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Abstract

Research has revealed that Data Envelopment Analysis (DEA) is an excellent method of data-
based performance analysis for comparing decision-making units with multiple inputs and
outputs. Selecting inputs and outputs (performance measures) in DEA is a delicate task. In
principle, including a large number of inputs and outputs is a positive advantage. However, the
inclusion of multiple inputs and outputs might translate into a great deal more of additional data
being included, and this may lead to some decision-making units being considered and
designated as efficient simply because of their high performance in relation to a number of
redundant and useless variables. Elsewhere, in some situations, some performance measures can
play both an input and output role. These performance measures are called flexible measures or
dual-role factors. Even though models have been developed for working with such dual-role
factors, this paper proposes performance appraisal from both an optimistic and pessimistic
perspective for selecting a third-party reverse logistics provider in the presence of multiple dual-
role factors. A numerical example illustrates the application of the proposed approach.
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'‘Revenue from the sale of recyclables
"Service-quality experience (EXP)

"Service-quality credence (CRE)
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Table 2- Efficiency scores and input/output behaviorfrom an optimistic perspective.
72-B, B, 12 1B, By L @b (DMU) 3PL sonins &il,f 50 lats

0.0142 0.0000 0.0142 -0.0014 0.0014 0.0000 0.9391 1
0.0110 0.0000 0.0110 -0.0033 0.0033 0.0000 0.8682 2
-0.0025 0.0025 0.0000 0.0044 0.0000 0.0044 1.0000 3
-0.0022 0.0022 0.0000 -0.0012 0.0012 0.0000 1.0000 4
-0.0015 0.0015 0.0000 -0.0008 0.0008 0.0000 1.0000 5
-0.0016 0.0016 0.0000 -0.0008 0.0008 0.0000 0.8858 6
0.0113 0.0000 0.0113 -0.0034 0.0034 0.0000 1.0000 7
-0.0446 0.0446 0.0000 -0.0031 0.0031 0.0000 1.0000 8
-0.0012 0.0012 0.0000 -0.0006 0.0006 0.0000 0.7541 9
-0.0012 0.0012 0.0000 -0.0006 0.0006 0.0000 0.6285 10
0.0092 0.0000 0.0092 -0.0028 0.0028 0.0000 0.6935 11
0.0208 0.0000 0.0208 -0.0084 0.0084 0.0000 1.0000 12
-0.0023 0.0023 0.0000 0.0040 0.0000 0.0040 0.9957 13
-0.0021 0.0021 0.0000 0.0037 0.0000 0.0037 0.7440 14
0.0124 0.0000 0.0124 -0.0012 0.0012 0.0000 0.8041 15
-0.0020 0.0020 0.0000 0.0034 0.0000 0.0034 0.6545 16
-0.0016 0.0016 0.0000 -0.0008 0.0008 0.0000 0.8210 17
0.0259 0.0000 0.0259 -0.0054 0.0054 0.0000 1.0000 18
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Table 3- Efficiency scores and input/output behavior from a pessimistic perspective.

§,-B, B, 2 5.-B, B, 1 &5 (DMU) 3PL gossms &1yl g0 losts
-0.0369 0.0369 0.0000 0.0037 0.0000 0.0037 1.3349 1
-0.0062 0.0062 0.0000 0.0023 0.0000 0.0023 1.3625 2

0.0303 0.0000 0.0303 -0.0082 0.0082 0.0000 1.0000 3
-0.0092 0.0092 0.0000 0.0034 0.0000 0.0034 1.7271 4
-0.0118 0.0118 0.0000 0.0117 0.0000 0.0117 1.0485 5
-0.0067 0.0067 0.0000 0.0025 0.0000 0.0025 1.5063 6
-0.0107 0.0107 0.0000 0.0055 0.0000 0.0055 1.1808 7

0.0000 0.0000 0.0000 0.0059 0.0000 0.0059 1.0000 8
-0.0093 0.0093 0.0000 0.0092 0.0000 0.0092 1.0084 9

0.0000 0.0000 0.0000 0.0004 0.0000 0.0004 1.0000 10
-0.0051 0.0051 0.0000 0.0019 0.0000 0.0019 1.0000 11
-0.0089 0.0089 0.0000 0.0045 0.0000 0.0045 1.0000 12
-0.0146 0.0146 0.0000 0.0000 0.0000 0.0000 1.0000 13

0.0254 0.0000 0.0254 -0.0069 0.0069 0.0000 1.1420 14
-0.0321 0.0321 0.0000 0.0032 0.0000 0.0032 1.2100 15
-0.0049 0.0049 0.0000 0.0018 0.0000 0.0018 1.0000 16

0.0315 0.0000 0.0315 -0.0085 0.0085 0.0000 1.3297 17

-0.0432  0.0432 0.0000  0.0043 0.0000 0.0043 1.3511 18
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