployment rate, consumer prices, and exchange rate
in the short- and long-run. The consumer confidence index is less affected
by the exchange rate and consumer prices in the short-run.

Ibrahim et al. (2015) investigated the relationship between the consumer
confidence index and GDP for Nigeria. As a result of the study, the consu-
mer confidence index was described as a crucial growth indicator.

Pasarica and Popescu (2015) stated that GDP was either positively or ad-
versely affected by certain non-linear factors such as fiscal policy, exports,
agriculture, retail, construction, etc. in emerging economies such as Roma-
nia. They argued that their study provided a path between regression mo-
dels and neural network backpropagation. Neural packages applied in Mat-
lab were utilized for the analysis, and they proved that the correlation
between the observed and predicted values exceeded 0.95. They concluded
that neural networks had an extremely powerful nature in the GDP mode-
ling and predicting process.

Soyler and Kizilkaya (2015) generated GDP predictions for Turkey’s eco-
nomy using Multiple-Layer Perception (MLP), Recurring Elman Networks,
and Radial Basis Function Networks (RBFN). It was seen that the RFTA mo-
del with four input layers provided the highest value, and economic growth
was predicted for the period between 2013:Q4-2014:Q4 by courtesy of this
model. The study concluded that ANN was a successful model in predic-
ting economic growth.

Besel and Yardmmcioglu (2016) investigated the relationships of consu-
mer confidence index with the foreign exchange rate, petroleum prices and
the unemployment rate in Turkey utilizing the monthly data obtained over
the period 2005:01-2014:10 via the Gregory-Hansen cointegration, and
Toda-Yamamoto causality tests. According to the results of the study, there
was a cointegration relationship among variables, and the consumer confi-
dence index could have only been expressed by exchange rate fluctuations.

Tunali and Ozkan (2016) examined the relationship between the consu-
mer price index and consumer confidence index in Turkey over the period
2004:01-2015:12 using the Johansen cointegration and Granger causality
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tests. There was a long-term cointegration relationship between consumer
confidence index and consumer price index, and there was a causality run-
ning from consumer price index toward consumer confidence index accor-
ding to the Granger causality test results.

Islam and Mumtaz (2016) analyzed the consumer confidence index
using the panel cointegration test for the economies of England, Germany,
France, Denmark, and the Netherlands over the period 1996-2012. As a re-
sult of the analysis, it was concluded that the consumer confidence index
was a determinant of economic growth by influencing the consumption and
saving decisions of consumers.

Vrbka (2016) mentioned the importance of artificial intelligence in pre-
dicting GDP and used the ANN model to predict the GDP growth of Euro-
zone countries until the year 2025. As a result of the study, it was concluded
that the selected neural structures exhibited satisfactory numerical proper-
ties and were equivalent to the observed values of GDP growth.

Chuku et al. (2017) investigated the predictive performance of ANN con-
cerning the Box-Jenkins and structural econometric modeling approaches
used in predicting economic time-series in African countries. According to
the results obtained from different predictions, it was stated that artificial
neural network models performed much better than structural econometric
and ARIMA models in predicting the GDP growth in selected border eco-
nomies, especially when the relevant commodity prices, trade, inflation,
and interest rates data were utilized.

Vergil and Bahtiyar (2017) analyzed the relationship between confidence
and economic growth for Turkey’s economy besides 28 different countries.
The concept of confidence was accepted as an important component of so-
cial capital in the study. As a result of the study, it was stated that the level
of confidence is one of the indicators affecting economic growth. Keeping
the other variables constant, a 1-unit rise in the confidence level led to an
0.045 unit increase in per capita economic growth.

Mazurek and Mielcova (2017), in their research study using the VAR mo-
del, stated the existence of a relationship between GDP and consumer con-
fidence index in the long-run and concluded that the changes in the consu-
mer confidence index caused changes in GDP.

Jahn (2018) aimed at predicting the GDP growth rate of 15 industrialized
economies over the period 1996-2016. It was stated in the research study
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that the ANN model could have yielded much more realistic predictions of
GDP growth rates rather than a corresponding linear model. Especially, it
was mentioned that ANN models were quite flexible in capturing time
trends.

Kasmaoui et al. (2018) investigated the relationship between economic
growth and confidence for 14 different countries including Turkey in the
Middle East and North Africa (MENA) region utilizing the data obtained
over the period 2010-2014. As a result of the study, it was stated that the
concept of social confidence had a quite important impact on all countries’
economies. It was determined that a 10% rise in the social confidence level
aggravates the economic growth by 0.44%. It was stated that providing an
atmosphere of confidence was a prerequisite for recovery in the economy.

Aydin and Turan (2019) explicated the relationship between confidence
and economic growth for Turkey’s economy over the period from January
2007 to March 2019 by performing the EG and RALS cointegration tests.
Although there was no relationship between the two variables in the long-
run according to the results of the EG test, there was a relationship between
the variables according to the RALS-EG test results. According to the test
results performed in the study, economic confidence increased growth by
0.4% on average.

Aytekin and Doyar (2019), utilizing the monthly data obtained over the
period 2008:01 —2019:03, examined the relationship of consumer confidence
index with the real exchange rate and industrial production for Turkey’s
economy via the Johansen cointegration and Granger causality tests. The
variables were cointegrated in the long-run, a bidirectional causality existed
between exchange rate and industrial production, and a unidirectional ca-
usality existed from the real exchange rate toward consumer confidence.
There was no significant causal relationship between the consumer confi-
dence index and industrial production.

Basarir et al. (2019) examined the relationship between consumer confi-
dence index and macroeconomic/financial variables for Turkey’s economy
utilizing the data obtained over the period January 2012 - in 2018 using the
VAR model. Accordingly, there was a causal relationship from consumer
confidence index toward industrial production index; whereas a causality
existed from BIST 100, USD, and CPI toward consumer confidence index.
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Demirgil (2019) investigated the relationship between the consumer con-
fidence index and the industrial production index utilizing the data obtai-
ned over the period 2010-2018 using the ARDL Bounds Test. A 1% rise in
the consumer confidence index increased the economic growth by 0.56%.

Coban and Balik¢ioglu (2020) examined the relationship of economic
growth with confidence, innovation, and RandD expenditures utilizing the
obtained from 32 OECD countries over the period 2011-2015. Dynamic pa-
nel data analysis was performed in the study. As a result of the study, the
impact of confidence, which was seen as social capital, on innovation as well
as the impact of innovation on the growth level was found to be significant.

Oztiirk (2020) dealt with the relationship between the consumer confi-
dence index and economic growth in Turkey using the VAR method, Gran-
ger causality test, and variance decomposition method. As a result of the
study, a bidirectional causality exists between the economic confidence in-
dex and economic growth, and the basis of the relationship is determined
by the real sector confidence index as well as the confidence indexes for the
service and construction sectors.

As a result of the literature review, it is observed that the consumer con-
fidence index has been predominantly used in the studies, and some studies
included the real sector confidence index and the economic confidence in-
dex. Throughout the studies, it is stated that the concept of confidence has
significant impacts on economic growth and other macroeconomic indica-
tors.

The Relationship between Economic Confidence Index and GDP in
Turkey

Besides the basic macroeconomic indicators, the decisions made by econo-
mic decision-making units are also steered by future expectations. Having
positive expectations for the future increases the confidence in the economy
positively affects production and consumption decisions and boosts econo-
mic growth.

The economic confidence index is a composite index that summarizes
consumers’ and producers’ evaluations, expectations, and trends regarding
the overall state of the economy. The economic confidence index consists of
combining the consumer confidence indicator with the seasonally-adjusted,
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normalized, and weighted sub-indexes of the manufacturing industry (real
sector), service, retail trade, and construction sectors (TSI, 2020). Upon es-
tablishing the economic confidence index, the weights of consumer confi-
dence, manufacturing industry, service, retail trade, and construction sec-
tors are determined as 20%, 40%, 30%, 5%, and 5%, respectively. The per-
formance of the economy is evaluated in accordance with the data values in
this index. If the index value is lower than 100, it means that the confidence
in the economy decreases, on the contrary, if it is higher than 100, it means
that the confidence in the economy increases.

Table 1. Seasonally and calendar adjusted chain-linked GDP volume index and percen-
tage change (The Turkish Statistical Institute (TSI) t.y).

Years Seasonally Calendar Calendar  Calendar Seasonally Seasonally
and Calendar ~ Adjusted Adjusted  Adjusted and Calendar and
Adjusted Quarterly Index ~ Annual Quarterly Adjusted Calendar
Annual Value Change Change Quarterly Adjusted
Index (%) (%) Index Quarterly
Value Value Change (%)
2007 104.4 93.7(Q1) 5.1 7.2(Ql) 103.2(Q1) 1.8(Q1)
100.9(Q2) 34(Q2) 103.2(Q2) 0.0(Q2)
108.8(Q3) 3.8(Q3) 103.8(Q3) 0.6(Q3)
114.2(Q4) 64(Q4) 107.4(Q4) 34(Q4)
2008 105.1 99.5(Q1) 07 6.2(Q1) 109.6(Q1) 2.1(Q1)
103.3(Q2) 2.5(Q2) 105.7(Q2) -3.5(Q2)
110.1(Q3) 1.2(Q3) 103.8(Q3) -1.8(Q3)
107.4(Q4) -5.9(Q4) 107.4(Q4) 2.5(Q4)
2009 100.0 85.5(Q1) 438 -14.1(Q1) 95.4(Q1) -5.7(Q1)
96.4(Q2) -6.7(Q2) 99.3(Q2) 4.0(Q2)
108.7(Q3) -1.2(Q3) 101.6(Q3) 2.4(Q3)
109.3(Q4) 1.8(Q4) 103.6(Q4) 2.0(Q4)
2010 108.6 91.4(Q1) 8.6 6.9(Q1) 103.3(Q1) -0.3(Q1)
104.2(Q2) 8.0(Q2) 107.3(Q2) 3.8(Q2)
118.6(Q3) 9.0(Q3) 110.2(Q3) 2.8(Q3)
120.3(Q4) 10.0(Q4) 113.6(Q4) 3.0(Q4)
2011 120.5 102.1(Q1) 11.0 11.7(Q1) 116.1(Q1) 2.3(Q1)
115.9(Q2) 11.3(Q2) 119.3(Q2) 2.7(Q2)
132.0(Q3) 11.4(Q3) 122.5(Q3) 2.7(Q3)
132.0(Q4) 9.8(Q4) 124.1(Q4) 1.4(Q4)
2012 126.2 108.5(Q1) 48 6.3(Q1) 123.0(Q1) -0.9(Q1)
122.0(Q2) 5.3(Q2) 125.2(Q2) 1.7(Q2)
137.2(Q3) 3.9(Q3) 127.4(Q3) 1.8(Q3)
137.3(Q4) 4.0(Q4) 129.4(Q4) 1.6(Q4)
2013 137.2 118.2(Q1) 8.7 9.0(Q1) 133.2(Q1) 2.9(Q1)
133.7(Q2) 9.6(Q2) 137.1(Q2) 2.9(Q2)
149.4(Q3) 8.9(Q3) 139.1(Q3) 1.5(Q3)
147.5(Q4) 7.5(Q4) 139.4(Q4) 0.2(Q4)
2014 143.9 128.3(Q1) 49 8.6(Ql) 143.4(Q1) 2.9(Q1)
137.7(Q2) 3.0(Q2) 141.1(Q2) -1.6(Q2)
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154.4(Q3) 33(Q3) 144.6(Q3) 2.5(Q3)
155.2(Q4) 52(Q4) 146.5(Q4) 1.3(Q4)
2015 1525 132.9(Q1) 6.0 35(Ql) 149.3(Q1) 1.9(Q1)
147 6(Q2) 72(Q2) 151.6(Q2) 1.5(Q2)
164.6(Q3) 6.6(Q3) 153.7(Q3) 1.4(Q3)
165.0(Q4) 6.3(Q4) 155.5(Q4) 1.2(Q4)
2016 157.6 139.0(Q1) 33 4.6(Ql) 156.1(Q1) 0.4(Q1)
154.6(Q2) 47(Q2) 158.3(Q2) 1.4(Q2)
164.4(Q3) 0.1(Q3) 153.8(Q3) 2.9(Q3)
172.4(Q4) 4.4(Q4) 162.2(Q4) 5.5(Q4)
2017 169.3 146.5(Q1) 75 54(Ql) 164.4(Q1) 1.4(Q1)
164.4(Q2) 63(Q2) 168.2(Q2) 2.3(Q2)
181.7(Q3) 10.5(Q3) 170.7(Q3) 15(Q3)
184.8(Q4) 72(Q4) 174.0(Q4) 1.9(Q4)
2018 1745 157.5(Q1) 31 75(Ql) 176.6(Q1) 15(Q1)
174.1(Q2) 59(Q2) 177 4(Q2) 05(Q2)
186.6(Q3) 2.7(Q3) 174.6(Q3) -1.6(Q3)
179.8(Q4) 2.7(Q4) 169.4(Q4) -3.0(Q4)
2019 1762 153.8(Q1) 1.0 2.4(Q1) 172.3(Q1) 1.7(Q1)
171.3(Q2) 1.6(Q2) 175.8(Q2) 2.1(Q2)
188.2(Q3) 0.8(Q3) 176.5(Q3)
191.4(Q4) 6.4(Q4) 180.1(Q4) 0.4(Q3)
2.0Q4)
2020 - 160.1(Q1) - 4.1(Q1) 180.4(Q1) 02(Q1)
154.4(Q2) 9.9(Q2) 160.9(Q2) -108(Q2)
200.4(Q3) 6.5(Q3) 186.0(Q3) 15.6(Q3)

Table 1 presents the seasonally and calendar adjusted chain-linked vo-
lume indexes and percentage changes in GDP on both annual and quarterly
basis which are utilized in the analyses conducted to predict the relations-
hip between economic confidence index and economic growth rate using
the methodology of the neural network. Accordingly, there is an increasing
trend in both annual and quarterly index values which are calendar-adjus-
ted over the period 2007-2020. The calendar-adjusted annual rate of change
was 5.1% as of 2007, whereas it declined to 1.0% in 2019.

Tablo 2. Monthly economic confidence index (2007-2020). (The Turkish Statistical Insti-

tute (1S]), t.y)
Years  Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov  Dec
2007 1112 1083 1084 109.9 1042 1081 109.0 1119 1109 1075 106.7 108.0
2008 1048 1017 980 923 905  90.1 892 920 873 735 604 620
2009 630  66.0 684 821 919 942 955 953 945 939 934 943
2010 989 982 1025 1062 103.7 1041 1046 106.1 1084 107.1 109.2 109.6
2011 1140 1121 1116 1112 1115 1122 1112 1086 1112 106.8 107.7 107.3
2012 1055 1070 107.0 1054 1062 1044 106.8 104.6 1039 1025 103.8 102.7
2013 1039 1056 106.6 105.6 107.0 107.1 106.0 106.5 1050 106.8 107.2 105.2
2014  102.0 1009 1025 1045 1045 103.8 1024 1029 1049 1053 101.8 102.6
2015  102.8 102.7 998 1014 101.6 100.7 100.8 100.0 965 99.2 1047 104.0
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2016 100.8  97.8 99.7 984 100.2  100.5 103.0 98.2 1026 1011 1021 974
2017 94.0 98.9 101.8 1032 1041 103.8 1064 108.7 1074 1062 103.5 101.7
2018 1074 106.7 1045 1025 99.7 972 97.7 919 83.1 804 85.5 86.7
2019 84.1 844 87.0 88.7 82.6 884 85.7 90.9 90.1 93.6 95.0 972
2020 98.3 98.3 93.1 524 62.7 735 83.1 85.9 88.5 928 89.5 864

Table 2 presents monthly economic confidence index data over the pe-
riod 2007-2020. Economic confidence index data are calculated by TSI using
seasonally-adjusted sub-indexes. Although the economic confidence index
value was 111.2 in January 2007, it was calculated as 108.0 in December. The
economic confidence index value was 98.3 in January 2020, then it decrea-
sed to 86.4 in December. The economic confidence index, which was 93.1 in
March 2020, has decreased rapidly to 52.4 in April due to the crisis caused
by the COVID-19 outbreak. Although the value of the economic confidence
index indicates an enhancing trend with the impact of the monetary and
fiscal policies implemented since April 2020, upon considering that the ad-
verse impacts of the COVID-19 pandemic on the economy would continue
to rise throughout the year 2021, it is predicted that the confidence of pro-
ducers and consumers in the economy would be plunging in the coming
period and economic growth would be slowing down.

Dataset and Methodology

As a measure of economic growth, the Gross Domestic Product (GDP) is
closely related to the confidence of the actors that make up the economic
environment in the economy, as well as the basic macroeconomic variables.
In this regard, it is essential that a model that can be established for the aim
of GDP prediction includes only the lagged observed (past period) variables
of GDP, but also the observed values of the ECI variable in terms of the
model’s satisfactory predictive performance. Keeping this in mind, in this
study, the GDP time-series data consisting of 55 observations over the pe-
riod 2007:Q1- 2020:Q3 as well as the monthly ECI time-series observed in
the same period are analyzed using both feedforward and feedback artifi-
cial neural networks via multivariate models.

For the purpose of time-series prediction, different types of artificial neu-
ral networks that do not cover assumptions and limitations such as the sta-
tionarity of classical methods, model structure, normal distribution have
been widely and effectively used especially within the last few decades. One
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of them was multilayer perceptrons proposed by Werbos (1974) in order to
solve nonlinear problems, whereas redesigned and developed later by Ru-
melhart et al. (1986). In this study, multilayer perceptron artificial neural
network types such as feedforward neural network (FFNN) and feedback
ELMAN neural network (FBeNN) are utilized for the prediction of GDP
time-series data. In both neural network architecture structures, the obser-
ved values of the GDP time-series data of the previous quarter as well as
the observed values including the three months prior to the quarter period
which are intended for the prediction of the ECI time-series data are used
as inputs. With a more concrete example, upon predicting the GDP value
for the third quarter (September) of 2020, the GDP value of the second quar-
ter (June) of 2020, and the ECI values of May, April, and March 2020 would
constitute the inputs of the neural networks as observed values. Thus, both
FFNN and FBeNN are used in order to establish a multivariate prediction
model for each. Output for both neural networks would comprise the pre-
diction of GDP value of the third quarter of 2020.

The FFNN, in general, consists of three layers. These are the input layer,
hidden layer(s), and output layer. Each layer is a collection of units called
nerve cells (neurons). Neurons are connected to each other by weights and
there is no connection among the neurons of the same layer. The connecti-
ons represented by weights among the neurons of different layers are
forward and unidirectional. The FENN architecture used in this study is il-
lustrated in Figure 1.

The FENN, in general, consists of three layers. These are the input layer,
hidden layer(s), and output layer. Each layer is a collection of units called
nerve cells (neurons). Neurons are connected to each other by weights and
there is no connection among the neurons of the same layer. The connecti-
ons represented by weights among the neurons of different layers are
forward and unidirectional. The FENN architecture used in this study is il-
lustrated in Figure 1.
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Figure 1. FFNN Architectural Structure

In this study, FBeNN, having the simplest structure among the feedback
artificial neural network types proposed by Elman (1990), is another type
of neural network used for GDP prediction. FBeNN includes the input-hid-
den and output layers as well as the context layer that indicates the hidden
layer outputs as input to the network and feedback mechanism. Thus, the
neural network performs its learning with more information. The architec-
ture structure of an FBeNN is illustrated in Figure 2.
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Figure 2. FBeNN Architectural Structure

With neural networks, two distinct time-series predictions for each quar-
ter, which consist of both annual (compared to the same quarter of the pre-
vious year) and quarterly (compared to the previous quarter) percentage
changes in GDP are generated. Thus, the predictions of both annual and
quarterly percentage changes in GDP are realized. The first 51 observations
regarding GDP are used in training neural networks, whereas the observa-
tions of the last four quarters are used for prediction to evaluate the perfor-
mance of neural networks.

The time-series of both annual and quarterly percentage changes in GDP
consisting of 55 observations over the period 2007:Q1 - 2020:Q3 in Turkey
are illustrated in Figures 3 and 4, respectively.
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Figure 3. Annual Percentage Change in GDP
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Figure 4. Quarterly Percentage Change in GDP

In the prediction process, the sigmoid (logistic) activation function given
in Equation (1) is used in the hidden layers of both neural networks, while
the linear activation function given in Equation (2) is used in the output la-
yers of the networks besides the sigmoid activation function. Thus, 4 diffe-
rent neural networks are used for GDP prediction.
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f® = 5mms (1)

flx) =x 2

In each neural network, a single hidden layer is used and the obtained
results are evaluated according to the hidden layer unit numbers ranging
between 1-12. For each neural network, the number of input layer units is 4,
and the number of output layer units is 1. Three of the inputs are composed
of the previous period’s ECI values, whereas one is composed of the previ-
ous quarter’s GDP value. The Levenberg-Marquardt (LM) (Levenberg,
1944) learning algorithm is used as the learning algorithm. As a perfor-
mance criterion, the error criterion “root mean square error” (RMSE) pre-
sented by Equation (3) is selected.

RMSE = \/% YT_,(Predicted, — Observed,)? 3)

The findings regarding prediction performances reveal in the best archi-
tectures by 4 different neural networks for the prediction of the annual and
quarterly change in GDP are summarized in Table 1.

Table 3. Prediction results of annual and quarterly changes in GDP /| RMSE

FFNN FBeNN
GDP Dataset Hidden Layer Activation Function
Linear Sigmoid Linear Sigmoid
Annual Training 0.8103 0.9932 0.6723 0.3749
Test 0.8281 0.9817 0.7962 0.9573
Quarterly Training 0.6812 0.1948 0.7405 02705
Test 1.3344 0.1134 1.2206 02551

Upon considering the results presented in Table 3; regarding the annual
percentage changes in GDP of 55 observations over the period 2007:Q1 —
2020:Q3 in Turkey, it is seen that the best prediction results (0.3749 RMSE)
of the training dataset consisting of the first 51 observation are produced by
FBeNN with hidden layer units in which sigmoid activation function is uti-
lized. Moreover, the highest prediction performance (0.7962 RMSE) for the
test dataset consisting of the last 4 observations regarding the annual per-
centage change in GDP is achieved by FBeNN with hidden layer units in

OPUS © Uluslararasi Toplum Arastirmalari Dergisi ¢ 2507



Economic Confidence Index and Economic Growth Relationship: Prediction with Artificial
Neural Networks in the Case of Turkey

which the linear activation function is utilized. Regarding the quarterly per-
centage changes in GDP of 55 observations over the period 2007:Q1 —
2020:Q3 in Turkey, it is seen that good prediction results of both training
and test datasets (0.1948 and 0.1134, respectively) are achieved by FFNN
with hidden layer units in which sigmoid activation function is utilized. Be-
sides, upon considering both activation functions, it is observed that FBeNN
is more successful in predicting the relevant annual percentage change in
GDP time-series in both training and test datasets compared to FFNN,
whereas the neural networks with hidden layers in which sigmoid activa-
tion function is used achieved more successful outputs rather than the neu-
ral networks with hidden layer units in which linear activation function is
used. On the other hand, each neural network is presumed to generate pre-
dictions with fairly low and acceptable errors by utilizing both training and
test datasets regarding the time-series of both annual and quarterly percent-
age changes in GDP. The superior performances of both neural networks in
predicting the annual percentage changes in GDP can also be illustrated by
the scatter plot diagrams in Figure 5, which include the distribution of both
observed and predicted values of GDP.
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Figure 5. Observed and Predicted GDP Annual Growth Rates

To achieve satisfactory predictive outcomes, the dispersion of the points
in the relevant scatter plot diagrams is expected to be as close to the given
line as possible. This situation is an indicator of the convergence of the pre-
dicted and observed values. Upon considering Figure 5, it can be claimed
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that the relevant points scatter quite close to the determined line, and there-
fore, the neural networks that are used in predicting the annual percentage
change in GDP for both training and test datasets, that is, growth rates com-
pared to the same quarter of the previous year, achieve quite successful and
satisfactory outcomes.

Scatter plot diagrams illustrated in Figure 6, which include the distribu-
tion of the predicted and observed GDP values, can also be used as another
visual proof to demonstrate the successful performance of neural networks
in predicting the quarterly percentage changes in GDP.
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Figure 6. Observed and Predicted GDP Quarterly Growth Rates

Comments made for Figure 5 also apply for Figure 6. Here, the plots for-
med by the quarterly percentage changes in GDP scattering almost directly
above the line pertinent to the predictions generated by both FFNN and
FBeNN with hidden layer units in which the sigmoid activation function is
used can be presented as proof of extremely successful predictive results.
Even in cases where the linear activation function is used in hidden layer
units, the relevant plots scattering over the line without significant deviati-
ons for both training and test datasets indicate that neural networks gene-
rate outcomes with satisfactory predictive accuracy.

Within the scope of this study, another approach that can be used to eva-
luate the performance of 4 neural network models with different characte-
ristics utilized in predicting both the annual and quarterly percentage chan-
ges in GDP is the analysis of a simple linear regression model in which the
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predicted and observed values the GDP change rate are used as the inde-
pendent and dependent variables, respectively, without a constant term.
This model can be formulated as shown by Equation (4).

Y, = ﬁ?t T & 4)

For satisfactory prediction results, the estimated regression coefficient
(B) and the coefficient of determination (R?) for this regression model are
expected to be as close to 1 as possible. The obtained findings regarding the
analysis of the relevant regression model are summarized in Table 2.

Table 4. Summarized findings of the regression analysis

Neural Net- PPN 95% Confidence Interval for §

GDP work Y= BYprediciea Lower Bound  Upper Bound ’
FFNN-L ¥ =1.007179 Ypreictea 0.974003 1.040354 0.985633

Annual FFNN-S ? =1.006253 Ypredicted 0.965544 1.046963 0.978485
FBeNN-L Y =0.997006 Ypredicted 0.969430 1.024583 0.989827
FBeNN-S ¥=0.994008 Yyredicted 0.976239 1.011777 0.995725
FFENN-L ¥=0.958621 Yyredicted 0.901333 1.015910 0.954217

Quarterly FFNN-S ?= 1.000406 Ypredicted 0.985261 1.015551 0.996931
FBeNN-L Y=0.953167 Ypredicted 0.893433 1.012902 0.949881
FBeNN-S ¥=1.002075 Yyredictea 0.980547 1.023603 0.993838

The findings that are summarized in Table 4 can be taken into consider-
ation from different aspects. First of all, the regression coefficients of the re-
gression models regarding the predicted and observed values of both an-
nual and quarterly percentage changes in GDP for each neural network
model are quite close to 1 as expected, which is proof of the high level of
harmony between the predicted and observed values, meaning, the supe-
rior prediction accuracy. Secondly, in favor of this finding, based on the con-
fidence intervals established for the relevant regression coefficients, it can
be said that these coefficients are 1 within a 95% confidence interval, hence,
indicating high predictive accuracy. Furthermore, the expected high (as
close to 1 as possible) level of a linear relationship between the predicted
and observed percentage changes in GDP is revealed by the fact that the
coefficients calculated for the regression models are quite close to 1. In the
light of all these findings, prediction models which are generated by using
different neural networks and taking into account the economic relations
between GDP and ECI achieve quite successful and satisfactory outcomes.
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Discussion and Conclusion

GDP, as a measure of economic growth, can be expressed as the total value
of the final production of goods and services in a given period, the total
expenditure made to purchase the outputs of the production, and thus the
total income earned by all factors of production. In this respect, GDP conta-
ins basic information regarding the size and strength of an economy. This
study aims to predict calendar (yearly) and seasonally (quarterly) adjusted
chain-linked changes in the GDP volume index as a measure of economic
growth. At this point, based on the fact that economic growth in the light of
basic economic indicators is closely associated with the confidence of the
actors that constitute the economic domain in the economy, past observa-
tions of the GDP, as well as the past period values of the ECI, are used as
model inputs in the prediction model to be established. In the analysis of
the established prediction model, feedforward and feedback artificial neu-
ral networks utilizing different activation functions are used as predictive
tools. In this context, the economic growth data consisting of both annual
and quarterly changes with 55 observations over the period 2007:Q1-
2020:Q3 are analyzed along with the monthly ECI data obtained over the
same period using 4 different tools of neural network prediction via multi-
variate models. Upon evaluating the analysis results, it is seen that neural
network models utilizing the sigmoid activation function, especially in hid-
den layer units, yield a superior prediction accuracy, as well as the other
models that also exhibit quite satisfactory and successful predictive perfor-
mance.

One of the main reasons for successfully predicting growth rates with
neural networks involves the fact that neural networks, which are used as
prediction tools, utilize the ECI data as inputs for the three months that have
been observed before the relevant quarter during the analysis. Such a suc-
cess, which emerged with the use of confidence in the economy as an auxili-
ary variable in predicting growth rates, can also be considered as proof of
the relationship between these two economic variables. In short, the econo-
mic growth of the country is closely associated with the level of confidence
in the economy, and by using confidence level information, future growth
rates can be successfully predicted through an appropriate prediction tool.
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In future studies, it would be reasonable to concentrate on hybrid pre-
diction models in which the inputs of different neural network types deter-
mined by classical time-series prediction models which may be used to pre-
dict changes in GDP can be.
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