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ÖZET  

 

Benzer nitelikteki girdi ve çıktılar üreterek çok sayıdaki organizasyonel karar verme biriminin göreli 
etkinliklerini ölçen veri zarflama analizi (DEA) doğrusal programlama tabanlı bir metottur. Klasik veri 
zarflama analizi modellerinin dışında belirlenen girdi ve çıktı değişkenlerine ağırlık kısıtları konularak 
uygulanan Güven Bölgesi (AR) metodu ile karar vericilerin değer yargıları ve tercihleri modele dahil 

edilebilmektedir. Çünkü klasik veri zarflama analizi modellerinde girdi ve çıktı ağırlıklarının tamamen esnek 
olması karar verme birimlerine ait göreli etkinlik skorlarında tutarsızlıklara neden olabilmektedir. Böylece 
normal şartlarda etkin olmayan bir karar verme birimi etkin olarak görünebilmektedir. Bu çalışmada 35 
OECD ülkesinin 2019 yılı ekonomik etkinliklerini analiz etmek ve etkinlik skorlarına göre bu ülkeleri 
sıralamak amaçlanmıştır. Ülkelerin ekonomik etkinliklerinin ölçülmesinde hem girdi odaklı CCR model hem 
de ağırlık kısıtlı model (ARI DEA) kullanılmıştır. VZA’da ağırlık kısıtlarının belirlenmesinde kullanılan ikili 
karşılaştırma değerleri AHP skalasına göre belirlenmiştir. CCR model ile yapılan analizlerde 2019 yılında 
yedi ülkenin ekonomisi etkin bulunurken, ağırlık kısıtlı modelde iki ülkenin ekonomisi etkin bulunmuştur. 

Güven bölgesi modeli ile ağırlık kısıtlı olarak yapılan etkinlik analizinde ülkelerin etkinlik değerleri, girdi 
odaklı CCR modele göre oldukça düşüktür. Bu doğrultuda ağırlık kısıtlı modelde kısıtların modele dahil 
edilmesinin etkinlik değerlerini önemli miktarda değiştirdiği ve ağırlık kısıtlı modelin CCR modele göre etkin 
olan ve olmayan ülkeleri belirlemede daha güçlü olduğu sonucuna ulaşılmıştır.  

 

ABSTRACT 

Data envelopment analysis (DEA) is a linear programming-based method that measures the relative 
efficiency of a large number of organizational decision-making units (DMU) by generating similar inputs and 
outputs. Apart from the classical DEA models, the value judgments and choices of decision-makers can be 

included in the model with the Assurance Region (AR) method, which is applied by putting weight restrictions 
on determined input and output variables. Because in classical DEA models, the fact that input and output 
weights can cause inconsistencies in the relative efficiency scores of decision-making units (DMU). Thus, a 
DMU that is usually inefficient may appear to be efficient. The purpose of this study is to analyze the 
economic efficiencies of 35 OECD countries in 2019 and to rank these countries according to their efficiency 
scores. Both the input-oriented CCR model and the weight-restricted model (ARI DEA) were used to measure 
the economic efficiency of countries. In the DEA, the binary comparison values used in determining the 
weight restrictions were specified according to the AHP scale. While the economies of the seven countries 

were found to be efficient in 2019 in the analyses carried out with the CCR model, the economies of the two 
countries were found to be efficient with the weight-restricted model. In the efficiency analysis carried out 
with the assurance region model, the efficiency values of the countries are very low compared to the input-
oriented CCR model. Accordingly, in the end putting restrictions in the ARI model significantly changes the 
efficiency values, and the weight-restricted model is a superior method for identifying the active and inactive 
countries compared to the CCR model. 
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1. INTRODUCTION 

Efficiency is defined as the relationship among inputs and outputs of organizational decision-making 

units. Efficiency measurement is carried out for various purposes such as increasing efficiency, 

control, determining new methods and strategies, and implementing the determined strategies (Demir 

and Bakırcı, 2014: 111). There are several methods used for efficiency measurement in the literature. 

One of the methods used to analyze the relative efficiency of organizational decision units is the data 

envelopment analysis (DEA) method. Developed by Charnes, Choper, and Rhodes (1978), DEA is 

defined as a linear programming-based method that measures the relative efficiency of a large number 

of organizational decision-making units by generating multiple inputs and outputs (Tütek et al., 2012: 

223). 

DEA is a widely used method in the literature. However, in classical DEA models like Charnes, 

Cooper, and Rhodes (CCR) and Banker, Charnes, and Cooper (BCC), the weights of inputs and 

outputs are flexible, and the decision-makers do not affect on the model (Vazhayil and 

Balasubramanian, 2013: 460; Oikonomou et al., 2016: 315; Çakın and Özdemir, 2020: 291). The fact 

that the input and output weights are completely flexible may cause the relative efficiency scores of the 

decision-making units determined by the model to be unrealistic (Vazhayil and Balasubramanian, 

2013: 460; Oikonomou et al., 2016: 315; Thanassoulis and Allen, 1998: 586). In this context, it has 

been found that in some models, the important input and output weights of some decision-making units 

are low, whereas the non-important input and output weights of some are high. This situation causes a 

decision-making unit that is not usually inefficient to appear efficient. Thus, inconsistencies were 

found in the relative efficiency scores obtained as a result of the DEA. For this reason, weight 

restrictions are used to prevent and solve these problems in DEA (Kocakoç, 2003: 4; Çakın and 

Özdemir, 2020: 291; Oikonomou et al., 2016: 315). 

Seeing the results of the economic policies of the countries within a certain economic cooperation 

organization can be beneficial for both countries and investors. So ,the main objective of this study is 

to analyze the economic efficiencies of 35 OECD countries in 2019 and to rank these countries 

according to their efficiency scores. Economic efficiency ranking was made using the input-oriented 

CCR model and the ARI DEA model. In addition, the other objective of the study is a comparison of 

the CCR model and ARI DEA model results. In measuring the economic efficiency of OECD 

countries, unemployment rates, inflation rates, and dollar exchange rates of the countries were used as 

input variables, and the current account balance, consumer confidence index, and growth data of the 

countries as output variables. Input and output variables used in the study are the variables accepted as 

the basic economic indicators in various studies in the literature (Grossman et al., 2013: 19; Ela et al., 

2018: 133; Eyüboğlu, 2017: 333). In the DEA, the binary comparison values used in determining the 

weight restrictions were specified according to the AHP scale, and for this purpose, three economics 

faculty members shared their opinions, and the binary comparison values determined with a consensus 

were used. 

 

2. DATA ENVELOPMENT ANALYSIS (DEA) 

Data envelopment analysis (DEA), which has been used frequently in management sciences and 

operations research in recent years (Kocakoç, 2003: 1), is a linear programming-based method that 

measures the relative efficiency of a large number of organizational decision-making units by 

generating more than one similar input and output (Tütek et al., 2012: 223). DEA was first developed 

by Charnes, Cooper, and Rhodes (1978), based on the work of Farnell (1957) (Chaparro et al., 1997: 

216; Sarraf and Nejad, 2020: 3). 

Data envelopment analysis, which requires comprehensive data on inputs and outputs of decision-

making units with homogeneous and similar characteristics (Chaparro et al., 1997: 216; Stolzer et al., 

2018: 58), determines a single relative efficiency score that will enable comparison of decision-making 
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units (Eroğlu and Atasoy, 2006: 76). Accordingly, the efficiency score is calculated with the logic 

given in the following notation (Kocakoç, 2003: 2; Chaparro et al., 1997: 216-217; Sarraf and Nejad, 

2020: 3). 

 

                                                             𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

 
𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑂𝑢𝑡𝑝𝑢𝑡

𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐼𝑛𝑝𝑢𝑡
                                                               (1)    

The efficiency scores of the decision-making units range from "0" to "1". The efficiency decreases as 

the efficiency score approaches 0, and the efficiency increases as it approaches 1. Decision-making 

units with an efficiency score of "1" as a result of DEA are considered efficient (Kelly et al., 2012: 65; 

Chaparro et al., 1997: 217). The reasons for the failure to achieve efficiency of the decision-making 

units concluded to be inefficient through DEA can be identified. Then, input and output values that 

need to be improved to ensure the efficiency of decision-making units can be determined, and so, 

necessary suggestions about scale size can be made (Behdioğlu et al., 2009: 303; Tütek et al., 2012: 

225). 

DEA used in measuring the efficiency of homogeneous decision-making units consists of the stages of 

selecting decision-making units, identifying inputs and outputs, determining the model to be applied in 

DEA, calculating the relative efficiency of decision-making units, and evaluating and interpreting the 

efficiency results (Tütek et al., 2012: 228- 230). Two important factors in selecting the decision-

making units are the homogeneity of these units and the number of decision-making units whose 

efficiency will be calculated (Behdioğlu and Özcan, 2009: 304; Ramanathan, 2003: 173). There are 

diverse views in the literature regarding the number of decision-making units. Norman and Stoker 

(1991) state that the number of decision-making units must be at least twenty. Dyson et al. (2001) state 

that it must be at least “2m+n” such that “m” is the number of inputs and “n” is the number of outputs 

(Tütek et al., 2012: 229). On the other hand, Ramanathan (2003: 174) states that the number of 

decision-making units must be 2 or 3 times the total number of inputs and outputs. While determining 

inputs and outputs, it is necessary to determine the inputs and outputs that will enable the efficiency of 

decision-making units to be measured in the best way (Özden, 2008: 176). Inputs and outputs that do 

not contribute to the efficiency of the decision-making unit and have multiple relationships with each 

other should not be included in the analysis (Günay, 2015: 21). 

The most suitable DEA model for the efficiency calculations of decision-making units must be chosen. 

The choice of the model may differ according to the input and output, the type of return, or the scale 

(Ramanathan, 2003: 175). There are many DEA models in the literature. The most widely used models 

are the CCR model developed by Charness, Cooper, and Rhodes (1978) and the BCC model developed 

by Banker, Charnes, and Cooper (1984).  Charness, Cooper, and Rhodes (CCR) first used DEA to 

measure the relative efficiency of non-profit organizations. However, in later studies, DEA was widely 

used to measure the efficiency of all for-profit and non-profit organizations (Özdemir and Demireli, 

2013: 216). After the CCR model, Banker, Charnes, and Cooper (1984) put forward the BCC model 

(Brandao et al., 2020: 1). After the model is determined, separate models are created for all decision-

making units. DEA models are solved by making the created models into a linear programming model, 

and the relative efficiency scores of decision-making units are calculated (Tütek et al., 2012: 231). The 

input-oriented linear DEA model applied in this study is created as follows. 

Objective Function: 

𝑀𝑎𝑘𝑠 𝜂𝑘  

=  ∑ 𝜇𝑟𝑦𝑟𝑘

𝑠

𝑟=1

                                                                                                                                                 (2)  
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Constraints: 

∑ 𝑤𝑖𝑥𝑖𝑘

𝑚

𝑖=1

= 1                                                                                                                  

∑ 𝜇𝑟𝑦𝑟𝑗

𝑠

𝑟=1

− ∑ 𝑤𝑖𝑥𝑖𝑗

𝑚

𝑖=1

≤ 0      (𝑗 = 1 … . 𝑛)                                                             

𝜇𝑟 , 𝑤𝑖 ≥ 𝜀 > 0     (𝑟 = 1 … . . 𝑠)  𝑎𝑛𝑑 (𝑖 = 1 … . 𝑚) 

In the above formula; 

𝜇𝑟: refers to the weight value of rth output, 

𝑦𝑟𝑘: refers to the kth output value of the decision-making unit, 

𝑤𝑖: refers to the weight value of the ith input,  

𝑥𝑖𝑘: refers to the kth input value of the ith decision-making unit. 

 

3. WEIGHT-RESTRICTED DATA ENVELOPMENT ANALYSIS 

In classical data envelopment analysis models, the optimum results of input and output weights are 

determined. The reason for this is that it is desired to determine the efficiency of decision-making units 

to be maximum. (Vazhayil and Balasubramanian, 2013: 460; Oikonomou et al., 2016: 315; Çakın and 

Özdemir, 2020: 291). However, the fact that the input and output weights are completely flexible can 

prevent the efficiency scores of the model from being realistic (Vazhayil & Balasubramanian, 2013: 

460; Oikonomou et al., 2016: 315; Thanassoulis & Allen, 1998: 586). 

Some data envelopment analyses indicated that the significant input and output weights of some 

decision-making units are low. On the other hand, the insignificant input and output weights of some 

decision-making units were higher. This situation causes the insignificant input and output weights of 

some decision-making units to be higher than the important ones, and a normally inefficient decision-

making unit appears to be efficient. Thus, inconsistent results are obtained from the DEA. In this 

direction, weight restrictions are applied in DEA to solve and prevent these problems (Kocakoç, 2003: 

4; Çakın and Özdemir, 2020: 291; Oikonomou et al., 2016: 315). 

The input and output variables used in the models may have different levels of importance for 

decision-makers. In these cases, input and output weights can be calculated using different methods 

and used in the DEA model, while the value judgments are used in the weight restrictions in DEA. The 

value judgments are used in the weight restrictions in DEA and reflect the preferences of the decision-

maker in determining the efficiency of the decision-making unit (Kocakoç, 2003: 4). The methods of 

restricting virtual input and output values, correcting input and output values, and imposing direct 

constraints on weights are used in order to include value judgments of decision-makers in the model 

(Özdemir and Demireli, 2013: 223). 

In data envelopment analysis, many methods such as absolute weight restrictions, cone-ratio method, 

and assurance region (AR) are used in the restriction of weights (Kocakoç, 2003: 4). Assurance 

regions (AR) method is the most frequently used method in the literature. The type of AR method in 

which the restricted inputs and outputs are associated within themselves is called the ARI method. 

When input and output weights are associated with each other, it is called ARII (Özdemir and 

Demireli, 2013: 223). In this context, the assurance region model (AR) is given in the following 

equation (Keskin and Köksal, 2019: 527; Özdemir and Demireli, 2013: 224); 
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𝑎𝑖 ≤
𝑣𝑖

𝑣𝑗
≤ 𝛽𝑖(𝑖 = 1, … , 𝑚)(3)                                                                                                                          (3) 

δ𝑖 ≤
𝑢𝑟

𝑢𝑝
≤ γ𝑖(𝑟 = 1, … , 𝑚)                                                                                                                               (4) 

𝑎𝑖When the 𝛽𝑖 , 𝛿𝑖 and 𝛾𝑖 values are generated with the lower and upper limits of the input and output 

weights, the ARI restrictions are written as follows; 

𝐿𝐵𝑖

𝑈𝐵𝑗
≤

𝑣𝑖

𝑣𝑗
≤

𝑈𝐵𝑖

𝐿𝐵𝑖
                                                                                                                                                  (5) 

𝐿𝐵𝑟

𝑈𝐵𝑝
≤

𝑢𝑟

𝑢𝑝
≤

𝑈𝐵𝑟

𝐿𝐵𝑟
                                                                                                                                                (6) 

The 𝐿𝐵𝑖 and 𝑈𝐵𝑖  values in the restrictions represent the lower and upper limits of the 𝑖th input 

variable weight, while the 𝐿𝐵𝑟 and 𝑈𝐵𝑟 values represent the lower and upper limits of the 𝑟. th output 

variable weight.  𝑖 and 𝑗 are elements of inputs and 𝑟 and 𝑝 are elements of outputs (Özdemir and 

Demireli, 2013: 224; Çakın and Özdemir, 2020: 291). The optimal result of the assurance region 

model is acquired by adding the restrictions to the CCR model. The name Assurance Region (AR) 

comes from the restriction of the model in a certain region with these restrictions (Özdemir and 

Demireli, 2013: 224). 

 

4. LITERATURE REVIEW 

There are lots of studies in the literature on weight-restricted data envelopment analysis. Beasley 

(1990) used weight-restricted DEA in evaluating chemistry departments of 52 universities. Thompson 

et al. (1996) used weight-restricted DEA for selecting the location of a nuclear physics laboratory to be 

established. Thompson et al. (1997) measured the efficiency of 100 banks that operate in the USA 

using a weight-restricted DEA (Assurance region model). Tarım and Karan (2001) measured the 

performance of mutual funds in Turkey's capital market with weight-restricted DEA. Kocakoç (2003) 

demonstrated how to determine weight restrictions in DEA using the analytical hierarchy process 

(AHP). 

Özdemir and Demireli (2013) measured the 2011 and 2012 activities of 21 deposit banks that operate 

in Turkey using weight-restricted DEA. In the conclusion of the study, the results of the unrestricted 

DEA model and the results of the weight-restricted model were compared. Hwang et al. (2013) 

measured the quality of life in 20 cities in Taiwan with a weight-restricted DEA (Assurance region 

model). Gonzalez et al. (2016) measured the quality of life (health, material living conditions, 

education, economic and physical security, environment, social interaction, management mentality, 

and personal activities) of 393 largest municipalities in Spain with weight-restricted DEA. Keskin and 

Köksal (2018) measured the efficiency of 48 airports, 7 of which are private, using analytical hierarchy 

process and weight-restricted DEA (assurance region model). GhalehJough et al. (2020) measured the 

efficiency of 66 branches of a bank that operate in Iran with a weight-restricted DEA. (Çakın & 

Özdemir, 2020) measured the innovation performance of 104 countries by using artificial neural 

networks, analytic network process based on fuzzy Dematel method, and weight-restricted DEA 

methods in an integrated manner. 

As seen in the literature, weight-restricted data envelopment analysis is conducted for efficiency 

measurement in many different areas. In this study, the economic efficiencies of 35 OECD member 

countries in 2019 are measured using the weight-restricted DEA. When the literature is examined in 

this context, we have not come across any study in which weight-restricted DEA was conducted to 

measure the efficiency of OECD countries. However, there are many studies from different fields 

using classical DEA to measure the efficiency of OECD countries. Chien and Hu (2007) measured the 

macroeconomic and renewable energy efficiency of 45 countries, both OECD and non-OECD 
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members, between 2001 and 2002 using DEA. This study used 3 inputs including labor, capital and 

energy consumption, and 1 output including the gross domestic product. Hsu et al. (2008) measured 

the efficiency of developed and less developed OECD countries using DEA. The study used 3 inputs 

including the efficiency of the state, the efficiency of enterprises, and the development level of the 

infrastructure, and 1 output including the economic performance. Demir and Bakırcı (2014) measured 

the 2006-2010 economic efficiencies of 34 OECD member countries using classical DEA. The study 

used 6 inputs including the unemployment rate, average annual working hours, foreign direct 

investments, food production index, total imports and tax income, and 6 outputs including the gross 

national product per capita, comparative price index, purchasing power parity, the total exports, 

income index and CO2 emissions per capita.Samut and Cafri (2016) measured the hospital efficiency 

of 29 OECD member countries between 2000 and 2010 using DEA and panel tobit analysis. Aksaraylı 

and Pala (2017) analyzed the life satisfaction of population, economic performance, and innovation 

levels of 34 OECD member countries using cluster analysis and classical DEA. 4 inputs including the 

annual average working hours, tax income, import, labor force participation, and 2 outputs including 

the gross domestic product per capita, and exports were used in the study. Bayrak and Bahar (2018) 

measured the tourism activity of 34 OECD member countries between 2011 and 2015 using DEA. In 

the study, 3 inputs including the number of incoming passengers, tourism expenditures, logistics 

performance index, and 1 output, tourism income, were used. 

 

5. FINDINGS 

In this study, 35 OECD member countries were ranked according to their economic performance in 

2019.  Input-oriented CCR model and ARI DEA model were used for ranking the countries according 

to their economic efficiency. For the efficiency analysis, unemployment rates, inflation rates, and 

dollar exchange rates of the countries were used as input variables, and current account balance, 

consumer confidence index, and growth data of countries were used as output variables. Input and 

output variables used in the study are the variables accepted as the basic economic indicators in 

various studies in the literature (Grossman et al., 2013: 19; Ela et al., 2018: 133; Eyüboğlu, 2017: 333). 

For the relative efficiency analysis, three input and three output variables were used, and the number of 

input and output variables is sufficient for efficiency analysis. Since efficiency analysis in the study 

will be conducted with the weight-restricted DEA model, the binary comparison values used to define 

the weights of the input and output variables in the first step were specified according to the AHP 

scale. For this purpose, the study asked three economics faculty members' opinions and the binary 

comparison values they determined with a consensus are given in Table 1. 

Table 1: Pairwise Comparison Values of Input and Output Variables 

PAIRWISE COMPARISON VALUES OF INPUT VARIABLES 

  Exchange rate ($) Inflation (%) Unemployment 

Exchange rate ($) - 1/3 1/5 

Inflation (%) 3 - 1/3 

Unemployment 5 3 - 

CR= 0,0333 
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PAIRWISE COMPARISON VALUES OF OUTPUT VARIABLES 

  

Current Account 

Balance (%) 

Growth Rate 

(%) 

Consumer Confidence 

Index (%) 

Current Account 

Balance (%) 
- 1/3 5 

Growth Rate (%) 3 - 7 

Consumer Confidence 

Index (%) 
1/5 1/7 - 

           CR= 0,073 

Unemployment rate, dollar exchange rate, and consumer confidence index variable values are 

calculated by taking the increase or decrease from the values of the previous year into account. 

Therefore, the values of these variables were obtained by subtracting 2018 data from 2019 data. Since 

inflation, current account balance, and growth variables are calculated on an annual basis 

independently from the previous year's number, 2019 date were used. After the input and output 

variable values were determined, the input and output data of current account balance, unemployment 

rate, dollar exchange rate, and consumer confidence index for some countries were found to be 

negative.  For the DEA to give a reliable result, the input and output variable values should not be 

negative. For this reason, the values of these input and output variables were converted into positive 

values with the normalization formula given below (Budak, 2011: 102). 

𝑥𝑟𝑗 − 𝑥𝑗𝑚𝑖𝑛

𝑥𝑗𝑚𝑎𝑥 − 𝑥𝑟𝑗
                                                                                                                                                           (7) 

The input and output variable values to be used in the relative efficiency analysis after normalization 

were obtained as given in Table 2. 

Table 2: Values of Input and Output Variables 

 

 

COUNTRIES 

OUTPUT VARIABLES INPUT VARIABLES 

Current 

Account 

Balance (%) 

Growth 

Rate 

(%) 

Consumer 

Confidence Index 

(%) 

Exchange 

Rate 

Unemployment 

(%) 

Inflation 

(%) 

 

Australia 1,295 1,940 0,37 0,005 0,640 1,611 

Austria 1,999 1,419 0,45 0,004 0,528 1,531 

Belgium 1,217 1,744 0,46 0,004 0,417 1,437 

Canada 0,774 1,861 0,68 0,004 0,621 1,949 

Chile 0,541 1,054 0,00 0,239 0,633 2,558 

Colombia 0,500 3,260 0,53 32,600 1,475 3,525 

Czech Republic 1,081 2,314 0,40 0,008 0,580 2,848 

Denmark 18,878 2,850 0,52 0,005 0,689 0,758 
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Estonia 1,668 4,996 0,63 0,004 0,270 2,277 

Finland 1,101 1,126 0,30 0,004 0,386 1,024 

France 1,007 1,509 1,08 0,004 0,424 1,108 

Germany  6,449 0,555 0,41 0,004 0,580 1,446 

Greece 0,863 1,857 1,49 0,004 0,000 0,253 

Hungary 1,095 4,578 0,55 0,072 0,575 3,339 

Iceland 5,004 1,927 4,10 0,051 1,442 3,014 

Ireland 0,000 5,565 0,32 0,004 0,336 0,939 

Israel  2,160 3,405 0,45 0,004 0,607 0,842 

Italy 2,060 0,343 0,35 0,004 0,393 0,611 

Japan 2,361 0,270 0,35 0,000 0,669 0,477 

Korea 2,381 2,039 0,68 0,255 0,694 0,383 

Luxembourg 2,998 2,054 0,40 0,004 0,785 1,743 

Mexico 1,070 4,339 0,48 0,004 0,837 3,636 

Netherlands 21,290 2,298 0,46 0,004 0,484 2,634 

New Zealand 0,607 0,055 0,54 0,005 0,593 1,620 

Norway 1,876 1,677 0,32 0,006 0,621 2,168 

Poland 1,250 2,346 0,53 0,005 0,424 2,308 

Portugal 1,124 0,852 0,50 0,004 0,457 0,338 

Slovak 

Republic 0,683 4,541 0,48 0,004 0,343 2,665 

Slovenia 3,906 2,236 0,28 0,004 0,382 1,631 

Spain 1,727 2,317 0,34 0,004 0,213 0,700 

Sweden 2,954 3,184 0,45 0,007 1,058 1,784 

Switzerland 5,585 1,950 0,40 0,004 0,544 0,363 

Turkey 1,373 1,336 0,57 0,007 4,700 15,177 

United 

Kingdom 0,633 1,082 0,65 0,004 0,580 1,700 

United States 0,747 0,917 0,61 0,004 0,589 1,812 

 

http://stats.oecd.org/OECDStat_Metadata/ShowMetadata.ashx?Dataset=KEI&Coords=%5bLOCATION%5d.%5bDEU%5d&ShowOnWeb=true&Lang=en
http://stats.oecd.org/OECDStat_Metadata/ShowMetadata.ashx?Dataset=KEI&Coords=%5bLOCATION%5d.%5bISR%5d&ShowOnWeb=true&Lang=en
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After determining the input and output variable values, the economic efficiency analysis of the OECD 

countries in 2019 was carried out with the ARI DEA model, in which input and output variables are 

weighted separately among themselves. For the relative efficiency analysis, the restrictions given 

below, which were used in determining input and output variable weights by using the binary 

comparison matrix in Table 1, were added to the input-oriented model given in equation #2. 

𝑣2

3𝑣1
 ≥ 0 ⟹  𝑣2 − 3𝑣1  ≥ 0                          𝑣3 − 5𝑣1  ≥ 0                        𝑣3 − 3𝑣2  ≥ 0 

                 𝑢1 − 5𝑢3  ≥ 0                                                   𝑢2 − 3𝑢1  ≥ 0                        𝑢2 − 7𝑢3  ≥ 0 

𝑣1 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝑣2 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝑣3 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝑢1 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑎𝑐𝑐𝑜𝑢𝑛𝑡 𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝑢2 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐺𝑟𝑝𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

𝑢3 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝚤𝑛𝑑𝑒𝑥 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒  

After the efficiency analysis was carried out with the assurance region model, an efficiency analysis 

was performed with the input-based CCR model in order to compare the results obtained. The linear 

input-oriented CCR model given in equation #2 was created and the model was solved with the Excel 

Solver add-in, and the economic efficiency values and economic efficiency ranking of the countries 

and according to the results obtained are given in Table 3. 

The efficiency values given in parentheses in Table 3 are the efficiency values obtained as a result of 

the super-efficiency analysis. The super efficiency model, which was first applied by Andersen and 

Petersen (1993), was applied to rank the decision-making units with an efficiency value of "1", that is, 

effective decision-making units, and the results were given in parentheses (Özdemir and Demireli, 

2013: 222). 

Table 3: Economic Efficiency Values and Ranking Values of OECD countries 

CCR MODEL  AR DEA 

Countries 
Efficiency 

Values 

Ranking 

Values 
Countries 

Efficiency 

Values 

Ranking 

Values 

Japan 1 (3,229) 1 Denmark 1 (1,243) 1 

Denmark 1 (2,056) 2 Greece 1 (1,193) 2 

Greece 1 (1,982) 3 Ireland 0,807 3 

Ireland 1 (1,731) 4 Korea 0,803 4 

Netherlands 1 (1,600) 5 Israel 0,565 5 

Estonia 1 (1,102) 6 Switzerland 0,393 6 

Switzerland 1 (1,003) 7 Spain 0,311 7 

Slovak Republic 0,872 8 Estonia 0,299 8 

Korea 0,803 9 Netherlands 0,285 9 
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Israel 0,767 10 Slovak Republic 0,208 10 

Mexico 0,762 11 Sweden 0,207 11 

France 0,663 12 France 0,191 12 

Spain 0,659 13 Hungary 0,187 13 

Slovenia 0,539 14 Japan 0,187 14 

Canada 0,515 15 Luxembourg 0,185 15 

Belgium 0,483 16 Germany 0,179 16 

Germany 0,471 17 Portugal 0,178 17 

Luxembourg 0,468 18 Belgium 0,171 18 

Poland 0,452 19 Australia 0,169 19 

Portugal 0,405 20 Mexico 0,162 20 

Austria 0,404 21 Finland 0,161 21 

Sweden 0,404 22 Slovenia 0,157 22 

United Kingdom 0,403 23 Italy 0,153 23 

United States 0,366 24 Austria 0,145 24 

Australia 0,357 25 Canada 0,13 25 

Finland 0,312 26 Colombia 0,126 26 

Italy 0,299 27 Poland 0,122 27 

Norway 0,275 28 Iceland 0,121 28 

Czech Republic 0,266 29 Czech Republic 0,11 29 

Iceland 0,263 30 Norway 0,092 30 

New Zealand 0,249 31 United Kingdom 0,073 31 

Hungary 0,186 32 United States 0,059 32 

Turkey 0,15 33 Chile 0,055 33 

Colombia 0,126 34 Turkey 0,012 34 

Chile 0,056 35 New Zealand 0,011 35 
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5. CONCLUSION 

Measuring the economic efficiency of countries has a significant impact on issues such as the risk level 

of countries, investor behavior, credit rating, capital markets, and loan costs. The country risk ranking 

of countries that are better than other countries in terms of economic efficiency decreases, their capital 

markets improve, and more foreign investors choose to make investments in these countries. Many 

criteria are used to identify the economic efficiencies of the countries and to rank them accordingly. 

For this reason, multi-criteria decision-making methods are mostly used in economic efficiency 

measurements. In this context, classical DEA (CCR model) that measures relative efficiency scores of 

multiple decision-making units by generating multiple inputs and outputs and weight-restricted DEA 

(ARI DEA model) in which weight restrictions are applied to determine input and output variables 

were used to measure the economical efficiencies of the countries in this study. 

The purpose of the study is to measure the economic efficiencies of 35 OECD countries in 2019 and to 

rank these countries according to their efficiency scores. In measuring the economic efficiency of 

OECD countries, unemployment rates, inflation rates, and dollar exchange rates of the countries were 

used as input variables and the current account balance, consumer confidence index, and growth data 

of the countries as output variables. The unemployment rate, dollar exchange rate, consumer 

confidence index values were calculated by subtracting 2018 data from 2019 data. As for inflation, 

current account balance, and growth variables, 2019 data were used. Binary comparison values to be 

used in determining weight restrictions in DEA were determined according to the AHP scale. For this 

purpose, the views of three economics faculty members were taken and the binary comparison values 

determined with a consensus were used as weight restrictions. 

In the analyses conducted with the classical DEA (CCR model), the economies of seven OECD 

countries were found to be efficient in 2019. When these countries are ranked according to the 

calculated super efficiency values, they are listed as Japan, Denmark, Greece, Ireland, Netherland, 

Estonia, and Switzerland. According to the efficiency values, it was found that Japan was the most 

economically efficient country in 2019 according to the CCR model. In addition, weight restrictions 

were added to the variables determined as input and output in the study in line with the studies in the 

literature and expert views, and a relative efficiency analysis was made with the assurance region 

model. In the analyses conducted with the weight-restricted model (ARI DEA) created in this 

direction, the economies of the two OECD countries were found to be effective in 2019. According to 

the calculated super efficiency values, these countries are Denmark and Greece. In the weight-

restricted model (ARI DEA), Denmark is seen to be the most economically efficient country in 2019. 

In the efficiency analysis performed with weight-restricted with the assurance region model, the 

efficiency values of the countries were found to be quite low compared to the efficiency results 

obtained from the input-oriented CCR model. The economic efficiency ranking of the countries in the 

weight-restricted model has changed considerably compared to the CCR model. For example, although 

Japan ranked 1st in the efficiency analysis carried out using the input-based CCR model, it was not 

found effective due to the low weights of the input and output variables, which had advantageous 

values in the weight-restricted model. The weight-restricted model provided healthier results by 

allowing variables that are more important in economic evaluation to be taken into account with 

greater weight in efficiency calculations. Accordingly, as a result, putting restrictions in the weight-

restricted model significantly changes the efficiency values and the weight-restricted model is a 

superior method for identifying the active and inactive countries compared to the CCR model. In 

addition, different weight restrictions can be used depending on the input and output selection in the 

efficiency analysis performed with weight-restricted DEA. Different restrictions, which may vary 

according to the value judgment of decision makers and market data, may give different results. 
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