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Abstract: Objective of this study is to present an example of firm valuation with Data
Envelopment Analysis (DEA), which is an alternative and new firm valuation method,
and to contribute this limited field of research area with new findings. With this ob-
jective in mind, after giving information about the theory of valuation, market-based
valuation, DEA and methodology of firm valuation with DEA, BIST 100 indexed firms
in Borsa Istanbul are valued with DEA in this study. Results shows that 69% of the
estimated value ranges and 73% of the maximum values estimated cover the market
values of the relevant firms. It can be said that this method, which is understood to
have more successful estimation results in case the number of firms in peer groups
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increases, is a very useful method for testing the results obtained from other firm
valuation methods.

[ | INTRODUCTION

Widely used firm valuation approaches in the literature are “accounting-
based”, “market-based” and “cash flow-based” approaches. Firm valuation with
DEA method also emerges as a tool that can be used to find out what the value
of a firm should be. Valuation with DEA tool can be evaluated within the scope
of the market-based valuation approach, as it searches for companies that are
comparable to the firm whose value is being estimated, and thus estimates the
firm’s value by comparison.

Although it is seen that there are limited number of studies in the literature
in which the firm valuation with DEA tool is applied, it has been understood
that very satisfactory results have been obtained from these studies. Review-
ing the literature, itis found that there is a doctoral thesis, a master’s thesis and
a scientific article written on this subject. Their information will be given in the
literature review part of this study.

Our main motive in doing this study is to test this method with new empiri-
cal data and expand this limited research area. Thus, this method’s awareness
will increase too.

It should also be noted that in the literature, there are examples of valuation
of companies operating in similar sectors (for example, the manufacturing sec-
tor) with DEA, but only one study was found in which the success of the results
were tested by performing a valuation analysis of companies operating in dif-
ferent sectors with DEA. This single study is also a relatively old study (made in
2013) and the results of this study have not been tested with other studies. And
also to the best of our knowledge, this study is the first valuation study in Tur-
key using DEA tool for firms operating in different sectors altogether.

And also, in literature, there is no correlation analysis made for the number
of firms in the peer groups and the number of firms whose market value is cov-
ered by the value found with DEA in those groups. In this study, this correlation
analysis was conducted too.
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THE RESEARCH METHODOLOGY AND THE COURSE OF THE RESEARCH PROCESS

This study was carried out firstly by presenting the theoretical information on
firm valuation, DEA and valuation with DEA. Then, with the light of theoreti-
cal knowledge an application is implemented. In the application phase, biggest
100 companies’ (BIST 100 indexed) data in Istanbul Stock Exchange is collect-
ed. Within the scope of the study, analysis were made with the data for the end
of 2019. All data have been obtained from www.isyatirim.com.tr that is a web
site of the one of the biggest investment service provider in Turkey.

After collecting the data, data envelopment analysis was conducted by
a software called Efficiency Masurement System. Nevertheles, correlation
analysis for finding the correlation coefficient between the number of firms in
the peer groups and the “number of companies within the market value estima-
tion range” variables was conducted with the help of SPSS software.

FIRM VALUATION AND MARKET BASED VALUATION APPROACH

Valuation is the process of estimating the value of an asset or liability accord-
ing to the International Valuation Standards Council (IVSC, 2019) and is a very
important concept as they form the basis of decisions involving significant
amounts of money or wealth transferred from one party to another (Rawley
& Gup, 2010).

Firm valuation can also be defined as the activities of determining the value
of a firm based on the above definition, and it is done in order to determine the
appropriate and reasonable market value of the firm subject to the valuation
(Chamber, 2011).

Although many valuation methods are used, starting from very simple
methods to more complex methods, some of these methods are classified to-
gether because they have some common features. With the classification of
these valuation methods, which have a common feature, the broader concept of
“valuation approach” has emerged (Sipahi et al., 2016).

Firm valuation with DEA, which will be used in the implementation phase of
the study, is mainly seen as an extension of a market-based valuation approach.
In this approach, the value of an asset is valued based on how similar assets are
priced in the market. For example, a prospective home buyer decides how much
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to pay for a home by looking at the prices paid for similar homes in the neigh-
borhood (Damodaran, 2006).

With market-based methods, when searching for whether a publicly trad-
ed and therefore market-priced firm is overvalued or undervalued, first of all,
comparable firms are determined and then the average multipliers of these
firms are found. Finding a multiplier is essentially a standardization (normali-
zation) operation to make an absolute value comparable.

Firm valuation with DEA follows a similar principle. Here too, first of all,
the relative efficiency of Decision Making Units (DMUs) that produce similar
outputs by using similar inputs in the value creation process is measured with
DEA. As a result of this measurement, the peer DMUs that the inefficient DMUs
take as examples for themselves are determined. Here in valuation with DEA by
using “taking as an example” feature, the most similar DMUs are determined.

DATA ENVELOPMENT ANALYSIS

The assessment of institutions efficiency is focused on the ability of adequate
current and future evaluation of the supervised entities operations, based on
the available information and making proper (correct) decisions on this basis
(Slimen, Belhaj, Hadriche & Ghroubi, 2022). At this point, DEA comes across
as a very useful tool as it determines a frontier and analyzes the efficiency
of each unit in the comparison set relative to its distance from this frontier.
DEA determines the relative efficiencies of each unit by calculating the ratio of
weighted outputs to weighted inputs, using observed inputs and outputs. This
method can provide the integrity that traditional methods cannot provide for
the evaluation of multiple inputs and multiple outputs with the logic of total
factor productivity. In the DEA technique, the weights of inputs and outputs
are used for DMUs to maximize their efficiency ratios. Weights are allocated
for the inputs and outputs of each decision-making unit separately (Kutlar &
Babacan, 2008).

DEA is essentially a method developed for measuring the comparative effi-
ciency of homogeneous DMUs using the same type of inputs and obtaining the
same type of output (Benli & Bozdan, 2019).

It should be noted here that classic DEA models have two type of orienta-
tion, defined as input and output orientated models. DEA model that while in-
put-oriented models ask, “How much can inputs be proportionally reduced by
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keeping output constant?”, output-oriented approaches ask “by how much can
output quantities be increased proportionally by keeping the input amount
constant?” (Torun, Atan & Ayanoglu, 2020).

Below is a mathematical representation of the output oriented CCR (initials
of Charnes, Cooper, and Rhodes) multiplier model which is the first DEA model
put forward by Charnes, Cooper, and Rhodes in 1978 (Zhou, Ang & Poh, 2008).
CCR model is the basic DEA model and there are also models developed apart
from this.

If there are M inputs and N outputs for each of the K DMUs in DEA:

Z U Yk — Z VX <0

M

u,_: weight given to the mth output by the K decision unit,

v : weight given to the nth input by the K decision making unit,
Y . :mth output produced by K decision making units,

X : nthinput used by K decision making units.

Accordingly, K models are created for K DMUs in the above model, and K maxi-
mization models are solved so that the relative efficiency of each DMU can be
measured.

Below is the dual of the above multiplier form (input-oriented CCR envelop-
ment model):
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The envelope form is preferred more frequently in applications because it con-
tains fewer constraints than the multiplier model. Again, in envelope form, in-
stead of weights related to inputs and outputs, the weights on the DMUs, that is,
the density vector A, are obtained. The density vector A indicates how much an
inefficient DMU should resemble the efficient DMUs (Yiicel isbilen, 2017).

The basic DEA model given above takes into account the assumption of con-
stant returns to scale. This type of modeling is used when a proportional re-
lationship between inputs and outputs can be assumed. For problems where
there is no proportional relationship between inputs and outputs, DEA mod-
els with variable returns to scale were derived by Banker, Charnes, and Cooper
in 1984. The BCC (initials of Banker, Charnes, and Cooper) model can be set by
adding a convexity constraint to CCR model, which makes the sum of the A vari-
ables equal to 1.

FIRM VALUATION WITH DEA

Literature on Firm Valuation with DEA

The purpose of the first study (Simak, 2000), which deals with the firm valua-
tion with DEA, is to find the group of publicly traded companies that are most
similar to the firm to be valued. In this study, with the input-oriented BCC mod-
el, efficiency analysis was carried out by using the input and output data of the
year 1997 of 51 publicly traded companies operating in the production sector
and then by the output of this analysis valuation is conducted (Simak, 2000).

In the second study on this subject, the first study conducted by Simak was
expanded and it was revealed that DEA could be used not only for the firm val-
ue range, but also for maximum value calculations for firms found inefficient
and minimum value for firms found efficient (Anadol, 2000).
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In the third study on firm valuation with DEA, variable returns to scale
(VRS) assumption was used, as in the first two studies. Main difference in this
study is that the slack based model (SBM) is used instead of the BCC model. It
has been stated that the SBM model is used because both inputs and outputs
are important in deciding the efficiency state of a DMU and it is difficult to say
which is more critical. In this study, 2013 data of 500 firms randomly selected
from more than 6.000 United States firms operating in different sectors were
analyzed (Anadol, Paradi, Simak & Yang, 2014).

Firm Valuation Methodology with DEA

The DEA valuation approach is essentially a market-based valuation method,
and its key component is finding the cluster of companies most similar to the
company to be valued. Similarity should exist in all relevant dimensions of the
company’s operating characteristics. DEA allows for such a multidimensional
comparison between firms.

The simple two-dimensional example below illustrates the DEA process.
First, the efficient frontier is determined, which consists of the best practice
units (A, B, C, D). Second, for each DMU, efficiency measures reflecting its dis-
tance from the border is calculated. For every inefficient firm, there is a peer
group, a set of efficient firms that are “closest” to the firm being evaluated.

Figure 1. Two-Dimensional DEA
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For example, the peers of firms E, F, G are companies A and B, and firms B and
C are peer of H and I. When considering the input-oriented projection, compa-
nies belonging to the same peer group have similar levels of output. Using this
feature of peer groups, DEA can be used to identify similar firms multidimen-
sionally. Firms E, F, and G have the same set of peers, and their lambda val-
ues show how close they are to each other. In this example, the three relevant
lambda vectors for firms E, F, and G are [0.75, 0.25, 0, 0], [0.5, 0.5, 0, 0] ve [0.1,
0.9, 0, 0] (the corresponding efficient firms are A, B, C and D). Lambda values
also show that company E is closer to company F than company G (in terms of
output). This represents a two-dimensional example, but the same theory ap-
plies in multiple dimensions. The difference indicator calculation has been de-
veloped to move this two-dimensional example to multiple dimensions. Vari-
able 6ij for each company i, difference indicator between companies i and j as
follows (Anadol, 2000):

8 = Z(Aik — Ajr)? (3)

Here k is the coefficient of all efficient companies in the analysis. For compa-
nies belonging to the same peer group, the presence of a low difference indica-
tor value is an indicator of the similarity in the output dimensions of the DEA
model.

The A value in the same formula shows the contribution level of efficient
firms to the virtual DMU created by reflecting an inefficient DMU to the effi-
ciency frontier. These units, which contribute to the creation of the imaginary
unit, will have non-zero dual weights, namely lambda, and will form the ref-
erence set for the DMU (the DMU in question). The reference set for the DMU
therefore consists only of efficient units and serves as a basis for calculating
the DMU’s efficiency score.

Another indicator to look for similarity is the efficiency score. The efficien-
cy score is an input radial measure of efficiency and can be used to determine
similarity across input dimensions. In the example above, since firm E has an
efficiency score of 0.5 and firm F has an efficiency score of 0.43, it can be seen
that they are somewhat similar in the input-oriented dimension.

In order to understand the valuation method with DEA, the example given
by Simak will be used. In Simak’s study, data from 51 publicly traded companies
operating in the manufacturing sector for 1997 were used and 13 firms were
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found to be efficient and the rest were found to be inefficient. As a result of the
DEA, for example, the peer companies of the company no. 2 were determined as
firms no. 19, 22 and 45. Other firms that take the same firms as a peer are firms
no. 14, 32, 33, 34, 42 and 43. Firms no.19, 22, and 45, which are the peer compa-
nies of the firm no. 2, as well as firms no. 14, 32, 33, 34, 42 and 43, which take no
19, 22 and 45 firms as peer just like the firm no.2 were examined altogether in
terms of similarity for the firm no.2.

The 82j values, which are the indicator of the difference between these com-
panies and companies no. 2, were calculated. Difference indicators calculated
together with lambda values are given in the table below. For example, the dif-
ference indicator between firm no. 2 and firm no. 42 is found by solving the fol-
lowing formula:

S242= (Mg — Aaz)? = (0.57 — 0.65)% + (0.19 — 0.09)? + (0.24 — 0.26)? = 0.018

Table 1. Firm No. 2 Example

. Lamda Values of Efficient Firms Difference Efficiency
Firm . Market Value
Indicator Score ot
Number A A A Milion $
'i19 i22 ia5 51] e

2 0.566 0.192 0.242 0 0.49 372
42 0.65 0.09 0.26 0.018 0.45 375
33 0.387 0.396 0.217 0.074 0.8 690
32 0.456 0.04 0.54 0.124 0.54 295
19 1 0 0 0.284 1 341
43 0.1 0.164 0.736 0.462 0.82 109
34 0.054 0.106 0.84 0.627 0.8 122
13 0.042 0.021 0.937 0.787 0.85 54
45 0 0 1 0.932 1 43
22 0 1 0 1.032 1 380

Source: Simak, 2000, p. 109.

Firms with a low difference indicator and an efficiency score close to 0.49 will
be similar to firm 2. The most similar firm in the data set is firm 42 with the
lowest difference indicator and with its 0.45 efficiency score is which is very
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close to firm 2. Firms 32 and 33 have a relatively low difference indicator, but
efficiency scores of 0.8 and 0.54 may be too far from 0.49 to establish a suffi-
ciently high degree of similarity. If we were to use the market value of firm 42
($375M) to estimate the market value of firm 2, we would be very close to the
real market value of $371M. The next two similar firms define the $295 million
to $690 million range, but are less usable for market cap estimation as noted
there is a larger difference in efficiency scores to that of company 2. Represen-
tation of this analysis for the firm no 2 is given in below figure in which the size
of the bubbles is proportional to the market values of these firms.

Figure 2. Balloon Chart for Firm No.2
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Source:Simak, 2000.

Accordingly, the closest balloon to the balloon (shown in red) representing
firm 2 (firm numbers are shown with yellow numbers) is the balloon belonging
to firm 42 and they are almost exactly the same size. Firm 32 is the second clos-
est firm, and the size of the bubble is slightly smaller than the bubble of firm 2.
The bubble of firm 33 is farther away from firm 2 (compared to firm 32) and
noticeably larger. When these results are evaluated together, it is concluded
that the values of companies no. 42 and 32 can be used to determine the value
range of firm no. 2.
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With DEA, not only value range estimation can be made, but also maximum
value estimation can be made for firms that are found to be inefficient as a re-
sult of DEA. For this, the lambda values of the efficient firms, of which the firms
that are found to be inefficient as a result of DEA, are taken as a peer, are mul-
tiplied by market values of efficient firms and then summed together. Value
found in the total is the maximum value for the inefficient firm analyzed.

If this analysis is to be done for firm 13 in the above example, the lambda
values of firms no. 19, 22 and 45, which are the efficient firms that firm no. 13
takes as a peer are multiplied with the market values of these firms and after
that those multiplications are summed together for finding the maximum value
of firm 13. This operation will be as follows:

Max Value, = (0.042*341 M$) + (0.021¥380 M$) + (0.937*43 M$) = 62.5 M$

The market value of firm 13 is $54 Million which is less than the maximum val-
ue found as a result of the analysis. Based on this example, analysis of maxi-
mum firm (no 13) value with DEA gives a reasonable result.

APPLICATION

In studies using DEA, the selection of decision-making units, DEA model and in-
put-output data set is extremely important. In the following titles, the reasons
and results regarding their selection are discussed and finally the results of the
application are presented.

Selection of DMUs

In DEA, the efficiencies of units that convert to similar outputs using similar
inputs are usually compared. This approach is generally equivalent to making
comparisons of units operating in the same sector. However, when the data ob-
tained from the financial statements are used as input and output, it is seen
that the efficiency comparison of the companies that are not in the same sec-
tor is made on the assumption that each firm produces similar outputs (for ex-
ample, net profit) using similar inputs (eg assets). In this case, it is assumed
that each business just like a factory produces some of the data in the financial
statements as output, by using the data that is included in the financial state-
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ments as input. The basic assumption here is that the inputs and outputs deter-
mined from the financial statement data bring businesses to a common denom-
inator. In line with the same assumption within the scope of this study, it will be
assumed that BIST-100 indexed firms are in the same sector. This assumption is
nothing but a different interpretation of the criterion that DMUs to be included
in the analysis must operate in the same sector when conducting DEA, and it is
consistent with the basic logic of DEA.

While determining the DMUs, it is also very important to determine the
number of DMUs. Dyson, Allen, Camanho, Podinovski, Sarrico and Shale (2001)
argued that the number of DMUs should be determined at least twice as much
as the product of their number of inputs and number of outputs. Cooper, Li, Sei-
ford, Tone, Thrall and Zhu (2001) stated that the number of DMUs should be
more than three times the sum of the number of inputs and the number of out-
puts. Norman and Stoker (1991) emphasize that the number of DMUs included
in the analysis should be at least twenty. There are also opinions stating that if
the number of inputs selected is m and the number of outputs is s, then at least
m + s+ 1 DMU is a necessary constraint for the reliability of the research (Okur-
soy & Tezsiiriicii, 2014).

BIST-100 indexed firms are included in this study. The BIST 100 index is the
index that includes the biggest firms quoted in Borsa istanbul, Turkey’s only
stock exchange. As can be seen under the next heading, the analysis was car-
ried out with two inputs and four output. Considering that the number of firms
included in the analysis is 100 and the sum of the number of inputs and outputs
is six, the number of DMUs included in this analysis (100) satisfies all the above-
mentioned constraints.

Within the scope of the study, analysis were made with the data for the end
of 2019. All data have been obtained from www.isyatirim.com.tr that is a web
site of the one of the biggest investment service provider in Turkey.

Selection of Inputs and Outputs Included in DEA

The second step in the application of DEA is the selection of the input and out-
put variables to be used in the analysis. Since DEA is a data-based efficiency
measurement technique, the accuracy of the measurement results depend se-
lecting significant inputs and outputs (Okursoy & Tezsiiriicii, 2014).
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With DEA, service efficiency of companies and their ability to transform in-
putinto output can be analyzed. Considering this logic, inputs and outputs that
reflect the firm’s value creation process and measure its ability to transform
assets into profits must be included in valuation with DEA (Anadol, 2000).

The variables included in this study were selected based on the input and
output variables used in previous DEA and valuation studies in the literature.
In this direction, within the scope of the study, total assets and total liabilities
(total of short and long-term liabilities) were used as inputs, and total revenue,
net profit, equity and cash flow from operations were used as output.

Model Selection

In the model selection in DEA, input-oriented models are selected if the rele-
vant DMU has control over the inputs, and output-oriented models are selected
if it has control over the output. While input-oriented models are used in the
analysis of operations and management, output-oriented models are preferred
in planning and strategy analysis (Acer, 2021).

In the application phase of this study, input-oriented DEA model was pre-
ferred, because it was evaluated that the control over the input set was more
than the control over the output set.

Another issue in model selection is the scale relationship between inputs
and outputs. If there is a fixed return on scale of DMUs, the CCR model should
be preferred, and if there is a variable return to scale, the BCC model should
be preferred (Yiicel isbilen, 2017). Since the rate of changes in inputs and out-
puts are thought to be unequal in the model established within the scope of this
study, variable return to scale approach was chosen.

DEA Analysis and Valuation Findings

In order to carry out DEA, Efficiency Masurement System, a software for solv-
ing DEA problems, is used. As a result of the analysis carried out with the help
of this program, productivity scores, peer firms and lambda values for ineffi-
cient firms were found.

As a result of the analysis, 20 of the 100 companies were found to be effi-
cient. In the valuation phase, firms that take the same efficient firms as a peer
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for themselves and the efficient firms that these companies take as a peer are
considered together as a peer group.

If an inefficient firm other than itself does not take a peer for the same
group, no peer group definition has been made for these groups, since there are
not enough comparable firms for this group.

In the value range analysis, the difference indicators of “inefficient firms”
within peer groups were used. Together with the low difference indicator, the
closeness to the efficiency score of the company whose value range is sought is
also taken into account in the value range estimation. For example, while the ef-
ficiency score of the inefficient firm whose value range is soughtis 10%, a 100%
efficient firm, even if the difference indicator is very low (even if it is close), is
excluded from the value range estimation and instead, firm with second low-
est difference indicator in the peer group is selected if this second best firm has
a proximate efficiency score to the firm whose value is sought.

Summary of Analysis

The summary results of the DEA and valuation analysis for BIST 100 companies
are given in the table below. As can be seen, there are 16 peer groups in total.
The number of firms in peer groups was between 4 and 17.

Table 2. Valuation Results with DEA

Value Range Maximum Value
Number
No of Firms Number of Firms Number of Firms Number of Firms Number of Firms
in the Peer Whose Market Value Whose Market Value | with Market Value | with Market Value
Group . . . Out of Estimation | Below the Estimated | Above the Estimated
in Estimation Range A q
Range Maximum Value Maximum Value
1 7 2 1 2 1
2 9 4 0 4 0
3 6 1 1 0 2
4 6 1 1 1 1
5 5 1 1 2 0
6 5 1 1 2 0
7 6 1 1 2 0
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Table 2. Valuation...

Value Range Maximum Value
Number
No of Firms Number of Firms Number of Firms Number of Firms Number of Firms
in the Peer Whose Market Value Whose Market Value | with Market Value with Market Value
Group A A . Out of Estimation | Below the Estimated | Above the Estimated
in Estimation Range . .
Range Maximum Value Maximum Value
8 5 1 1 1 1
9 6 2 1 2 1
10 9 3 2 4 1
11 5 1 1 2 0
12 8 4 1 5 0
13 17 8 5 8 5
14 9 6 0 1 5
15 9 5 2 7 0
16 4 2 0 2 0
Total 43 19 45 17
Percentage 69% 31% 73% 27%

Source :authors’ computation, 2022.

As can be seen from the table above, 69% of the value range estimates made
with DEA include the market values of these firms. Again, 73% of the estimated
maximum value is above the market value of these firms.

Furthermore, if the correlation analysis is made with the help of the data
in the table above (Table 2), the correlation coefficient for the number of firms
in the peer group and the “number of companies within the market value es-
timation range” variables is found 90%, and the correlation coefficient for the
number of firms in the peer group and “the number of firms below the esti-
mated maximum value” variables is found 77%. This results show that if the
number of firms in the peer group increases, the probability of the estimation
interval and the estimated maximum value to include the market value of the
relevant firm increases and there is a high and positive relationship between
these variables.
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| CONCLUSION AND RECOMMENDATIONS

Firm valuation method with DEA is a tool that can be used to find out what the
value of a firm should be. It has been observed that there are a limited number
of studies in the literature regarding the use of this tool, whose main area of use
is efficiency comparison, in firm valuation.

With this study, which have not been conducted before for Stock Market
Istanbul firms to the best of our knowlege, it has been tested whether the value
ranges and maximum values, found by using DEA results for BIST 100 indexed
firms operating in “different sectors”, cover these firms’ market values. Firms
in the BIST-100 index are assumed as if they were factories producing the same
outputs (total revenue, net profit, equity and cash flow from operations) with
the same inputs (total assets and liabilities).

As a result of the application, 69% of the value range estimates made with
DEA include the market values of the firms whose value is estimated. Again,
73% of the estimated maximum value is above the market value of these firms.
This results show that DEA is a very useful tool for firm value estimation. These
results also overlap with the results of other studies on firm valuation with
DEA in the literature. It has also been determined that if the number of firms in
the peer group increases, the probability of the estimation interval and the es-
timated maximum value to cover the market value of the relevant firm increas-
es. This finding has also been discovered in the literature on the firm valua-
tion practice with DEA, but no correlation has been given regarding this. In this
study, this finding was supported by this analysis.

As a result, this method, which is understood to be able to find more accu-
rate value ranges as a result of increasing number of peer companies, is con-
sidered to be very useful for testing the results obtained from other company
valuation methods.

While valuation with multiples is done by taking into account a single pa-
rameter that creates value in the valuation process, the inclusion of more than
one input and output in the value creation process in the modeling of the valua-
tion with DEA can be seen as an advantage of valuation with DEA compared to
valuation with multipliers.

The data used in this study are data for 2019, and it is thought that this test
can be expanded further with data for different years in future studies. Never-
theless, by comparing the valuation results obtained from different input and
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output sets that can be included in the DEA with future studies, it is thought
that evaluations can be made about what the most appropriate input and out-
put set might be. In this way, input and output titles that can better predict val-
ue ranges will be presented to valuation experts.
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