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Abstract

Performance measurement is important in the comparison among enterprises. These comparisons provide the
opportunity to compare strong and weak aspects of enterprises with each other that have same work structure
producing similar products. Through the comparisons, enterprise aims to make its performance better by taking
the best, good or average performing enterprises operating in its field as references to itself. In this study,
information technology (IT) companies in Turkey are taken into consideration for effectiveness and performance
measurement at the end of multiple time periods. To do this, we developed an alternative dynamic slack based
model (DSBM) based on the slack based model (SBM) proposed by Tone (2001) and the dynamic data
envelopment analysis (DEA) model proposed by Lotfi and Poursakhi (2012). The paper suggests that the
alternative DSBM captures efficiency better than SBM.

Keywords: dynamic DEA, slack based model, dynamic slack based model, IT sector
1. Introduction

In order to reach its goals, each economic unit transforms the resources provided from its external environment
to outcomes in terms of goods and services by using a specific production technology. Productivity can be
defined as the relationship between the outcome produced by a production or service system and the income
used in order to obtain this outcome, whereas performance can be defined as the level of success an enterprise
showed in a specific time period (Kaya & Unal, 2010). Performance measurement is important in the
comparison among enterprises. These comparisons provide the opportunity to compare strong and weak aspects
of enterprises with each other that have same work structure producing similar products. Through the
comparisons, enterprise aims to make its performance better by taking the best, good or average performing
enterprises operating in its field as references to itself. In this study, information technology (IT) companies are
taken into consideration for effectiveness and performance measurement.

Information technologies are the entire computer and communication technologies that collect, process, produce,
store information, transfer it one place to another through the networks and put into service of users (Kilig, 2005).
Since the beginning of 1990s until today a rapid improvement has occurred in IT. This improvement resulted as
productivity in production processes, contribution in competitive power and development in the economic field.
Due to these reasons, industrial sectors based on information rapidly grow and their share in world trade
constantly increases. This as well shows that information sector has a strategic importance. It is stated that in
European Union countries, one fourth of GNP increase and 40% of productivity is related with information
technologies (Turkey Republic Ministry Development [TRMP], 2007). In Turkey it is estimated that market
share of information technologies is 3 billion US dollars. This market includes 68% hardware, 19% service and
13% software (TRMP, 2007). Now, information technologies have a place in development and GNP increase as
important as energy (Kilig, 2005). For this reason, in this study 16 information technology companies in Istanbul
Stock Exchange (ISE) are taken into consideration for effectiveness and performance measurement at the end of
multiple time periods.
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In production environments that include a wide range of incomes and outcomes, a nonparametric method, data
envelopment analysis (DEA), is used to measure productivity. In the literature, the term DEA was first used by
the CCR model in 1978 (Cooper et al., 2007). The CCR model aims to assign weights to incomes and outcomes,
completing the production of the analyzed units through linear programming, and estimates a limit consisting of
the units that show the best performance in the observation cluster. When the observed decision units do not
produce on an optimal scale, which means, in the case of profits varying according to the scale, the CCR model
falls behind in the technical effectiveness measurement because the model cannot measure scale effectiveness
due to the model’s structure. Banker, Charnes, and Cooper developed a model in 1984 (the BCC model) to
measure technical effectiveness under the assumption that profit varies according to a scale, by separating
technical effectiveness into its components, scale effectiveness and pure technical effectiveness. The model
showed that technical effectiveness is equal to the multiplication of these two components (Cooper et al., 2007).
Since 1978, many DEA models have been developed. One is the slack-based model (SBM). This model deals
directly with the input excesses and the output shortfalls of Decision Making Units (DMUs). Furthermore, it is
reference-set dependent; that is, the measure is determined only by its reference-set and is not affected by
statistics over the entire data set. Tone (2001) demonstrated with at numerical example that the SBM is
compatible with other measures and has potential applicability for practical purpose. However, the SBM
measures the effectiveness of DMUs during a single period. To measure the change efficiency of DMUs at the
end of multiple time periods dynamic DEA models have been proposed at different times (Sengupta, 1996; Tone
& Tsutsui, 2010; Tone, 2001). Dynamic DEA models are the relation between inputs and outputs in dynamic
production. For example, A dynamic DEA model was developed by Lotfi and Poursakhi (2012).

In this study, taking Tone’s (2001) SBM and Lotfi and Poursakhi’s (2012) dynamic DEA model in to account,
we developed an alternative dynamic slack-based model (DSBM). In practice, the data of 16 IT companies on
the Istanbul Stock Exchange (ISE) in Turkey during the 2011-2012 period were used. Using input-output
variables determined from the literature the DSBM effectiveness of the IT companies was measured. Company
efficiency was measured fort he end of the period 2011-2012, with the static SBM separately for each year, and
then the DSBM. The static and dynamic model results were compared.

The rest of this paper is organized as follows. In the second section, a literature review is discussed. In the third
section, we develop a model for assessing dynamic SBM efficiency, input excesses, and the output shortfalls of
IT in Turkey. In the fourth section, we explain the application of the model and discuss the result of the model.
In the last section, we have interpreted our results and provide information about suggested further studies.

2. Literature Review

In the literature, many studies have used data envelopment analysis (DEA) and ISE data to measure company
activities in various sectors. A literature summary including the DEA studies conducted between 2004 and 2012
for several business companies is shown in Table 1.

Table 1. DEA studies in the literature made for various business companies

Author Business Number Input variables Output variables DEA models
(Authors) Sector of DMU types
Name/Year
Yilmaz and Cement Sector 15 -current ratio, -acid-test ratio -currency -return on sales Output
Ciraci (2004) rate -return on equity oriented DEA

-net working capital/ total assets capital

-return on assets

Yalama and Manufacturing 157 -current ratio -financial leverage ratio — - return on equity input oriented
Sayim (2008) sector equity capital/total assets-equity capital/ capital CCR

total liability -short term liabilities/total - return on assets

liabilities -real assets/equity capital-net
sales/ total assets -net sales/equity capital

Elitag and Eleren ~ Cement Industry 10 -liabilities -equity capital Net profitability CCR, BCC

(2007) ratio

Yildiz (2007) Manufacturing 105 -firms’ assets -capital -net sales input oriented
sector -net profit CCR-BCC
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Kulaetal. (2009) Cement Sector 16 -current ratio - financial leverage ratio -return on equity input oriented
- equity capital/total assets,- short term capital DEA
liabilities / total assets - real assets / equity ~ -return on assets
capital -return on sales
-net sales/total assets -net sales/equity
capital

Ata and Yakut Manufacturing 15 -current ratio-total debt/equity capital, -net profitability CCR

(2009) Sector -real assets/permanent capital ratio- asset
-accounts payable turnover profitability rate

- accounts payable

turnover- stock

turnover

- stocks/liquid

assets,

-interest

expenses/net sales
Kaya and Unal Metal, Machinery 25 -current ratio-acid-test- financial leverage - net profit /sales Output
(2010) and Construction -accounts receivable turnover-stock -total assets/sales oriented DEA

Sector turnover, -net profit/ equity
-real assets turnover-asset turnover capital
Altin (2010) Industry Sector 142 -current ratio - liquidity rate,-cash rate - - profitability ratio CCR
financial leverage -financing rate of assets,

- market value
Tektiifek¢i Technology Sector 10 -current ratio, - accounts receivable - return on equity DEA
(2010) turnover, -total debt/equity capital capital

- earning per share

(loss)
Y. Tirkmen and  Energy Sector 9 -current ratio-equity capital/total assets -net profitability DEA
Cagil, (2011) ratio

-asset profitability

rate

Tehrani et al. Private 36 -liquidity, -activities,-leverage -economic  -profitability ratio input-oriented

(2012) Organization added value BCC

Halkos and Manufacturing 23 -total assets, -equity capital, - net profitability

Tzeremes (2012)  Sector -administration- distribution- sales ratio- equity capital
expenses profitability 7 diverse

- asset profitability ~DEA

Gerek et al. Cement Sector 16 -Current ratio - stocks/ liquid

(2012) - Total debt/equity capital assets- accounts
- real assets/permanent capital receivable turnover ~ CCR

- accounts payable turnover

- stock turnover
-net profitability
ratio- interest
expenses/net sales

In the literature, apart from the above studies, these are some of the studies that related with SBM and the
dynamic DEA. Emrouznejad (2003) provided an alternative DEA model based on several periods. This model is
useful for DMUs with capital input. The dynamic efficiency results should reflect reality better than those based
on static DEA models. Emrouznejad and Thanassoulis (2005) developed a method for assessing the performance
of DMUs when their input-output levels are characterized by inter-temporal dependencies. The scholars
suggested that dynamic models capture efficiency better than static models. Amirteimoori (2006) developed a
new DEA with dynamic revenue efficiency. He showed that a convex combination of these period measures
make up the efficiency of entire periods. Tone and Tsutsui (2010) developed a slack-based measure (SBM)
framework called dynamic SBM. They classified carry-overs into four categories: desirable (good), undesirable
(bad), free, and fixed. The authors developed dynamic SBM models that can evaluate the overall efficiency of
decision-making units for entire terms as well as term efficiencies. Lotfi and Poursakhi (2012) developed a
model for evaluating the relative efficiency of units that have time-dependent input-output. The model was
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presented in which the time-dependent effects of undesirable inputs and outputs were considered and
time-dependent effects were formulated via time-dependent parameters.

3. An Alternative Dynamic Slack-Based Model

Radial and non-radial are two types of efficiency measurements. The CCR and BCC models present radial
efficiency measurements. The slack-based measure of efficiency (SBM) is a non-radial measure of efficiency. The
non-radial approach SBM deals with slack directly, but neglects the radial characteristics of inputs and/or outputs.
Thus, the SBM measure reflects not only the weak efficiency values in CCR-efficiency but also the other (slack)
inefficiencies (Cooper et al., 2007). The SBM deals directly with the input excesses and output shortfalls of the
DMUs. However, the SBM measures the effectiveness of DMUSs during a single period. It can be misleading to
decide on the DMUs’ performance during a single period. An optimization model should include the time change
effect. For these cases, dynamic DEA models have been developed. In this study, based on Tone’s (2001) SBM
and Lotfi and Poursakhi’s (2012) dynamic DEA model, we develop an alternative dynamic slack-based model
(DSBM).

SBM by Tone (2001) is given below. In model, the production possibility set P is defined as
P={((x,)|x=2XAy<YALA=0)} )
where A is a nonnegative vector in R™. In SBM is considered an expression for describing a certain DMUSs
(%0, ¥5) as,
Xo =XA+s7, (2
Yo =YA—st. 3
They are dealt with » DMUs with the input and output matrices X = (xl-j) ER™" and Y = (yl- ]-) € R,
respectively. They are assumed that the data set is positive, i.e. X >0 and Y > 0. The vectors s~ € R™ and
st € R’ indicate the input excess and output shortfall of this expression, respectively, and are called slacks.

From the conditions X > 0 and A = 0, it holds x, = s~. SBM is as follows (Tone, 2001).

[SBM]

1- Ym) 25 /e,

minimize p = n e
1- Yo,/
subject to Xio = Nj=1XijA; + S i=1..,m @)
Vro = Z}Llyi,-/lj - Sr+ r=1,..,s

A, si,st =0
Here, itholds 0 < p < 1.
Model 5 was developed by adding time dimension of Model 4. t, initial time period and t = 7,...,7+ T are get
(Lotfi and Poursakhi 2012). Accordingly to we are developed DSBM model is given below;

[Alternative DSBM]

t—
S

o (1= IR

) _ = io
minimize § = T 1 o stt

\1 + /9T
To
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subject to Xy = Xiq xfj A+ sf7, i=1..mt=1..,7+T
)

t — n t t+ — —
Vio = j=1yi]-/1j—sr , r=1,..,s, t=1,..,T+T

A,siT st =0

Here, it holds 0 < 8 < 1. In an effort to estimate the efficiency of (x,,y,), we formulate the alternative DSBM
fractional program in A,s~ and s*. The effectiveness of DMUs are measured by taking values of input and
output for a period in Model 4. While taking into consideration the input and output data in each period in Model
5 it is aimed to measure the effectiveness of DMUs at the end of a few period. According to the results in Model
5;
A DMU (x,,Y,) is alternative DSBM-efficient if f=1. This condition is equivalent to sf~=0 and sf*=0, i.c.,
no input excesses and no output shortfalls in any optimal solution. For an inefficient DMU (x,,y,), we have the
expression:
xfy = Xixfj A+ sf7,
Vio = Xjea ¥ij A — st
The DMU (x,,y,) can be improved and become efficient by deleting the input excess and augmenting the
output shortfall as follows:
Xo — Xo—S[ (6)
Yo — Yo+ i ™
In some cases (such as financial ratios), negative outputs may be encountered. As in many DEA models, it is
important to overcome of the negative outputs in evaluating the efficiency of SBMs. However, measuring the
effectiveness in data sets containing negative data requires arrangements. Thus, a new scheme was introduced in

the DEA-Solver-Pro 4.1 Manual, used by Diizakin and Diizakin (2007). The dynamic version of this scheme is

as follows.

Let us suppose ¥5, < 0. Itis defined y¢* and yt* by

it = man=1,...,n{y7€j|y7€j > 0}’ ®
X’E-'— = minj=1_____n{y1€j|y1€j > 0}' ©
If the output 7 has no positive elements, then it is defined as ¥!* = yf* = 1. The term is only replaced sf*/yf,

in the objective function in the following way. The value v/, is changed in the constrains.

, yE* (7Er-pEt)
If yt* > yt*, the term is replaced by STH/W (10)
(1)
If y/* = yt* the term is replaced by st = (11

B(¥f*~¥to)
where B is a large positive number, (in DEASolver B = 100). The score obtained is units invariant, i.c., it is
independent of the units of measurement used.

4. Application
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The income and outcome variables used to measure the effectiveness of the 16 IT companies with the alternative
DSBM between 2011 and 2012, are as follows. The input variables are the Current Ratio, Acid-Test Ratio
(Liquidity Ratio), Total Debt/Equity Capital, Short Term Debt/Total Assets, Long Term Debt/Total Assets,
Equities/Total Assets, Total Debt/Total Assets. The output variables are the Net Profit Margin, Return on Equity,
Total Return on Assets. Using model (4), the efficiency values at the end of 2011 and 2012 and the input excess
and output shortfalls according to data from 2011 and 2012 were found (Table 2). Then using Model 5, the
dynamic efficiency values at the end of the period 2011-2012 and input excess and output shortfalls separately
for each year were found (Table 3). Model 5 is a nonlinear form. Without converting Model 5 to linear form it is
solved with the General Algebraic Modeling System (GAMS) 23.1. GAMS is specifically designed for modeling
linear, nonlinear and mixed integer optimization problems. The system is especially useful with large, complex
problems.

Table 2. SBM effectiveness of 16 IT companies located ISE in Turkey in 2011-2012

2011 SBM Effictency 2012 SBM Effictency

MU p s 5 s s & s & s s s RS ) 8§ 8§ &5 & 5 8§ g & ¢ 8 B
000 071 080 443 053 022 000 074 002 006 004 7 100 000 000 000 000 000 000 000 000 000 000 12
) 000 022 033 649 035 047 000 081 001 004 003 7 008 095 077 16 0I5 043 04 057 003 000 001 14
¥ 00030 022 000 094 036 001 010 038 001 000 002 €& 100 000 000 000 000 000 000 000 000 000 000 3#
& 100 000 000 000 000 000 000 000 000 000 000 # 100 000 000 000 000 000 000 000 000 000 000 4
% 100 000 000 000 000 000 000 000 000 000 000 ¥ 100 000 000 000 000 000 000 000 000 000 000 3%
6# 100 000 000 000 000 000 000 000 000 000 000 ¢ 026 000 007 167 032 000 004 052 002 002 004 7#
100 000 333 000 000 000 000 000 000 000 000 T 100 000 000 000 000 000 000 000 000 000 000 7#
8 000 504 000 004 005 000 060 005 002 008 006 7 0235 517 547 000 002 000 038 002 001 003 003 7#
% 000 010 000 09 030 003 02 042 002 008 006 7 039 025 006 077 037 000 027 037 002 000 001 7814
10¢ 0690 006 000 100 017 001 000 018 000 000 001 467 100 000 000 000 000 000 000 000 000 000 000 108
1% 100 000 000 000 000 000 000 000 000 000 000 1l 032 066 000 045 019 003 010 02 008 0038 006 145
12100 000 000 000 000 000 000 000 000 000 000 12 005 037 102 001 000 000 00 000 005 014 011 7#
13 100 000 000 000 000 000 000 000 000 000 000 1 100 000 000 000 000 000 000 000 000 000 000 I3
14 100 000 000 000 000 000 000 000 000 000 000 M& 100 000 000 000 000 000 000 000 000 000 000 14
155041 000 000 035 018 002 023 020 000 004 003 7%DEle 017 147 13 088 040 002 035 04 00 000 001 14
166 033 635 300 005 000 004 047 005 007 001 000 12 100 000 000 000 000 000 000 000 000 000 000 168

.
Reference set

Table 3. The Alternative DSBM effectiveness of 16 IT companies located ISE in Turkey in 2011-2012

2011-2012 Alternative DSBM Efficiency

MU p s s s sy st s s st o5 o5 osiosbosbost st st st st st RS
F 10 0m 00 00 00 0M 00 00 0M 00 00 0M 00 0® 00 00 0M 00 00 0 00 F
)% 004 04 039 648 037 04 000 081 0% 0™ 16 015 04 024 057 000 002 001 005 000 001 It
3 100 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 3
4 100 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 &
% 100 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 3
0# 100 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 6
T8 100000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 7%
iz 013 538 538 008 008 000 068 008 369 588 006 007 000 069 007 002 006 004 001 000 001 ]
02 019 027 006 0% 040 001 02 04 02 006 077 037 000 027 037 003 007 005 002 000 001 T8 1
10 L00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 1%
11 L00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 1=
124 100 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 1%
3% 100 000 000 000 000 00 000 000 00 0K 00 00 000 00 00 00 00 000 00 00 00 I¥
44 100 000 000 000 000 00 000 000 00 0K 00 00 000 00 00 00 0H 000 00 00 00 1
5% 031 000 00+ 031 016 001 018 018 07 07 07 02 001 006 03 0 05 OM 007 0® 007 Tl
64 100 000 000 000 000 000 000 000 00 000 000 00 000 00 000 00 00 000 00 00 00 Il

:
Reference set
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The variables at Table 2 are defined as follows;
s1 : Current ratio’s excess

s5 : Acid-Test Ratio’s excess

sz : Total Debt/Equity Capital’s excess

Sz : Short Term Debt/Total Assets’s excess
ss : Long Term Debt/Total Assets’s excess
Sg - Equities/Total Assets’s excess

s7 : Total Debt/Total Assets’s excess

si: Net Profit Margin’s shortfall

: Return on Equity’s shortfall

s§: Total Return on Assets’s shortfall

According to the results, 8 out of 16 companies and 9 out of 16 companies are efficient at the and of 2011 and
2012 respectively. According to the results of the least efficient company 1# in 2011 (Table 2), this company
should decrease 0,71 unit for its Ratio’s Value; 0,80 unit for its Acid-Test Ratio’s value; 4,43 unit for its Total
Debt/Equity capital’s value; 0,53 unit for its short term Debt/Total Assets’s value; 0,22 unit for its Long Term
Debt/Total Assets’s value and lastly 0,74 unit for its Total Debt/ Total Assets’s value. On the other hand, this
company should increase its outcomes, 0,02 unit for its Net Profit Margin; 0,06 unit for its Return on Equity and
for its Total Return on Assets. Sinilarly, it is commented on the other ineffective companies. For 2011, our
general assessment is that to be effective from a financial perspective, Turkey; IT companies should decrease the
amount of inputs in order of importance as follows: Total Debt/Equity Capital, Current Ratio, Acid-Test Ratio,
Total Debt/Total Assets, Short Term Debt/Total assets, Equities/Total Assets, Long Term Debt/Total Assets.
According to this ranking in 2011, excessive Total Dept/Equity Capital represents a major challenge to a
company’s effectiveness. In terms of output variables, following outputs, in order of importance, should be
increased: Return on Equity, Return on Total Assets, Net Profit Margin. According to these results, to increase
effectiveness, a company should focus on increasing the return on equity of their outputs. In 2012, this
importance ranking varied. According to the results for 2012, the input variables should be reduced in the
following order: Current Ratio’s excess, Acid-Test Ratio’s excess, Total Debt/Equity Capital’s excess, Total
Debt/Total Assets’s excess, Equities/Total Assets’s excess, Short Term Debt/Total Assets’s excess, Long Term
Debt/Total Assets’s excess. That is, according to the period, the ranking of the variables that determine
effectiveness has changed. Therefore, examining a single period to measure firms' effectiveness can be
misleading. Companies that are inefficient in 2011 and efficient in 2012 (companies #1, #3, #10, #16) as is
shown in Table 2. If you want to make a comment for whole period by taking the arithmetic average of
2011-2012 effectiveness for these companies it will be said that these companies are not effective. But these
companies are considered by the alternative DSBM model as efficient for the entire period 2011-2012. Similar
comment can be made for #6, #11, #12 companies too. Namely companies that are efficient in 2011 and
inefficient in 2012 (companies #6, #11, #12) are considered by the alternative DSBM model as efficient for the
entire period 2011-2012.

In this study, we developed an alternative DSBM and analyzed company effectiveness in 2011-2012. Table 3
shows the results of the alternative DSBM. The variable definitions in Table 3 are the same as in Table 2, but the
superscript represents 1: in 2011 and 2: in 2012. According to the results, 12 out of 16 companies were efficient
the end of the 2011-2012 period. According to Table 3, to be effective in 2011, the first input variables Total
Debt/Equity Capital should be decreased, and the required output variable Return on Equity should be increased.
In addition, in 2012, to be effective the first input variable the Current Ratio should be decreased and the
required output variable Net Profit Margin’s should be increased. These ranking is defined according to the
results in Table 2. For example for Current Ratio’s excess (s; ) variable all companies values in Table 2 were
collected. The found values are listed from biggest to smallest. Similarly, the same procedure was performed for
other variables. Thus the order of importance of variables is determined. Order of importance of these variables
is determined as in alternative DSBM like that. Determined this ranking is relative. Ranking results may vary if
the dealt sector and variables’s numbers and qualification change.
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According to these results, the importance of the company during a specific period changed, according to the
input-output variables. The results for the effectiveness of the SBM and the alternative SBM are given in Table 4.
According to this ranking, the number of effectiveness companies is increased. Because the model is dynamic.

Table 4. SBM and Alternative SBM effectiveness results

DMU 2011 2012  Average efficiency from Tone (2001) Alternative DSBM
1# 0 1 0,5 1
24 0 0,08 0,04 0,04
3# 0,39 1 0,69 1
4 1 1 1 1
5# 1 1 1 1
o# 1 0,26 0,63 1
T# 1 1 1 1
8t 0 0,25 0,13 0,12
9# 0 0,39 0,20 0,19
10# 0,69 1 0,85 1
11# 1 0,32 0,66 1
12# 1 0,05 0,53 1
13# 1 1 1 1
14# 1 1 1 1
15# 0,41 0,17 0,29 0,31
16# 0,33 1 0,67 1

2011 and 2012 columns in Table 4 were found by using Model 4. Each period is evaluated within itself with
Model 4. The alternative DSBM model that we have developed with company effectiveness are found by taking
into consideration all periods. When periods taken independently one from another, in order to measure the
arithmetic effectivenesss at the end of the period the arithmetic average of the efficiency values that measured
each period can be taken. (Emrouznejad, 2003; Tone & Tsutsui, 2010). When the average of 2011 and 2012
SBM effectiveness are taken the values in Column 4 of Table 4 are obtained. However, this efficiency values can
not reflect fully the efficiency values which are at the end of theperiod. Company effectiveness at the end of the
2011-2012 period with the alternative DSBM is solved by using Model 5. Results are given in Column 5 of
Table 4. According to this ranking, the number of effectiveness companies is increased. More realistic results are
obtained that values of variables are taken into account considering two periods not a single period. Because
determination of company effectiveness by looking at one period may produce misleading results. From this
perspective when measuring company effectiveness more realistic results can be obtained by calculations that
made considering not only in single time but also a few time period. In addition, in order to make inefficient
firms effective the receivable reference firms are given (reference set) in Table 3 and Table 4. In both models,
the most indicated referenced firms are 7 # and 14 # respectively. According to these results with reference to
these companies preventing the companies to take measures to eliminate inefficiencies for 2012 and forthcoming
years.

5. Conclusion and Future Research

The purpose of this paper was to develop an alternative dynamic SBM (alternative DSBM). The alternative
DSBM measures the efficiency of entire periods.The model provides input excess and output shortfalls for the
DMUs in each period. The model closely follows the SBM introduced by Tone (2001) and the dynamic DEA
developed by Lotfi and Poursakhi (2012) for assessing the dynamic slack efficiency performance of DMUs. The
alternative DSBM can evaluate a non-radial measure of the efficiency of DMUs entire terms. In a real-life
application, the methodology measured the effectiveness of 16 IT companies on the Turkey ISE in the
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2011-2012 period. We obtained the dynamic efficiencies of each company in two periods along with the
efficiency of the entire period and we compared the results of the dynamic and static models (Section 4).
According to the results, a company which is effective in a period may not be effective for the next period in
SBM model. Because the effectiveness measurement are made according to the data considered only the period
that is taken into consideration. However in the alternative DSBM periods are discussed as a whole but not
individually. Thus, exchange of datas in the period is reflected to the effectiveness results. Indeed Model 5
results demonstrate this (Table 4). Also with improved the alternative DSBM model both effectiveness of
companies can be measured and knowledge related with reformation in input-output variable values can be
obtained. The discussion on this topic was made in section 4. According to the results ineffective (2 #, 8 #, 9 #,
15 #) firms in 2011, the first input variables Total Debt/Equity Capital should be decreased, and the required
output variable Return on Equity should be increased. In addition, in 2012, to be effective the first input variable
the Current Ratio should be decreased and the required output variable Net Profit Margin’s should be increased.
Further research can improve the model. In future studies, in addition to the financial criteria, by giving a place
to non-financial criteria (company’s reputation, customer satisfaction, employee loyalty, public opinion, brand
value etc.), quantitative and qualitative factors can be included in the problem. Since these criteria involve
subjective judgments fuzzy dynamic DEA methods can be used.
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