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Abstract: Research on benchmarking is currently getting more and more attention, along with the need for optimal utilization of existing
resources to achieve the best possible results. One of the benefits of benchmarking is the evaluation and quality assurance efforts of the
results achieved from an activity. Benchmarking efforts are carried out to evaluate a part of an activity, whether it is efficient or not. It is
important to study or evaluate an activity not only after it is finished but before it is carried out. So far, research has only focused on
evaluating an activity after completion. Evaluating an activity before it is carried out is important, considering the limited budget available
so that not all activities are eligible to be funded. So far, the model for evaluating existing activities only focuses on quantitative inputs and
outputs. Evaluating activities before they are carried out sometimes requires input from the community and experts. The existing input is
not only in the form of numbers or quantitatively. However, existing assessments can also be given qualitatively and involve many
parties.Existing benchmarking models have not been able to accommodate this. One excellent benchmarking method is Data Envelopment
Analysis (DEA). Still, this method has limitations in that it can only handle quantitative data and cannot accommodate assessments from
many parties, even though it is possible that one of the variables in this benchmarking concerns assessment from the public or experts.
Therefore, this study will combine Hesitant Fuzzy Linguistic Terms Sets (HFLTS)-Slack Super Efficiency DEA, where HFLTS increases
DEA's ability to receive input and output from many parties, not only quantitative but also qualitative, and even each appraiser has a
different assessment with varying levels of confidence in the assessment, while Slack Super Efficiency can determine priority scales of
activities based on the results of the HFLTS-DEA. This research will be useful findetermining the priority scale of activities, one of which
is determining the priority scale of activities at Malikussaleh University. What needs to be understood is that the resulting model will be
made into a web-based software so that the software can be adjusted based on needs, input, and output and receive various input from many
parties, both quantitative and qualitative. Through this research, it is hoped that the HFLTS-Super Efficiency DEA model can produce
good evaluation principles and good governance so that every activity that is financed either from internal organizational funds or from
taxes paid by the community can be carried out properly and can be determined which activities are truly a priority. to be held and which
ones can be postponed or even not held.

Keywords— Benchmarking; Data Envelopment Analysis; Hesitant Fuzzy Linguistic Term Sets; Slack Super Efficiency; Good Governance.

1. Introduction before the activity is carried out (Du, Liang, & Zhu, 2010)

At this time, the public is increasingly aware of the
importance of benchmarking efforts, including evaluation
and quality assurance in each section and activities carried
out by an organization or company (J. S. Liu, Lu, Lu, & Lin,
2013). Research on benchmarking an activity has been
carried out a lot, such as research conducted by (Bessent &
Bessent, 1980) which examined efficiency in elementary
schools with Data Envelopment Analysis (DEA), the
efficiency of carrying out activities in junior high schools
in England (Bradley, Johns, & Millington, 2001), and
efficiency in high schools in Finland (Kirjavainen &
Loikkanent, 1998). According to several researchers, the
great attention to the implementation of activities is due to
the large amount of responsibility that exists in connection
with the implementation of these activities and evaluation
of these activities should be carried out before these
activities are carried out (Martinez et al., 2019). There has
been researching from a number of researchers who
examined the application of DEA in evaluating an activity
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(Munoz, 2016).

The party implementing the activity needs to make
maximum use of the existing budget, in the midst of a
limited budget so that the activities carried out are really the
activities that are needed (Agasisti & Pérez-Esparrells,
2010). Most of the benchmarking methods used in research
use Data Envelopment Analysis (DEA). There are 2 (two)
approaches to efficiency in DEA, namely measurement of
efficiency and super-efficiency (Tran, Mao, Nathanail,
Siebers, & Robinson, 2019). Efficiency measurement is
based on determining efficient and inefficient Decision
Making Units (DMUs) (Charnes, Cooper, & Rhodes, 1979),
while super-efficiency measurements are based on
determining efficient DMU priorities (Tone, 2001).

Determination of super-efficiency is basically determined
based on slack determination and is intended for evaluation
before the activity is carried out (Guo, Lee, & Lee, 2017).
However, this method certainly has limitations if there are
a number of appraisers who provide assessments not only
quantitatively in the form of numbers, but assessments are
given in qualitative form such as the expressions "very

important”, "important”, and so on. This coupled with each
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assessor has a varying level of confidence in the assessment
they give, there are those who are "very sure", "sure", and
even "less sure". Standard Data Envelopment Analysis will
not be able to overcome this (Ehrgott, Holder, & Nohadani,
2018). Hesitant Fuzzy Linguistic Term Sets (HFLTS) are
well known for their ability to summarize judgments from
various qualitative and quantitative parties with various
levels of confidence (Tang & Liao, 2019). The HFLTS-
Super Efficiency DEA model is expected to be able to
evaluate the feasibility level and priority scale of activities
that can receive input from the public and experts in
carrying out the activity benchmarking process. One
application of the HFLTS-Super Efficiency DEA model is
in the field of determining priority scales of activities at
Malikussaleh University. Malikussaleh University as one of
the State Universities (PTN) finances the implementation
of existing activities sourced from APBN funds. Therefore,
as a form of accountability from the State Budget which
originates from taxes paid by the people, the HFLTS-Super
Efficiency DEA Model will assist in determining the
appropriate priority scale of activities so that the right
activities can be funded and implemented amidst a limited
budget. The resulting model will be used in the form of
web-based software so that the software can be adjusted
based on needs, input, output, and receive various inputs
from many parties, both quantitative and qualitative.

2.  Material and Method

Wang et al. is the first to propose the Stochastic Data
Envelopment Analysis Method [14]. The basic principle is
to establish quantile functions that can avoid crossing
quantiles while also proposing estimates for stochastic
frontier measurements [15]. Due to restricted knowledge
from many parameters, the probability theory is used in the
benchmarking model, which is one of the key factors in
developing the Stochastic Data Envelopment Analysis [16].
The focus of Stochastic Data Envelopment Analysis
research then shifts to deciding the upper and lower bounds
for output and input, but no researchers have addressed the
stochastic issue that includes a situation where the assessor
gives an uncertain assessment [17]. Since a number of
researchers recognize that there are unknown inputs and
outputs, and humans are more at ease making decisions in
the form of linguistic variables, the Fuzzy Data
Envelopment Analysis (FDEA) method was created [18].

Many FDEA models have been developed such as the ideal-
seeking FDEA [19], the tolerance and possibility FDEA[20]
the FDEAwith double frontiers [21] and the cross-
efficiency FDEA [22]. However, sometimes qualitative
data sourced from linguistic variables are inaccurate and the
time available for decision makers is limited so that doubts
arise. In this situation, Hesitant Fuzzy developed into
Hesitant Fuzzy Data Envelopment Analysis can be used
[23]. This research will develop a Hesitant Fuzzy DEA
model which in addition can perform the benchmarking

process on the stochastic problem, it can also benchmark
the conditions that contain Hesitant Fuzzy elements.

The benchmarking process will be carried out to measure
the efficiency of the study programs at Malikussaleh
University using the HF-SDEA method. There are a
number of DMUs with input and output that are qualitative
in nature so that they require measurements involving the
Hesitant Fuzzy method and Stochastic Data Envelopment
Analysis. The stages of research can be seen in Figure 1.
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Fig. 1 Research Method

Figure 1 shows that the Hesitant Fuzzy approach is required
in the benchmarking phase where there are inputs and
outputs that contain elements of uncertainty, where the
evaluation cannot be given in the form of crisp values and
the assessor has reservations about giving an assessment.
The assessors will begin by conducting a benchmarking
process and providing an evaluation in the form of a
linguistic form for Fuzzy Hesitant. In the linguistic
envelope type, all of the assessments will be combined. The
crisp value of each input and output for each DMU will then
be determined using the linguistic values found in the
linguistic envelope. The next step will be to perform a
Stochastic Data Development Analysis, which will produce
measurement results indicating which DMU is efficient and
which DMU is inefficient, particularly if the data contains
stochastic data.

A. Linguistic Form

As can be seen in Equation 1, linguistic forms are
represented as a collection of linguistic words.

S =

{neither,very low, low, medium, high, very high, absolute}

1)

One of the benefits of Hesitant Fuzzy is that assessors can
provide evaluation results in linguistic form during the
benchmarking process. It can be shown in Equation 1 that
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there are many words that can be used to make an
evaluation.

B. Envelope Form

Equation 2 shows the envelope form, which is a
linguistic set of intervals.

env(Hy) = [Hs- Hg+|, Hs- < Hg+ 2)
Where Hs- and Hg+ are defined as follows:
Hg+ = max(s;) = s; € Hy and s; < s;Vi
Hg- = min(s;) = s; € Hy and s; > s;Vi 3)

The envelope type incorporates a negative and positive
evaluation in one unit, as shown by Equations 2 and 3. If
assessors are reluctant to evaluate an evaluation value, they
may include an assessment in the form of a variety of
assessments during the benchmarking process. This will
assist the appraiser in making an evaluation and increase
the accuracy of the assessment during the benchmarking
process.

C. Calculating the Envelope Linguistic

Equations 4 and 5 can be used to figure out what the
linguistic envelope values are.

pi = AE (A7 (s, 0)) Vjefl,... )T}
pi = AT (s, i) Vie{l,...)T} (4

vVt = (5, p5....p7) (5)

Equations 4 and 5 demonstrate the outcomes of each
assessor's negative and positive evaluations during the
benchmarking phase. The final values of inputs and outputs
for each DMU will be obtained in the form of crisp values
by integrating this assessment in the form of a negative and
positive value.

D. DEA with CCR Model
Equation 6 reveals a classic DEA with the CCR Model.

Z},’?=1 UrYro (6)

Maximize x= .

Limit or constraint function:
U,v,=0;r=1,..,kis=1,..,1

Where:

o = Efficiency object s

k = observed output object s

¥;s = the number of outputs | produced as a result of
object s

xjs = number of inputs i used by object s
u; = the output weight i produced by object s

v; = the input weight i given by object s

The aim of the above equation is to find the maximum
number of outputs from DMU, that are weighted, by
holding the number of inputs weighted on a value less than
or equal to one and the ratio of outputs weighted by the
input weighted, of all DMUEs.

E. Stochastic Data Envelopment Analysis (SDEA)

SDEA model proposed by Olesen and Petersen[8] can be
used for benchmarking with stochastic data. The
benchmarking method is a stochastic phenomenon in the
form of probability that can often only be measured by its
frequency distribution and can be approached by an interval
function whose shape will mimic, i.e. it will reach a
maximum value at some times while others will reach a
minimum point. Equations 7 and 8 can be used to measure
the efficiency of each DMU using the SDEA equation.

InC=f(w,y)+Inu+Inv @)

Where C is the total cost required, w is the input vector, y
is the output vector, and e = u + v is the term error. Where
u is a variable that can be managed and represents
inefficiency. v is an uncontrollable (random) factor as well
as a noise word. The performance ratio can be expressed in
the following way.

CEFE. = Crmin — €xp [fc(wn’yn)+ln(ucmin)]:ucmin
n Cn exp [fewmhyM+In(uc,)]  uc,

(8)

The determination of variable v, which is a random entity
with noise, has its own set of issues. Especially if there are
many people involved in the evaluation and each one has a
different point of view. This is a distinct fault in the SDEA
process.

F. Hesitant Fuzzy — Stochastic Data Envelopment
Analysis (HF-SDEA)

Equation 9 illustrates the use of the fuzzy reluctant
approach in deciding the index ranking of the Decision
Making Unit (DMU).

To( (BN, —c)
(En¥,—c)-So((Enk,-a)

1(E) =g (9)

Where is Cy;,, for Equation 8 based on Equation 9 that can
be seen in Equation 10.

Cuin = " {(EDE,) (10)

And C,, for Equation 8 is based on the Equation 9 that can
be seen in Equation 11.

Cu =" (B GEN

3. Result and Discussion
A. Decision Making Unit (DMU)
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As shown in Table 1, the DMU used in this analysis is in
the context of Malikussaleh University study programs.

Table 1. DECISION MAKING UNIT (DMU)

Input Output
DMU
No. of Lecturers | No. of Students | No. of Research | No. of Graduates
Information Technology 18 567 7 671
Civil Engineering 27 750 6 535
Architectural Engineering 16 387 6 187
Industrial Engineering 18 451 6 311
Chemical Engineering 26 351 6 261
Mechanical Engineering 24 501 6 236
Electrical Engineering 20 432 6 331
Agribusiness 18 701 6 284
Agro-Technology 35 837 6 291
Aquaculture 11 576 6 243
Communication Science 12 734 6 291
Political Science 12 273 6 201
Sociology 14 491 6 211
Anthropology 10 189 6 127
Jurisprudence 51 1101 6 473
Medicine 31 291 6 301
Management 49 1307 6 1379
Economic Development 12 862 6 301
Accounting 24 1273 6 421

Table 1 displays inputs and outputs in the form of direct HF-SDEA can be used to quantify input values for the

values that can be calculated, but there are also inputs in the university setting and output values for stakeholder
form of stochastic values that include uncertainties, such as: satisfaction. Assume the results of the calculations are as
The university environment for input and output is shown in Table 2.

measured by graduate users' satisfaction levels. As a result,
TABLE 2 THE RESULT oF HF-SDEA

DMU Input Output
Number of Number of University Number of Number of  ptakeholder
Lecturers Students Environment Research Graduates | _,. .
batisfaction
Information 18 567 0.77 7 671 0.91
Technology
Civil Engineering 27 750 0.35 6 535 0.51
Architectural 16 387 0.61 6 187 0.59
Engineering
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Industrial 18 451 0.69 6 311 0.69
Engineering
Chemical 26 351 0.56 6 261 0.79
Engineering
Mechanical 24 501 0.62 6 236 0.62
Engineering
Electrical 20 432 0.71 6 331 0.59
Engineering
Agribusiness 18 701 0.76 6 284 0.66
Agro-Technology 35 837 0.81 6 291 0.76
Aquaculture 11 576 0.61 6 243 0.56
Communication 12 734 0.71 6 291 0.81
Science
Political Science 12 273 0.61 6 201 0.74
Sociology 14 491 0.59 6 211 0.72
Anthropology 10 189 0.66 6 127 0.69
Jurisprudence 51 1101 0.57 6 473 0.49
Medicine 31 291 0.62 6 301 0.81
Management 49 1307 0.63 6 1379 0.79
Economic 12 862 0.67 6 301 0.69
Development
Accounting 24 1273 0.74 6 421 0.83
B. Testing resuts 291 U1 + 6 U2+0.81 U3 - 12 V1 - 734 VV2-0.71 V3<= 0
The following is the complete type of programming with 201 U1 +6U2+40.74U3 -12V1 -273V2-061V3<=0
HF-SDEA. 211 U1 + 6 U2+0.72 U3 - 14 V1 - 491 V2-0.59 VV3<= 0
Maximize: 127 U1 +6 U2+0.69 U3 - 10 V1 - 189 V2-0.66 V3 <= 0
671 UL +7U2+091 U3 473 U1 + 6 U2+0.49 U3 - 51 V1 - 1101 V2-0.57 V3<= 0
Subject to: 301 U1 + 6 U2+0.81 U3 - 31 V1 - 291 V2-0.62 V3<= 0
18V1+567V2+0.77V3=1 1379 UL + 6 U2+0.79 U3 - 49 V1 - 1307 V2-0.63 V3<=0
671 UL +7U2+0.91 U3 - 18 V1 - 567 V2-0.77 V3 <=0 301 UL +6 U2+0.69 U3 - 12 V1 - 862 V/2-0.67 V3 <= 0
535 UL +6U2+0.51 U3 -27V1- 750 V2-0.35V3 <=0 421 U1+ 6 U2+0.83 U3 - 24 V1 - 1273 V2-0.74 V3 <= 0
187 U1 +6 U2+0.59 U3 - 16 V1 - 387 V2-0.61 V3 <=0 U1>=0
311Ul +6 U2+0.69 U3 - 18 V1 - 451 V2-0.69 V3 <=0 U2>=0
261 Ul +6 U2+0.79 U3 - 26 V1 - 351 V2-0.56 V3 <=0 U3>=0
236 Ul + 6 U2+0.62 U3 - 24 V1 - 501 V2-0.62 V3 <=0 V1>=0
331 U1 +6U2+0.59 U3 -20V1-432V2-0.71V3<=0 V2>=0
284 Ul +6 U2+0.66 U3 - 18 V1 - 701 V2-0.76 V3 <=0 V3>=0
291 U1 +6 U2+0.76 U3 -35V1 - 837 V2-0.81V3<=0 END

243 U1 +6 U2+0.56 U3 - 11 V1 -576 V2-0.61V3 <=0
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The efficiency testing results for each DMU based on the
HF-SDEA are shown in Table 3.

Table 3. DECISION MAKING UNIT (DMU)

DMU DEA Efficiency
Information Technology 1
Civil Engineering 1
Architectural Engineering 0.92
Industrial Engineering 0.84
Chemical Engineering 1
Mechanical Engineering 0.85
Electrical Engineering 0.85
Agribusiness 0.77
Agrotechnology 0.68
Aquaculture 1
Communication Science 1
Political Science 1
Sociology 0.99
Anthropology 1
Jurisprudence 0.65
Medical 1
Management 1
Economic Development 0.99
Accounting 0.88
Table 3 shows that the most powerful DMUs were References

Information Technology, Civil Engineering, Chemical
Engineering, Aquaculture, Communication Science,
Political ~ Science,  Anthropology, Medical, and
Management, with a total of 9 (nine) DMUs.

The test results show that the HF-SDEA conducted a good
benchmarking process for stochastic data under conditions
that included elements of uncertainty and hesitancy.
Centered on the HF-SDEA, the results of this study also
include an effective and inefficient DMU. Future research
should consider feasibility, need, and reputation.

4. Conclusions

The results showed that the Hesitant Fuzzy model -
Stochastic Data Envelopment Analysis (HF-SDEA) can be
used to benchmark stochastic data under uncertain
conditions. Future research should be able to assess the
productive rating of each DMU in order to determine the
university's future growth priorities.
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