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Abstract. The article discusses the development of governance indicators for work facility
policies of local government. These indicators will be used as a policy to ensure that work
facilities are durable, cost-effective in procurement and maintenance, are effective in use, and
added value for end of use/life. Many researchers previously developed governance indicators
with the Fuzzy Delphi method, but there were still gaps, namely the differences in the weight
of expertise had not been accommodated in determining the final consensus of the importance
of each indicator. In this article, the indicators are developed by expert, by considering the
weight of their expertise, using a modified Fuzzy Delphi method. The final results of the study
are four dimensions of government work facilities governance with twenty indicators that are
important in improving the operational performance of local governments.

1. Introduction

Determination of expert consensus with traditional Delphi method requires several stages to get a
convergent opinion, which is time-consuming and expensive [1]. Furthermore, the opinions of each
expert on an indicator in the traditional Delphi method are generally expressed in one choice interest
score on a Likert scale for the research using questionnaire [2]. The choice of interests represented in a
score point is not representative, because humans in judging something is not ‘black’ and ‘white’, if in
one point assessed ‘black’ and then shifted slightly ‘white” directly, there is a slow degradation from
black to white [3]. Based on the two reasons mentioned above, namely to reduce the steps and
overcome the lack of a single point assessment, the Delphi method modification is needed. To
overcome those problems, some researchers have used the concept of fuzzy sets, such as [4, 5, 6, 7,
and 8].

Delphi decision model with existing fuzzy approaches has weaknesses, decision aggregation is
determined based on the average value of the opinions of all experts. According to Kamonpatana et al.
[7] and Quyen [8] each expert is considered to have the same level of importance. Meanwhile,
according to Liu et al. [9] expert opinions must be distinguished based on differences in the level of
importance of each expert, due to differences in educational qualifications, work experience, and level
of authority. Need different weights for each expert opinion in determining the aggregate final
assessment of an indicator. The experts who have higher weight have a bigger voice, more to hear. For
this reason, in this article, a modified Fuzzy Delphi method concerning different expert weights was
developed.
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2. Formulation of modified fuzzy Delphi

The selection of work facility govermnance policies, ranging from procurement policies to end-of-
life/use, requires a collective consensus of various stakeholders. In this study, collective decision
choices were formulated using the modified Fuzzy Delphi method through focus group discussion
(FGD). The purpose of using fuzzy concepts is to accommodate the uncertainty of human choice
boundaries regarding the choice of policy importance [3-7]. This can reduce the decision-making
process in the traditional Delphi method which takes a lot of time and money. Consensus in the
traditional Delphi method generally cannot be reached in one stage, since the choice of stakeholders is
expressed in a narrow or crisp choice [1, 2, and 8].

Collective decision by several interested parties to get a consensus on work facility governance
policies in the local government with modified Fuzzy Delphi, starting from the identification of
various dimensions of governance policies to policy indicators through literature review, field studies
and input from stakeholders when FGD is performed.

Furthermore, for the model formulation, the policy dimension is denoted by PI, the i* policy
indicator of j dimension is denoted by Plj, and the A" expert or interested party is denoted by Ej;. The
importance level of each indicator is expressed in five Likert scale [5, 7], namely EI (extremely
important), FI (very important), R/ (relatively important), S/ (somewhat important), and N/ (not
important) with the domain of all levels in /0, /] and the degree of membership z of each point is
expressed in /0, 1], where the degree of membership x# =0 means not being at a level of importance, x
=] means definitely in a level of importance, and a score between () and / means being at an
importance level with membership degrees (0), I). Then the membership function of each level of
importance of policy indicators can be formulated as a triangular fuzzy membership function with a
domain /0), 1], where the midpoint of a triangle function has a membership value of one, then the
membership value is degraded to zero to the left and right as far as 0.25 [3-7].

Membership function of fuzzy set up of the i indicator importance level of j dimension who is
evaluated by & expert with membership value is one at middle point M, i.e. tp(M)=1 can be
formulated as triangular function TRF', with lower limit L, upper limit I/, and middle point M:

a”m‘__,. (x)= TRF([‘J}.‘ ’ ijx ’ Uj'j.() 8]

=TRF(M —025,M ,M +0.25) (2)

={4(_t—M)+L M-025<x<M 3
—4(x—M)+1, M <x<M+025

The triangular membership function of all values of the importance levels of NI, SI, RI, VI, and EI can
be described as follows (Fig. 1):
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Figure 1. Triangular membership function of indicators importance level

Furthermore, if the weight of the k" expert is denoted by WE; where Z* WE, =1, the weight of the

k" expert is determined based on the level of knowledge, skills, and experience, then the fuzzy set of

(5]
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the consensus of all experts in determining the importance level of a policy indicator PI; can be
formulated as union U of all fuzzy set of the expert, ie.:

Her, (x) :U“u,,,__* (x)=TRF(L;,M; U;) Vi, j (4)
Where
Ly=min L, | Vij (5)
U, =max U, | Vi.j (6)
MU:ZxWE,\My& Vi, j (7)

Equations (5) and (6) illustrate the left L; and right U; boundaries of the importance level of all
experts related to the evaluation of the ™ policy indicator on the j* dimension. The left and right
boundaries are the value with the greatest scope, meaning that the left boundary of the assessment of
all experts is taken the smallest (min) and the right boundary taken from the largest expert assessment
(max). These left and right boundaries correspond to Liu [5], Kamonpatana ef al. [7], and Quyen [8].
These limits (5) and (6) aim to reduce the decision-making process that is repeated in the Delphi
method. Meanwhile, equation (7) is the midpoint M;; of the importance level of all experts, namely the
highest importance membership value of /, its value is determined as the weighted average of all the
highest importance assessments of all experts. Where the weight of each expert WEy is taken into
account Liu et al. [9], it means that experts with greater weight have greater votes and vice versa, this
is by the rules of decision making in local government in general. Equation (5, 6, and 7) is a
modification of the existing equation by researchers [4-7]. Specifically, in equation (7) the authors
setting the arithmetic mean with different weights for experts, whereas researchers [4, 6, and 8] used
arithmetic mean, and researchers [5, 7] with geometric mean, all of which assume each expert has the
same weight.

Finally, the conclusion of the importance level of the i" policy indicator in the j policy dimension
by all PI experts can be formulated as a center of gravity CoG as determined by Kamonpatana et al.
[7], which is the defuzzification of equation (4-7),1.e.:

1
Pl j[]_rym._: (x)edx

5T el (8)
,L Hur, (x)dx

PI policy indicators in the j* policy dimension can be used as a consensus by all experts, considered as
important policy indicators in the governance of work facilities if they meet the following threshold
values (TV):

PI,>TV, ¥j 9

Where the threshold value is the first quartile O of all the indicators of importance in each dimension
J™ as mentioned by Quyen [8], i.e.:

TV,= Q) =min |PI, }+0.25range {PI, | (10)

The level of importance of policy indicators PI that meet the threshold value (9) can be classified
into high importance (PI>0.75), medium importance (0.51< Pl £0.75), and low importance (PI<0.51).
Furthermore, the level of consensus of all experts for each indicator can be formulated as a coefficient
of quartile value (CQV):

_0,-0 0.5range, {MJK.J
- 0, +0, - 2min {M Jl+ range, {M

ik

COV,

Wi, (11)
j

ik

According to Quyen [8] consensus can be divided into high consensus if CQV <0.15, medium
consensus, if 0.15<CQV <£0.20 , and low consensus, if COQV>0.20.
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3. Formulation of modified fuzzy Delphi

As a case study, the following is the application of modified fuzzy Delphi in determining the level of
importance and consensus level of work facility governance policy decision in a local government in
Indonesia. Dimension of policy decisions include decisions on procurement, usage, and maintenance
of work facilities, as well as recapturing the value of end of use/life of them [10, 11]. Based on the
dimensions of the governance policy, the following are each policy indicators derived from a review
of some previous literature.

3.1. Procurement policy of work facility

The procurement policy of an organization has a strategic position to maintain the stability of the
operational process. Government procurement division aims to supply facilities which are ready and
reliable to use by the user with low on price and maintenance cost. There are many ways to procure
material or facilities [12, 13, and 14]. Purchase (abbreviated as policy indicator Procl). Meeting the
needs of work facilities using the institution handing the amount of money to the seller to obtain work
facilities by the agreement of both parties. Receipt of a grant (Proc2). Meeting the needs of work
facilities by accepting voluntary gifts from other parties. Grants can be received from the government
(national or regional) and the private sector. Rentals (Proc3). Meeting the needs of work facilities by
temporarily utilizing the property of other parties for the benefit of the institution and then paying it
based on the lease agreement. Borrowing (Proc4). Fulfillment of work facilities by utilizing other
parties' goods for the interests of institutions voluntarily by the loan agreement. Exchange (Proc5).
Fulfillment of work facilities by exchanging goods owned by institutions with goods owned by other
parties, meanwhile exchanged work facilities must be work facilities that are no longer useful for the
institution. Reconditioning/repairing (Proc6). Reconditioning or repairing is a means of meeting the
needs of work facilities that have been damaged. Repairs can be done by replacing damaged parts so
that damaged work facilities can be reused as they should.

3.2. Usage policy of work facility

All facilities must be used properly and properly so that conditions remain excellent and can be used
in the long run. Some of the results of previous studies [11, 15, and 16] suggest various ways of using
work facilities. Installation of facilities according to the manual book and operation of facilities by
work instructions (Usagel). All facilities are placed in the area needed in sufficient quantities, well-
organized, always clean, and ready to use (Usage2). Raw materials or spare parts needed to work or to
operate facilities are available and adequate (Usage3). And, there is visual control or warning system
of irregularities or abnormalities (damage, run out of material, errors) (Usage4).

3.3. Maintenance policy of work facility

Maintenance of work facilities is very important to keep the facilities in top condition, ready to use
and can be used for a long time. There are various ways to maintain the work facilities [17, 18, and
19]. Care facilities are carried out regularly following a predetermined maintenance schedule
regardless of the condition of the facility (MaintI). Facility maintenance is carried out by looking at
the current condition (decline in performance), without waiting for the maintenance schedule or
waiting until the facility is damaged (Maint2). Facility maintenance is carried out with repairs due to
damaged or non-functioning facilities (Maint3). Facility maintenance is carried out by estimating the
conditions or workload in the future (Maint4).

3.4. Recapture value of end of usellife

Handling of work facilities that are end of use/end of life or damaged ones requires a big cost. To
reduce handling costs and/or recapture the remaining value, the institution must be clever. If not, then
the handling costs will increase. Several ways can be done to reduce costs or to recapture value [20,
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21]. Outdated facilities sold or auctioned openly (EndUL1). Facilities that have expired are exchanged
for facilities needed by the institution (EndUL2). Facilities that have expired are moved to places
(within the same institution) that need them more (EndUL3). Facilities that have expired service are
given to other institutions that need them (EndUL4). Facilities that have expired have been reused or
recycled (EndUL5). Facilities that have been used up have been destroyed/burned (EndULG6).

3.5. Model implementation on a case study

This case study was carried out at a local government that has a variety of work facilities, such as
personal computers, laptops, printers, photocopiers, LCDs, etc. Seven respondents are willing to
participate in this study. The seven respondents were called experts because they had very adequate
knowledge and work experience in the procurement, use, maintenance, or management of finished
goods. Data in Table 1 shows the level of knowledge (Know,) and work experience (Expry) of each
expert (E;, k=1, 2,..,7), with a total weight (WEy) calculated from 40% knowledge and 60%
experience.

In Table 2, by using equations (5)-(7) the fuzzy set of the importance level of each policy indicator
is calculated, the lower limit of L, the middle value of M, and the upper limit of U, namely the
boundaries of the combined fuzzy triangular membership function of the judgment of the seven
experts. Furthermore, using equation (8) the centre of gravity of each fuzzy set of importance is
calculated for each policy indicator PI. Equation (9) to calculate threshold value TV for each
dimension policy, as a criterion for determining a P/ in a dimension whether it is important or not
important. Equation (10) was used to calculate the consensus level CQV for each policy indicator P/
from all experts.

Table 1. Expert weight based on knowledge and experience

Expert El E2 E3 E4 E5 E6 E7
Knowy 3 1 3 2 3 3 2
Expry 15 10 20 10 5 18 9
WE\ 0.17 0.11 0.22 0.12 0.07 0.20 0.11

Table 2. Fuzzy membership function I-m-u, level of importance pi, and level of consensus cqv

Policy L M U Pl cov

_ Procl 0.25 0.59 1.00 061 0.20

£ Proc2 0.50 0.89 1.00 0.80 0.14

§ Proc3 0.50 0.92 1.00 081 0.14

3 Proct 0.00 0.47 1.00 0.49 0.14

£ Procs 0.00 0.35 0.75 0.37 0.33
Proc6 0.50 0.88 1.00 0.79 0.14
Usagel 0.25 0.76 1.00 0.67 0.08

B Usage2 0.50 0.89 1.00 0.80 0.14
£ Usage3 0.00 0.58 1.00 0.53 0.11
Usaged 0.50 0.88 1.00 0.79 0.14

. Maintl 0.25 0.69 1.00 0.65 0.09
2 £ Maint2 0.50 0.89 1.00 0.80 0.14
; Z Main3 0.00 0.37 0.75 0.37 033
Maint4 0.50 0.85 1.00 0.78 0.14

»  EndULI 0.25 0.78 1.00 0.68 0.08
% EndUL2 0.25 0.55 1.00 0.60 0.11
£ EndUL3 0.00 0.41 1.00 047 0.14
% EndUL4 0.00 0.52 1.00 051 0.20
E EndULS 0.25 0.83 1.00 0.69 0.14

EndUL6 0.00 0.36 0.75 0.37 0.20
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Figure 2. Importance and consensus level of each policy indicator

Threshold values TV for procurement, usage. maintenance, and end of use/life dimension are 0.52,
0.63,0.58, and 0.48. Based on Table 2 and Figure 2 for procurement dimension, it can be explained
that from six indicators (with 7V,=0.52), four indicators agreed to be very important by all experts,
namely purchase, receive a grant, rental, and recondition/repair. While the remaining indicators are
less important, i.e. loans and exchange work facilities. Meanwhile, 4 policy indicators have a high
level of consensus, namely receipt of grants, leases, loans, and reconditioning/repairs. These indicators
are supported by all experts. While the other two indicators received varied support, namely the
purchasing indicator was in moderate consensus, and the exchange indicator received very low
consensus. The same explanation for indicators in other dimensions.

In general, calculation result of modified fuzzy Delphi are all experts have high consensus for
15/20 indicators or 75% (A, B, and D groups), 15% medium consensus, and only 2/20 or 10% are low
consensus, in deciding the importance level of work facility govemance policy indicators government.

4. Conclusion

Modified fuzzy Delphi was quite successful in capturing the uncertainty of the approval limits of
experts regarding the importance of a policy indicator. This model also succeeded in reducing the
decision-making process to reach a consensus that was repeated several times. In this case, the study
can produce a high consensus level of 90%, only 10% is low, indicating a decision-making process
that does not need to be repeated much. This model still has weaknesses related to the fuzzy
membership function which is limited as triangular, changes in the degradation of the level of
importance are considered symmetrical and linear, which in reality is not the case. Future studies are
expected to capture the degradation of non-linear membership functions by developing non-linear
fuzzy membership functions.
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