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ABSTRACT

The Mamminasata BRT has not operated since 2020 because its operator, Perum Damri's Makassar
branch, has suffered operational losses. This study aims to develop a framework for coordination and
communication between stakeholders for the effective operation of the Mamminasata BRT service.
Primary data were collected through interviews with 60 respondents representing the 20 stakeholders
involved. The Social Network Analysis (SNA) method, combined with the UCINET and Gephi
applications, was used to identify and determine the centrality role of stakeholders. The Analytical
Hierarchy Process (AHP) was used for the selection of alternative frameworks based on various criteria.
The results of the measurement of eigenvector centrality and degree centrality showed that the key player
in the network was the Planning Consultant. Closeness centrality showed that Bappeda Kab. Maros was
the actor closest to the other actors. The measurement of betweenness centrality showed that the nodes
that controlled the network (Facilitators) were Perum Damri Makassar, the Makassar City Transportation
Agency, and the South Sulawesi Provincial Transportation Agency. This study proposes a new
development framework by combining manual and cloud-based digital methods, which increases the
coordination and communication by 17%. This development framework can be used in the revitalization
of the Mamminasata BRT project.
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I.  INTRODUCTION

Mamminasata BRT project involved several parties, such as the

In 2014, the Mamminasata BRT began operating. This
central government project was expected to reduce traffic
congestion and offer a practical transportation option.
However, only 5 of the 11 corridors originally planned were
operational. Since 2020, the Mamminasata BRT service has
ceased operating due to various challenges, including low load
factor. There is still no clear distinction between the main mode
and feeder mode, resulting in a lack of integration. During the
pre-construction, construction, and operational phases, the

Ministry of Transportation, the National Development Planning
Agency (Bappenas), the South Sulawesi Provincial
Transportation Agency, district/city agencies, planners,
supervisors, and the Damri Public Corporation. The lack of
effective  coordination and communication between
stakeholders led to sectoral egoism [1]. Inter-agency
coordination within the government is one of the fundamental
aspects of governance, especially in implementing effective
and sustainable policies. In government organizations,
coordination is considered very important for creating harmony
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and unity of action to achieve predetermined common goals,
especially since each agency has different duties, functions, and
authorities [2]. The study was conducted to determine the
stakeholders involved and their centrality roles. The research
location is the planned 11 Mamminasata BRT corridors located
in the Makassar, Maros, Gowa, and Takalar (Mamminasata)
agglomeration area, as shown in Figure 1.
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Fig. 1. Research location.

Principles of coordination, such as agreement on objectives,
division of roles, loyalty to tasks, and effective information
exchange, are key to success in building inter-agency synergy
[3]. Joint Decrees (SKB), communication forums, and the use
of information technology can also be important tools in
facilitating coordination and strengthening accountability in
policy implementation. In [4], the South Sulawesi
Transportation Agency established communication with Perum
Damri Makassar as the operator on an interpersonal basis or
through communication between the two agencies using
communication media. Interpersonal communication was
carried out daily to monitor the progress of the Mamminasata
BRT. In addition to Damri, the South Sulawesi Transportation
Agency wused a group chat-based application with
approximately 100 members to monitor the Mamminasata BRT
project.

A 2022 study conducted by the American Society of Safety
Professionals (ASSP) suggests that consistently optimizing
digital SOPs leads to a 25% reduction in workplace incidents

within three years. The optimization of SOP, especially with
digital technology, can ensure safer, more accurate, and faster
work processes [5]. Digital skills also enable the integration of
technology into SOPs, such as automated monitoring and
reporting systems, which facilitate data-driven decision-making
[6]. SOPs that integrate digital capabilities are essential for
improving productivity and safety. Digital tools, such as
Application Performance Monitoring (APM) and the Internet
of Things (IoT), can increase the accuracy and speed of
workflows while reducing errors. Real-time monitoring is
made possible by IoT, which also facilitates workflow
modifications and reduces human error [7].

Furthermore, even in large-scale and complex projects in
metropolitan locations, the development of cloud technology
and digital project management tools enables real-time
monitoring, adaptive planning, and fast and coordinated
information delivery [8]. To assist in various phases of
construction projects, from planning to maintenance,
digitization involves the use of technologies, such as Building
Information Modeling (BIM), the IoT, Aurtificial Intelligence
(AI), cloud computing, and drones [9]. The application of
Information Technology (IT) affects project performance and
benefits/is benefitted through knowledge management,
organizational innovation, and organizational capabilities.
Therefore, all three play a mediating role in the relationship
between IT application and project performance [10]. BIM
enables all stakeholders in a construction project to work
collaboratively through a three-dimensional model integrated
with cost and time estimation data, thereby reducing the risk of
design errors and project delays [11]. The implementation of
digital technology has been proven to accelerate the
implementation of underpass projects in Jakarta, with project
duration reduced by 19.4%, while for government building
projects in Bandung, the acceleration reached 23% of the initial
target [12].

The lack of a systematic framework designed to implement
project management is due to the absence of methods,
strategies, plans, or processes that operate predictably. As a
result, stakeholder management becomes irregular [13].
Although many initiatives in the stakeholder management
community have made significant progress in improving
processes, a formal framework for construction projects has not
been fully developed [14]. Enhancing risk management from
the outset of a project can be achieved by developing a
conceptual model that incorporates the best practices in IT
project risk management with PMI guidelines (such as the
PMBOK and PMI risk management standards). This model
functions as a metamodel that can serve as the foundation for
creating risk management models that adhere to the best
practices and standards while also enhancing project alignment
[15]. Incorporating social and environmental issues into the
model, using machine learning algorithms for better land value
prediction, is expected to improve its reliability [16]. The
objective of the research is to develop a framework for
effective  coordination and communication between
stakeholders. Measurement and mapping of interaction flows
are complemented by the analysis of interaction flow patterns,
defined as SNA [17]. The latter can be used in various sectors
and fields and is considered one of the most powerful methods
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for analyzing collaborative relationships and partnerships.
Performing network analysis provides a holistic picture of the
position of partners in the network and information about the
relationships between them [18]. Due to its ability to
understand the complexity and full connectivity of networks
quickly and cost-effectively, SNA can meet these needs.
Mathematically, social networks are very similar to
transportation networks because they share basic characteristics
[19]. SNA can be used to study the patterns of organizational
networks, ideas, and people connected in various ways within
an environment [20].

II. RESEARCH METHODS

A. Procedures

Previous research findings describing the central role of
agencies/stakeholders were used as a basis for developing a
policy in the form of a framework for coordination and
communication in order to improve the effectiveness of the
Mamminasata BRT service. This research was conducted using
several analytical methods, including:

e The pattern of coordination and communication between
agencies/stakeholders was analyzed using SNA with
UNICET and Gephi software.

e Evaluating the implementation of SOP for government
administration and the cloud-based digital project
management system framework.

e AHP to determine the criteria and selection of alternative
coordination and communication management frameworks.

The data was analyzed using a comparative and contextual
analysis approach. Comparative analysis was used to calculate
the differences in time and cost efficiency between the pre-
digital and post-digital phases [21]. The research flowchart is
shown in Figure 2.
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Fig. 2.

Research flowchart.

B. Data Collection

Primary data related to the coordination and communication
between stakeholders were collected through interviews with
more than 60 respondents, representing 20 stakeholders based
on their educational background and job positions in the pre-
construction, construction, and operational stages. Secondary
data were collected from research journals and government
records. The list of stakeholders directly involved in the
Mamminasata BRT project is presented in Table 1.

TABLE L. LIST OF STAKEHOLDERS INVOLVED IN THE
MAMMINASATA BRT PROJECT
Agency/Institution Status Node
Direktorat Angkutan Jalan Kemenhub S1
Direktorat Sarana Transportasi Jalan Kemenhub S2
Balai Pengelola Transportasi Darat Kelas II
Sulowesi Sclatan Wilayah XIX Central S3
Kedeputian Bidang Koordinasi Infrastruktur dan government S4
Transportasi, Kemenko Perekonomian
Direktorat Transportasi, Bappenas S5
Perum DAMRI Makassar S6
Dinas Perhubungan Pemprov Sulawesi Selatan S7
UPTD Mamminasata Pemprov Sulsel S8
Badan Perencanaan Pembangunan Pemprov Sulsel S9
Dinas Perhubungan Kota Makassar Local S10
Bappeda Kota Makassar government S11
Bappeda Kab. Maros S12
Bappeda Kab. Gowa S13
Dinas Perhubungan Kab. Gowa S14
Dinas Perhubungan Kab. Takalar S15
DPD Organda Makassar Company S16
Universitas Hasanuddin University S17
Konsultan Perencana . S18
Konsultan Supervisi lzgcvt?)t: S19
Kontraktor Pelaksana ) S20

C. Data Analysis

Based on interviews, several variables and indicators were
identified as key issues during the pre-construction,
construction, and operational stages of the Mamminasata BRT.
These include:

e Frequency of information provided and received
o Follow up on suggestions and feedback

e Number of stages in the coordination and communication
process

e Duration of stages in the coordination and communication
process

There are three outputs generated from social network
interaction: the frequency of communication flows received,
the frequency of communication flows sent, and the follow-up,
response, or solution that can be generated [22]. To examine
the flow of information between stakeholders on each issue
regarding how stakeholders (individually or as a group) receive
or transmit information related to that issue, a 5-point Likert
scale was used, as presented in Table II.
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TABLE IL LIKERT SCALE
Value Frequency

0 No information

1 Occasionally

2 Once a month

3 Weekly

4 2-3 times a week

5 Every day

Centrality measures are used to determine stakeholders or
nodes that play the most important role in coordination and

TABLE IIL.

communication relationships [19]. Some network properties in
SNA include: nodes, edges, average degree, diameter, and
average path length. Centrality measures are used to determine
the most important actors in a social network, indicating a
person's degree of centrality [23]. There are four centrality
measures: degree centrality, betweenness centrality, closeness
centrality, and eigenvector centrality. The coordination and
communication relationship data using a Likert scale, presented
in Table III, were then converted into categorical data by
grouping them into the dataset.

CORRELATION MATRIX DATA BETWEEN STAKEHOLDERS
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III. RESULTS AND DISCUSSION

A. Study of the Relationship between Coordination and
Communication

Based on Figure 3, the nodes that send and receive the most
coordination and communication flows in the network are S18
(Planning Consultant), S2 (Direktorat Sarana Transportasi
Jalan Kemenhub), and S8 (UPTD Mamminasata Pemprov
Sulsel), S1 (Direktorat Angkutan Jalan Kemenhub), and S6
(Perum DAMRI Makassar). The node with the least frequency
of communication and coordination is S12 (Bappeda Kab.
Maros).

1) Density

Density is a measure that describes how many edges
(connections) exist in a network compared to the maximum
possible number of edges. Density measures the density of a
network or the level of connectivity between the nodes in that
network. Density is computed by:

nn-1)
2

x 100

Density =
where n is the number of nodes

From the measurement results, a density value (matrix
average) of 0.2947 and a standard deviation of 0.4559 were
obtained. The calculated density was smaller than the standard
deviation, and, therefore, categorized as low, indicating that the

network is still sparse (loose), where the communication and
roles between nodes are not evenly distributed.

Fig. 3. Sociogram diagram of coordination and communication between
stakeholders.

2) Eigenvector Centrality

Eigenvector Centrality determines the most connected
(popular) nodes in a network with high eigenvector values in
the network. These are the nodes with high eigenvector
centrality and are connected to other nodes with high
eigenvector centrality. As displayed in Table IV, S18 (Planning
Consultant) has the highest eigenvector value, whereas S12
(Bappeda Kab. Maros) has the lowest.
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TABLEIV. CENTRALITY MEASUREMENT WITH DIGITAL
FRAMEWORK
ID Degree Betweenness Closeness Eigenvector
S18 16 21.757 22 0.319
S7 15 15.583 23 0.305
S8 13 7.329 25 0.291
S3 12 3.539 26 0.287
S6 12 4.866 26 0.276
S20 12 6.887 26 0.271
S2 11 3.798 27 0.254
S1 11 4.625 27 0.244
S14 10 3.94 28 0.236
S9 11 6.398 27 0.233
S10 10 5.288 28 0.216
S19 8 0.322 30 0.213
S5 8 1.865 30 0.184
S17 7 1.776 31 0.164
S15 6 0.56 33 0.142
S4 6 1.183 32 0.135
S16 6 1.661 32 0.132
S12 6 0.998 32 0.13
S11 6 1.064 32 0.125
S13 6 1.561 33 0.114

Fig. 4.

Eigenvector centrality sociogram diagram.

3) Degree Centrality

Degree Centrality analysis is conducted to determine the
level of connectivity of a node with its nearest nodes and
identify the key players in the network that can influence other
nodes.

4) Closeness Centrality

Closeness Centrality measures the distance between nodes
and the speed of information transfer between nodes. The
shorter the path between nodes, the faster information can be
received and transmitted. As illustrated in Table 1V, the node
with the highest closeness centrality score or with the shortest
path is S12 (Bappeda Kab. Maros), and the lowest is S6 (Perum
Damri Makassar).

5) Betweenness Centrality

Betweenness Centrality analysis is conducted to determine
the nodes that connect two or more separate groups of nodes.
Edges with the highest betweenness centrality values have the
potential to become connecting nodes (Facilitators) that
maintain the network's integrity. In Table IV, it is evident that
the nodes in the network that are the controllers (Facilitators) or
have the highest betweenness centrality value are S6 (Perum
Damri Makassar), S10 (Dinas Perhubungan Kota Makassar),
and S7 (Dinas Perhubungan Pemprov Sulsel).

Fig. 5. Degree centrality sociogram diagram.

Fig. 6.

Fig. 7.

Betweenness centrality sociogram diagram.

B. Evaluation of Framework Implementation among
Stakeholders

1) Cloud-Based Digital Framework for Coordination and
Communication among Mamminasata BRT Stakeholders

Based on Figures 8 and 9, the sociogram diagram produced
using the Digital and Development Framework shows a density
value greater than the standard deviation, indicating a dense
network in which the communication and roles between nodes
are evenly distributed. The centrality measurements in Tables
IV and VII show that the highest eigenvector centrality and
degree centrality key player is S18 (Planning Consultant).
Closeness centrality demonstrates that the node with the
shortest path is S12 (Bappeda Kab. Maros). Betweenness
centrality exhibits that the node that acts as a controller
(Facilitator) is S18, which also functions as a node that
maintains the network so that it does not break.
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Based on Table V, the density value continues to increase
along with the standard deviation, indicating that the network is
becoming denser (more concentrated), where communication
and roles between nodes are distributed evenly. Based on Table
VI, the application of alternative frameworks resulted in a
significant increase in the number of edges, using the Digital
framework by 86% and increasing by another 17% using the
development framework.

TABLE VII.  CENTRALITY MEASUREMENT WITH
DEVELOPMENT FRAMEWORK
ID Degree Betweenness Closeness Eigenvector
S18 17 15.299 21 0.299
S7 17 11.448 21 0.309
S8 16 9.343 22 0.297
S10 14 5.325 24 0.272
S3 14 4.879 24 0.274
S9 13 6.427 25 0.233
S20 13 4.161 25 0.255
S6 13 3.298 25 0.259
S1 12 2.459 26 0.24
S2 12 2.12 26 0.245
S14 11 3915 27 0.206
S17 9 2.029 29 0.172
S5 9 1.231 29 0.181
S15 9 0.672 29 0.187
S19 9 0.672 29 0.203
S16 8 1.511 30 0.159
S12 7 1.054 31 0.128
S13 7 1.033 31 0.121
S4 7 0.944 31 0.14
S11 7 0.852 31 0.127

2) Selection of Alternative Frameworks for Coordination and
Communication Networks among Mamminasata BRT
Stakeholders

This framework was developed to achieve more effective
coordination and communication by combining manual and
cloud-based digital framework methods. The framework
development flowchart is presented in Tables IX and X.

Based on the evaluation of the manual framework, the
implementation of the cloud-based digital framework, and the
development of a new framework model for coordination and
communication between stakeholders, four criteria were
produced, namely the number of edges, density value, process
duration, and number of activities in the process. These criteria
were then analyzed using the AHP with the Expert Choice
application, as displayed in Figure 10. Changes in criterion
weights affect the ranking of choices, where a visual
comparison of alternative performance across criteria and
changes in the priority (weight) of a particular criterion affect
the overall priority (ranking) of alternatives, as portrayed in
Figure 11.

Based on Table VIII, the measurement results reveal that
the criterion with the highest value is the number of edges at
0.350 with a consistency value (CR) of 0.04 below 10% (0.1),
which is acceptable. The measurements presented in Table XI
show that the Framework Development alternative has the
highest value of 0.570 with a consistency value (CR) of 0.02,
below 10% (0.1).

TABLE VIII. CRITERIA EVALUATION MATRIX

No Criteria Priority weight
1 Number of edges 0.350
2 Density 0.322
3 Process duration 0.216
4 Number of processes 0.112

TABLE V. DENSITY
Alternative Standard deviation | Density | Description
Framework Manual 0.4559 0.2947 D<SD
Framework Digital 0.5000 0.5053 D>SD
Framework Development 0.4919 0.5895 D>SD
TABLE VL DENSITY COMPARISON

Framework Framework Framework
manual digital development

Number of Edges 386 718 840

Ascension 332 122

% 86% 17%

Inconsistency (CR) = 0.04
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BLE IX.

DIGITAL FRAMEWORK DEVELOPMENT FLOWCHART
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S1.52.83

S2
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(o )

Field
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TABLE X. STAGES OF DIGITAL FRAMEWORK DEVELOPMENT
STAGES BOOK QUALITY
NO PROCEDURE DESCRIPTION
SYSTEM DATABASE | onsite | EQUIPMENT | pyyp | ourpyur
& SUPPLIES
Several stakeholders/nodes log into the
system for coordination and Assignment
commu'mcatlon regardmg the letter, computer 12 Account and
Mamminasata BRT project. No & .
1 - minutes | password
communication
tools
Dinas Perhubungan Sulsel as the
responmb!e party, conducts vgrification Verifica Account & 23 Log in to
2 [for entry into the system. If rejected, log > tion password, ID .
. . Yes minutes the system
in again. card
Stakeholder representatives included in L
the system W'lll be pF0v1ded with data D Cloud Data and 30-60 Update data
3 |updates and information related to the Dasboard . &

R asboar ™ sis2s3 documents minutes N .
progress of the Mamminasata BRT 9% information
project from the database. |
Several stakeholders who have joined the
system are making improvements and Data and Update data

4 |ensuring the completeness of the data and 2-3 hours |&
X . X documents . .
information presented in the system information
dashboard.
Stakeholders manually input data and A4 Data and
L . e Update data
5 then enter it into the project page system Manage Data Project o »| Master documents, 1 day &
i ime i atabs Page - "~ X s of i
in real time into the database. S1,52,83 2 Cloud resul%s of internal information
meetings
The system administrator invites 4
6 sl'akeholder§ to an online me§tlng to Online Data and 1-2 days Minutes _of
discuss project updates and policies. Meeting documents the meeting
Conducting field visits as a follow-up to | \ Field Desktop Minutes of
7 . . >\ i computer, manual | 1 day .
online meetings \ Visit . the visit
i folder, vehicle
Results of the visit: if the policy is Data and
approved, the data and documents are No o Yes documents. Documents
8 |stored in a database (by the respective Decision , 1-2 hours ?
. results of field databases
person in charge/agency). If not, return to Visits
the agency and report to the leadership. o
Stakeholders requested Logout to exit the
9 system. Coordination and L Report 1-2 Coordinatio
communication were completed and will ogout P minutes n report
be carried out again periodically.
Total Processing Time (Maximum) 4 l'iays, 6 hours, 7
minutes
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TABLE X1 ALTERNATIVE SELECTION MATRIX

No Alternative Weight value

1 Framework development 0.570

2 Digital framework 0.333

3 Manual framework 0.097 h

Inconsistency (CR) = 0.02 the

IV. CONCLUSION

The density measurement results are categorized as low
network connections. The highest energy vector centrality and
degree centrality measurements indicate that the key player in
the network is S16 (Planning Consultant). Closeness centrality
indicates that the node with the shortest path, where the
communication time and distance with other nodes are the

Alternative performance sensitivity graph.

fastest, is S12 (Bappeda Kab. Maros). Betweenness centrality
measurements indicate that the nodes that control the network
(Facilitator) are S6 (Perum Damri Makassar), S10 (Dinas
Perhubungan Kota Makassar), and S7 (Dinas Perhubungan
Pemprov Sulsel), which also function as nodes that maintain
network from breaking. The implementation of
coordination and communication procedures using a cloud-
based digital project management framework and a
development framework led to notable improvements.
Measurements of 20 stakeholders showed an 86% increase in
the frequency of relationships (edges) (from 386 to 718), while
the development framework model continued to grow by 17%.
The density value continues to increase, higher than the
standard deviation, which demonstrates that the network is
becoming denser (more concentrated), where the
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communication and roles between nodes are evenly distributed.
The Analytical Hierarchy Process (AHP) analysis results
propose a new development model for the framework that
combines manual and cloud-based digital methods, offering a
short and integrated process, more frequent and effective
interactions, cost and coordination efficiency, and real-time
updates. This new development framework has the potential to
become a technical guideline regulation for the revitalization of
the Mamminasata BRT project.

The current transportation analysis method is considered
expensive, time-consuming, and requires precise data for
reliable results, whereas the Social Network Analysis (SNA)
method is fast, cost-effective, and efficient for analyzing
transportation networks, both in the planning stage as well as
for improving service effectiveness. Future research can be
conducted for projects involving agencies from several
countries.
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