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Abstract. In real life because of various reasons, data that are used in
efficiency analysis may be imprecise or uncertain, whereas, data are measured
with certainty in conventional Data Envelopment Analysis (DEA). In the other
hand, sometimes outlier data may also take part in dataset. Therefore, we can use
Fuzzy DEA (FDEA) method that is more responsive in situations as mentioned
above for measuring efficiency. In FDEA, fuzzy data can be transformed in to
interval data by using some techniques such as a-cut level sets. The interval DEA
model is used for measuring the relative efficiency of decision maker units
(DMUs). In this paper, FDEA method will be used for measuring efficiency of
foreign direct investment in 12 transition economies that separated from USSR.
Additionally, mini-max regret method (MRM) will be used to compare and rank
efficiency intervals of DMUS.
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1. Introduction

Foreign investment is the movement of capital funds from one country to another
and realizes in the form of international money, capital markets and direct
investments. Foreign Direct Investment (FDI) is the establishment of a new
production line or buying an already established production line in a country
different from its origin with the aim of diffusing its production abroad. The
importance of FDI has increased in all countries with the globalization process in
1980s. Especially in mid-1990s, FDI has been admitted as an important factor for
compensating of inadequate domestic capital (Vural and Zortuk, 2011).

Economic growth theories put forward that FDIs have positive impacts on
economic growth. Some of these effects are employment growth, training of
workforce, learning new technologies, ensuring the inflow of foreign currency and
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evaluation of idle resources. Besides, FDI supplies extra capital source if there is a
decrease in capital, (Yao & Wei, 2007).

FDI is both affecting and affected factor in macroeconomy. Some of the main
determinants of FDI are potential domestic market size, natural resources,
population, trade regime and openness, privatization, unit labor costs, progress in
transition reforms, economic and political stability and economic growth (Resmini,
2000). Especially developing countries see FDIs as a fundamental economic factor
for achieving economic growth. Therefore, the governments of these countries
carry out some regulations on own their economies such as tax incentives,
infrastructure incentives and exemptions from import duties in order to enhance
FDI inflow (Lyroudi et. al, 2004).

The impact of the investment climate on foreign direct investment inflows is
particularly highlighted in transition economies. The total volume of FDI inflows
to transition countries remains small in comparison with other developing
countries. However, FDI inflows are substantial as a percentage of GDP. FDI is
not the only source of financing or fiscal deficit in transition economies, but also is
preferable long-term macroeconomic stability element. In this point, the efficiency
of FDI inflows can be measured for countries in order to compare (Barrel &
Holland, 2000).

Charnes et al. (1978) first introduced Data envelopment analysis DEA and it is a
linear based non-parametric analysis technique. Besides, it is used for measuring
the relative efficiency of a range of DMUs which have one or more inputs and one
or more outputs. And, advantage of using this technique is that it does not need any
supposition on input and output data. But, the conventional models require exact
measurement. On the other hand, obtained values of input and output data in real-
life are sometimes imprecise or vague (Simar, 2007). Empirical studies use macro-
economics data derived from international intuitions or foundations such as OECD
and Worldbank. But, these data may also not be precise or perfectly reliable
because of various reasons. The use of these data has increased concerns about
measurement error.

The conventional methods are much responsive to measurement error, outliers and
missing data. For these reasons, some researchers have suggested different fuzzy
methods for overcoming uncertainty in DEA. Generally, these methods can be
summarized as tolerance method, a —cut level based method, fuzzy ranking method
and probability method. Thus, uncertain data can be described as interval/fuzzy
numbers with these methods (Guo & Tanaka 2001). As a result, FDEA models are
favorable to the decision maker and provide different benefits. One of these, the
uncertainty in measurement may be at different degrees. Another, FDEA technique
can be used to overcome missing data, thus, it is observed that the efficiency
change beneath different levels of uncertainty (Guo, 2009).
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There are no FDEA models about measuring efficiency of foreign direct
investment of some selected transition economies in the economics literature. The
aim of this paper is to contribute to DMUs and macroeconomists to take decision
properly and effectively about their countries. In this paper at first, basic concepts
of fuzzy set theory and o—cut level based FDEA method will be presented. Then, a
FDEA model will be applied to DMUs. At finally, mini-max regret-based method
(MRM) (Wang et al., 2005) will be used to compare and rank the efficiency
intervals of DMUs.

2. Literature
2.1 The Relationship between FDI and Macroeconomic Variables

The relation between FDI and macroeconomic variables is frequently studied both
theoretically and empirically in developing and transition countries. And, the result
of many studies showed that inflows of FDI had a positive impact on growth.

FDI increases output levels in the host economy. And the level of economic
development, as a factor, also plays a key role in coming of FDI. Empirical and
theoretical evidences show two-way relationship playing an important role in
improvement of FDI. Market size and its growth, taxes, tariffs, subventions,
regulatory regime, privatization policy, economic development, urbanization,
human capital, labor costs, governmental and integration policies, international
trade agreements and public expenditure and investment etc. are highly kept in
view when foreign investors translocate manufacture in the host country. And they
affect the volume and direction of FDI flows (Morrissey & Rai, 1995).

Agarwal (1995) emphasize that GDP is important on FDI inflows. Cheng & Kwan
(2000) analyzed empirical evidence on governmental abilities and recourses and it
found that governments are major catalysts for attraction of inward FDI. Milner
and Pentecost (1996) put forth that free trade regime contributes positively to FDI.
Cheng & Kwan (2000) also reported that labor costs have negative effects on FDI.

Chowdhury and Mavrotas (2003), they used an innovative econometric method in
order to define the direction of the causality between FDI and economic growth.
According to results of empirical analyses, there is two-way causality between
these two variables. Roy and Berg (2006) used time-series data and simultaneous
equation model to define this two-way relation. As a result, they saw that FDIs had
a positive and significant effect on the growth. Deger and Emsen (2006), they
examined the relationship between FDI and economic growth in transition
economies. According to results, they observed that FDIs have positive effects on
transition economies. Ekinci (2011), he looked at whether a long-term relation
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between FDIs and economic growth in Turkey. As a consequence, a two way
relationship between FDIs and economic growth was found.

2.2 Fuzzy DEA

Conventional data envelopment analysis (DEA) needs precise data, which may not
always be probable in real life. Sengupta (1992) used tolerance approach within the
fuzzy logic and applied it in constraints and objective function. Triantis and Girod
(1998) transformed fuzzy inputs and outputs through different function types for
describing membership. Guo and Tanaka (2001) transformed fuzzy constraints into
precise constraints by using probability level method. Wang, Luo, and Liang
(2009) established FDEA models to overcome uncertainty and fuzziness in input
and output data where exist in DEA.

Lertworasirikul, Fang, Joines, and Nuttle (2003) suggested a probability fuzzy
model by trapezoidal numbers. They also used a credibility fuzzy technigque in
models. And they enlarged these techniques to BCC models. Wu, Yang, and Liang
(2006) also carried out probability models. Garcia, Schirru, and Melo (2005)
operated a probability model in effects analysis (FMEA) and failure mode. Wen
and Li (2009) used credibility measuring approach to obtain CCR models.

Kao and Liu (2000b, 2003) transformed fuzzy inputs and outputs into intervals
using a-cut level approach within the framework of Zadeh’s extension principle
(Zadeh, 1978) and constructed precise DEA models for the intervals. They
transformed the FDEA model and used the ranking fuzzy numbers technique
suggested by Chen and Klein (1997) to get the efficiency measurement of DMUS.
Based on DEA models for a-cut technique, Liu (2008) developed a FDEA model
for choosing of flexible manufacturing systems (FMSS).

Saati, Menariani and Jahanshahloo (2002) used CCR model by using probability
approach and interval approach by a-cut level sets. This using was enlarged in
Saati and Memariani (2005) using an interval of weights beneath a given a-cut
technique. Entani, Maeda and Tanaka (2002) and Wang, Greatbanks, and Yang
(2005) also transformed fuzzy data into intervals by using a-cut technique in their
interval models.

Triantis and Girod (1998) and Triantis (2003) presented a method to calculate non-
radial efficiencies. Jahanshahloo, Soleimani-damaneh and Nasrabadi (2004)
enlarged a slack-based efficiency measurement and built a nonlinear model for
FDEA.

Wang and Chin (2011) presented fuzzy expected value approach for DEA in their
paper. In this paper, fuzzy variables were used as weighted and they measured the
best and the worst efficiency values of DMUs by their expected values.
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3. Methodology
3.1. Fuzzy Set Theory

Bellman and Zadeh (1970) introduced modeling optimization problems for fuzzy
set theory which is a generalization of classical set theory. In this theory, it is used
interval [0, 1] instead of discrete set {0, 1}. Zadeh (1978), from based on this
theory, defined a fuzzy set for every level of membership. Membership function is
as follows:

A= {(x,us(x))|x € Z}, 1
In here, Z changes in the [0,1]. But, if T ={0,1}, the set is nonfuzzy (Triantis and
Girod 1998). Thus, a fuzzy set can be specified exactly by a number between 0 and
1, which represents degree of membership (Mugera 2013).

Linear, triangular, trapezoidal or Gaussian membership functions can be used for
symbolizing fuzzy numbers. But, triangular ones are generally preferred. Kao &
Liu (2000a) described triangular membership functions as follows:

[0, x <x,

X=Xy,

X <x<x
XM—XL’L M

XpM—X

F(x) = Xy S X < xy

Xu—Xm

0, x >xy 2

—

In here, x,, is the center, x; is the lower value and x;; is the upper value. The a-cut
level of a fuzzy set is an imprecise subset of x. Each level is a closed interval
which can be symbolized as [L(a), U(a)]. In here, L(a) and U(a) are the lower
and upper bounds at a defined a-cut level and they can be characterized as: (Kao
and Liu 2000b)

Va € [0,1,F, = [L = alxy —x;) +x.,U = xy — alxy — xp)] 3)

3.2 The Fuzzy DEA Method: The a-cut level based method

FDEA models show some unfavorable features. For example, interval DEA models
with a-cut level approach require the ranking of DMUs. To overcome this
drawback, we use a-cut level based method with mini-max regret method in
efficiency analysis which places in this paper.

The o—cut level method is commonly used FDEA model. The main purpose of this
method is to transform FDEA models into parametric models in order to get the
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lower bounds and upper bounds of the a-cut level of membership functions of
performance values. In this model, the inputs and the outputs can be fluctuate
between upper (free) and lower (impossible) bounds (Triantis & Girod, 1998). It is
generated the interval efficiency for DMUs to solve the model at given level of a-
cut set. Suppose that there are n DMUs and every DMU uses changing quantity of
m dissimilar fuzzy inputs for obtaining s dissimilar fuzzy outputs. For instance,
DMU; uses amounts x;; of inputs to obtain amounts y,.; of outputs. In the model
formula, x;;, and y,, show the input and output numbers or values for DMU,.
Where [X};, X[/] a-cut level is form of the fuzzy inputs and [V}, Y;/] is o-cut level
form of the fuzzy outputs. In order to solve the fuzzy model, Wang et al. (2005)
suggested the under mentioned model to calculate the lower bound 6% and the

upper bound 8Y of fuzzy efficiency value for a specific a-cut level. Let

_ Yr=1UrYrk

0, = , k=1,.... ,n 4
¢ it ViXik ®

be the efficiency of DMU,. This mathematical expression (4) is transformed into
interval data as follows:

L U L U L U
_ Zi:l ur[yrk'yrk] _ Z?:l UrYrk :Zi:luryrk _ Zi:l UrYrk Zi:luryrk

0 = ) )
X v e vird Y vixi, Bt Vi, Ry Ly vixj
0, value is an interval number, and it is expressed as follows:
N U
=1 UrY
oy =2 K <1, k=1...n (6)
i=1"1"ik
Yr—1 U Vi
0k =212 50, k=1....,n 7)

m U
i=1 ViXik

It is built the under mentioned fractional model for measuring the upper and lower
efficiency bounds of DMU, ,:

S U
r=1 uryrko

max 6, = <=5 7 (8)
i=1 ViXik,
U Zf‘:luryyk ,
st. Oy =5 —r- <1 k=1,....,n, u,v;=¢ Vr,i.
Yt ViXij
s L
Yr=1UrYrk
max 0,’;0 = —U° 9

m
i=1 ViXik,
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S upyY .
s.t. 9£=W31, k=1,.....,n , u,v;=¢ Vr,i.
i=1"1"ik

The fractional model can be facilitated as under mentioned Linear Model
Transformation which was used by Charnes-Cooper:

S

U _ U
max 0, = ) Y, (10)

r=1

m

s.t. Z vixiLko =1,
i=1
N m
U L _ :

Zuryrk—z%xik <0, k=1,..,n, u,v;=¢ Vr,i.
r=1 i=1

S

L __ L
max 0, = ) wyk, (11)

r=1

m

S.t. Z vixl-l{(O =1,
i=1
N m
U L _ :

Zuryrk—ZUixik <0, k=1,..,n, u,v;=¢ Vr,i.
r=1 i=1

9,'{0 means that the upper bound of the best probable relative efficiency of DMU,
and 9,%0 also means that the lower bound of the best probable relative efficiency of

DMU,. And so, these values generate a probable best relative efficiency interval
[9,%0, 9,'(]0] under given a-cut level sets.

It should be considered that it is used only one production frontier for all a-cut
levels. Because, if we use variable production frontiers for each a-cut levels, then
the efficiency values cannot be compare.

3.3 A Mini-Max Regret-Based Method for Comparing and Ranking Interval
Efficiencies

The efficiency value for each DMU is qualified by an interval in interval efficiency
models. And if the centers of interval values are the same although the widths of
them are dissimilar, the efficiency values are not directly comparable (Saati et al.,
2002). So, we need a technique for comparing and ranking DMUs. Mini-max regret
method (MRM) was developed by Wang et al. 2005 to resolve the lack of this. In
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this way, the efficiency intervals of DMUs can be compared and ranked. This
method can explain as follows:

W; = [wf, w/| is the efficiency intervals of n DMUs. If w} < max;;(w/”), there
will be the regret or the decrement of efficiency for DMU;. So, the maximum regret
(r) or the decrement of efficiency for DM U,will be able to show as follows:

max(r;) = max]-ii(wju) —wt (12)

On the contrary if w}* = max;.;(w;’), there will be no regret or loss of efficiency
(r; = 0). At this case we have,

max(r;) = max[maxjii(wju) —wh, 0] (13)

And so, the best efficiency interval can be determined through mini-max regret
criterion as follows:

min(max(r;)) = min{max[max;.;(w) — wf, 0]} (14)

The maximum decrements of efficiency are relative values. These values are
calculated according to the maximum efficiency intervals and cannot be used to
rank directly. To create a ranking for efficiency intervals, the under mentioned
eliminating stages are used (Wang et al., 2005):

i. Calculate the maximum decrement of efficiency for all efficiency intervals
and select the smallest of them. Let it be W; ,

ii. Eliminate W; and recalculate the maximum decrement of efficiency for
every efficiency interval from remaining efficiency intervals.

iii. Repeat this eliminating process until there will be only one efficiency
interval W; . And obtain the last efficiency ranking for all DMUs respectively:

Wi, > W, >.> W, .

4. Efficiency Measurement of Foreign Direct Investment via FDEA

In this part of the paper, we will study to measure efficiency of FDI of 12 transition
economies for 2011 by output-oriented and a-cut level based FDEA. In analysis,
we use FDI as output variable and use GDP, population (POP) and global
competitiveness index (GCI) as input variables. We suppose that GCI represents all
the effect on FDI except GDP and POP.

Although n < 30, one-sample K-S normality test values are also given in table 1 in
order to choose the technique of computing the correlation. According to table 1
and within the framework of the alpha level of significance (0,05), only GDP
variable has not normal distribution due to the fact that the p value (0,025) is
smaller than the significance level (0,05). In this case, null hypothesis
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(Hy = test distribution is normal) is rejected and so, it must be used a non-
parametric test for correlation analysis.

Table 1 - Normality Test

One-SampIe Kolmogorov- EDI GDP POP Gl
Smirnov Test
N 12 12 12 12
Normal Mean 7,00 2,01 2,03 4,08
Parameters?® | Std. Deviation 1,50 5,25 4,02 0,31
Absolute 0,32 0,42 0,37 0,12
Most Extreme =5 Gtive 0,32 0,42 0,37 0,10
Differences -
Negative - - - -
Kolmogorov-Smirnov Z 1,13 1,47 1,28 0,43
Asymp. Sig. (2-tailed) 0,15 0,02 0,07 0,99
Note: a. Test distribution is Normal. Source: Authors’ calculation.

Non-parametric Spearman’s correlation test values are given in table 2. According
to the test, it is seen that there is a positive and strong relation is between out
variable (FDI) and input variables (POP, GCI and GDP). Because, correlation
coefficients are bigger than 0,50 and correlations are significant at the 0.05 level
(2-tailed) or at the 0.01 level (2-tailed).

Table 2 — Non-parametric Correlation Test

Spearman's rho FDI GDP POP GCI
Correlation 1,000 895™ 601 606"
EDI C_0effICIeI_’1t
Sig. (2-tailed) . 000 049 0,41
N 12 12 12 12
Correlation 895 1,000 490 650"
GDP C_0effICIeI_’1t
Sig. (2-tailed) 000 . 106 022
N 12 12 12 12
Correlation 601" 490 1,000 203
POP Coefficient
Sig. (2-tailed) 049 106 . 527
N 12 12 12 12
Correlation 606" 650" 203 1,000
GCl C_oeff|C|er_1t
Sig. (2-tailed) 041 022 527 .
N 12 12 12 12

Note: * Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01
level (2-tailed) Source: Authors’ calculation.
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Table 3 - CRS Efficiency Values ( FDEA & DEA)

Level FDEA Bound Bound | CRS |Rank.
pvul L lulclulclulco]ulo]ul]u]sSeor|1iiz
1 | 100|100 | 100 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 1
2 | 17[100] 2110031 ]100]62|100(787|787|184|957]| 787 | 8
3 |17 |100]22[100]33]100] 65 |100]100]100227]100] 100 [ 9
4 |106]965]139]935](20,2]915(37,3]90,7]96,3[96,3[357]937] 963 | 4
5 | 11]100] 14 [100]21[100] 4 [100]40,7]407]986|881| 407 | 11
6 |28|986|37|975]54|969]106[967| 97 | 97 [239|973] 97 | 7
7 |35 |97,7] 45 [959] 6,6 |94,9]12,5|91,9]56,4 56,4 |16,7|87.4] 564 | 6
8 |30,6|10039,1] 100 [543] 100 | 89 | 100 100 | 100 |62,6] 100 | 100 | 2
9 |168[982[21,5] 96 [30,1]91,6(50,3| 83 [61,9|61,9(36,1|86,1| 61,9 | 3
10 (01 [979]01 956|021 [929] 01 [885] 15| 15 [038]753] 15 | 5
11 |36 [1200|47 [100] 7 |100|134| 100|847 847227069 847 | 12
12 |07 ]100] 09 [100] 1,3 |100] 25 |100(397]39,7]9,02|879] 397 | 10

Note 1: DMUs: 1-Russia, 2-Armenia, 3-Kyrgyz, 4-Azerbaijan, 5-Estonia, 6-Georgia, 7-Lithuania, 8-
Kazakhistan, 9-Ukraine, 10-Tajikistan, 11-Latvia, 12-Moldova

Note 2: L & U: Lower & Upper Bounds, Conv.: Conventional, MRM: Mini-Max Regret Method (1:
Best, 12: Worst) Source: Authors’ calculation.

In table 3, CRS efficiency values are shown as both conventional DEA and FDEA.
According to the output-oriented conventional DEA CRS values, Russian
Federation, Kyrgyz Republic and Kazakhstan countries are relatively more
effective about reaching FDI by selected inputs. But, FDEA average bounds are
indicates that only Russian Federation is effective. Namely, both lower and upper
bound CRS values which are obtained by output-oriented and a-cut level based
FDEA values have values of hundred.

In this paper, mini-max regret method was used to obtain an efficiency ranking for
DMU. According to this method, relatively MRM ranking is obtained as follows:

Russia Rep. >Kazakhstan >Ukraine >Azerbaijan >Tajikistan > Lithuania >
Georgia > Armenia > Kyrgyz Rep. > Moldova > Estonia >Latvia

5. Conclusion

FDI is both affecting and affected factor in macro-economy. And so, transition
economies see FDIs as a fundamental economic factor for achieving economic
growth. In this context, the efficiency of FDI inflows can be measured for
countries in order to compare. In related literature we see that non-parametric or
parametric techniques can be used in analysis. In this paper, we prefer using a non-
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parametric method to using a parametric method for measuring efficiency of
foreign direct investment.

DEA is a non-parametric relative efficiency analysis method for comparing units.
But, it is not appropriate to use conventional DEA if there are outliers, missing data
and measurement errors. For this reasons, FDEA can be used for overcoming this
impreciseness and ambiguity in DEA. Thus, interval or fuzzy numbers can be used
to describe uncertain information or imprecise data by this method. In FDEA,
tolerance, a —cut level, fuzzy ranking and probability methods can be used. In this
paper, we prefer to use a a—cut level based FDEA for measuring efficiency of
foreign direct investment in 12 transition economies that separated from USSR for
the year 2011. Additionally, mini-max regret-based method (MRM) was used to
compare and rank the efficiency intervals of DMUs.

As a result of the FDEA analysis, we see that Russia Federation is efficient country
among 12 countries. But this method cannot be used to rank inefficient countries
directly. To obtain a ranking for efficiency intervals we used MRM method. As a
result of this method, countries are ordered according to their level of relative
efficiency.
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