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Abstract

Data Envelopment Analysis (DEA) is an approach based on mathematical
programming for the relative evaluation of decision-making units treated as
similar and distinct production systems. In this approach, the performance of
each unit is characterized by describing the transformation of specific inputs
into specific outputs. Traditional DEA models assume that the role of each
performance factor is clearly defined. However, in some real-world problems,
some factors might be identified as dual-role factors depending on the
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evaluation nature or the decision-makers' perspective. These factors can play
the role of input and output, or even be considered neutral in assessing the
units' performance. In the current paper, to determine the status of dual-role
factors and calculate the efficiency of DMUSs, two new linear programming
models, based on the concept of deviation in the efficiency constraint and
common set of weights, are suggested. Main advantages of the proposed
models are significantly reducing the computations and iterations required to
solve the model, and also involving all DMUs to determine the role of factors.
To assess the performance of the proposed models, a data set for the evaluation
of eighteen suppliers in the presence of two inputs, three outputs, and two
dual-role factors has been employed. Obtained results showed that, compared
to other models, the proposed models are computationally more efficient, and
also the role determination and evaluation of the units based on the obtained
weights from these models are better and more reasonable for the expectations
of the decision-makers.

Introduction

Efficiency measurement has always been the focus of
researchers, in different fields, due to its importance in the performance
evaluation process of companies or organizations. Data envelopment
analysis (DEA) is a mathematical programming-based approach to
evaluate firms as distinct decision-making units (DMUSs) with similar
production (or service) processes.

The existence of a unique role for each performance factor is a
basic pre-assumption in standard DEA models. However, in some real-
world situations, it is inevitable to consider some performance factors,
referred to as dual-role factors, which can play simultaneously input
and or output roles.

In DEA literature, there are two different approaches to dealing
with dual-role factors. In the first approach, status of dual-role factors
is determined before the evaluation process of DMUs. In the second
one, the role of dual-role factors is determined simultaneously with the
evaluation of DMUs. Regardless of which approach is chosen; the
important issue is fairly allocating roles to dual role factors, based on
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the right decision-making principles and if necessary, considering top
managers' attitudes.

Hitherto, significant research has been carried out following the
first approach, and almost all of them have the following four
drawbacks:

(i) computational inefficiency when the number of DMUs is large, (ii)
the impossibility of deciding to determine the final role of each factor,
when the maximum frequency criterion includes a tie, (iii) neglecting
the favorable status of some:: DMUs when the maximum frequency
criterion is used, and (iv) inattention to the managerial attitudes of
decision-makers in the process of status specification of dual role
factors.

In the present study, we attempt to resolve the above-mentioned
drawbacks, by proposing two new models, based on the common set of
weights and deviation in the efficiency constraint concepts. In this
regard, the assumption of the uniqueness role for each factor, as the
main assumption of DEA, is taken into consideration, and the status of
dual-role factors is determined, before the evaluation process, in such a
way that each dual-role factor plays the identical role in the evaluation
of all DMUs.

Literature Review

Data envelopment analysis (DEA)

DEA is a non-parametric method for measuring the relative
efficiency of a set of DMUs which consume multiple inputs to produce
multiple outputs. The relative efficiency of a DMU is defined as the
maximum ratio of the weighted sum of outputs to the weighted sum of
inputs subject to the condition that the related ratio for each DMU is at
most one and all weights are nonnegative.

DEA initially introduced by Charnes et al., (1978), based on the
productive efficiency concept, which was previously defined and
utilized by Farrell (1957).
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Dual-role performance factors

Traditionally, the performance factors in DEA classified into
inputs and outputs groups (Cooper et al., 2007). However, in some real-
world problems, there are some performance factors, referred to as
dual-role factors, which can play simultaneously input and or output
roles (Cook et al., 2006).

Beasley (1990, 1995) was the first to introduce the dual-role
factor concept into the DEA literature, through a study of the efficiency
of university departments in which research funding was considered as
a dual-role factor. Cook et al. (2006) propounded a drawback in the
proposed model of Beasley (1990) to confront dual-role factors. They
attempted to resolve this shortage by considering dual-role factors as
non-discretionary and formulated a new model for determining the
dual-role factor status. Their model takes the weights of dual-role
factors into account so as to identify whether a factor is acting like
input, output or even has no involvement in the efficiency measure.

Dealing with dual-role performance factors

There are two different viewpoints for assessing the
performance of DMUs in the presence of dual-role factors (Chen,
(2021)). In the first one, determining the status of dual-role factors is
preferable to performance evaluation of DMUs (e.g., see Cook et al.,
(2006), Toloo & Barat, (2015)). From the second viewpoint,
determining the status of dual-role factors should be done
simultaneously with the evaluation of DMUs (see Farzipoor Sean,
(2010), Mahdiloo et al., (2013), 1zadikhah et al., (2022)).

Some researchers assumed that each dual-role factor can be
divided into two parts, in such a way that one part plays the input role,
and the remaining part plays the output role (e.g., Shabani et al., 2011
and Noveiri et al., 2019). The main drawback of this approach is the
violation of the causality relation between inputs and outputs.
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Methodology

In the present study, we assume the unique role for each dual-
role factor, as the main assumption of DEA. For the sake of determining
the status of dual-role factors, we formulate two new linear
programming models, based on the concept of deviation in the
efficiency constraint and common set of weights. Proposed models are
formulated based on two different managerial attitudes of decision-
makers. The first proposed model tries to obtain the status of dual-role
factors by minimizing the maximum deviations in the efficiency
constraints, however, the second one considers the minimization of
deviations’ average.

One of the main valuable features of the proposed models is to
consider the favorability of all DMUs simultaneously. Also, there is no
need to solve the model for all DMUs, consecutively. Indeed, by
solving the model once, the status of all dual-role factors is determined,
which is computationally very economical.

After determining the unique role for each factor, conventional
DEA models or common set of weights models can be used to evaluate
and rank all units.

Results

To demonstrate the applicability and effectiveness of the
proposed models, a case study for the assessment of eighteen suppliers
in the presence of two inputs, three outputs, and two dual-role factors
has been presented. The findings showed that, in comparison to the
other approaches, the proposed models are computationally more
efficient. Also, the role-determination and evaluation of DMUs by the
obtained weights from these models are better and more reasonable for
decision-makers expectations.
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1 Total cost of shipments

2 Number of shipments per month

3 Number of shipments to arrive on time

4 Number of bills received from the supplier without errors
5 Location rating

6 Service-quality experience

7 Service-quality credence.
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