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The Application of Time Series Forecasting Method to Estimate National Salt Demands

Imron Rosyadi NR*, Erwin Prasetyowati?, and Rina Susanti®
123 Department of Industrial Engineering, Faculty of Engineering, Universitas Madura
imron.rosyadi @unira.ac.id

Abstract— Salt is one of the most important
commodities for domestic use and as a raw
material for industry. It is essential to make
an estimate salt requirement to meet them
appropriately. The purpose of the study wasto
estimate salt needs using the time series
forecasting method and to identify the most
effective technique for salt needs forecasting.
Forecasting analysis uses Naive, Moving
Average, Weighted Moving Average,
Exponential Smoothing, Exponential
Smoothing with Trend, and Trend Projection
methods. Forecasting accuracy is tested using
MAD, MSE, and MAPE. Based on the results,
the Trend Projection isthe most effective time
series forecasting technique for predicting salt
requirements. This method was selected due
to its lowest error rate value (MAD of 0.16,
M SE of 0.04, and M APE of 4.28%) compared
to other methods. According to projected
estimates, the amount of salt required in 2024
would be 4.86 million tons.

Keywords. Forecasting, Time Series, Trend
Projection, Exponential
Smoothing, Moving Average,
Weighted M oving Aver age.

l. INTRODUCTION

Sat is a srategic and essential
commodity as a staple for household
consumption and as an industria raw material.
Salt functions as a preservative, flavor enhancer,
as well as to improve the appearance and texture
of food (Noviasari et a., 2023). According to
Akbar et al. (2023), the national salt demand will
reach more than 4 million tons in 2022. Based
on the sat baance from the Coordinating
Ministry for Economic Affairs processed by
BPS, the total nationa salt demand in 2022 will
reach 4.5 million tons. A tota of 3.7 million tons
of sat is used as raw materias and industria
auxiliary materials. Industrial sectors that use salt

include: chlor-alkali plants (cap), various foods,
fish salting, tanning, mining, animal feed, water
treatment, soap and detergent, pharmaceuticals
and cosmetics, as well astextiles and others.

The demand for sat in Indonesia has
increased every year. According to Putri &
Sugiarti (2021), As the population grows and
industrialization advances, so does the demand
for salt more increasing. Data from BPS, the
Ministry of Industry, and PT Garam show that
the national salt demand increased from 2011 to
2021, from 3.2 million tonsin 2011 to 4.6 million
tons in 2021. The demand for sdlt is generaly
risng, yet occasionally decrease from the
previous year. For instance, the demand for salt
fell by 0.9 million tons from 2021 to 4.51 million
tonsin 2022.

The national sat demand must be
predicted so that the government can prepare
production and reserves to meet these needs.
Prediction of sat needs can be done by
forecasting future needs based on data from
previous years. Forecasting is essential to support
decisions such as inventory management,
production planning, procurement, and others
(Pritularga et al., 2023). Meanwhile, according to
Arnold et a. (2012), forecasting is used for
business drategic plans, production plans, and
production master schedules. And according to
Puspita (2023), forecasting is one way to control
production. Forecasting is a method of estimating
the future using data from the past. Forecasting is
both a science and an art of understanding the
prediction of future events (Heizer et al., 2017).
Forecasting is a computational anayss
methodology that employs both qualitative and
guantitative methodologies to predict future
events utilizing future data references to reduce
effect uncertainty. Forecasting can be used for
short-, medium-, and long-term planning.
(Maretania et al., 2021). According to Badi’ah &
Handayani (2020), forecasting is used as atool in
effective and efficient planning, as well as to
determine future resource needs and to make
informed decisions.

TiBuana, Vol. 08, No.1, 2025]| 1
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Hernadewita et al., (2020), forecasted
generic drug sdles using the time series
forecasting method obtains the results of
forecasting generic drug sales for the next period.
Kusuma et d. (2020), sad that the Linear
Exponential  Smoothing approach is a more
accurate way to predict batik sales than the
forecasting method used by batik managers.
Nadhira et al. (2021), compared the demand
forecasting of Softex 1400-M using the Single
Exponential  Smoothing and Single Moving
Average methods. The findings demonstrate that
the Single Moving Average approach is the most
effective one with a MAPE of 12.82%. Demand
forecasting can support to prevent excess or
shortage of product stock. Meanwhile, Samosir et
a. (2022) forecasted to determine the need for
drugs to improve services using the Trend
Projection method. Asyrof-H & Rahmawati
(2023), used the Exponentid Smoothing,
Weighted Moving Average, and Single Moving
Average methods to predict the demand for
delivery services. According to the results, the
Single Exponential Smoothing approach was the
most effective since it produced the most
accurate results with the smallest MAPE was
5.48. Meanwhile, Tamtama & Riantisari (2024)
forecasted the demand for car washes using the
Exponential Smoothing, Single Moving Average,
and Weighted Moving Average methods, with
the smallest MAPE result being the Weighted
Moving Average method where the MAPE value
is 21.41%. Several studies using forecasting
methods show that the difference in forecasting
objects and data influences the difference in the
selection of the most appropriate method.
Therefore, in conducting forecasting, it is
necessary to test several forecasting methods to
get the best results.

Previous research related to forecasting
salt includes forecasting the price, production,
demand, and sales of salt. The research was only
conducted on micro sectors such as companies or
certain regions. As well as Habibi &
Riksakomara (2017), forecasted the price of salt
for consumption a PT. Garam Mas uses
Artificid  Neural  Network  Feedforward-
Backpropagation. Mahrus et a. (2021),
forecasted the quantity of salt produced in
Madura using the Double Moving Average and
Exponential  Smoothing methods. Badi’ah &
Handayani (2020), analysed the forecast of

2 | TiBuana, Vol. 08, No.1, 2025
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demand for iodized consumption salt products in
UD Garam Samudra using Linear Regression,
Exponential  Smoothing, Moving Averages,
Weighted Moving Averages, and Naive Method.
Sari et a. (2022), used the Least Squares
approach to forecast salt sales in CV. Satindo
Megajaya. This study used time series
forecasting methods (Naive Approach, Moving
Averages, Weighted Moving  Averages,
Exponential Smoothing, Exponential Smoothing
with Trend Adjustment and Trend Projections) to
forecast the National salt demands. The purpose
of this study is to find the most effective time
series forecasting method for projecting future
national salt demands.

. RESEARCH METHOD

Forecasting is the beginning of a plan.
Before planning, forecasting must be done to
know what will happen over the next few periods
(Arnold et a., 2012). According to Kusmindari et
a (2019), forecasting is a process to predict
several future needs. Forecasting uses historical
data to project it into the future with
mathematical models. Forecasting is carried out
with two approaches, namely (1) quantitative
forecasting uses a variety of mathematical
models derived from associative variables or
historical data, and (2) qualitative forecasting
incorporates elements like value systems,
emotions, personal experiences, and intuition in
decision-making (Heizer et a., 2017).

This study employs a quantitative
forecasting methodology based on time series.
The time series forecasting method makes
estimates based on past data. When there is little
variation in the fundamental demand pattern from
year to year, this approach is very suitable
(Chopra & Meindl, 2016). According to, Luciano
& Yuliarty (2020), the time series method is
concerned with the value of a variable that is
arranged periodically throughout the time in
which demand forecasting is projected, for
example weekly, monthly, quarterly and yearly.
Time series quantitative forecasting method
according to Heizer et al. (2017) includes:
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1. Naive Approach

The nave approach is the most
straightforward  forecasting method that
assumes that demand will be the same in the
future as it is now (Heizer et al., 2017). This
approach is the most objective and cost-
efficient forecasting method Hernadewita et a
(2020).

Demand in the following period =
Demand in the  current period

D

. Moving Average (MA)

Moving averages is forecasting method that
predict the upcoming period by averaging the
values of previous data from multiple recent
periods. If it is expected that market demand
is constant over time, this strategy can be
helpful. The following is the mathematica
expresson for a simple moving average
(Hernadewita et al., 2020; Heizer et al., 2017):

Edi np np
m

MA =
)

Where n is the moving average's number of
periods.

. Weighted Moving Average (WMA)
Weighted moving average is a forecasting

method used when a trend or pattern is
identified; weighting allows the most recent
number to be given greater weight. By giving
greater weight to more recent periods, this
strategy improves the forecasting technique's
responsiveness to changes. A moving average
with weighting can be mathematicaly
represented as follows (Hernadewita et d.,
2020; Heizer et d., 2017):

WMA =
E (W fi p m) 1 i p

E)

. Exponential Smoothing
Exponential smoothing is a method that uses

exponential  functions to weight data to
forecast moving averages with different
weightings. This approach is very simple to

. Exponential  Smoothing  with

p-ISSN 2622-2027
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use and requires very little historical data. The
following is the basic exponential refinement
formula (Hernadewita et a., 2020; Heizer et
a., 2017; Chopra& Meindl, 2016):

=ty tal@, —FHy) D

(4]

b= a(A_)+ A —-a)l;_, ©)
Where:

Ft =new forecasting

Ft, = previous forecasting

A = congant for smoothing (0O<a < 1)
At = the previous period’s actual demand

Trend
Adjustment
Exponential smoothing forecasting method

that incorporates trend adjustment is called
exponential smoothing with trend adjustment.
Thistechnique is applied when thereis a trend
in the forecasted data. The formula for
exponential smoothing with trend correction
is as follows: (Hernadewita et a., 2020;
Heizer et d., 2017):

Forecasting by trend (FITt) =
Exponential smoothing forecasting (Ft)
+ Exponential smoothing trend (Tt)

The two smoothing constants needed for the
exponential  smoothing method with trend
correction are o for the average and {3 for the
trend. The following formula is used to
determine averages and trends for each
period:

Fr= a(Ar)+ A - a)(F-y +13-0)

Thy= g0 — Fo)+ A -l

Where:
Ft = forecasting using serialized data that
has been

TiBuana, Vol. 08, No.1, 2025 | 3
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exponentially smoothed out in the
period t
Tt =trend with a smoothed exponentia
over

period t
At = previous period's actual demand
Ft, = previous forecasting
A = congant for smoothing (0O<a<1)
B = smoothing constant for trend (0 < B <
1)

6. Trend Projection
Trend projection is a forecasting method that

projects trend lines into the future for
medium- or long-term forecasting after
modifying the lines on a collection of
historical data. This approach examines trends
as a linear, or dtraight, line. The following
eguation can be used to express the trend line
in the trend projection approach (Puspita,
2023; Samosir et a., 2022; Hernadewita et al.,
2020; Heizer et d., 2017):

y=a+h 9)
Regression line slope (b):

P @0
Y axis cut-off point (a):

a=y—h (11)
Where:

y = the calculated value of the variable that
needs
to be forecasted (bound variable)
= axisintersecting y
= regression line slope
= independent variable
= bound variable
= average value x
= average y-value
= quantity of data or observations

W m DR

= =
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Measure of Forecasting Results’ Accuracy

The measure of the forecasting accuracy
is a measure of forecasting error, or the degree of
discrepancy between the forecasted and actua
demand (Kusmindari et al., 2019). The measures
of forecasting results” accuracy of the used in this
study include (Samosir et a., 2022; Hernadewita
et a., 2020; Heizer et d., 2017):

1. MAD (Mean Absolute Deviation)
The value is determined by summing the
forecast error's (deviation) absolute values and
dividing the outcome by the number of data
periods (n), namely:

M _ YA —Fu |

M

2. MSE (Mean Square Error)
MSE is the mean squared difference among

the actual and predicted values. The following
isthe formula:

Mo=ZA TR ) (13)

L]

(12)

3. MAPE (Mean Absolute Percent Error)
MAPE is the mean absolute difference anong

the actual and predicted values, represented as
a percentage of the actual valuesfor n periods.
MAPE'sformulais:

M

Tl

_ 100 Z |Actual; — Forecast;|
- Actual;

. (14)
i=1

I1I. RESULT AND DISCUSSION

The national sat demand from 2011-
2023 has increased, where the demand for salt in
2011 was 3.2 million tons and in 2023 as much
as 4.7 million tons. In general, the demand for
salt is increasing, but sometimes there is a
decrease from the previous year. Figure 1
illustrates the decline from 3.9 million tons in
2014 to 3.4 million tons in 2015, 4.2 million tons
in 2018, 4 million tons in 2019, 4.6 million tons
in 2021, and 4.5 million tons in 2022. Salt needs
are always changing (not the same every year) so
that good estimates are needed so that salt needs
can be met properly.
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DEMAND OF SALT
b
4.5
4,1
44
4.2
|
ER.
L6
3.4
2
3
JONT 01T 20M3 204 20X JUL6 O RIT 2E 019 2030 Z021 I I3
Figure 1: National Salt Demand Data 2011-2023
Source: PT. Garam, BPS, and the Ministry of Industry (2024)
Table 1. Results of Salt Demand Forecasting Calculation
Forecast
Period Demand Nave MA MA MA WMA WMA WMA ES ES ES EST TP
(N=2) (N=3) (N=4) (N=2) (N=3) (N=4) (a=0,2) (a=0,5) (0=0,8)
2011 32 32
2012 32 3,20 3,20 3,20 320 320 331
2013 36 320 320 32 3,20 3,20 320 320 344
2014 39 360 340 333 3,44 34 3,28 3,40 352 350 357
2015 34 390 375 357 348 378 367 36 3,40 3,65 382 383 370
2016 34 340 365 363 353 36 359 357 3,40 3,53 348 355 382
2017 4,2 340 340 357 358 34 35 3,52 3,40 3,46 342 344 39
2018 4 420 380 367 373 388 38 3,77 3,56 3,83 404 401 4,08
2019 4,2 400 410 387 375 408 394 388 3,65 3,92 401 405 421
2020 45 420 410 413 395 412 414 406 3,76 4,06 416 419 4,34
2021 46 450 435 423 423 438 431 4728 3,91 4,28 443 446 447
2022 45 460 455 443 433 456 449 443 4,05 4,44 457 461 4,60
2023 4,7 450 455 453 445 454 453 45 4,14 4,47 451 457 473
2024 470 460 460 458 462 462 460 4,25 4,58 466 469 4,86

SALT DEMAND FORECAST

D S S o S

™

=

W e

2011 2012 3 014 015 2006 2017 008 1019 2020 1021 2022 2023 2024

Y erand == Ny =N (Nd) == WA (N=4)=8=ES (o0=0 8)=8=EST r

Figure 2: Comparison of Forecast Result with Salt Demand Data
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Table 2. Forecast Accuracy Measurement Results

Method Forecast MAD MSE MAPE
Naive 4,70 0,26 0,11 6,47%
Moving Average (N=2) 4,60 0,31 0,14 7,88%
Moving Average (N=3) 4,60 0,32 0,13 7,88%
Moving Average (N=4) 4,58 0,32 0,14 7,55%
Weighted Moving Average (N=2) 4,62 0,30 0,13 7,53%
Weighted Moving Average (N=3) 4,62 0,30 0,12 7,24%
Weighted Moving Average (N=4) 4,60 0,29 0,11 7,00%
Exponential Smoothing (0=0,2) 4,25 0,40 0,25 9,52%
Exponential Smoothing (0=0,5) 4,58 0,27 0,12 6,66%
Exponential Smoothing (0=0,8) 4,66 0,24 0,10 5,90%
Exponential Smoothing with Trend 4,69 0,25 0,11 6,27%
Trend Projection 4,86 0,16 0,04 4,28%

The results of the salt requirements cal cul ation
utilizing the time series forecasting approach, which
includes the Naive, Moving Average, Weighted Moving
Average, Exponential Smoothing,  Exponential
Smoothing with Trend, and Trend Projection methods
are shown in Table 1. The results of the calculation
show that in the Trend Projection method, there is an
increase in salt demand in 2024 by 4.86 million tons,
compared to the need in 2023 of 4.7 million tons. In
the Naive method, the forecast results in 2024 are the
same as the salt demand in 2023, because of this
approach, the demand for the anticipated value for the
upcoming period is the same as that for the prior
period. Meanwhile, the forecast results of other
methods will decrease in 2024. The forecast results on
the Moving Average (MA) method with n =2 and 3 of
4.6 million tons and n = 4 of 4.58 million tons.
Meanwhile, in the Weighted Moving Average (WMA)
method with n = 2 (weights 0.4 and 0.6) and n = 3
(weights 0.2, 0.3, and 0.5) as much as 4.62 million
tons and n = 4 (weights 0.1, 0.2, 0.3, and 0.4) as much
as 4.6 million tons, where n is the moving average's
number of periods. Exponential Smoothing (ES) with
o = 0.2 is 4.25 million tons, a = 0.5 is 4.58 million
tons, and o = 4 is 4.66 million tons. Meanwhile, in
Exponential Smoothing with Trend (EST) with, a =
0.5 and = 0.5 as much as 4.69 million tons.

Measure of Forecasting Results’ Accuracy

A measure forecasting results’ accuracy is
necessary to measure forecasting errors or the degree
of discrepancy among predicted and actual demand.
Table 2 displays the results of the forecasting error
calculation for each time series approach utilized in the
study. A comparison of the forecast results of the six
methods with the actual salt requirement value can be
seen in Figure 2. The demand for salt increases every

6 | TiBuana, Vol. 08, No.1, 2025

year even though sometimes there is a decrease, but in
genera there is an increase in salt demand so that it is
very consistent with forecasting methods that have a
trend. Based on the analysis of the six methods, the
most suitable method to forecast salt demand is the
Trend Projection method because the forecast value
every year increases, in contrast to other methods that
decrease at the end of the period. According to
outcomes of the forecasting error computation, this
approach also possesses the lowest error value when
compared to other approaches.

V. CONCLUSIONS

Based on the study's findings, time series
forecasting approach generates a forecast value of 4.86
million tons for salt demand in 2024. Salt demand
increased by 0.16 million tons from salt demand in
2023. From the six time series forecasting techniques
utilized in this study, namely Naive Approach, Moving
Average, Weighted Moving Average, Exponentia
Smoothing, Exponential Smoothing with Trend, and
Trend Projection. The most effective forecasting
technique salt demands is the Trend Projection
method. This approach has the lowest error rate value
among the others, with a MAD of 0.16, MSE of 0.04
and MAPE of 4.28%.
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Abstract— Occupational safety and health
(OSH) is critical for companies to minimize
workplace accidents and health risks.
However, many employees in the welding
sector often neglect these aspects, leading to
potential hazards. This study examines the
implementation of OSH practices in the
welding department of an iron manufacturing
company in Surabaya using the Job Safety
Analysis (JSA) method. Data were collected
from 35 respondents through interviews,
observations, and documentation of past
incidents. The results highlight common
hazards, including ultraviolet exposure
damaging eyes and skin, welding fumes
causing respiratory issues, €eectric shocks
leading to injuries or fatalities, and physical
impacts from sharp or heavy materials. To
mitigate these risks, compliance with standard
operating procedures (SOPs) and the use of
complete personal protective equipment (PPE)
are essential. This research emphasizes the
importance of OSH awareness and adherence
to safety protocols to enhance workplace
safety and productivity.

Keywords: Iron Manufacturing, Occupational
Safety and Health, Job Safety
Analysis.

. INTRODUCTION

The welding industry is a critical sector in
manufacturing and construction, contributing
significantly to economic development[1]-[3].
However, it is dso one of the most hazardous
fields, where workers face various occupational
risks, including exposure to ultraviolet (UV)
radiation, inhalation of toxic fumes, €ectric
shocks, and physical injuries[4], [5]. Despite the
availability of safety guidelines and protective
measures, the implementation of occupational
safety and health (OSH) standards remains

inconsistent  across industries[6]-[9]. This
inconsistency results in workplace accidents,
reduced productivity, and long-term health
complications for workers.

One of the most pressing issues is the lack of
awareness and understanding among workers and
employers regarding the importance of OSH
practiceq§], [10]-[14]. Many  welding
departments fail to provide adequate training on
safety protocols or enforce the consistent use of
personal protective equipment (PPE)[15], [16].
For instance, UV radiation emitted during
welding can cause severe damage to the eyes and
skin, yet workers often neglect to wear
appropriate face shields or protective clothing.
Similarly, welding fumes, which contain
hazardous substances such as manganese and
hexavalent chromium, pose serious respiratory
risks. Without proper ventilation systems and
respiratory protection, workers are exposed to
long-term health hazards, including chronic lung
diseases and cancer[17]-[23].

Another critical chalenge is the inadequate
monitoring and evaluation of workplace safety
practices. In many cases, accidents occur due to
preventable factors, such as poorly maintained
equipment, improper handling of materials, and
insufficient risk assessments. For example,
electric shocks resulting from faulty welding
machines or exposed cables can lead to severe
injuries or fatalities. Physical injuries, such as
burns, cuts, and bruises, are also common, often
caused by sharp materials or hot surfaces in the
welding environment[24]. These incidents
highlight the need for systematic hazard
identification and risk management.

To address these challenges, the study focuses
on implementing the Job Safety Analysis (JSA)
method in the welding department of an iron
manufacturing company in Surabaya. JSA is a
structured approach that involves identifying
potential hazards in each step of a work process,
evaluating the associated risks, and developing
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effective control measureq[25]-[29]. By breaking
down tasks into smaller steps, JSA helps identify
specific hazards that might otherwise be
overlooked. This method not only enhances
workplace safety but also improves operational
efficiency and worker morale [30]-[33].

The research involves collecting data through
interviews, observations, and documentation of
past incidents. The findings reveal that UV
radiation and welding fumes are the most
significant hazards, followed by risks such as
electric shocks, burns, and physical injuries. To
mitigate these risks, the study recommends
several measures, including enforcing the use of
complete PPE, providing regular safety training,
and installing advanced ventilation systems. For
instance, face shields and gloves made of heat-
resistant materials can protect workers from UV
exposure and burns, while respirators can reduce
the inhalation of toxic fumes. Additionally,
implementing safety patrols and routine
inspections can ensure compliance with safety
protocols.

The study also emphasizes the importance of
fostering a safety-oriented culture within the
organization. Employers must prioritize worker
safety by alocating sufficient resources for
training programs and safety equipment.
Workers, on the other hand, need to adopt a
proactive approach by adhering to safety
guidelines and reporting potential hazards.
Collaboration  between  management and
employees is essential for creating a safe and
productive work environment.

In conclusion, the welding industry faces
significant occupational safety challenges that
require immediate attention. The implementation
of the JSA method in the welding department of
an iron manufacturing company demonstrates the
effectiveness of structured risk management in
reducing workplace hazards. By addressing
critical issues such as UV radiation, toxic fumes,
and physical injuries, the study provides valuable
insights for improving safety standards in the
industry[34], [35]. With consistent enforcement
of OSH practices and a commitment to
continuous improvement, organizations can
protect their workers, enhance productivity, and
achieve long-term sustainability.

Il. METHOD

This study adopts the Job Safety Anaysis
(JSA) method, a systematic approach used to
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identify, assess, and control potential hazards in

the workplace. The methodology involves

breaking down specific tasks into detailed steps,

identifying associated risks, and proposing

mitigation strategies to enhance workplace

safety[ 36]-[40].

a) DataCallection

The research was conducted in the welding

department of an iron manufacturing company in

Surabaya. Data collection involved three main

methods:

- Observation

Direct observations were conducted to analyze

the working environment and processes. Senior

employees were asked to perform welding tasks

to identify any variations in practices that could

introduce new risks.

- Interviews and Discussions

Structured interviews and discussions were held

with 35 employees, including technicians and

supervisors, to gather insights into workplace

practices and potential hazards.

- Documentation of Past Incidents

Historica data on workplace accidents were

reviewed to identify patterns and understand the

severity and frequency of hazards. Examples

include incidents of burns from welding sparks,

respiratory issues from fumes, and injuries due to

materia handling.

b) DataAnalysis

The collected data were analyzed using a

quantitative approach. Risks were categorized

based on their likelihood and severity, ranging

from low to extreme risk levelg[36], [41]-[46].

The analysis was conducted in the following

steps:

- Bvaluating existing safety controls.

- Breaking down job tasks into sequentia
steps.

- ldentifying potential hazards associated with
each step.

- Proposing risk mitigation measures for each
identified hazard.

¢) Implementation of Controls

Risk controls were prioritized based on their

significance. For example, hazards related to UV

radiation exposure were addressed by mandating

the use of complete personal protective

equipment (PPE), such as welding helmets and

gloves. Other measures included installing

ventilation systems to mitigate the impact of

welding fumes and organizing safety training

sessions to enhance awareness among workers.
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This methodology ensured a comprehensive
understanding of the risks in the welding
department and provided actionable
recommendations to improve occupationa safety
and health (OSH) practices.

1. ANALYSIS
This study employed the Job Safety Analysis

(JSA) method to evaluate occupational hazardsin
the welding department of an iron manufacturing
company in Surabaya The anaysis was
conducted in three main stages. identifying
potential hazards, categorizing the severity and
frequency of these hazards, and proposing
control measures to mitigate risks.

a) ldentification of Hazards

Observations and interviews highlighted
several critical hazards encountered during
welding activities. Key risks included:

- Ultraviolet (UV) Radiation: Direct exposure
to UV rays during welding causes significant
harm to workers’ eyes and skin. This hazard
is particularly severe for employees without
adequate protective equipment such as
welding helmets.

- Toxic Fumes: Welding generates fumes that

contain hazardous substances, including
manganese and chromium, leading to
respiratory  issues.  Poor  ventilation

exacerbates thisrisk.

- Electric Shock: Faulty or exposed wiring in
welding machines increases the likelihood of
electric shocks, which can cause severe
injuries or even fatalities.

- Physical Injuries: Burns from welding sparks
and cuts from handling sharp materials were
frequently reported.

b) Risk Categorization

Each hazard was assessed based on its
likelihood and severity to prioritize control
measures. The categorization is as follows:

- Extreme Risk: Hazards such as prolonged
UV exposure and toxic fume inhalation, pose
serious long-term health risks.

- High Risk: Electric shocks and burns, which
can lead to immediate and severe injuries.

- Moderate Risk: Physical injuries such as cuts
and bruises, which are less severe but still
disrupt workflow and productivity.

- Low Risk: Minor risks like equipment
mishandling, which cause light injuries and
are easier to control.

p-ISSN 2622-2027
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¢) Proposed Controls
Based on the analysis, the study proposed
several measures to improve safety:

- Personal Protective Equipment (PPE): The
use of complete welding PPE, including UV -
resistant helmets, gloves, and aprons, was
emphasi zed to minimize physical injuries.

- Ventilation Systems: Installing advanced
ventilation systems to extract welding fumes
and prevent inhalation of hazardous gases.

- FElectrical Safety: Regular maintenance and
inspection of welding equipment to prevent
electric shocks.

- Training Programs:. Conduct safety training
and awareness sessions to educate workers
about potential hazards and safe practices.

- Sdafety Patrols and Monitoring: Establishing
safety patrol teams to ensure compliance with
protocols and identify new risksin real-time.

d) Outcomes and Implications

The findings of this study revealed that
structured risk assessment through the JSA
method significantly improves workplace safety
by identifying and addressing critical hazards.

The proposed measures not only mitigate risks

but aso enhance workers confidence and

productivity by ensuring a safer working
environment. Organizations that adopt these
strategies can expect a reduction in workplace
accidents, improved compliance with safety
regulations, and increased operational efficiency.

This analysis demonstrates that effective
hazard management is a continuous process
requiring the collaboration of al stakeholders,
including management, supervisors, and
employees. Through the consistent application of

JSA, the welding department can set a

benchmark for safety practices in the industry.

V. DISCUSSION

The findings of this study underscore the
critica importance of implementing
comprehensive occupational safety and health
(OSH) practices in the welding department. The
use of the Job Safety Analysis (JSA) method has
proven effective in identifying and addressing
workplace hazards, providing a structured
framework for risk management.

The analysis reveded that ultraviolet (UV)
radiation and welding fumes are the most
significant risks, posing severe health threats to
workers. Prolonged exposure to UV radiation
without adequate protection can result in

TiBuana, Vol. 08, No.1, 2025 | 11
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permanent damage to the eyes and skin, while
inhalation of toxic fumes contributes to chronic
respiratory issues. These findings emphasize the
need for complete persona protective equipment
(PPE) and effective ventilation systems as
primary mitigation measures.

Electric shocks and burns were categorized as
high-risk hazards, often stemming from faulty
equipment or improper handling. These risks
highlight the necessity of regular equipment
maintenance and worker training. The study
demonstrated that consistent use of PPE, such as
insulated gloves and fireresistant clothing,
significantly reduces the likelihood of such
incidents.

Moreover, the study observed that a lack of
awareness and compliance among workers
remains a persistent challenge. Safety training
and regular safety patrols were identified as
effective dtrategies to address this issue.
Educating employees about the potential hazards

V. CONCLUSION

This study highlights the critical role of
implementing comprehensive occupational safety
and health (OSH) measures in the welding
department of an iron manufacturing company.
The application of the Job Safety Analysis (JSA)
method has proven to be an effective framework
for identifying, categorizing, and mitigating
workplace hazards. Key risks, such as ultraviolet
(UV) radiation exposure, toxic fume inhalation,
electric shocks, and physical injuries, were
identified and addressed through structured
analysis.

The findings demonstrate that proper use of
personal protective equipment (PPE), effective
ventilation  systems, regular  equipment
maintenance, and safety training significantly
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Abstract— In the implementation of
construction projects, the incompatibility
between the plan and the actual schedule
that causes additional time and cost is often
occurring. The Pipeline Project started in
July 2022 and is scheduled for completion in
November 2022. However, in actuality, the
project finished in July 2023. Based on this
case, an acceleration method needs to be
implemented so that the project can be
completed quickly and efficiently. One of
the methods applied is Critical Chain
Project Management (CCPM). Scheduling
is carried out using the actual duration of
the project that is applied with CCPM. The
actual duration of the project is 318 days.
Furthermore, by using the CCPM, the
duration has become 216 days. So, by using
the CCPM, the project is completed 32.08%
faster than the actual duration of the
project. Based on the results of the analysis,
applying the CCPM method can make an
optimal duration of the project.

Keywords, Critical Chain Project
Management, Duration,
Scheduling

. INTRODUCTION

In a project, the incompatibility between
the plan and the actud schedule causes
additional time and cost are often occurring
(Ramadhan, A. R., 2021). Panning and
scheduling in the execution of a project is an
important part of determining the overal
success of the project (Subakir, & Sugiyanto,
2022). As a project in general, some obstacles
result in delays in the completion of this
project. The lateness that occurred was caused
by several factors such as the lateness of the
material incoming, the bridge project by
another contractor, some trees that affected the

pipeline, the weather, and the lack of
manpower and tools.

A common problem in the current
construction segment is that there are frequent
changes in the implementation phase that cause
the completion of the
construction process to retreat from the initial
schedule (Kim, S. H, 2012). As a result, the
project is not running smoothly, resulting in an
additional cost that exceeds the planned,
causing the project process to be delayed even
to the point of crashing. Good project control
is an important thing to do to avoid additional
work and costs incurred by the project
(Suherman, 2016).

The pipeline project started in July 2022
and is scheduled for completion in November
2022. However, in actudity, the project
finished in July 2023 with a total duration is
318 days. Based on this case, this research will
be carried out to control the pipeline project
using Critical Chain Project Management
(CCPM).

Critical Chain is a project planning and
processing model that focuses on the need for
resources to implement a project because the
Critical Chain differs in position from the
Criticl Path and PERT methods that
emphasize working orders and strict planning
settings (Arvianto et a., 2015). The use of
CCPM methods in project execution
scheduling can optimize the schedules that
have already been created due to the possibility
of multitasking, Parkinson’s law, student’s
syndrome, and then safety time being removed
subsequently into the form of a buffer
(Wardana, R. A., 2020).

In this method, the safety time that is
normally placed on each activity will be
removed and replaced with the buffer time
placed at the end of the critical chain as a
backup time on the entire project. |If
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uncertainty occurs during the project
execution, it can be anticipated with the
existence of buffer time to avoid delays
(Nasution, 2014).

II. RESEARCH METHODOLOGY

The phase in this research began by
making the Work Breakdown Structure of the
project. After that, scheduling the actua
duration to get the actua
Schedule. Then, scheduling the project using
the CCPM method to get the duration and the
critical path of the project.

2.1 Work Breakdown Structure

The first step is to make a WBS. Work
Breakdown Structure (WBS) is a grouping of
work elements shown in graphic form to
organize and divide the overall scope of a
project (Rev, 2003). The functions of the WBS
are to group the work and work details of a
project to facilitate the process of making a
schedule (Efendi, 2020). The WBS is a basic
document in project management because it
provides a basis for planning and setting
project schedules, costs, and changes
(Schwalbe, K., 2004).

2.2 Critical Chain Project Management

(CCPM)

Critical Chain Project Management
(CCPM) is a project planning and control
method developed from a methodology called
the Theory of Constraints (TOC) that is
applied to projects to improve future project
performance (Goldratt, E. M., 1997). In a
variety of projects, Criticad Chain Project
Management is defined as the longest chain of
interrelated events, where the interrelationship
lies in the work or resources that interrelate
(Sugiyanto, 2021).

A construction project needs to be
scheduled in advance to dlocate time, costs,
and resources according to the company's
budget (Larasati, D. A., & Sutopo, W., 2020).
In each work, several obstacles result in low
project planning performance. One of the main
causes is the amount of safety time added to
the project scheduling (Azis et a., 2017). This
is due to consideration in preventing the risk of
delayed completion in the time estimates of
each work. The problem of changing the safety
time because of too much, then with the
CCPM method updated by replacing it with a

16 | TiBuana, Vol. 08, No.1, 2025

p-1SSN 2622-2027
e-ISSN 2622-2035

buffer time that functions to avoid the
uncertainty that will arise and cause a delay in
the completion of the project (Azis et 4.,
2017). The CCPM method is aso used to
avoid human behavioral problems such as
student’s  syndrome,  Parkinson’s  law,
multitasking, and overestimated activity
durations (Santosa, 2009).

The CCPM is also suggested by the
"Project Management Body of Knowledge"
(PMBOK) as a breakthrough in arevolutionary
way of thinking that can be used to determine
how to accelerate project completion, improve
scheduling capabilities, and reduce the budget
that already set (Ramanda & Arvianto, 2015).

2.3 Decreasing the Work Duration

The first step in applying the CCPM
method is to reduce the duration of each work
by 50% of the actua duration or use cut and
paste method (C&PM). This reduction aims to
eliminate the safety time so that problems such
as student’s syndrome, Parkinson’s law,
multitasking, and over-estimated activity
durations can be eliminated (Santosa, B.,
2009).
2.4 Adding the Buffer Time

Buffer time management is the basis for
managing activities in the critica chain of
project scheduling. Buffer time management
can provide insights into considerations about
resource constraints and focus on the causes of
uncertainty in project management. Scheduling
without consideration of resource limitations
should be done in a project because the time to
start each activity is influenced by the
availability of resources (Soeharto, 1999).

Reducing the duration of activity on this
method leads to an increasing risk of delay.
Therefore, it requires a buffer or retention time
to be applied so that the activity is not late. In
Critical Chain Project Management (CCPM)
methods, the addition of buffer time is useful
for protecting the critical chain in project
scheduling (Siswanto, A. B., & Salim, M. A.,
2015).

To obtain accurate buffer calculation, use
the root square error method (RSEM). This
method is the same as calculating two standard
deviations by inserting durations of CPM (S)
and CCPM (A) that are greater than 50% of the
safe estimate. The buffer size is obtained by
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solving the equation (1) (Newbold, R. C.,
1998).

]

(1)

Description:
2 = Buffer Timesize
& =CPM Duration

A =CCPM Duration

2.5 Calculating the Feeding Buffer

The feeding buffer is useful to keep
activity performance from project scheduling
uncertainty that can change to activities in the
non-critical path and does not affect the
interrelated critical path. Furthermore, the
feeding buffer also serves as a backup time that
will protect and maintain the performance of
critical path activity from changes due to
scheduled uncertainties and if there is a delay
in the nonspecific path activity. Feeding
buffers are placed at the intersection between
non-critical and critical chains (Malau, 2019).
2.6 Calculating the Project Buffer

After calculating the feeding buffer, the
next phase is to calculate the project buffer.
This buffer is added at the end of the project to
protect the end time of its completion. Project
buffers are placed in the end phase of a project
after work on the last critical chain (Malau, A.
Z.,2019).

1. RESULT AND DISCUSSION

3.1 Define

The pipeline project started in July 2022
and is scheduled for completion in November
2022. However, in actudity, the project
finished in July 2023 with a total duration is
318 days. Based on this case, this research will
be carried out to control the pipeine project
using Critical Chain Project Management
(CCPM).

3.2 Work Breakdown Structure

WBS on this Pipeline Project is divided
into nine scopes including Preparation Work,
Soil Work, Thrust Block Work, Box Service
Connection Work, Road Crossing Protection
Work, Support Work, Piping Work, Horizonta
Directiona Drilling Work, and Commissioning
which can be seenin Figure 1.
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Figure 1. Work Breakdown Structure

3.3 Scheduling the Actual Duration

The actual duration schedule starts from
July 2022 to July 2023, it’s for about +12
months or 318 days. All works must be
scheduled according to the sequence of works.
The current duration scheduling using
Microsoft Project can be seenin Figure 2.

Figure 2. Actua Dufétion Scheduling

3.4 CCPM Scheduling

In CCPM scheduling, several stages need
to be analysed including reducing the duration
of the activity, calculating the feeding buffer
and project buffer, and making network
planning.

3.5 Decrease the Work Duration

The duration reduction is done on each
work by 50% of the actua duration or using
the cut and paste method (C&PM) that can be
seenin Table 1.
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Table 1 Data of Decreasing the Work Duration

Duration Duration

PGy (CPM) (CCPM)

Preparation Work

Mob, Demob, Materia Delivery,
Workers' Compensation, and 66 33
Project Management

Soil Work
Soil Excavation and Backfilling 246 123
Sand Filling 240 120
Soil Compaction 180 90

Road Crossing Protection Work
Road Crossing (length: 54,42
m)

Concrete CTB + Cement

6% Work © 6
Concrete K-350 Work 12 6
Road Crossing (length: 8 m)
Concrete CTB + Cement 6 3
6% Work
Concrete K-350 Work 6 3
Road Crossing (length: 18 m)
Demolish Existing Paving 6 3
Concrete K-350 Work 6 3
Demolish Concrete CTB 6 3
Concrete CTB + Cement
6% Work % 1’
Existing Paving + Sand 5 6 3
cm Installation
Kansteen Slipform/Precast 6 3
Work
Road Crossing (length: 110 m)
Concrete CTB + Cement
6% Work % 12
Concrete K-350 Work 6 3
Thrust Block Work
Formwork 36 18
Reinforcing Work 30 15
Concrete K-350 Work 66 33
Permit and Social Cost
Permit and Social Cost 60 30
Road Stake Work
Road Stake Work 6 3
Horizontal Directional Drilling
Work
HDD HDPE Pipe PN 12,5,
@600 Work 2 36
Support Work
Thick Pate 12 mm + Welding 6 3
Work
U-Clamp Dia. 30 + Bolt per 5m 12 6
Installation
Box Service Connection Work
Box Service Connection 1 6
1500x17000x2650 Installation
Cover Iron Cast 2000x1500 6 3
Installation
Piping Work
Fitting and Accessories
Installation 8 a2
Gate Vave @24" Installation 162 81
Flexible Joint @24" Ingtallation 162 81
HDPE Pipe PN 12,5, SDR 13,6,
PE 100, 2600 Ingtallation 26 128
Black Steel Pipe @600 IDE SCH
20 + Cement Lining AWWA 246 123
C205 Ingtellation
Commissioning
Hydrostatic Test 6 3

The critical path of CCPM activities on
the Pipeline Project is A-B-AF, A-E-F-G-H-I-
JK-L-M-N-O-P-Q-R-S-AF with a total
duration of 159 days.

3.6 The Calculation of the Feeding Buffer

Buffers are added to project time whose
duration of activity is shortened to generate a
safer schedule. To obtain accurate buffer
calculation, use the root square error method
(RSEM) which can be seen in the following
example of buffer time calculation. Thisis the
example of buffer time calculation on Sand
Filling work:

18 | TiBuana, Vol. 08, No.1, 2025

p-1SSN 2622-2027
e-ISSN 2622-2035

o= 2 ”:-Sl—Ah" [-SZ—AZV'_'_ +lf5n—Am-'
7= y 2 i 2 i 2 ]
I240—120»-‘
20=2x |[ .
.“ r)
20 =2 X 60
2 = 120 hari

Based on the calculation above, the total
buffer time on the Sand Filling work is 120
days.

The following table 2, table 3, and table 4
are the results of the feeding buffer
calculations.

Table 2 Feeding Buffer on Non-Critical Path C

Duration Duration

L 2
Kode Activity (CPM) (CCPM) (SA)2)
Soil Work
[} Sand Filling 240 120 3600
Total 3600
Feeding Buffer (hair) 120

Table 3 Feeding Buffer on Non-Critical Path D

Duration Duration

Kode Activity (cPM) (ccPm) (SA)2)?
Sail Work
D Soil Compaction 180 90 2025
Total 2025
Buffer Time (hair) 90

Table 4 Feeding Buffer on Non-Critical Path T-U-V-W-

X-Y-Z
Kode Activity '3(‘(‘:’;'&‘;" ?g&m”)‘ (SAY2?
Permit and Social Cost
Permit and Social
T Cogt 60 30 225
Road Stake Work
U Road Stake Work 6 3 2,25
Horizontal Directional
Drilling Work
HDD HDPE Pipe PN
\ 12.5, @600 Work 72 36 324
Support Work
Thick Plate 12 mm +
w Welding Work 6 3 225
U-Clamp Dia 30 +
X Bolt per 5m 12 6 9
Installation
Box Service Connection
Work
Box Service
Connection
Y 1500X17000x2650 2 6 o
Ingtallation
Cover Iron Cast
z 2000x1500 6 3 2,25
Ingtallation
Total 573,75
Buffer Time (hair) 47,91

3.7 The Calculation of Project Buffer

After calculating the feeding buffer, the
next phase is to calculate the project buffer
which can be seenin Table 5.
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Table 5 Project Buffer on Critical Path A-E-F-G-
H-1-J-K-L-M-N-O-P-Q-R-S-AF

o Duration Duration 2
Kode Activity (CPM) (CCPM) (SA)2)
Preparation Work
Mob, Demob, Material
Délivery, Workers
A Compensation, and Project 66 33 21225
Management
Road Crossing Protection Work
Road Crossing (length: 54,42
m)
Concrete CTB + Cement
E 6% Work 12 3 9
F Concrete K-350 Work 12 3 9
Road Crossing (length: 8 m)
Concrete CTB + Cement
G 6% Work 6 15 2,25
H Concrete K-350 Work 6 15 2,25
Road Crossing (length: 18 m)
Demolish Existing
I Paving 6 15 2,25
J Concrete K-350 Work 6 15 2,25
K Demolish Concrete CTB 6 15 2,25
Concrete CTB + Cement
L 6% Work 30 75 56,25
Existing Paving + Sand
M 5 cm Installation 6 15 225
Kansteen
N Slipform/Precast Work 6 15 225
Road Crossing (length: 110
m)
Concrete CTB + Cement
o 6% Work 24 6 36
P Concrete K-350 Work 6 15 2,25
Thrust Block Work
Q Formwork 36 18 81
R Reinforcing Work 30 15 56,25
S Concrete K-350 Work 66 33 272,25
Commissioning
AF Hydrostatic Test 6 3 2,25
Total 812,25
Buffer Time (hari) 57

From the calculations as shown in Table
5, the project buffer is 57 days which can be
included in the schedule of the CCPM method
(159 days) so that the total duration of the
scheduling with the CCPM method is 216
days. The schedule of CCPM duration with the
addition of buffer time can be seen in Figure 3.

Figure 3. CCPM + Buffer Scheduling

From the advanced calculations, the
reverse caculations, and the total float, the
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network diagram of CCPM is obtained with
the addition of buffer time asin Figure 4.

] 5! p——————
L e——
PR — T — i — — i f— —
e e
g
-
—

Figure 4. Network Diagram of CCPM + Buffer
Time

Based on the results of the duration

discussed earlier, it has been proven that
scheduling using the Critical Chain Project
Management (CCPM) method produces a
shorter duration than the actual duration of the
project. The following Table 6 represents a
comparison of actual duration results with the
duration of CCPM scheduling on the Pipeline
Project.

Table 6 The Comparison between the Actua

Duration and CCPM Result

M ethods Dur ation (day)
Actual Duration 318
CCPM 216

The caculation results from the actual

duration are 318 days. Furthermore, using the
CCPM, the duration is 216 days. So, by using
the CCPM, the project is completed 32.08%
faster than the actual duration.

V. CONCLUSION
Based on the results of the analysis that

has been carried out and discussed, the
following conclusions are obtained:

1

Work Breakdown Structure on the Project
Pipeline Installation from Sembayat
Reservoir to Ground Water Tank JIIPE is
divided into 9 scopes, at each scope has
its respective stages of work. These nine
scopes are Preparation Work, Soil Work,
Road Crossing Protection Work, Thrust
Block Work, Horizontal Directiona
Drilling Work, Support Work, Box
Service Connection Work, Piping Work,
and Commissioning.

The comparison of duration between the
actual duration and the duration of CCPM
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[1]
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(3]

[4]

[5]

[6]

[7]

is that the actua duration of the project is
318 days. While the CCPM method
obtains a duration that is 216 days. So,
with the CCPM method, the project is
completed 32.08% faster than the actual
duration. Based on the results of the
analysis, applying the CCPM method can
make an optimal duration of the project.

V. REFERENCES
Arvianto, Ramanda N., & Ryan.
(2015). “Penerapan Critical Chain
Project M anagement Untuk
Keterbatasan Resources Di Pt
Berkat Manunggal” 4 (2): 1-7.
Azis, S, Hargono, E., & Supriadi, D.
(2017). Evaluas Penjadwalan
Pembangunan Hanggar PT. Gudang
Garam, Tbhk Menggunakan Metode
Critical Chain Project Management
(Studi Kasus Pembangunan
Hanggar PT. Gudang Garam, Tbk
Di Waru, Sidoarjo, Jawa Timur).
Jurnal Info Manajemen Proyek Vol.
82 (pp. 30-42). Madang: Institut
Teknologi Nasional.
Efendi, M. R., Arumsari, N., Rizal, M.
C. (2020). Optimasi Penjadwalan
Proyek North Acid Gas Flare RDMP
RU-V Badikpapan Medalui Lintasan
Kritis PDM dan Percepatan Crash
Duration. Proceedings Confer ence on
Piping Engineering and Its
Application 5(1), 276-281. Surabaya.
Goldratt, E. M. (1997). Critical Chain.
Great Barrington, Massachusetts:
North River Press
Larasati, Dian Aprilia, & Sutopo,
Wahyudi. (2020). “Analisis
Efektivitas Jadwal Proyek
Implementasi  Software  Dengan
Critical Path Method: Studi Kasus
”.Jurnal INTECH Teknik Industri
Universitas Serang Raya 6 (1), 55-64.
Lee, S, Kim, B. and Kim, H. (2012)
An Integrated View of Knowledge
Management for Performance.
Journal of Knowledge Management,
16, 183-203.
Malau, A. Z. (2019). Aplikasi Metode
Critical Chain Project Management
dalam Pemansangan Dinding

20 | TiBuana, Vol. 08, No.1, 2025

p-1SSN 2622-2027
e-ISSN 2622-2035

V. ACKNOWLEDGMENT

The author would like to thank all those

who have contributed and helped make this
paper. Hopefully, this research can provide
benefits and positives for many people.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Proyek Area Mall Podomoro City
Deli Medan. Medan: Fakultas
Matematika dan Ilmu Pengetahuan
Alam, Universitas Sumatera Utara.
Nasution, S. R. (2014). Penerapan
Metode Critical Chain Project
Management untuk Perencanaan
Proyek Very Low Pressure Phase-11
KElI Ltd. Universitas Pancasla
Jakarta: Jurnal Teknologi
Technoscientia.

Newbold, R. C. (1998). Project
Management in the Fast Lane
Applying the Theory of Constraints.
St. Lucie Press. Florida, Amerika
Serikat.

Ramadhan, A. R. (2021). Optimas
Penjadwalan Proyek Jaringan Gas
Rumah Tangga Menggunakan Metode
Project Crashing dan Least Cost
Schedulings. Proceedings 6th
Conference on Piping Engineering
and I ts Application. Surabaya.
Ramanda, R., & Arvianto, A. (2015).
Penerapan Critical Chain Project
Management untuk  Mengatas
Masalah Multi Proyek dengan
Keterbatasan Resources di PT
Berkat Manunggal Jaya. Semarang:
Universitas Diponegoro.

Rev, E. (2003). Work Breakdown
Structure. America: U.S. Department
of Energy.

Santosa, B. (2009). Manajemen
Proyek: Konsep dan Implementasi
(First Edition). Yogyakartar Graha
IImu.

Schwalbe, K. (2004). Information
Technology Project Management
(Fourth Edition). Course Technology,
Inc. Boston.

Siswanto, A. B., & Sdim, M. A.
(2015). Manajemen Proyek.



Tibuana
Journal of applied Industrial Engineering-University of PGRI Adi Buana

[16]

[17]

[18]

[19]

Soeharto, I. (1999). Manajemen
Proyek (Dari Konseptual Sampai
Operasional) Jilid 1 Edis Kedua.
Jakarta: Erlangga.

Subakir, A. H., & Sugiyanto. (2022).
Andisis Duration Cost Trade Off
Untuk Menggar  Keterlambatan
Pelaksanaan Proyek (Studi Kasus:
Peningkatan Jalan Simoregjo - Baureno
Kabupaten Bojonegoro Jawa Timur).
Rang Teknik Journal, 5(1), 8-23.
Sugiyanto. (2021). Manajemen
Proyek Rantai Kritis. Surabaya: Cipta
Media Nusantara.

Suherman, & Aulia, A. (2016).
Pengendalian Waktu Proyek dengan

[20]

p-1SSN 2622-2027
e-ISSN 2622-2035

Menggunakan Metode Critical
Chain Proj ect M anagement
(CCPM) (Studi Kasus:
Pembangunan Jalan SMK IT
Payakumbuh). Jurnal Teknik Industri
Vol. 2 No. 2, (pp. 103-111).
Pekanbaru.

Wardana, R. A. (2020). Studi Analisa
Biaya dan Waktu pada Perencanaan
Pembangunan Gudang Umum
RSUD  Sidoarjo  menggunakan
Metode Critical Chain Project
Management. Surabaya: Universitas
17Aqgutus 1945.

TiBuana, Vol. 08, No.1, 2025 | 21



Tibuana

Journal of applied Industrial Engineering-University of PGRI Adi Buana

p-1SSN 2622-2027
e-1SSN 2622-2035

Clustering Capital and Businessthrough the Implementation of Corporate Strategy in
the Amanah Belimbing Wuluh SME Group

Yitno Utomo', Yunia Dwie Nurcahyanie’, M. Nushron Ali Mukhtar?,
Manik Ayu Titisari®, Jelita Citrawati Jihan®

1234 | ndustrial Engineering Department, Faculty of Engineering - Universitas PGRI Adi Buana Surabaya

% International Ph.D Program in Environmental Science and Technology, Center for Space and Remote Sensing Research,
National Central University

E-mail: yitno@unipasby.ac.id®, yuniadwie@unipasby.ac.id?, nushron@unipasby.ac.id®,
manikayu@unipasby.ac.id* jelitajihan@g.ncu.edu.tw®

Abstract - Small and Medium Enterprises
(SMEs) became a trend when the
Indonesian  economy  experienced a
downturn. SMEs of Amanah Belimbing
Wouluh is a micro sector that is only able to
produce products and is able to sdll its
production to cover the needs of the
economic cycle. The aim of this research is
to measure the feasbility of capital using
the Net Present Value (NPV) concept.
Measuring capital feasbility with the
Average Rate of Return (ARR) concept.
Looking for clustering of company
strategies in business development through
capital budgeting. The research sample was
30 SMEs. Data analysis using K-Means
Cluster. The research results based on the
feasibility of SME capital usng the Net
Present Value (NPV) concept produce a
positive value (NPV) of IDR. 344,869,146 so
it can be said to be feasible. The feasibility
of SME capital with the Average Rate of
Return (ARR) concept is 44.12% annually
above a discount factor of 16% so it can be
said to be feasible for the turnover of SMEs
business capital Amanah Belimbing Wuluh
Dukuh Menanggal. Cluster analysis divides
two groups of company strategies. Cluster 1
contains investment strategies that have the
attributes; final investment, total investment
and average investment. Cluster 2 contains

In redlity, the strategies implemented
by SMEs are more relevant in the face of
prolonged Covid-19, the business world is on
the verge of collapse. A report from the
Organization for Economic Co-operation and
Development (OECD), that the pandemic is
indeed devastating the economy in the red

22| TiBuana, Vol. 08, No.1, 2025

a capital turnover strategy that has the
Average Rate of Return attribute.

Keywords: SMEs Clustering, NPV, ARR,
Company Strategy

I.  INTRODUCTION

Small and Medium Enterprises
(SMES) became a trend when the Indonesian
economy was experiencing a downturn. The
micro sector that can only produce products
and be able to sell their production to cover the
needs of economic turnover. The business
strategy applied by SMEs is very different, a
simple concept, simple equipment with capital
in the middle category, resulting in alower risk
of bankruptcy experienced by SMEs [1].
Regarding business drategy, SMEs are
sometimes dtill at a less qualified level. The
lack of innovation aso has an impact on the
weakness in facing competition. There is a
need for knowledge that encourages SMEs to
be more aggressive in facing future challenges,
of course, more in-depth about financial
reporting, financing strategies and even
financial engineering. Back to macro and
micro economic rules, SMEs must always be
able to professionally recognize good financial
management, especialy aso the lack of
knowledge in making financial statements,
SAK ETAP is sometimes not also applied to
micro businesses. [2]
sector, but this impact is aso reflected in the
decline or dluggishness of market demand. The
cessation of bargaining circulation in the
market results in a decrease in the production
sector, a decrease in people's purchasing
power, and a decrease in supply [3]. More
broadly, the effect on the SME sector is that
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product distribution is hampered on the way,
because big cities have also not fully recovered
to accept non-consumptive products, products
in the form of handicrafts, kraft and clothing
products have somewhat stopped to rotate.
People in the covid-19 pandemic era are till
concentrating on food recovery and treatment,
this is what encourages SMESs to experience
very significant development problems [4].

Amanah Belimbing Wuluh Small and
Medium Enterprises located in Dukuh
Menanggal Village, has around 30 SME
members in 2024. SMEs can be defined as
businesses that have limited capital with a
limited number of employees under 50 people,
capitd turnover is aso limited, SMEs are
independent businesses that are certainly not
part of a large business or company. The
capital of Small and Medium Enterprisesis not
more than 300 million in a year, so the
orientation of SMEs is the fulfillment of a
small scale economy [5].Micro Enterprises
will turn into medium-sized businesses if in the
course of their business they reach a turnover
of 500 million to 10 hillion, of course, when
experiencing changes in financial structure,
SMEs must always get guidance from the local
Dinas[6].

The importance of handling SMEs for
the academic community is pat of
environmental awareness. The assistance
provided by Industrial Engineering lecturers
has been reatively long. The assistance has
been carried out in the form of making product
catalogs for SMEs in Dukuh Menanggal since
2018, the business evaluation can achieve a Pl
of 4.072in 2019 [7]. Thisis the background of
this research so that it continues to be a
sustainable activity. Then the concept of
clustering capital and business to find out the
mapping. Choosing how to cluster with cluster
analysis techniques is an effort to find
information on the capital owned by SMEs, of
course, it will be grouped from heterogeneous
or inequality in the ability to return capital
(Capital  Budgeting) into equal or
homogeneous groups, of course, after
becoming new clusters will be identified
capital capabilities and types of businesses
owned by SMEs[8].

Problems arising in SMEs Amanah
Belimbing Wuluh, determination of capital,
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and it is very necessary to make clustering,
even clustering SMEs become a source of data
to see the development, professionalismis aso
required here [9]. Of course not limited to its
financial performance, but aso the
performance of the ability to return on capital,
many companies, medium industries and even
cooperatives use the analysis of return on
capital in the form of NPV [10]. The urgency
of the research is focused on efforts to
organize the capital and type of business.
Previous research only covered marketing
issues, the foca point was not broad in efforts
to develop its corporate strategy [1]. This
research will have an impact on sorting or
clustering groups of small and medium
enterprises (SMEs), efforts to separate from
the ability to return capital Net Present Value
(NPV) and efforts to cluster the profit Average
Rate or Return (ARR). According to [11], the
average return on capital associated with the
cash flow of SME investment during the
investment period will provide information
that the SME is in a stable condition, in
relation to the discount factor that is
determined. The discount provides information
to potential investors, that the lowest limit of
return turnover by SMEs, after financia
engineering, will be obtained that SMEs have a
percentage return above the discount factor.

Many research interests have not been
achieved, the role of SMEs isindeed classified
as much in the marketing sector, especialy in
SMEs engaged in food processing [12]. The
selection of clustering involving capital
budgeting analysis methods, of course,
illustrates that a number of businesses owned
by Kelurahan Dukuh Menanggal, through the
Amanah SME group, are able to make
infographics, that the clustering of SME capital
is divided into certain parts, with the
assumption that in the first cluster with large
capital, the next cluster will definitely be lower
invalue.

The objectives to be achieved from
this research include; (1) Capital feasibility
with the concept of Net Present Value (NPV).
(2) Capital feasibility with the concept of
Average Rate of Return (ARR). (3) Clustering
corporate strategies in business devel opment
through capital budgeting. The results of this
research greatly contribute to the progress of
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Small and Medium Enterprises in Dukuh
Menanggal, Surabaya City.

[I. MATERIALSAND METHODS

This research is quantitative, research
that will conduct Cluster Analysis. Clustering
analysis to group SMEs with capita and
business rules. Capital clustering is more
directed at Net Present Value (NPV), Average
Rate of Return (ARR). The variable indicators
of the NPV measurement are used as a
corporate strategy to be developed, the
clustering of these indicators will provide an
overview of cluster 1 or cluster 2 that must be
prioritized.

a. Capital Budgeting Variables

Net Present Value or often abbreviated
as NPV is the difference between the present
value of the incoming cash flow and the value
of the outgoing cash flow at a certain period of
time [10]. A positive NPV value (NPV> 0) is
an illustration that the results of the analysis
show a positive value, it can be described that
the acquisition of profit can certainly exist, and
vice versaif the NPV valueis negative (NPV <
0) indicates the ability of SMEs to create
profits is very difficult, even the process of
returning capital is very unlikely, this is
calculated after considering the Time Vaue of
Money.

Average Rate of Return (ARR) is an
assumption about the company's ability to
return the average investment. Of course, this
relates to the vaue of the company's
profitability recorded in the financia
statements each year. ARR is aways
associated with discounting or also cdled a
discount factor, meaning that the ARR should
not be lower than the promised discount value,
of course it will change the stigma of investors
if the value is below that. The simple ruleisto
divide the average profit by the investment
time or number of years. ARR must be very
easy to understand, especially investors will
aways ask what percentage of ARR the
company records[13].

The variable indicators set as the focal
point of this study, based on research [14] that
the indicators can include: Initial investment
(X1), Profit (X2), Fina Investment (X3), Total
Investment (X4), Average investment (X5),
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Cashflow (X6) and Average rate of Return

(X7).

b. Research Sample and Data Collection
Technique

The sample was selected based on
certain objectives, namely, SMEs that have
received capital from related agencies. So that
the sample of this study amounted to 30 SMEs.
The sampling technique, used Purposive
Sampling, with certain criteria or objectives, so
that the sample is very representative to be the
object of research. Certain criteria are based on
SME members who from 2019 to 2023 are
activein financial reporting.

Data collection techniques using
documentation, which is taking the financial
statement data members of SMEs Amanah
Belimbing Wuluh Dukuh Menanggal for 5
years, starting from 2019 to 2023.

c. Data Analysis Technique

Cluster analysis is a grouping
analysis, of course this analysisis chosen so
that there is a unification of several
components that are considered the same or
homogeneous into different groups, so that
the grubs or clusters can be identified [11].
K-Means Cluster Analysis is a Non-
Hierarchical Cluster analysis with SPSS, so
the next step is to interpret the results. Let's
learn together the tutorial on interpretation
of non-hierarchical cluster analysis with
SPSS. The main results that will be read
from the analysis output are; Iteration
History, Final Cluster Centers, Anova.

1. RESULTSAND DISCUSSIONS

Results
The results of this study will be sorted

from the beginning of the data that will be the
source of processing. Data such as assets
owned by al members of the SME group,
liabilities and profits, to the stages of analyzing
the research data.
a. Research Data

This research data contains data relating
to the source of SME wealth, cooperative
operating expenses and cooperative profits
obtained from financial statement data during
2019-2023. Associated with the calculation of
Net Present Value (NPV), associated with
cooperative financial statements, then divided
into two parts cash inflow and cash outflow.
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Based on the financia statements recorded in
the balance sheet of Amanah Belimbing
Wuluh SMEs Dukuh Menanggal in 2019-
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2023, in relation to current assets and the
number of borrowers can be tabulated as
follows;

Table 1. SME Assetsfor the 2019-2023 Period

Number

of Current Liabilites Final

Members  Current Asset (Rp.) Receivables
Y ear Period SMES (Rp.) (Rp.)
2019 (1" Year) 21 89.925.600 20.706.900 78.684.850
2020 (2™ Y ear) 18 91.629.700 22.561.950 104.740.000
2021 (3" Year) 18 100.265.800 55.824.750 104.740.000
2022 (4™ Y ear) 24 176.402.700 93.275.300 167.310.000
2023 (5" Y ear) 30 292.055.500 145.998.650 246.325.000
Tota 111 750.279.300 338.367.550 701.799.850

Source: SME Financia Report for Financial Year 2023

Based on these data for five years in the
sampling research data, that the total members
of productive SMEs based on financial
reporting in the association group as many as
111 borrowers and the total current assets of
the cooperative as an NPV analysis material as
a Future Value group, the total current assets
for 5 years amounted to Rp. 750,279,300.
Based on the above data also for five yearsin
the research data that became sampling, that
the total current liabilities as much as Rp.
338,367,550 and the total final receivables of
SMEs as NPV analysis material as group CO
(Initial Investment) which became the burden
of Amanah Belimbing Wuluh SMEs for 5
years amounted to Rp. 701,799,850.

b. Data Analysis

Analysis of this research data contains
analysis related to this research question. In
relation to the answer to the research that leads
to the analysis of the feasibility of granting
credit in determining loans in SMES Amanah
Belimbing Wuluh Dukuh Menanggal, the form
of analysisthere are 3 parts asfollows:

1) Analysisof Net Present Value (NPV)

Net Present Vaue is measuring the
financing spent so far as an investment with
cash inflows from income per period,
associated with cash inflows now. Mem-
present value-kan (assess the present cash
flow) is done by discounting the net cash
inflow to be received with a discount rate
(discount factor) for SMEs Amanah Belimbing
Wuluh Dukuh Menanggal set at 16%.

a) Analyzing Initial Financing (Co)

Initial financing in the NPV analysis processis
the costs charged to the company each year
plus the prediction of the fina cost of the
specified time. This initial investment is the
burden of SMEs receivables on the
cooperative, which will be used as a source of
funding for lending to customers / members.
Analysis of initia financing in SMEs Amanah
Belimbing Wuluh Dukuh Menanggal, can be
obtained from the fina accounts receivable
datafor five years, asfollows:

Table 2. Set Initial Financing (Co)

Years Periode Analyst Final Receivable
2019 (1" Year) Rp. 78.684.850
2020 (2™ Year) Rp. 104.740.000
2021 (3" Year) Rp. 104.740.000
2022 (4" Y ear) Rp. 167.310.000
2023 (5" Year) Rp. 246.325.000

Initial Financing/Initial Investment (Co)
Y ear-end Economic Financing (Ct)

Rp. 701.799.850
Rp. 246.325.000

Source: Data processed
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Based on the processed data that the
initial investment (Co) which will be used for
NPV analysis, from UKM Amanah Belimbing
Wuluh Dukuh Menanggal obtained a value of
Rp. 701,799,850 while the economic value or
economic financing a the end of the
observation year or the fifth year is Rp.
246,325,000.

b) Analyzing Net Cashflow (C)

Net Cashflow or net cash flow is the

difference between the total money in (cash
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inflow) and money out (cash outflow) from the
business in a certain period. Net Cashflow (C)
for companies in the SME class can be taken
from al incoming income minus financing /
expenses. Then aso deduct the tax burden that
must be borne by the cooperative. The tax
burden is set a 10%. The results of the
calculation of Net Cashflow (C) each year can
be shown as follows:

Table 3. Net Cashflow (C) UKM

Description Cash Inflow Cash Outflow Saldo
Current Assets Rp.
750.279.300 Rp. 750.279.300
Current Liabilities Rp. 338.367.550
Profit Per Y ear Rp. 96.528.900 Rp. 434.896.450
Operating Profit/Gross Rp. 315.382.850
Tax Set at 10%

Profit After Tax

Rp. 31.538.285
Rp. 283.844.565

Source: Data processed

Based on the analysis above, the Net
Cashflow value is profit after tax, so the Net
Cashflow (C) value is Rp. 283,844,565.
¢) Calculating Net Present Value (NPV)

Based on the previous data processing
that with a discount factor of 16%. The results
of the analysis of the initia investment
calculation (Co) obtained a vaue of Rp.
701,799,850 while the Net Cashflow (C) value
throughout the year for 5 years is Rp.
283,844,565, then the economic value or

economic financing at the end of the fifth year
is Rp. 246,325,000, so the NPV formula can
aready be used to calculate the value of
creditworthiness.

Before dl initial investment financing,
net income and year-end economic value are
included in the NPV formula, it is necessary to
analyze the value of income every year by
considering the discount factor, the results can
be described in the table bel ow:

Table 4. Setting the Discount Factor Vaue Every Y ear

Years

Periode Analyst

Net Cashflow/C

2019¢/(1+0,16)*
2020 /(1 + 0,16)*
2021 ¢ /(1 + 0,16)"
2022 /(1 +0,16)*
2023 /(1 + 0,16)°

Tota Nila C 1-5 tahun

Rp. 283.844.565/1,16
Rp. 283.844.565/1,35
Rp. 283.844.565/1,56
Rp. 283.844.565/1,81
Rp. 283.844.565/2,10

Rp. 244.693.591
Rp. 210.942.750
Rp. 181.847.199
Rp. 156.764.826
Rp. 135.142.092
Rp. 929.390.458

Source: Data processed

Retrieved

Co =Rp. 701.799.850
Ct =Rp. 283.844.565
C =Rp. 246.325.000
r =0,16 (16%)
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Based on the NPV Anaysisformula, the
calculation results are:
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NPV = - Rp. 701.799.850 + Rp. 929.390.458 +
Rp.117.278.539
NPV = - Rp. 701.799.850 + Rp. 1.046.668.996
NPV = Rp. 344.869.146
The caculation results show that the

value of Net Present Value (NPV) is positive,
namely Rp. 344,869,146 so that it can be said
to be feasible for investment in business capital
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SMEs Amanah Belimbing Wuluh Dukuh
Menanggal.

The decision of the Net Present Vaue
(NPV) andysis to provide the feasibility of
determining the business capita owned by
SMEs Amanah Belimbing Wuluh Dukuh
Menanggal can be said to be accepted because
the positive NPV value is above O or the NPV
value> 0 (Positive) then the feasibility analysis
is accepted.

1) Average Rateof Return (ARR)

Average Rate of Return (AAR) is the
average amount of cash flow received in one
year during the investment period. The way to
calculate AAR is to combine all the estimated
cash flows from the investment and divide
them by the estimated total investment year. In
this cooperative ARR considers the discount
factor of 16%.

Table5. Establish aFina Investment Value Each Y ear

Initial Invest
(Co) Profit Finas Invest
No. Y ear @ (b) (c=ab)
1 2019 (0) 701.799.850
2 2019 (1" Y ear) 701.799.850 37.662.800  664.137.050
3 2020 (2™ Y ear) 664.137.050 11.859.800  652.277.250
4 2021 (3" Y ear) 652.277.250 10.358.800  641.918.450
5 2022 (4" Y ear) 641.918.450 21.167.600  620.750.850
6 2023 (5" Y ear) 620.750.850 36.186.800  584.564.050
Tota Invest Average Cashflow ARR
No. (d=atc) Invest (Cl) (ANP)
1
2 1.365.936.900 682.968.450 283.844.565 41,56 %
3 1.316.414.300 658.207.150 283.844.565 43,12 %
4 1.294.195.700 647.097.850 283.844.565 43,86 %
5 1.262.669.300 631.334.650 283.844.565 44,96 %
6 1.205.314.900 602.657.450 283.844.565 47,10 %
>ARR 220,61 %
Average ARR 44,12 %

Source: Data processed

Based on the table above, calculating the

ARR for each year can be formulated as

follows:
A
.Iq = E—I 100%
# .283.844.565
A (2019) = x100%

K .682.968.450

A (2019) = 0,4156x 100%
A (2019) = 41,56%

So that the Average Rate of Return
(ARR) value in 2019 is 41.56%. ARR in 2020
amounted to 43.12% then ARR in 2021
amounted to 43.86% then ARR in 2022
amounted to 44.96% and ARR in 2023
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amounted to 47.10%. The total value of the
Average Rate of Return (ARR) for 5 years is
220.61% so that the average ARR per year is
44.12% above the discount factor of 16%.

Anaysis of Average Rate of Return
(ARR) decision to provide a feasible value of
lending in the determination of loans to SMEs
Amanah Belimbing Wuluh Dukuh Menanggal
can be said to be accepted because the ARR
value of 44.12% above the discount factor of
16%. This means that the provision of credit
that has been done by SMEs Amanah
Belimbing Wuluh Dukuh Menanggal can be
said to befeasible.
2) K-Means Cluster Analysis

Non Hierarchica Cluster Analysis with
SPSS, part of the attributes of capital
budgeting, whose elements we will do Kluster
K-Means analysis. From this attribute or also

Tabel 6. Iteras History

Iteration History?

Iteration Changein Cluster Centers
1 2
1 5.770E7 3.904E7
2 .000 .000

a. Convergence achieved dueto no or small
changein cluster centers. The maximum absolute
coordinate change for any center is,000. The
current iteration is 2. The minimum distance
between initial centers is 212490623,113.

It turns out that the clustering process is
carried out through 2 iteration stages to get the
right cluster. From the table above, it is stated
that the minimum distance between cluster

1) Initial investment (X1) isin cluster 1
because the value is higher with an
average value of IDR 67,273,805 for
observations from 2019 to 2023.

2) Profit (X2) isin cluster 2 because the
value is higher with an average value
of Rp. 28,677,200 for observations
from 2019 to 2023

3) Find investment (X3) is in cluster 1
because the value is higher with an
average value of Rp. 652,777,583 for
observations from 2019 to 2023

4) Total investment (X4) is in cluster 1
because the value is higher with an
average value of Rp. 1,325,515,633 for
observations from 2019 to 2023
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cdled avariable, it will be seen into the cluster
group. In SPSS, it is divided into case labels
and variables, the details of the attributes to be
clustered are as follows:

a)Case labe: Year of Observation
(2019-2023)

b) Variable:
(X1)

- |nitia Investment/Co

- Profit/P (X2)

- Final Investment/Ca (X 3)

- Total Investment/l (X4)

- Average Investment/Cl (X5)

- Cashflow/ANP (X6)

- Average Rate of Return/ARR (X7)

a) Final Cluster Results
Interation results are used to detect how many
times the iteration process is carried out in the
clustering process of the 6 objects studied, it
can be seen from the following output display:

Table7. Fina cluster

Final Cluster Centers

Cluster
1 2

Initial Investment (Co) 672738050 631334650

Profit (P) 19960467 28677200
Final Investment (Ca) 652777583 602657450
Investment Amount (1) 1325515633 1233992100
Average Investment (Ci) 662757817 616996050
Cashflow (ANP) 283844565 283844565
42.85 46.03

centers that occurs from the iteration results is
Rp. 212,490,623, 113. The fina results of the
clustering process are described below:

5) Average investment (X5) is in cluster
1 because the value is higher with an
average value of Rp. 662,757,565 for
observations from 2019 to 2023

6) Cashflow (X6) isin cluster 2 because
the value is higher with an average
value of Rp. 283,844,755 for
observations from 2019 to 2023

7) Average Rate of Return (X7) is in
cluster 2 because the value is higher
with an average value of 46.03% for
observations from 2019 to 2023.

The Anova test will provide information
that each clusterization has no difference,
considering the significance value is above 5%
(sig. > 0.05). Based on this decision, Table 8
will provide a description.
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Table 8. Anova Analyst

ANOVA

Cluster Error
Mean Square df Mean Square df F Sig.
Initial Investment (Co) 2.057E15 1 5.204E14 3 3.953 141
Profit (P) 9.118E13 1 1.947E14 3 468 .045
Final Investment (Ca) 3.014E15 1 3.007E14 3 10.026 .005
Investment Amount (1) 1.005E16 1 1.447E15 3 6.944 .008
Average Investment (Ci) 2.513E15 1 3.619E14 3 6.932 .007
Cashflow (ANP) .000 1 11.667 3 .002 1.000
ARR 12.160 1 1.682 3 7.228 .006

The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize the differences
among cases in different clusters. The observed significance levels are not corrected for this and thus cannot be interpreted
as tests of the hypothesis that the cluster means are equal.

1) Initial investment (X1) has an F because there is a sSignificant
value = 3.953 with a sig value. = difference.
0.141 because the sig. > 0.05, the 5) Average investment (X5) has an F
initial investment is excluded from value = 6.932 with a sig value. =
cluster 1 because there is no 0.007 because the sig value. <0.05,

significant difference.

2) Profit (X2) has an F value = 0.468
with a sig value. = 0.543 because
the sig value. > 0.05 then profit is
excluded from cluster 2 because
thereis no significant difference.

3) Fina investment (X3) has an F
value = 10.026 with a sig value. =
0.005 because the sig. <0.05, the
final investment is included in
cluster 1 because there is a
significant difference.

4) Tota Investment (X4) has an F
value = 6.944 with a sig vaue. =
0.008 because the sig. <0.05, total
investment is included in cluster 1

the average investment is included
in cluster 1 because there is a
significant difference.

6) Cashflow (X6) has an F vaue =
0.000 with a sig value. = 1.000
because the sig value. > 0.05 then
cashflow is excluded from cluster 2
because there is no significant
difference.

7) Average Rate of Return (X7) has
an F value = 7.288 with asig value.
= 0.006 because the sig. <0.05,
Average Rate of Return is included
in cluster 2 because there is a
significant difference.

Discussions

The objectives to be achieved from
this research include; (1) Clustering using
capital with the concept of Net Present

Value (NPV). (2) Clustering using capital

with the concept of Average Rate of 2.

Return (ARR). (3) Clustering using the

concept of business type and grouping.

The research results provide the following

conclusions:

1. The results of the NPV andysis is a
study of the feasibility of SME capital
Amanah Belimbing Wuluh. The
concept of Net Present Value (NPV)

generated (NPV) is positive, namely
Rp. 344,869,146 so that it can be said
to be feasible for business capital
invesiment of UKM  Amanah
Belimbing Wuluh Dukuh Menanggal .
The results of the ARR analysisis also
a study of the feasibility of SME
capital with the concept of Average
Rate of Return (ARR) is worth every
year 44.12% above the discount factor
of 16% so it can be said to be feasible
for the turnover of SME capita
Amanah Belimbing Wuluh Dukuh
Menanggal.
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Clustering corporate strategy with
capital budgeting. Cluster analysis
divides two groups of dtrategies.
Cluster 1 contains investment strategies
that have attributes; fina investment,
total invesstment and  average

IV. CONCLUSION
Providing answers to the research

guestions through a brief review, namely
the conclusion, will provide information on

the proper study of
Conclusions from the

this research.
results of the

analysis and discussion can be described as
follows:

1

[1]

[2]

[3]

Feasibility of SME capital with the
concept of Net Present Value (NPV)
resulting (NPV) is positive value of
Rp. 344,869,146 so that it can be said
to be feasible for business capita
investment SME Amanah Belimbing
Wuluh Dukuh Menanggal.
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investment. Cluster 2 contains a capital
turnover strategy that has the attribute
Average Rate of Return. ARR becomes
cluster 2, this is in line with research
[15].

Feasibility of SME capita with the
concept of Average Rate of Return
(ARR) is worth every year 44.12%
above the discount factor of 16% so
that it can be said to be feasible for the
turnover of SME capitadl Amanah
Belimbing Wuluh Dukuh Menanggal .
Cluster analysis divides two groups of
corporate strategies. Cluster 1 contains
investment  strategies that have
atributes; final  investment, tota
investment and average investment.
Cluster 2 contains a capital turnover
strategy that has the attribute Average
Rate of Return.
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Abstract - The world of business and
industry, including the culinary industry, is
rapidly developing in this modern era.
Business owners have to compete in an
increasingly tight situation. Compared to
previous studies, this study is newer because
it uses more variables. This quantitative
study used 60 samples. SmartPL S software
version 3.0 is used to perform the analyss
with SEM. Outer model, inner modéd,
mediation, and hypothesis tests are carried
out. Theresults of the validity test show that
the data is valid. The filling factor value is
more than 0.7 and the AVE value is more
than 0.5. In contrast, reliability tests show
the reliability values of composites and
Cronbach's alpha, which are also greater
than 0.7 and are considered reliable. From
the hypothesis analysis carried out, it can be
concluded that; The consumer choice
variable has a significant positive impact on
customer loyalty, the facility and
infrastructure variable has a significant
positive impact on consumer choice, the
facility and infrastructure variable has a
significant positive impact on customer
loyalty, the business location variable has a
significant positive impact on consumer
choice, the business location variable harms
customer loyalty, the price assessment
variable has an impact negative on
consumer choice, the price assessment
variable has a significant positive impact on
customer loyalty, the service standard
variable has a significant negative impact on
customer choice and customer loyalty.
These results show theimportance of paying
attention to these variables in business

strategy.

Keywords, Culinary Industry, SmartPLS,
L oyalty, Consumer
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1. Introduction

In this era marked by progress, the
economic and industrial sectors have
developed rapidly. Businesses  face
increasingly fierce competition as a result of
this. Many Indonesians love to travel and
check out typical foods from different regions,
making the food industry one of the promising
fieldg1], [2]. This phenomenon opens up
many opportunities for entrepreneurs who can
create high-quality culinary products with
attractive  tastes, compositions, and
presentations [3].

Kalitengah Canditunggal Culinary
Station or better known as SKCK. SKCK is
a culinary tourism destination located in
Canditunggal Village, Kalitengah District,
Lamongan Regency, just east of the entrance
to the village. In running a business,
marketing is a very important aspect,
because the success of a business can be
judged from the effectiveness of its
marketing strategy[4]. Marketing is an
activity that aims to achieve the company's
goals. This activity is carried out by
anticipating the needs of customers or clients
and directing the flow of goods and services
that meet their needs[5].

In the increasingly sharp competition
among companies today, customer loyalty is
the top priority where the level of customer
interests and expectations as well as the
implementation or performance carried out
by the company must be appropriate.
Companies must pay attention to the things
that customers consider important so that
they feel satisfied[6]. Purchase decision is
the process of choosing from various
dternatives according to the needs of the
consumer by choosing [4].

Kalitengah Canditunggal Culinary
Station, also known as SKCK, you will find
a variety of appetizing menu options. In
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addition to the variety of dishes offered, the
price is also very affordable. As consumers,
the first thing we usually pay attention to
before making a purchase is the price. Price
perception is a way for consumers to
understand and assess the price information
they receive related to a product or service.
It includes consumer judgments about how
much sacrifice they have made (in terms of
money) compared to the benefits or value
they have gained from the product or
service[ 7]

In addition to cost, the location
factor is also very important to consider
when setting up a business, because a
strategic location can attract more customers
[8]. After considering the location, the
quality of service is also an important factor
to consider. Location relates to the area
where a company must have an office to run
its operations [8]. When a site is easily
accessible, customers are more likely to
make repeat purchases. This statement is
supported by the availability of adequate
facilities. Facilities can be described as
physical and affordable resources, which are
meant to offer convenience to customers
during the shopping experience. In addition
to facilities, service quality is another
important aspect that must be considered
when promoting products[9], [10]. Service
quality is an effort to meet the needs and
desires of consumers, as well as the accuracy
of service delivery in balancing consumer
expectations [11]. If the service provided is
satisfactory, there is a high possibility that
the consumer will make a purchase again
[12].

According to evaluations from
various published journals, there are three
factors: price perception, quality of service,
and location that significantly influence the
purchase choice at TB Raawali Demak,
with findings showing that favorable
location and excellent quality of service
improve purchasing decisiong[13].
Furthermore, the influence of location,
facilities, and purchase decisions, found that
these three variables have a positive impact
on customer loyalty in the context of
MSMEs [14]. There are two important
variables: service quaity and customer
loyalty, indicating that quality improvement.
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Service contributes to customer loyalty [15].
This novel research aims to understand the
influence of independent variables on
dependent variables by using the SEM-PLS
approach as an analysis tool [16]
Price perception refers to the consumer's view
of the price offered by the seller, as well asits
comparison with the price perceived by the
buyer [13]. In this context, there are three
indicators of price perception (PA) on price
conformity with product quality, price
conformity with the benefits provided, and the
level of price competition in the market.
Business location refers to the area where the
operational activities of a business are carried
out[8]. Location indicators (LB): Location
affordability, smooth access to the location,
proximity to the location, and a safe and
spacious atmosphere [17]. Facilities and
Infrastructure are defined as the provision of
equipment that looks real to provide comfort
to consumers in making purchases, Facility
Indicators (FI) are: Specia planning, Room
Planning, Equipment, and furniture[ 18]
Service standards (SS) are a crucia concept in
management  that reflects  consumer
expectations before they make a purchase. The
quality of service reflects the efforts made to
effectively meet the [19][20] Consumer
Choiceis an election process that is carried out
according to certain needs, where a person
chooses the option that is considered the most
appropriate and profitable. Some indicators
that can be used to evaluate purchase choices
(CC) include the product's suitability to
consumer preferences, the level of satisfaction
after purchase, and the condition of the item
being sold[21] [22] [23].
Customer loyalty is not only reflected in the
act of buying our products repeatedly, but also
through the commitment and positive attitude
shown towards the company [24]. Severa
indicators can be used as a benchmark in
measuring customer loyaty (CL), including
frequency of repeat purchases, habits in brand
consumers, consistent interest in the brand, a
belief that the products offered are of high
quality, and the tendency to recommend
products to other people.n[24] [25]

2. Methods

This study uses a quantitative
approach by distributing questionnaires and
using the Likert Scale [26]. The research
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sample is 60 respondents, to measure the
relationship between assumed variables. The
research variables are price assessment
variables, business location, infrastructure,
consumer choice service standards, and
customer loyalty. There are 19 indicators
measured. The method used to process data in
this study is Partial Least Square (PLS). PLSis
a Structurd Equation Modeling (SEM)
equation model with a variance-based
approach or component-based structural
eguation modeling [27].

PLS is used to explain the existence or
absence of reationships between latent
variables (prediction). PLS is a powerful
analysis method because it does not assume
current data with a specific scale measurement,
and the number of samplesis small[28]

3. Reaultsand Discussion

¥
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Outer Mode or M easurement Model

To assess the outer model in the data
analysis technique with SmartPLS, three criteria
were used, namely Convergent Vdidity,
Discriminant ~ Validity, and Composite
Reliability. The convergent validity of the
measurement model with reflective indicatorsis
assessed based on the correlation between the
estimated score/component score items with
SmartPLS Software. If it correlates more than
0.70 with the measured construct, then the
individual reflexive measure is said to be
high[26]. In the initial stage of the research, the
measurement scale of loading values of 0.5 to
0.6 was considered quite adequate. Based on
this, this study will use aloading factor limit of
0.50.[29]. The results of the vaidity test were
carried out in severa stages, for 60
questionnaires, namely by eliminating invalid
indicators, the following results were obtained:
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Figure 1. Fina Stage Validity Test
Source: SmartPls Algorithm Results (2024)
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Table1 Outer Loading, Composite Reliability, and Average Variance Extracted

Composite Composite Average
Variable Cronbach'salpha reliability reIiaEiIit (tho._0) variance
(rho_a) y - extracted (AVE)
Consumer Choice 0.899 0.901 0.937 0.833
Customer Loyalty 0.761 0.766 0.863 0.677
Facilitiesand Infrastructure 0.720 0.724 0.844 0.645
L ocation of Business 0.933 0.936 0.953 0.834
Price Assessment 0.888 0.994 0.927 0.812
Service Standards 0.886 0.959 0.926 0.808

Sour ce; Data processed in 2024
The results of the reliability test in

Table 1 show that the variables of service
quality, customer satisfaction, and consumer
loyalty have a composite reliability number
above 0.8 and have a Cronbach's a pha number
of 0.7. Thus, it can be concluded that the
remaining indicators in each variable have
good reliability and can measure their
construct.
Testing Inner Model or Structural Model

To obtan the reationship of
constructs, significance values and R-squares
of the research model can be done by testing
the inner model or structural model. In
evaluating the structural model, R-square was
used for the dependent construct of the t-test
and the significance of the structural path
parameter coefficient. In PLS, the structura
model uses R? to evaluate the dependent
variable and for the independent variable uses
the value of the path coefficient. Meanwhile,
the significance value is seen based on the t-
statistic value of each path.

Table 2. R Square

. R-square
Variable R-square adjusted
Consumer Choice 0.979 0.978
Customer Loyalty 0.782 0.762

Source: Data processed (2020)
From Table 2 above, the R Square (R%)

value of the Consumer Choice variable is
0.979 which indicates that 97.9% of service
standards can explain the diversty of
Consumer Choice. The remaining 2.1% was
influenced by other variables that were not in
the study. The Consumer Loyalty variable of
0.782 indicates that the diversity of consumer
loyalty can be explained by the service

standard variable and Consumer Choice of
78.2% and the remaining 21.8% is influenced
by other variables that are not in the research
model.
Goodness of fit

The Q-Square value is the basis for
assessing goodness of fit. The model is better
or fits the data if the higher the Q-Square or
the same as the coefficient determination (R-
Square) in the regression analysis. The results
of the calculation of the Q-Square value are as
follows:

Q-Square =1-[(1-R*1) x (1-R?2)]
=1-[1-0979 x (1 -
0,782)]
=1-(0,0210 x 0,2180)
=1-0,004578
= 0,995422

A vaue of 0.995 or 99.5% is the
predictive relevance value of the structura
model in this study. The use of Consumer
Choice as an intervening variable in the
prediction model can explain the influence of
service standards on consumer loyalty by
99.5%. Thus the model has good predictability
so that it can be used for hypothesis testing.
Hypothesis Test

The t-statistic value between the
independent variable and the dependent
variable in the Path Coefficient table in the
Smart PLS output is the basis for the
significance value of the prediction model in
structural model testing as described in the
following table:

TiBuana, Vol. 08, No.1, 2025 | 35



Tibuana

Journal of applied Industrial Engineering-University of PGRI Adi Buana

Table 3. Path Coefficient

Original T satistics

sample(0)  (O/STDEV)) FVAUes

Hypothesis

Consumer
Choice ->
Customer
Loyalty
Facilities and
Infrastructure
-> Consumer
Choice
Facilities and
Infrastructure
->  Customer
Loyalty
Location  of
Business ->
Consumer
Choice
Location of
Business ->
Customer
Loyalty
Price
Assessment -
> Consumer
Choice
Price
Assessment -
> Customer
Loyalty
Service
Standards  ->
Consumer
Choice
Service
Standards ->
Customer
Loyalty

0.779 1.293 0.196
0.043 0.948 0.343
0.576 2.808 0.005
0.968 32.253 0.000
6.43 0.762 0.446
;).01 0.769 0.442
0.079 1.455 0.146
;).01 0.838 0.402

7

0.04 0.891 0.373
6

Sour ce; Data processed in 2024

H; Hypothesis Testing; From table 4,
it can be seen that the original sample estimate
value is 0.779 with a significance below 5%
which is shown by at-statistical value of 1.293
greater than the t-statistical value of 1.67. A
positive origina sample estimate value
indicates that consumer choice has a positive
and significant effect on consumer loyalty or
H; is accepted. H, Hypothesis Testing; The
second test was carried out to see if the
facilities and infrastructure had a positive
effect on consumer choices. The test results
can be seen in Table 4., the quality of service
obtained an origina sample estimate value of
0.043 with a dtatistical value of 0.948 >1.67
which means that facilities and infrastructure
have a positive and significant effect on
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consumer choices with a significance level
below 5%. Thus H, is accepted.

Hs Hypothesis Testing; The third test
was carried out to see if the facilities and
facilities had a positive effect on customer
loyalty. The test results can be seen in Table
4., the quality of service obtained an origina
sample estimate value of 0576 with a
statistical value of 2.808 >1.67 which means
that facilities and facilities have a positive and
significant effect on customer loyalty with a
significant level below 5%. Thus H, is
accepted. H, Hypothesis Testing; The fourth
test was carried out to seeif the location of the
business had a positive effect on the choice of
the community. The test results can be seen in
Table 4., the quality of service obtained an
origina sample estimate value of 0.968 with a
statistical value of 32,253 >1.67 which means
that the location of the business has a positive
and significant effect on consumer choices
with a significance level below 5%. ThusH, is
accepted.

Hs Hypothesis Testing; The fifth test was
carried out to seeif the location of the business
harmed customer loyalty. The test results can
be seen from Table 4., the quality of service
obtained an original sample estimate value of -
0.433 with a datistical value of 0.762 >1.67
which means that the business location has a
negative and significant effect on customer
loyalty with a significance level below 5%.
Thus Hs is regected. Hg Hypothesis Testing;
The sixth test was conducted to see if price
appraisal harmed consumer satisfaction. The
test results can be seen from table 4., the
quality of service obtained an original sample
estimate value of -0.018 with a statistical value
of 0.769>1.67 which means that the price
assessment has a positive and significant effect
on consumer choices with a significance level
below 5%. Thus He is rejected.

H; Hypothesis Testing; The seventh test was
carried out to see if price appraisal had a
positive effect on consumer satisfaction. The
test results can be seen in Table 4., the quality
of service obtained an original sample estimate
value of 0.079 with a dtatistical value of
2.1,455 >1.67 which means that the Price
Assessment has a positive and significant
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effect on consumer loyalty with a significance
level below 5%. Thus H; is accepted. Hg
Hypothesis Testing; The eighth test was
carried out to see if service standards harmed
consumer choices. The test results can be seen
from table 4., the quality of service obtained an
original sample estimate value of -0.017 with a
statistical value of 0.838 >1.67 which the
service standard has a negative and significant
effect on consumer choices with a significance
level below 5%. Thus Hg isrejected.

Hy Hypothesis Testing; The ninth test was
carried out to see if service standards harmed
customer loyalty. The test results can be seen
from table 4., the quality of service obtained an
original sample estimate value of -0.046 with a
statistical value of 0.891 >1.67 which means
that the service standard has a negative and
significant effect on consumer loyalty with a
significance level below 5%. Thus Hy was
rejected.

4. DISCUSSION

The effect of consumer choice on
consumer loyalty, The results of the hypothesis
test show that the quality of service has a
positive and significant effect on consumer
loyalty. Consumer choice with the highest
achievement. This can explain that loyalty
from consumers can be formed from consumer
choices that are always consistent with good
service standards. Companies that can
consistently and  continuously  increase
consumer choices will gain a positive
perception of their customers, thus
encouraging these customers to repurchase or
reuse the products offered by the company.
The influence of facilities and infrastructure on
consumer choices Based on the test, the results
were obtained that facilities and infrastructure
have a positive and significant effect on
consumer choices. This shows that various
efforts to improve facilities and infrastructure
are carried out by the company. These results
show that facilities and infrastructure have a
very important influence on consumers
because complete facilities will affect
consumers' choice to use products or services
from the company.

The effect of facilities and
infrastructure on consumer loyalty, the results
of testing facilities and facilities have a
positive effect on customer loyalty.
Companies that can consistently and
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continuously improve  facilities  and
infrastructure will obtain a positive perception
of their customers to encourage these
customers to repurchase or reuse the products
offered by the company. The Influence of
Business Location on Consumer Choice,
Based on the results of the test of business
location on consumer choice has a positive and
significant value where that business location
greatly affects consumer choice, dSrategic
business location also determines consumer
choice to use products or services from the
company. The effect of business location on
consumer loyalty, the results of testing
business location and consumer loyalty have a
negative value on loyalty, this shows that
business location does not affect consumers to
use the services or products offered by the
company.

The effect of business location on
consumer loyalty. The results of the price
assessment test have a positive effect on
consumer loyalty. This shows that the location
of the business affects consumers to buy or use
products or services from the company. The
effect of service standards on consumer choice
The results of the service standard test have a
negative value on the choice of customers, this
shows that service standards have no effect on
the choice of consumers to use the services or
products offered by the company and the effect
of service standards on consumer loyalty The
results of the service standard test have a
negative value on customer choice, this shows
that service standards do not affect consumer
loyalty to repurchase or use the services or
products offered by the company.

5. Conclusion
Based on the results of the study, it can be
concluded that customer loyalty is influenced
by consumer choices, facilities, and
infrastructure, price assessments that have a
positive impact both directly and indirectly on
the company. However, there is a negative
influence on the business location variable that
harms customer loyalty, the price assessment
variable harms consumer choice, and the
service standard variable has a significant
negative impact on customer choice and
customer loyalty. As a result, the company is
expected to continue to make improvements.
The results of this study are beneficia for
consumers and companies. Consumers will get
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the best service standards and companies will

be able to maintain and increase consumer

loyalty if they can provide services that meet
or exceed their customer expectations. This
needs to be done because it is proven based on

the results of research that service has a

positive impact on consumer loyalty. In

addition, the advantage obtained by the
company isthat if consumers are satisfied with
the company's services, in addition to being
loyal, they will also refer to new consumers.
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Abstract—The purpose of this study is to
investigate how brand image and product
quality have an impact on the interest in
buying precious metals at the Sleman Branch
Pawnshop. The study found that product
quality, which includes purity, authenticity,
and attractive design, significantly affects
consumer buying interest. The quantitative
methods used include survey methods and
multiple regression analysis. In addition,
Pegadaian's reputation as a safe and reliable
financial  ingtitution greatly influences
customers desire to buy precious metals. The
results of the regression analysis show that
product quality has a regression coefficient of
0.543 with a p-value < 0.001, while brand
images have a regression coefficient of 0.479
with a p-value < 0.001. The synergy between
brand image and product quality shows an
increase in customer buying interest. These
two factors influence each other's purchase
decisions. The implications of this study show
that to maintain and increase consumer
buying interest, Pegadaian must continue to
maintain and improve the quality of its
products and brand image. This research
provides valuable insights for pawnshops on
how to optimize marketing strategies and
product quality management.

Index Terms—About; Brand Image,
Precious Metal, Product Quality, Purchase
Interest

. INTRODUCTION

With globa economic growth and public
awareness of the importance of investment,
interest in buying precious metals has increased
in recent years [1]. As a financid institution

40| TiBuana, Vol. 08, No.1, 2025

offering precious metal products such as gold,
Pegadaian faces the challenge of continuously
attracting and maintaining consumer interest.
This research aims to analyze how product
reputation and brand image influence consumer
interest in purchasing precious metas at
Pegadaian Sleman Branch. Product quality and
brand reputation are two important factors that
influence consumer decisions in purchasing
metals.

Product quality is defined as a product's ability
to meet or exceed customer expectations [2]. A
product is not only evaluated based on its
physical attributes but also in terms of reliability,
durability, and uniqueness. Consumer satisfaction
and loyalty can be enhanced with high-quality
products [3], [4]. The purity of gold, design, and

certification of precious metal products
determine  product  quality.  Recognized
certification, issued by Pegadaian, provides

consumers with assurance about the authenticity
and investment value of precious metas [5].
Conversely, brand image refers to how customers
perceive a brand based on the information and
experiences they receive and possess [6]. A
positive brand image can foster trust and
encourage consumer purchasing interest. A
strong brand image can enhance the added value
of a product in the eyes of consumers [7]. At
Pegadaian, brand image is built through various
marketing strategies, good service, and the
company's reputation as a trusted financia
institution. Consumers are more likely to choose
products from brands with a positive image
because they are considered safer and more
reliable [8].

Empirical observations indicate that the interest
in purchasing precious metals at Pegadaian
Sleman Branch has experienced significant
fluctuations. In recent years, the increase in
global gold prices and nationa economic
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conditions have influenced public buying
interest. However macroeconomic factors such as
inflation and exchange rates play a crucial rolein
determining the interest in buying precious
metals [9]. However, product quality and brand
image remain the primary factors influencing
consumer purchasing decisions [10].

This research aim is to discover and anayze
the relationship between product quality and
brand image on the interest in purchasing
precious metals at Pegadaian Sleman Branch. It
is hoped that this research can provide insights
for Pegadaian management in improving
marketing strategies and services to attract more
consumers. Additionally, the purpose of this
research is to contribute to the literature on the
components that influence the interest in
purchasing precious metalsin Indonesia.

This research will focus on analyzing product
quality and brand image and their relationship
with purchasing interest. The limitation of this
study lies in its scope, which is restricted to the
Pegadaian Sleman Branch, so the results may not
be generalizable to other Pegadaian branches in
Indonesia. Quotations from relevant journals and
books will be used to support the arguments and
framework in this article. For instance, a study by
[11] shows that product quality has a significant
influence on consumer purchasing decisions,
while research by [12] indicates that a positive
brand image can enhance consumer loyalty and
purchasing interest. Thus, this research is
expected to make a meaningful contribution to
understanding the dynamics of precious metal
purchasing interest a Pegadaian and help
Pegadaian improve its business strategies to
achieve competitive advantage.

1. METHOD

This research employs a quantitative approach
to determine the influence of product quality and
brand image on the interest in purchasing
precious metas at the Pegadaian Sleman Branch.
This approach is chosen because it alows for
objective measurement and statistical analysis,
which can provide results that are more
generaizable to a broader population. Data in
this study is collected through a survey using a
questionnaire distributed to consumers who have
purchased precious metas a the Pegadaian
Sleman Branch. The questionnaire is designed to
evaluate three main variables: product quality,
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brand image, and purchasing interest. To
facilitate analysis, the questionnaire uses a 5-
point Likert scale.

The main instrument in this study is a closed-
ended questionnaire consisting of severd
sections. The first section includes questions
about the demographic characteristics of the
respondents, such as age, gender, education, and
income. The second section measures consumer
perceptions of the quality of precious metals sold
at Pegadaian. The third section assesses
consumer perceptions of Pegadaian's brand
image. The final section evaluates the level of
consumer interest in purchasing precious metals
at Pegadaian.

The data collection procedure begins with the
identification and selection of participants using
the purposive sampling method. Participants are
selected based on certain criteria, such as having
previoudy purchased precious metals a the
Pegadaian Sleman Branch. The questionnaire is
then distributed both directly and through online
platforms to participants who meet these criteria.
Once the questionnaires are completed, the data
is collected and verified to ensure completeness
and consistency.

Data analysis is conducted using descriptive
and inferential statistical methods. Descriptive
statistics are used to describe the demographic
characteristics of the respondents and the
distribution of their answers. To ensure the
validity and reliability of the questionnaire,
confirmatory  factor analysis (CFA) and
Cronbach's Alpha coefficient tests are performed.
CFA is used to ensure that the items in the
guestionnaire measure the intended constructs,
while Cronbach's Alpha is used to test the
internal consistency of the questionnaire.

Multiple regression analysis is used to test the
influence of product quality and brand image on
purchasing interest. The multiple regression
model alows researchers to see the extent to
which each independent variable (product quality
and brand image) affects the dependent variable
(purchasing interest). The data analysis procedure
includes data coding and cleaning, regression
assumption tests, conducting regression anaysis,
and interpreting the results. Data coding and
cleaning are performed to eliminate incomplete
or invalid data. Regression assumption tests are
conducted to check  for normality,
multicollinearity, homoscedasticity, and linearity
of the data. Regression analysis is performed
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using statistical software such as SPSS or
AMOS, and the analysis results are interpreted to
answer the research questions and test the
proposed hypotheses.

[11. RESULT AND DISCUSSION

A. Descriptive statistics

Descriptive statistics provide an overview of
the demographic characteristics of the
respondents involved in this study. A total of 200
consumers who have purchased precious metals
at Pegadaian Sleman Branch participated in this
research. The demographic characteristics
include the respondents' age, gender, education
level, and monthly income.

The following table summarizes the
demographic characteristics of the respondents :

Table 1. Characteristics of the Respondents
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precious metal products.

B. Validity and Reliability Testing

Construct validity testing was conducted using
Confirmatory Factor Anaysis (CFA). CFA is
used to test whether the collected data fit the
hypothesized model. This process involves
several seps, including item selection, factor
loading testing, and model eval uation.

Factor Loading: Factor loading is a coefficient
that indicates how much an observed variable
(item) correlates with the factor being measured.
In this study, all questionnaire items showed
factor loadings above 0.6, which is the minimum
threshold for indicating good validity [13]. High
factor loadings indicate that the items
consistently measure the same construct. The
following table shows the factor loadings for
each item in the variables of product quality,

. cat ggg % brand image, and purchasing interest:

Age 20-29 Y ears 40 20 Table 2. Factor Loadings the Variable
30-39 Years 20 45 Variable ltem Factor Loading
40-49 Years 50 25  Product Quality PQ1 0.72
50-55 Years 20 10 PQ2 0.75

Gender Mae 80 40 PQ3 0.80
Female 120 60 PQ4 0.77

Educ High 30 15 PQS5 0.74

Level. School/V ocational Brand Image Bl 1 0.79
School Bl 2 0.82
Diploma 30 15 Bl 3 0.84
Bachelor's Degree 110 55 Bl 4 0.78
Master's Degree 30 15 BI 5 0.81

Moinc < IDR.5.000.000 50 25  Purchase Interest Pl 1 0.85
IDR.5.000.000 - 100 50 Pl 2 0.88
IDR.10.000.000 Pl 3 0.90
IDR.10.000.000 - 30 15 Pl 4 0.86
IDR.15.000.000 Pl 5 0.87
> |DR.15.000.000 20 10 Source: data processed

Source:; fidd data

From the table, it can be seen that the majority
of respondents are in the productive age range
(30-39 years) and most have at least a bachelor's
degree. This indicates that the consumers of
precious metals at Pegadaian Sleman Branch tend
to come from an age group that is actively
working and has a good educational background,
which may influence their interest in investing in
precious metals. Most respondents also have a
relatively high monthly income, indicating that
they have the financial capacity to invest in

42| TiBuana, Vol. 08, No.1, 2025

Reliahility refers to the internal consistency of
the research instrument. Reliability testing in this
study was conducted using Cronbach's Alpha
coefficient. Cronbach's Alpha measures the
extent to which items within a scae correate
with each other, with values above 0.7
considered to indicate good reliability [14]. After
testing, the Cronbach's Alpha coefficients for the
variables of product quality, brand image, and
purchasing interest, each with 5 items, are as
follows. &) Product Quality: 0.88, b) Brand
Image: 0.85, and ¢) Purchasing Interest: 0.90.
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This indicates that the Cronbach's Alpha values
used in this study demonstrate that the instrument
has high internal consistency.

The results of the validity and reiability tests
indicate that the instrument used in this study is
both valid and reliable. All guestionnaire items
show factor loadings above 0.6, indicating that
these items consistently measure the intended
constructs. Additionally, the high Cronbach's
Alpha values for all variables demonstrate that
the instrument has good internal consistency.
Therefore, it can be concluded that the data
collected from this questionnaire is trustworthy
and suitable for further analysis. High validity
and reliability are crucial in research as they
ensure that the results genuinely reflect the
measured constructs and are not due to
measurement errors or inconsistencies in the
instrument. Thus, the steps taken to ensure
validity and reliability provide a solid foundation
for the subsequent analysis and interpretation of
the data.

C. Multiple Regression Analysis

Multiple regression analysis was used to test
the influence of product quality and brand image
on consumer interest in purchasing precious
metals at the Pegadaian Sleman Branch. This
analysis helps determine the extent to which each
independent variable (product quality and brand
image) affects the dependent variable (purchasing
interest). According to the results of the multiple
regression anaysis, both independent variables,
product quality, and brand image, have a
significant influence on consumer purchasing
interest. The following table shows the results of
the multiple regression analysis:

Table 3. Multiple Regression
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suggesting that other factors may also be

influential.
2) Product Quality (Ba) = 0.543: This
coefficient indicates that each one-unit

increase in product quality will increase
consumer purchasing interest by 0.543 units,
assuming other factors remain constant. This
coefficient is significant with a p-value <
0.001.

3) Brand Image (B=) = 0.479: This coefficient
indicates that consumer purchasing interest
will increase by 0.479 units for each one-unit
increase in brand image, assuming other
factors remain constant. This coefficient is
aso significant with a p-value < 0.001.

The Influence of Product Quality on Purchasing
Interest

Adjusted R2 = 0.672: This value indicates that
the regression model used has good explanatory
power, as it shows that product quality and brand
image variables can explan 67.2% of the
variation in purchasing interest. F-statistic =
204.55, p < 0.001: The high and significant F-
statistic value indicates that the regression model
overal is good a explaining the variation in
consumer purchasing interest.

The regresson anaysis results show a
regression coefficient of 0.543 with a p-value <
0.001. This indicates that product quality has a
positive and significant influence on consumer
purchasing interest. In other words, the higher the
perceived product quality by consumers, the
higher their interest in purchasing precious
metals at Pegadaian. In this context, product
quality includes severa important aspects such as
gold purity, product authenticity, and attractive
design. Since the purity of gold is closely related

to the investment value they expect, consumers

valuepay great atention to gold purity when

Var Reg. Coef Std Err t- p-
value
Const 1.523 0.467 3.26
Prod. Qual  0.543 0.089 6.10  0.000
BrandImg 0.479 0.076 6.30
Adk. R® 0.672
F-stat 204.55

0.001 pyrchasing precious metals. Product authenticity

is also crucial to ensure that consumers receive

0.000 | egjitimate and quality-assured products, avoiding

the risk of fraud or buying counterfeit products.

0.000 An attractive design can enhance the product's

Source: data processed

1) Constant (Bo) = 1.523: This indicates that if
product quality and brand image are
considered zero, consumer purchasing
interest will still be a a level of 1.523,

appea, especidly for consumers who buy
precious metals not only as an investment but
also as collectibles or jewelry.

The study found that good product quality can
increase customer satisfaction and loyalty [15].
High customer satisfaction often results in
loyalty, which in turn can increase the likelihood
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of repeat purchases and word-of-mouth
recommendations. Therefore, Pegadaian should
continue to focus on improving its product
quality to maintain and enhance consumer
purchasing interest.

The Influence of Brand Image on Purchasing
Interest

Brand image also has a significant influence on
purchasing interest with a regression coefficient
of 0.479 and a p-value < 0.001. This indicates
that a positive brand image can increase
consumer purchasing interest. Pegadaian's
reputation as a safe and trustworthy financia
ingtitution gives consumers confidence in
investing in precious metals. A strong brand
image creates a positive perception in the minds
of consumers, making them feel assured that they
are transacting with a reliable company with a
good track record. Thisis crucial in the precious
metals industry because consumer trust in the
security and reliability of the product is vital in
determining their purchasing decisions.

These results are consistent with studies by
[16] [17], which show that a strong brand image
can enhance the perceived value of a product in
the eyes of consumers and build sustainable trust.
A positive brand image not only increases
consumer interest in making a purchase but can
aso create long-term loyalty, where consumers
are likely to repeatedly choose products from a
brand they trust.

The Interaction between Product Quality and
Brand Image in Influencing Purchasing Interest

The interaction between product quality and
brand image shows a synergistic effect in
influencing consumer purchasing interest. These
two variables mutually reinforce their impact on
purchasing decisions. Consumers tend to have
higher purchasing interest when the quality of the
product offered is supported by a strong brand
image. In the case of Pegadaian, high-quality
precious metals will be more attractive if backed
by Pegadaian's trusted brand image. Consumer
trust in the brand enhances their perception of
product quality, and conversely, high product
quality strengthens the positive brand image.

Support these findings, indicating that a
positive brand image can amplify the impact of
product quality on consumer purchasing
decisions [18], [19]. In this context, Pegadaian
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needs to continuously maintain and enhance both
aspects simultaneously to maximize consumer
purchasing interest. In addition to ensuring
product quality [18] [20], Pegadaian should
actively engage in marketing and branding
activities that emphasize its product's strengths
and its reputation as a trustworthy financia
ingtitution. An effective marketing strategy can
involve various media, both traditional and
digital, to deliver consistent messages about
product quality and brand image. Additionally,
Pegadaian could host specia events or
promotions that showcase their product's
excellence, such as precious metal exhibitions or
investment seminars, which not only increase
consumer knowledge but also strengthen their
brand image. By understanding the importance of
these two factors and how they interact,
Pegadaian can develop more effective strategies
to increase consumer purchasing interest and
strengthen its position in the precious metas
market.

V. CONCLUSION
Based on the results of the research conducted,
the following conclusions can be drawn:

1. Product Quality and Purchase Interest:
Product quality has a positive and significant
impact on consumer purchase interest in
precious metals a Pegadaian Cabang
Sleman. Product quality, which includes
purity, authenticity, and attractive design, can
increase consumer purchase interest. This
finding indicates that consumers are more
likely to buy products they consider high
quality, ultimately  enhancing  their
satisfaction and loyalty.

2. Brand Image and Purchase Interest: Brand
image also has a dggnificant impact on
consumer purchase interest. Pegadaian's
reputation as a trusted and secure financia
institution encourages consumers to invest in
precious metals. A positive brand image
strengthens consumer trust in the products
offered and increases their perceived value.

3. Interaction of Product Quality and Brand
Image: The interaction between product
quality and brand image shows a synergistic
effect in influencing consumer purchase
interest. These two variables mutualy
reinforce their impact on purchasing
decisions. Consumers are more likely to have
high purchase interest when the quality of the
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product offered is supported by a strong
brand image.
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Abstract— This study aims to determine
the appropriate Key Performance Indicators
(KPIs) for PT Cahaya Utama Branch
Sidoarjo using the Integrated Performance
Measurement System (IPMS) and Balanced
Scorecard (BSC) methods. The research
employs a descriptive design, integrating
qualitative and quantitative data. Key
stakeholder needs were identified, and
business objectives were set accordingly.
KPls were determined and validated
through stakeholder feedback, comparative
analyss, and expert judgment. The
hierarchical weighting system prioritized the
KPls, highlighting critical areas for
performance improvement. Results indicate
a strong alignment between stakeholder
needs and business objectives, with
comprehensive and balanced performance
metrics. The study concludes with
recommendations for continuous KPI
monitoring, employee development,
customer-centric  culture, and regular
process audits to sustain and enhance
organizational performance.

Keywords. Key Performance Indicators,
Integrated Performance
Measurement System, Balanced
Scorecard, Organizational
Performance, Stakeholder Needs

I. INTRODUCTION

Established in 2004, PT Cahaya Utama has
rapidly expanded its operations throughout
Indonesia, offering comprehensive outsourcing
services. The Sidoarjo branch, being one of its
significant operational units, has been pivota in
maintaining the company's reputation for
quality service delivery. However, internal
inefficiencies and resource limitations have
posed significant chalenges to sustained

performance and customer satisfaction.

The primary issue faced by PT Cahaya Utama
Sidoarjo Branch is the lack of a robust
performance measurement system. This
deficiency has led to difficulties in tracking
progress, identifying areas for improvement,
and aligning organizational activities with
strategic goals. As a result, there is a pressing
need to develop a comprehensive performance
measurement framework that can address these
challenges.

This study aims to develop a performance
measurement system for the PT Cahaya Utama
Sidoarjo Branch using the IPMS and BSC
methods. The specific objectives are:

To identify key performance indicators
(KPIs) relevant to the organization's
strategic goals.

To categorize these KPIs into the four
perspectives of the Balanced Scorecard.
To prioritize the identified KPIs based
on their importance and impact on
organizational performance.

[I. LITERATURE REVIEW

1. Performance Measurement Systems
Performance measurement systems (PMS) are
critical tools for organizations to monitor and
evaluate their performance. Effective PMS
helps organizations to understand their current
performance, identify areas for improvement,
and make informed decisons to achieve
strategic objectives. Two widely recognized
PMSs ae the Integrated Performance
Measurement System (IPMS) and the Balanced

Scorecard (BSC).

2. Integrated Performance  Measurement
System (IPMS)

IPMS  integrates  various  performance

dimensions, offering a holistic view of
organizational performance. It emphasizes the
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alignment of performance measures with
business processes and stakehol der
requirements. The key components of IPMS
include  defining  business  objectives,
identifying stakeholder requirements, and
developing performance measures that reflect
these requirements.
3. Balanced Scorecard (BSC)
Developed by Kaplan and Norton in the 1990s,
the Balanced Scorecard (BSC) is a strategic
planning and management system used
extensively in business and industry,
government, and nonprofit organizations. BSC
transforms  an  organization’s  strategic
objectives into a coherent set of performance
measures. It categorizes performance measures
into four perspectives:

1. Financia Perspective

2. Customer Perspective

3. Interna Processes Perspective

4. Learning and Growth Perspective
Each perspective provides a different view of

organizational  performance, ensuring a
balanced approach to performance
measurement.
[Il. METHODOLOGY
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Figure 1 Flowchart
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1. Research Design

This study employs a descriptive research
design to analyze the performance
measurement systems at PT Cahaya Utama
Branch Sidoarjo. The research integrates both
qualitative and quantitative data to provide a
comprehensive understanding of the company's
performance metrics.

2. DataCollection

Data collection involved both primary and
secondary sources. Primary data were obtained
through  observations, interviews, and
questionnaires distributed to employees and
management. Secondary data were gathered
from company records, industry reports, and
relevant literature.

3. DataAnalyss

The data were analyzed using the IPMS and
BSC frameworks. The anaysis involved
identifying stakeholder needs, setting business
objectives, determining KPIs, and validating
these indicators through a systematic process.

V. DATA PROCESSING AND ANALYSIS
1. Identifying Stakeholder Needs

The first step in the IPMS process is
identifying the needs and expectations of key
stakeholders, including employees, customers,
and management. Each group has unique
requirements that influence the company's
performance metrics.

Table 1 Stakeholder Requirements for PT
Cahaya Utama Cabang Sidoarjo

No Stakeholder Requirement

Management Minimize Company Operating Costs
Increase Company Sales
Increase Company Productivity
Employees  Improve Facilities Supporting Work
Enhance Employee Skills
Receive Competitive Salaries and Benefits
Career Opportunities within the Company

Customers  Provide Optimal Customer Service Quality

© 00 N o g b~ W N P

Offer Competitive Pricing

Ensure Services Are Always Available and
Accessible

11 Build Strong Relationships with Customers
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2. Setting Business Objectives
Based on the stakeholder needs, the company
set nine business objectives categorized by
stakeholder alignment. These objectives
provide a clear direction for performance
measurement and i mprovement.

Table 2 Requirements and Corresponding
Business Objectives
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K ey Performance I ndicators

Requirement Business Objective
T . Increase Company
Minimize Company Operating Costs Profitability
Increase Customer
Increase Company Sales Quantity
Increase Company Productivity Increase Company
Revenue
- . Increase Employee
Improve Facilities Supporting Work Satisfaction
Enhance Employee Skills Inqreese Employee
Skills
Recelve Competitive Salaries and Increase Employee
Benefits Satisfaction
Career Opportunities within  the Increase Employee
Company Productivity
Provide Optimal Customer Service Increase Customer
Quality Satisfaction
. - Increase Customer
Offer Competitive Pricing Satisfaction
Ensure  Services Are  Always Increase Service
Available and Accessible Quality
Build Strong Relationships with Increase Customer
Customers Loyalty

Average Task Completion Time per Employee

Service Satisfaction: Measures the level of customer
satisfaction with the services received from the company.
Number of Customers Receiving ServiceNumber of Customers S
atisfied with Servicex100%

Market Share: Measures the percentage of the market
controlled by the company.
Total Market Sales Company Salesx100%

Employee Performance: Measures the performance level of
employeesin achieving their targets.

Set Target Employee Achievement Targetx100%

Training Program Satisfaction: Measures the level of
employee satisfaction with training and devel opment programs.
Number of Employees Participating in ProgramNumber of Empl
oyees Satisfied with Programx100%

3. Determining Key Performance Indicators
(KPIs)

The BSC framework was used to translate

business objectives into specific KPIs. These

indicators cover four perspectives. Financial,

Customer, Interna Business Processes, and

Learning and Growth.

Table 3 Key Performance Indicators (KPIs)

Key Performance Indicators

Profit Margin: Measures the percentage of profit generated
from each sale after all costs and taxes are deducted.
Total Sales Total Sales-Total Costs-Taxesx100%

Total Revenue: Measures the total revenue generated from sales
of products or services to customers.
Number of Products/Services Sold Selling Price

Customer Satisfaction: Measures the level of customer
satisfaction with the company's products or services.

Number of Customers Surveyed Number of Satisfied Customers
x100%

Customer Retention Rate: Measures the percentage of
customers who continue to use the company's products or
services over a specified period.

Number of Customers at Start of PeriodNumber of Customers at

End of Period-Number of New Customersx100%

Task Completion Time: Measures the average time taken by
employees to complete their tasks.

4. Financia Perspective

KPIs under this perspective measure the
company's financia health and profitability.
Examples include revenue growth, profit
margins, and cost management.

5. Customer Perspective

Customer satisfaction and loyalty are critica
for business success. KPIs in this area include
customer satisfaction scores, retention rates,
and market share.

6. Internal Business Processes Perspective
This perspective focuses on the efficiency and
effectiveness of internal operations. KPIs
include process cycle times, defect rates, and
operational efficiency.

7. Learning and Growth Perspective
Employee development and organizational
learning are essentia for long-term success.
KPIs in this perspective measure employee
satisfaction,  training  effectiveness, and
innovation capacity.

Table 4 Strategy Objectives Based on the Four

Perspectives of BSC

Per spective Code  Strategy Objective

F1 Increase Company
Financial Profitability

F2 Increase Customer Revenue

C1 Increase Customer Satisfaction
Customer

Cc2 Increase Customer Loyalty

IBP1 'F[‘rgrdeas‘? . Employee
Internal  Business uctivity

Process IBP 2 Improve Service Quality
IBP3 Increase Customer Quantity
LG1 Enhance Employee Skills

Learning and
Growth LG 2 Inc_rease_ Employee
Satisfaction
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8. Vadidation of KPIs

The identified KPIs were validated through a
series of steps, including stakeholder feedback,
comparative anaysis, and expert judgment.
This validation ensures that the KPIs are
relevant, reliable, and aligned with the
company's strategic objectives.

Table5 KPI Selection

K ey Performance I ndicator Selected

Measure the percentage of profit generated from each

sale after deducting all costs and taxes. v
Measure the total revenue generated from sales of v
products or services to customers.

Measure the level of customer satisfaction with the v

company's products or services.

Measure the percentage of customers who continue
using the company's products or services over a specific v
period.

Measure the time taken by employees to complete their

tasks. v
Measure the level of customer satisfaction with the v
services received from the company.

Measure the percentage of market share controlled by v
the company.

Measure the level of employee performancein v
completing tasks and achieving targets.

M easure employee satisfaction with training and v

devel opment programs.

9. Hierarchical Weighting of KPIs
To prioritize the KPIs, a hierarchical weighting
system was applied. This system assigns
different weights to each KPI based on its
importance and impact on overall performance.
The hierarchical structure helps in focusing on
the most critical areas for improvement.
10. KPI Weighting Using Pairwise
Comparison
Pairwise comparison is cruciad in AHP
(Analytic Hierarchy Process). Decision-makers
compare two different aternatives using a
scale ranging from 1 (equally important) to 9
(absolutely more important).

The weighting of Balanced Scorecard
Perspectives. The priorities of the four
perspectives are summarized in Table It shows
the weights from respondents regarding the
importance of each man criterion for
performance eval uation.
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Table 6 Balanced Scorecard Perspective

Weights
Per spective Weight
Financial 0.053-0.084
Customer 0.223-0.296

Internal Business Process 0.133-0.166
Learning and Growth 0.501-0.550

Table 7 Financial Perspective Weights
Sub criteria Weight
Profitability 0.860-0.875
Revenue  0.125-0.140

F1: Profit percentage after all costs and taxes.
F2: Total revenue from sales.

Table 7 Customer Perspective Weights
Sub criteria Weight
Customer Satisfaction 0.860-0.888
Customer Loyalty 0.112-0.140

CL Customer satisfaction with
products/services.

C2: Percentage of loyal customers over time.

Table 8 Internal Business Process Weights

Sub criteria Weight

Task Completion Time 0.192-0.210
Service Quality 0.675-0.784
Market Share 0.011-0.115

IBP1: Time taken by employees to complete
tasks.

IBP2: Customer satisfaction with services.
IBP3: Market share percentage.

Table 9 Learning and Growth Perspective
Weights
Sub criteria Weight
Employee Performance 0.800-0.887
Training Satisfaction  0.113-0.137
LG1l: Employee performance in task
completion.
LG2:Employee satisfaction with
programs.

training

Table 10 Final Weights of Criteria

Criterion Weight
Financial 0.084
Customer 0.296

Internal Business Process 0.166
Learning and Growth 0.454
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Financial Perspective Final Weights
Table 11 Financial Perspective Final Weights
Sub criteria Weight
Profitability 0.875
Revenue 0.125

Customer Perspective Fina Weights
Table 12 Customer Perspective Final Weights
Sub criteria Weight
Customer Setisfaction 0.888
Customer Loyalty 0.112

Internal Business Process Final Weights
Table 13 Internal Business Process Final
Weights
Sub criteria Weight
Task Completion Time 0.210
Service Quality 0.675
Market Share 0.115

Learning and Growth Final Weights
Table 14 Learning and Growth Final Weights
Sub criteria Weight
Employee Performance 0.667
Training Setisfaction  0.333

V. DISCUSSION AND ANALYSIS

1. Anaysis of Integrated Performance
Measurement System (IPMS)
PT Cahaya Utama Sidoarjo Branch employs the
Integrated Performance Measurement System
(IPMS) to assess its performance. This method
involves identifying stakeholders and analysing
their desires. The study focuses on three main
stakeholders:  Leaders, Employees, and
Customers.
Employees are crucia as they drive business
and revenue growth. Their desires include
persona development, salary increases, and a
comfortable work environment. Customer
satisfaction is essentia for business continuity,
with their desires being product quality and
friendly service. Leaders are responsible for the
company’s direction and strategy, aiming for
profitability, operational efficiency, and a
positive company image.
Through external monitoring, the company’s
ability to meet stakeholder desires was
evaluated. Results indicate that the company
has made efforts in employee development and
infrastructure improvement to support their
performance.

p-ISSN 2622-2027
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Based on stakeholder desires, nine business
objectives were formulated, and classified
according to common desires among
stakeholders. The implementation of IPMS at
PT Cahaya Utama Sidoarjo  Branch
demonstrates the company's commitment to
success by meeting stakeholder needs, helping
focus on crucia aspects, and achieving
performance targets.

2. Analysis of Balanced Scorecard (BSC)

The Balanced Scorecard (BSC) anaysisis used
to enhance human resource performance from
various perspectives, including financial,
customer, internal business process, and
learning and growth. The Key Performance
Indicators (KPls) derived from strategy
objectives are categorized into these BSC

perspectives.

The KPIsinclude:

1. Measuring profit percentage from sales
after all costs and taxes.

2. Measuring tota revenue from product
or service sales.

3. Measuring customer satisfaction with
the company's products or services.

4. Measuring the percentage of customers
who continue using the company's
products or services over time.

5. Measuring the time taken by employees
to compl ete their tasks.

6. Measuring customer satisfaction with
the company's service.

7. Measuring the market share controlled
by the company.

8. Measuring employee performance in
compl eting tasks and meeting targets.

9. Measuring employee satisfaction with
training and devel opment programs.

These KPIs were validated through a
guestionnaire assessing their relevance to the
company's  conditions. Responses  from
company leaders confirmed that all KPIs were
deemed appropriate, indicating the validity of
the KPIs.

3. Analysisof KPl Weighting Using Pairwise
Comparison Method

Weighting is conducted to represent the

importance of each perspective and KPI. A

higher weight for a perspective indicates its
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greater significance and impact on improving
PT Cahaya Utama Sidoarjo Branch’s
performance.
1. The financid perspective has the
highest priority with a weight of 0.454.
This means that learning and growth
should be prioritized over financia,
customer, and internal business process
perspectives. Improving  revenue
growth affects company performance
through increased sales.
2. From afinancial perspective, employee
productivity costs a weight of 0.875.
This indicates that measuring profit
percentage from saes should be
prioritized to enhance company profit,
optimize financial management, and
ensure sustainabl e finances.
3. From the customer perspective, the KPI
for measuring customer satisfaction
with products or services weight 0.888.
Prioritizing this KPI is crucia for

VI. CONCLUSION
Based on the research conducted, the following
conclusions can be drawn:
The Key Performance Indicators (KPIs) using
the Integrated Performance Measurement
System (IPMS) method and Balanced
Scorecard (BSC) framework at PT Cahaya
Utama Sidoarjo Branch are based on
stakeholders, as well as the company's vision
and mission. Nine KPIs have been established:
1. Measuring the percentage of profit
generated from each sde after
deducting all costs and taxes.
2. Measuring the total revenue generated
from the sale of products or services to

customers.
3. Measuring the level of customer
satisfaction  with  the  company's

products or services.
4. Measuring the percentage of customers
who continue using the company's
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Abstract — Antam Precious Metal (LM)
gold investment is one of the investment
choices favored by the public from the many
investment choices available. One of the things
that must be done if you want to invest in gold
is to monitor the price movement of Antam
Gold. This study uses the Double Method
approach of Exponential Smoothing with the
software Minitab 20. Double Method
Exponential Smoothing is one of the
forecasting methods used for trending data
patterns. The gold price data to be forecasted
is Antam Precious Metal (LM) gold produced
by PT Antam Tbk. The purpose of this study
is to obtain a forecast of Antam LM gold
prices for the next twelve months from
September 2024 to August 2025. Theresults of
the study for the next twelve months the
highest price forecast from September 2024 to
August 2025 is in August 2025. The price of
Antam gold in August 2025 is IDR 1,806,990
and the forecast error value (MAPE) is 2.31%
or hasaforecast accuracy of 97.69%.

Keywords. Gold Price, LM Antam, Double
Exponential Smoothing, Forecasting

1. INTRODUCTION

During the global economic recession,
investment has become a very hot topic of
conversation. Antam Precious Metal (LM) gold
investment is one type of investment choice that
is favored by the public from the many
investment options available. Currently, the ease
of buying and reselling can be accessed from
various digital platforms or directly a LM
outlets. Antam LM Gold Investment is
considered a low-risk investment, protected from
inflation, quite promising profits, and safe long-
term. One of the things that must be done if you
want to invest in gold is to monitor the
movement of Antam Gold prices. Because, every

54| TiBuana, Vol. 08, No.1, 2025

day, the purchase and buyback prices of Antam
LM Gold aways tend to change, either up or
down. By knowing the latest Antam LM Gold
price, you can determine when is the right time to
start buying Gold or selling gold back ( buyback
). The lack of accurate information makes it
difficult for investors to determine the value or
price of gold in the next few months or years.

Research on forecasting has been widely
conducted. Sagala and Enita used the Arima
method to predict the Antam Gold Price in June
2023. The results of the study showed a dlight
difference between the forecast and the actua
data. Then research by Sofiyanti et a. to estimate
the price of gold in investment using the Fuzzy
method Time Series. Gold price prediction
results on July 1, 2023.

Based on these problems, researchers
want to know the forecast of LM Antam gold
prices for the next 12 months starting from the
research time, namely August 2024. This study
uses the Double Digit method approach.
Exponential Smoothing is expected to get the LM
Antam gold price forecast for the period from
September 2024 to August 2025. Double Method
Exponential Smoothing is one of the forecasting
methods used for trend data patterns. The gold
price data to be forecast is Antam Precious Metal
gold produced by PT Antam. The Antam price
data pattern is obtained from the official Antam
price history website per month which shows an
increase over time.

Gold is one of the profitable investments.
Its investment value continues to increase, is not
easily affected by inflation, is flexible for buying
and sdling transactions and the open market
makes gold a choice for investment. Investment
is a current commitment to gain profit in the
future.

Forecasting is a process for obtaining
future vision through past data. The method used
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in forecasting very much it is very important so
that the desire can achieved. The results of the
forecast obtained will become a materia
consideration in making decisions [4]
Forecasting cannot be done without error
(error). Researchers are only capable try to make
an error occur as minimally as possible [5 ].
Method forecasting It is very necessary for
investors to know and be required to make
decisions in uncertainty. Forecasting is done
based on analysis and calculations will be more
useful and accepted compared to predictions
without any basis. Forecasting done with
accuracy will produce benefits in the form of
satisfaction among customers, persona pride,
trust in the company, control of the operation
company, and profit or financial status [6 ].
Method forecasting can shared in 2 categories
main, namely method quantitative and qualitative
methods. Quantitative can shared in a series of
periodic or sequence times (time series) and
methods casual, whereas method qualitative can
share become method exploratory and normative.

The method used in this research is Double
Exponential  Smoothing. Method qualitative,
Forecasting with method qualitative done with
considerations, namely past data Then Not yet
Once There is or difficulty obtained, past data
trends estimated. The technique used is approach
exploratory and normative. The method is
quantitative; Forecasting with the method
quantitative can done with several conditions,
namely past data Can be obtained and quantified,
and past data estimates own trend the same as
future data. The method used among other
methods constant, linear trend, exponential,
moving average, single exponentia smoothing,
and Double Exponential Smoothing.

Several calculation methods are commonly
used in calculating prediction errors ( forecasts).
Error). One way to evauate forecasting
techniques is MAPE. The average absolute
percentage error or Mean Absolute Percent
Error (MAPE). MAPE is the average absolute
differentiation between forecasted and actua
values, expressed as a percentage of actua
values. MAPE is calculated as the average
absolute differentiation between forecasted and
actual values, expressed as a percentage of actua
values. The MAPE value can be found using the
formulain Equation 1.
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MAPE = - sl* (1)

Where: At = actual value on datat Ft =
forecast value on data tn = number of data
periods.

The use of MAPE in evauating
prediction results can avoid measuring the
accuracy of the actual value and predicted value.
The MAPE value criteriaare shownin Table 1.

Table 1. MAPE Vaue Criteria

MAPE Vaue Criteria
<10% Very good
10% - 20% Good
20% - 50% Enough

> 50% Bad

Double Exponential Smoothing is a
method that continuously improves forecasting
by taking the average value of past smoothing
values from time series data in a decreasing
manner ( exponential ). Linear Exponential
Method Smoothing ( Double Exponential
Smoothing ). The forecast value can be found

using equation 2-4 [8].
Double Formula Exponential  Smoothing
Brown :
5t =aXt+(1l-a)5't-1 (2
S"t =aS't+(1-a)5"t-.(3)
al =28't-8"t (4

The advantage of the Brown DES
method compared to other forecasting methods is
its ability to handle data that has significant
trends and fluctuations. Unlike simple forecasting
methods such as moving averages or single
exponential methods that only rely on the latest
historica data, Brown DES aso takes into
account changes in data trends gradualy. This
makes it more responsive to changes in complex
and unstable data patterns, such as those that
often occur in the coal extraction and export
industry. This method adso dlows for the
accounting of seasonal effects or cyclical patterns
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in the data, although not as comprehensive as
dedicated seasonal forecasting methods. Thus,
this method provides sufficient flexibility in
dealing with natural variations in coal production

2. RESEARCH METHODS

Data collection

The data used in this study is secondary
data, namely the price of Antam gold. The
sample taken in this study is the gold price for the
period 1 Tren 2022 - 1 August 2024. So the
number of data is 32 data. The downloaded data
Is historical monthly data on gold prices that are
summarized and can be seenin Table 2.

Data Typesand Sources

Data collection begins with a preiminary
research stage, namely a literature study by
studying previous research related to this
research topic. At this stage, a review of the data
needed is also carried out, namely regarding the
type of data, data availability and an overview of
how to process the data. The next stage is the
main research which is used to collect all the data
needed to answer the objectives of the research
and enrich the literature to support the
quantitative data obtained.

Data Analysis M ethods

The data analysis method used by researchers is
one of the methods with forecasting techniques.
Researchers use the Double Exponential
Smoothing. The software used is Minitab 20. The
steps taken in this study are shown in Figure 1.
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for export purposes, while still providing

relatively accurate estimates in the short to
medium term.
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Figure 1. Research Flow Diagram

3. RESULTSAND DISCUSSION
Gold Price Data; This study uses monthly
gold prices with a period of 32 months. The gold
price data used is for the period 1 Tren 2022 to 1
August 2024. The data was obtained from the
logammulia.com site. The gold price download
data can be seenin Table 2.

Table 2. Gold Price Data

No Month Price
1 Jan-22 938
2 Feb-22 927
3 Mar-22 977
4 Apr-22 989
5 May-22 975
28 Apr-24 1254
29 May-24 1310
30 Jun-24 1336
31 Jul-24 1363
32 Aug-24 1433

Source: logammulia.com [8]
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Data analysis

Data analysis using descriptive statistical data
aims to measure data centralization, to find out
the distribution of data visualy in the form of a
time series plot which can be seenin Figure 2.

Time Se=ies of goid price (Rupalvgram)

Gaded Price [Rupsshifzram)

Figure 2. Gold Price Data

Figure 2 is a gold price graph for period
1 Tren 2022 to August 1, 2024. Based on the
graph above, it can be seen that within 32
months, the lowest gold price was in February
2022 at IDR 927,000 per gram. While the highest
per gram. From the graph, it can be seen that the
movement of LM Antam gold prices tends to be
an upward trend.
Forecasting Results

This study uses a Double Approach to
Exponential Smoothing. Antam LM price data is
processed using software Minitab 20 then the
following output can be seenin Figure 3.

Gald price of L Artam (Rup ahdgram)
o dbsdee Pl e thon
(1]

Gold Frize (Rupiakigrar)
k.
-
am
L)
-

o .:f-l & F

o ¥

I*=r od of Motk

Figure 3. Double Exponential Smoothing

Test results using the software Minitab 20 with
Double approach Exponential Smoothing show
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that the predicted value graph pattern is almost
the same as the actual data value pattern. The
parameter value used is alpha (a). The predicted
value closest to the actual value is when o = 0.9.
From the results of the Double Exponential
Smoothing calculation, the value initidization
holds a very vital role in mark results prediction.
Double MAPE test Exponential The most
optimal smoothing is obtained when a= 0.9 with
a MAPE value of 2.31. The smaller the MAPE
value that appears, the better the test results will
be. The MAPE value and when a = 0.9 can be
seenin Figure 4.

Smaathing Constants

0.97 1172
0122534

o lovel)

y lemnic]

Accuracy Measures
MASE 23
LD s

MEC 11705

Figure4. MAPE Vaue

Forecast Resultsforward

From the data in Table 2. Forecasting
going forward starting from period 33. In this
study, the price prediction of LM Antam was
carried out for the next twelve months, namely
the 33rd to 44th period. By using software
Minitab 20 forward calculation of the 33rd to
44th period, the value can be seen in Table 3.
From the calculation results, it can be seen that
the price of LM Antam gold tends to continue to
increase without any decrease each month. The
highest price prediction in the 44th period,
namely August 2025, is IDR 1,806,990 with a
lower price threshold of IDR 1,383,000 and an
upper price threshold of IDR 2,230,850.
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T;:}_ble 3. Forecast Result of 12-month forward

Mo Forecust  Upper Luower

33 1462998 1524205 1401791
34 142427 1585085 1402556
is 1325543 1649406 140168
6 1356,815  1713.441 L400.17
7 1385087 1777.821 1398.354
38 161936 184235 1106 360
an 1RS0.A32 1906984 1304 387
40 1681905 1971.685 1392124
41 1713177 2036432 1384421
42 1744 449 2101214 1387 &85
43 1775722 216602 1385425
4 1806994 2230840 1383 142

Sour ce: Process Data, 2024
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The next twelve months are September 2024 to
August 2025. Using a = 0.9, the MAPE value
that appears is 2.31, the MAD value is 24.98,
while the MSD value is 1175.61. The graph can
be seen in Figure 5. It can be seen that the graph
pattern tends to increase regularly every month.
This can be interpreted that investment,
especially LM Antam gold, can be an attractive
alternative because its value is stable and
protected from inflation and has a safe long-term
investment value.

Gold price of LM Antam (Rupiah/gramy}
Couble Exponential Method
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Figure5. Forecast of Gold Price

4. CONCLUSION

From the results of the study on the LM
Antam gold price forecast, there is a trending
gold price data pattern with a tendency for datato
always increase in each period. The highest price
forecast using the Double Exponential
Smoothing approach for the next twelve months
from September 2024 to August 2025 is in
August 2025. The highest LM Antam gold price
for the 44th period in August 2025 was IDR
1,806,990 with a lower price threshold of IDR
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1,383,000, an upper price threshold of IDR
2,230,850 and a forecast error value of 2.31% or
a forecast accuracy of 97.69%. It can be seen
from the graph pattern that it tends to increase
regularly every month. This can be interpreted
that investment, especially LM Antam gold, can
be an attractive alternative because its value is
stable and protected from inflation and has a safe
long-term investment value.
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Abstract - Amid economic uncertainty,
adopting digital pivot strategies has become
crucial, particularly for Micro, Small, and
Medium Enterprises (MSMEs) to sustain
business growth. Social media marketing, as
a vital component of the digital pivot, offers
a platform for entrepreneurs to reach
audiences more efficiently and effectively.
This study aims to explore the correlation
between social media metrics and the
monthly revenue of MSMEs, focusng on
BirkinPet, a pet harness appar el business. A
multiple linear regresson analysis method
was employed to evaluate the relationship
between the number of posts, likes,
followers, shares, and engagement rate with
monthly revenue. The analysis results
indicate that the number of posts has a
significant negative relationship  with
monthly revenue (B = -1.1224; p = 0.051),
while likes, shares, followers, and
engagement rate showed no significant
relationship. These findings highlight the
importance of a more focused and relevant
content strategy in social media marketing
to support business revenue growth. In
conclusion, while social media holds
substantial potential as a marketing tool,
success is not entirely dependent on the
guantity of activity. A data-driven strategic
approach isakey factor in converting social
media activities into revenue growth,
warranting further exploration to identify
the most effective optimization strategies.

Keywords. digital pivot, social media

marketing, regression analysis,
M SMEs, content strategy.
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1. INTRODUCTION.
1.1. Background.

Amid the economic uncertainties caused
by various factors such as the global pandemic
and market fluctuations, Micro, Small, and
Medium Enterprises (MSMES) face significant
challenges in maintaining business operations.
Compared to large corporations, MSMES are
more vulnerable to economic instability as
they have limited access to resources and
capital [1]. MSMEs bear full responsibility for
their communities and business activities [2].
Therefore, effective and adaptive business
strategies are essential to mitigate risks and
capitalize on opportunities.

One effective strategy for helping
businesses navigate economic uncertainties is
the digital pivot. According to [3], a digita
pivot involves adopting and integrating digital
technologies into business operations to
enhance efficiency, reach broader markets, and
create added value for  customers.
Furthermore, [4] highlights that digita
technologies, particularly social media, have
proven to be effective marketing tools for
improving visibility, building customer
relationships, and facilitating business
transactions. [5] notes that online reviews of
products and services significantly influence
customer attitudes and purchase intentions.

Using social media as a marketing
medium represents an initial step for MSMEs
[6]. Socid media has become essential for
business operations to reach audiences and
increase revenue [7]. Social media leverages
web- and mobile-based technologies to create
interactive platforms and modify content [8].
Content anaysis provides insights into the
guantity and quality of social media usage for
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communication purposes [9]. Digita pivot
strategies in marketing require technology to
achieve marketing goals [10], and big data
analytics dignificantly enhances marketing
success [11]. Digita technology can optimize
business pivots by enhancing digital
capabilities such as digital sensing, digital
seizing, and digital transforming, which are
highly relevant in unstable environments [12].
Innovative marketing strategies through social
media, such as SEO, content-based marketing,
email campaigns, and data-driven analytics,
have become essential tools for boosting
competitiveness and fostering sustainable
growth for SMES[13].

Birkin Pet is a business led by a young
entrepreneur in the pet appare industry,
exploring digital pivot strategies through the
use of socia media as a marketing tool. This
study aims to understand how variables such
as the number of posts, likes, shares, and
followers on social media platforms correlate
with revenue and how the strategic
management of these platforms can be used as
an efficient and effective digital pivot strategy.
1.2. Problem Statement.

a. How do social media variablesinteract
with revenue?

b. How can Birkin Pet implement a
digital pivot strategy through socia
media to increase revenue, particularly
amid economic uncertainties?

1.3. Objectives.

a. To anayse the impact of socia media
marketing activities (number of posts,
likes, shares, followers, and
engagement rate) on Birkin Pet’s
monthly revenue.

b. To identify social media marketing
metrics that significantly influence
revenue.

2. LITERATURE REVIEW
2.1. Social Media Marketing and Revenue.
Socia media marketing has proven to be
an essential tool for businesses to enhance
brand awareness and revenue [14]. The use of
social media platforms enables businesses to
connect directly with their audiences and build
closer relationships with consumers, ultimately
fostering loyalty and brand advocacy [15].
Unique and engaging content strategies on
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social media platforms can influence consumer
perceptions and purchasing decisions [16].
Influencers play a significant role as role
models, encouraging actions and adding value
to brands, thereby attracting customers to
purchase products highlighted in their posts
[17].

2.2. Digital Pivot Strategies.

Digital pivot strategies involve significant
transformations in business models through
the utilization of digital technology to adapt to
ever-changing market conditions [3]. The
implementation of digital strategies includes
developing e-commerce, enhancing socia
media presence, and leveraging data anaytics
to understand consumer behaviour and market
trends [18]. Digital pivot strategies enable
organizations to identify and capitalize on
available opportunities [19]. These strategies
foster digital innovation to create or modify
business processes and models [20].
Innovation management within a digital pivot
applies systematic approaches to generating,
developing, and implementing new ideas,
solving problems, and creating business
opportunities [21].

2.3. The Relationship Between Social Media
Marketing and Revenue.

Several studies have shown a positive
relationship between socia media marketing
activities and a company's financia
performance. [22] found that effective digital
marketing strategies can expand market reach,
ultimately increasing revenue. The relationship
between the number of posts and the level of
interaction draws attention to the importance
of relevant and value-adding content in
fostering significant  engagement  [23].
Participants who engage with authentic and
well-known influencers experience elevated
Para social interactions, which significantly
influence their purchasing tendencies [24].

2.4. Conceptual Framework

=)
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=) o)
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Figure 1. Conceptual Framework
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The conceptual framework, developed as
a multiple linear regression model, illustrates
the relationships between  independent
variables (Posts, Likes, Shares, Followers, and
Engagement Rate) and the dependent variable
(Revenue). Each arrow connecting these
variables represents the hypothesis that an
increase in independent variables—such as a
higher number of posts leading to greater
customer interaction—may contribute to
increased revenue.

3.METHODOLOGY
3.1. Type of Research.

This study employs quantitative
exploratory research, aimed at exploring and
measuring the impact of social media variables
on revenue through the analysis of numerical
and statistical data.

3.2. Research Design.

The research design is a case study
focusing on "Birkin Pet," a business run by a
young entrepreneur specializing in pet harness
apparel.

3.3. Data Collection Methods.

a Secondary Dataz Collected from
historical records within the business
and literature reviews to gather
theoretical and empirical insights.

b. Primary Dataz Obtained through
surveys or interviews with relevant
stakeholders.

3.4. Data Analysis Techniques.

The study employs Multiple Linear
Regression Analysis to evaluate the influence
of multiple independent variables (Posts,
Likes, Shares, Followers, and Engagement
Rate) on the dependent variable (Revenue).

3.5. Research Phases
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Figure 2. Research Phases

The research is conducted in structured
phases, including data collection, data
processing, statistical anaysis, and
interpretation of results to ensure a
comprehensive evaluation of the relationship
between social media activities and revenue.

4. ANALYSISAND DISCUSSION
4.1. Hypotheses
a. Hypothesis 1: Relationship Between
Number of Posts and Revenue
- HO: There is no significant
relationship  between  the
number of social media posts
and monthly revenue.
H1: There is a significant
relationship  between the
number of social media posts
and monthly revenue.
b. Hypothesis 2: Relationship Between
Number of Likes and Revenue
HO: There is no significant
relationship  between  the
number of likes on socia
media and monthly revenue.
H1: There is a significant
relationship  between  the
number of likes on socia
media and monthly revenue.
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c. Hypothesis 3: Relationship Between
Number of Shares and Revenue
- HO: There is no significant
relationship  between the
number of shares on socid
media and monthly revenue.
H1: There is a dignificant
relationship  between  the
number of shares on socid
media and monthly revenue.
d. Hypothesis 4: Relationship Between
Number of Followers and Revenue
- HO: There is no significant
relationship  between  the
number of followers on socia
media and monthly revenue.
H1: There is a sdignificant
relationship  between  the
number of followers on socid
media and monthly revenue.
e. Hypothesis 5: Relationship Between
Engagement Rate and Revenue
HO: There is no significant
relationship between
engagement rate on socia
media and monthly revenue.
H1: There is a dignificant
relationship between
engagement rate on socia
media and monthly revenue.
4.2. Data Collection
a Independent Variables:
Number of Posts (per month)
Number of Likes (tota per

month)
Number of Shares (total per
month)
Number of Followers (per
month)

Engagement Rate = (Likes +
Shares) / Followers x 100%

b. Dependent Variable:
Revenue
millions)

(monthly, in

4.3. Data Cleaning
4.3.1. Missing Vaue Inspection
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Figure3. Mlssmg Values Heatmap

No missing values were detected in the
dataset; al columns have O missing values.
The heatmap above visualizes the absence of
missing datain the dataset.

4.3.2. Anomaly Detection

Uoxalor for Anomaly Det=ction

e
e e

Figure 4. Boxplot for Anomaly Detection

No anomalies or unreasonable values
were found in the dataset. All numerical
columns contain 0 values less than or equd to
zero. This ensures that the data is clean and
ready for further analysis.
4.4, Data Structuring

The dataset comprises various columns
with specific data types: Month is an object
(string), while Posts, Likes, Shares and
Followers are integers.  Additionaly,
Engagement Rate and Revenue are represented
as float data types. This structured data alows
for anadysis focused on time trends and
correlations.4.4.1. Monthly Revenue Over
Time
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Figure 5. Monthly Revenue Over Time

The x-axis represents the months from
January 2023 to December 2023, while the y-
axis represents monthly revenue within a
predetermined range. Each point on the line
indicates the revenue for a specific month, and
the line connecting these points demonstrates
the trend of revenue movement over time.
4.4.2. Monthly Posts, Likes, and Shares Over
Time

Wi ot Cbes acd Shares Do Tove [ sve 2022 (n Destmmbbe 2004

Figure 6. Monthly Posts, Likes, and Shares
Over Time

The x-axis represents the months from
January 2023 to December 2023, while the y-
axis shows the number of Posts, Likes, and
Shares. The legend provides color-coded
labels for Posts, Likes, and Shares, alowing
for clear differentiation between the metrics.
4.4.3. Follower Growth Over Time
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Figure 7. Follower Growth Over Time

The x-axis represents the months from January
2023 to December 2023, while the y-axis
represents the cumulative total number of
followers. The blue line in the plot illustrates
the growth in followers over time, with new
followers added each month, showing a steady
increase.

4.4.4. Correlation Heatmap
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Figure 8. Correlation Heatmap

Corrélation values range from -1 to 1,
where 1 indicates a perfect postive
correlation, -1 indicates a perfect negative
correlation, and O indicates no correlation. The
cells in the heatmap are color-coded based on
the correlation values, with warmer colors
(closer to 1) representing strong positive
correlations and cooler colors (closer to -1)
representing strong negative correlations.
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4.5, Initial Data Exploration
45.1. Descriptive Analysis

a

Posts: The average number of posts
per month is approximately 23,
ranging from 17 to 29 posts.

Likes: The average number of likes
per month is around 3,131, with a
minimum of 1,130 and a maximum of
4,735 likes.

Shares: The average number of shares
per month is approximately 315,
ranging from 121 to 485 shares.
Followers. The average number of
followers is 2,557, growing from
1,269 to 3,715 followers during the
observed period.

Engagement Ratee The average
engagement rate is 146.70%.

Revenuee The average monthly
revenue is approximately 18.30
million, with a standard deviation of
4.78 million.

4.5.2. Variable Distribution
45.2.1. Post Distribution

Freguerey

sl vk brcery ol Fyasl =

Figure 9. Post Distribution

The distribution of posts per month is
uniform, with no specific month showing an
unusually high or low number of posts.

4.5.2.2. Likes Distribution
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Figure 10. Likes Distribution

The distribution of likes shows some

variation,

with certain  months receiving

significantly higher likes compared to others.
4.5.2.3. Shares Distribution
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Figure11. Shares Distribution

The distribution of likes shows some
with certain  months receiving

significantly higher likes compared to others.
4.5.2.4. Distribution of Followers
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Figure 12. Distribution of Followers

The distribution of followers shows

consistent growth, reflecting the accumulation
of followers over time.
4.5.2.5. Distribution of Engagement Rate.
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Figure 13. Distribution of Engagement Rate

The engagement rate demonstrates a wide
distribution, indicating variation in the level of
audience interaction with posts.
4.5.2.6. Distribution of Revenue
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Figure 14. Distribution of Revenue

Monthly revenue shows variability,
with certain months exhibiting significantly
higher revenue compared to others.

4.6. Multiple Linear Regression Model.

The regression model equation:

Revenue = 19.5637 — 1.1224 x Posts + 0.0025
x Likes + 0.0011 x Shares + 0.0017 x
Followers + 0.0788 x Engagement Rate

4.6.1. Regression Model Coefficients
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Figure 15. Regression Model Coefficients

Const: The intercept of the model,
represents the expected revenue when all
predictor variables are zero. Posts, Likes,
Shares, Followers, Engagement Rate: The
coefficients represent the impact of each
independent variable on the dependent
variable (Revenue).

4.6.2. Key Metrics
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Figure 16. Key Regression Model Metrics
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Rz (78.4%): Indicates that the mode
explains 78.4% of the variability in revenue.
Adjusted R? (60.4%): Corrects for the number
of variables in the model. F-Statistic (4.360):
Measures the overal significance of the
model. Prob (F-Statistic) (0.0507): The p-
value for the F-statistic indicates the statistical
significance of the model.

4.6.3. Model Evaluation
4.6.3.1. Linearity

Observed vs, Predicted
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Figure 17. Observed vs. Predicted Plot

Some patterns in the data suggest the
relationship may not be entirely linear.

4.6.3.2. Homoscedasticity
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Figure 18. Residuals vs. Predicted Vaues Plot
The plot shows random patterns,

suggesting the homoscedasticity assumption is

reasonably met, despite some slight clustering.

4.6.3.3. Residual Normality
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Figure 19. Q-Q Piot

Residuals are not entirdly normal,
particularly at the distribution's tails. The "S'
shape in the plot indicates deviations from
normality.

4.7. Interpretation of Regression Results
4.7.1. Interpretation of Coefficients
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Figure 20. Independent Variable Coefficients

Posts: Coefficient of -1.1224 (red). An
additional post is associated with a decrease in
revenue of 1.1224 units. Likes: Coefficient of
0.0025 (blue). An additional like is associated
with an increase in revenue of 0.0025 units.
Shares: Coefficient of 0.0011 (blue). An
additional share is associated with an increase
in revenue of 0.0011 units. Followers:
Coefficient of 0.0017 (blue). An additiona
follower is associated with an increase in
revenue of 0.0017 units. Engagement Rate:
Coefficient of 0.0788 (blue). A 1% increasein
engagement rate is associated with an increase
in revenue of 0.0788 units.

4.7.2. Interpretation of P-Values
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Figure 21. P-Values of Independent Variables

Posts: P-value of 0.051, nearly significant
at the 0.05 level. Likes, Shares, Followers,
Engagement Rate: P-values well above 0.05,
indicating these variables are not satistically
significant predictors of revenue.

5. CONCLUSION

a. Utilizing the multiple linear regression
model, this study reveas that a higher
number of posts is associated with a
decrease in revenue (with a coefficient of
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Abstract - PT. XYZ is a company that does
business in paper production, one of the
revolutionsin the field of network distribution
based on Internet technology. E-SCM
technology has many advantages such as
optimizing data recording, and data
distribution and facilitating remote
monitoring of data systems using WAN
Network Topology. Based on the results that
have been analyzed, a supply chain
management model is needed that can help
monitor data systems using WAN network
topology distribution that can be accessed by
PC Server to theintended International WAN
Access.

Keywords. Distribution, Monitoring System,
Supply Chain Management, WAN

|. INTRODUCTION

Business competition between companies
today getting tighter and stricter every day,
adong Information Technology Developments
have changed the way companies do business,
For this reason, companies are required to always
be able to change their business strategy and
tactics to be better. (Ramadhan, 2019)

The Internet is a global communication
forum that connects millions of computer
networks via telephone lines. Where the internet
is organized by many parties or groups,
organizations, or other private ingtitutions.
(Jogiyanto, 2005) Many people use the internet to
broaden their insight into life. A lot of
information is taken from all over the world via
the internet.

WAN is a collection of LANs or
workgroups that are connected using modem
communication tools and internet networks, from
or to the head office and branch offices, as well
as between branch offices. (Mulyadi, 2014)

According to Pujawan, (2017), a supply
chain is a network of companies that work
together to create and deliver a product to the end
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user.
Current industrial developments require
the industry to continue to improve supply chain
management. Electronic supply chain
management (E-SCM) is one of the revolutions
in internet-based goods distribution information
technology. E-SCM technology has many
advantages such as optimizing data recording,
datadistribution & system monitoring.
Darmawan et a., (2018) conducted research aims
to know the process of providing raw materials
and improving production quality up to when
delivery will be made. So companies need a
Supply chain management information system
(SCM) which is expected to be able to manage
existing needs in the company. Supply chain
management (SCM) itself is a supply chain
management process starting from the process of
procuring raw materials, and production until the
finished product reaches the hands of consumers.
Supply Chain Management (SCM) is a
system that can coordinate processes of
movement of materials, information, and
finances in a company. One of the factors that
requires costs in marketing the product, namely
Logistics management consisting of design
products, material procurement, production,
control inventory, and storage of goods.
Coordination What's happening isn't just inside
the company, but also for all outside activities
company. The goal is for the management of the
need for raw material supplies to become more
effective and efficient (Setiawan & Setiyadi, 2017)
Wati et a., (2022) implement a Supply
Chain Management Information System (Supply
Chain Management) that can make it easier to
manage inventory, starting from the ordering
process made by suppliers, procurement of
goods, and managing goods to customers. This
application is designed using XAMPP and the
Hypertext Preprocessor (PHP) programming
language and uses a MySQL database. This
application helps companies/agencies to store
any data that is dill manual or not yet
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computerized which aims to maximize the
performance and profits of the company,
suppliers, and customers who can provide
satisfaction to the company.

Ika Jaya, (2016) developed a supply
chain management information system with
multiple stages including: analyzing the business
processes running there, analyzing the existing
problems in the procurement process as well as
considering the impact and constraints of what
will happen if the implementation of SCM. The
main solutions offered by these systems are their
user interfaces that involve suppliers bidding
directly through the price system. Notifications,
negotiation, and approval are done online, which
is expected to make the time of ordering raw
materials becomes shorter. Tests on new research
on the functiona system using black box testing
methods.

Information systems and supply chains
have a strategic role in managing, measuring, and
improving business performance with a
sustainable competitive advantage. Mustafid,
(2015) designed the basic theoretical concepts of
information systems for an enterprise knowledge-
based sustainable supply chain. These systems
are in the form of a sustainable supply chain
information system designed based on enterprise
resource knowledge and directed by the
objectives and indicators of  business
performance in a sustainable by taking into
account environmental, economic, and societal.
Concepts and theoretical basics of this system
can be used as a basis for research development
and application in the field of information
systems and supply chain sustainability. The
application of this system can be used to help
management manage and optimize enterprise
knowledge resources by the potential of the
enterprise to improve business performance
overall and sustainability.

Saputro et a, (2018) developed an
Electronic  Supply  Chain ~ Management
information system that can assist in improving
the company's performance to achieve efficiency
and effectiveness in its business processes.
Software development is done using a waterfall
model, where several steps must be done
sequentially. On testing software functionality
using the black-box method and the white-box
method. Based on the results of functionality
testing that has been done indicates that this
system has met the needs by the specified
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specifications, and aso the results of
compatibility testing show that the system can
run well on various browsers.

(Hasriani et a, (2018) are to create a
WEB application database to speed up the
process of information and facilitate the
customers in terms of the order or ordering goods
hello to the company. The system is expected to
simplify and save time during the process of
ordering goods is in progress. Recapitulation of
Region 60, Cyclomatic Complexity 60, and

Independent Path 60 is worth the same
conclusion that the application is designed free of
logic errors.

Khotantri et al, (2023) designed and built
an ordering information system by utilizing a
website and using PHP programming, and a
MySgl database. The results obtained in this
study are an information system capable of
supporting business organizations and customers
in  website-based fruit-ordering transaction
activities. In addition, the information system
built can produce various reports according to
needs quickly.
Ramadhan, (2019) analyzed that the supply chain
management system requires the existence of an
information system that is reliable, accurate, and
adeguate to assist the system. Currently, the raw
material procurement process is hampered due to
slow response from supplier’s purchase orders,
total delivery errors that occur to suppliers, and
difficulty predicting raw materias

PT XYZ, so far in running the company's
business, has not had an integrated system that
can optimize data recording and distribution,
making it easer to monitor data systems
remotely using a WAN Network Topology. This
research has a goal to be achieved, namely
implementing E-Supply Chain Management to
monitor the performance of plant systems based
on WAN (Wide Area Network) and providing a
direct contribution to data system management at
PT. XYZ.

[I. METHODS

The methodology in this study consists
of literature study, process andysis, modeling
business, system needs analysis, design system,
implementation, testing, and conducting
conclusions and suggestions.
PT. XYZ requires an integrated system that can
monitor comprehensively. In carrying out this
activity, steps or stages are required, namely,
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among others:  Conducting monitoring and
control, Communicating objectives to a system
with E-SCM, Know the monitoring distance to
the objectives to be achieved.

In creating an Integrated E-SCM performance
system, here are some things to pay attention to:
determine what will be measured and monitored
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to create alignment between the E-SCM strategy
and standardized measurements, and apply
detailed E-SCM metrics to measure related
performance. PT. XYZ requires an integrated
system that can monitor comprehensively. In
carrying out this activity, steps or stages are
needed, namely, among others.

( Start }

v
Field study

y

Literature review

3

v

Problem formulation

v

Research objectives

Data collection

A

Design

'

Analysis

'

Conclusion

End

Figure 1 Research Design

The research steps are as follows

1. Start
Research begins
2. Field study

research method carried out by collecting
data directly at the location or place where
the phenomenon being studied occurs.

3. Literaturereview
Literature studies related to the problem
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being researched are used as theoretica
references and the basis for solving the
problem being researched.

4. Problem formulation
a very important initial step in research or a
scientific project. This process aims to
identify and formulate the problem to be
studied or solved.

5. Research Objectives
The purpose of research refers to the reason
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or intention to be achieved in research. This
purpose is usuadly formulated from the
beginning of the research and becomes a
guideline in determining the direction and
methods to be used in the research.

6. Datacollection
a systematic process of gathering information
needed for a specific purpose, such as
research, analysis, or decision-making. The
data collected can be qualitative (descriptive)
or quantitative (numerical), depending on the
type of information needed.

7. Design
a credtive and systematic process for
designing or creating something, be it a
product, building, visual display, or other
system, to meet a specific need or solve an
existing problem.

8. Analysis
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a systematic process of examining or
breaking something down into smaller parts
to better understand it. In many disciplines,
analysis is used to understand data,
information, or Situations to conclude, make
decisions, or find solutions.

9. Conclusion
part of a discussion or argument that serves
to conclude or summarize the core of the
topic that has been discussed. Usualy, the
conclusion is at the end of a writing or
discussion to provide a generd overview of
the results of the analysis or thoughts that
have been presented previously

10. End
Research end

1. RESULT AND DISCUSSION

PT. XZY¥Z CONFIGURATION

T

”"E.""E e

=TS

_'-.' i

Figure 2 Electronic Supply Chain Management Model for Distribution Network Topology at
PT.XYZ

The data monitoring stage is carried out
to obtain information about production inventory
in each area. If an error occurs in one of the
production data, a check must be carried out on
the server line in the area that is experiencing a
data error. To find out the data, distribute it viaa
network topology using a WAN that can be
accessed by the PC Server to the SCG WAN

Access in the intended International. Monitoring
is carried out twice a day to ensure the
performance of the plant system at PT. XYZ is
running well. If a data error occurs during
monitoring, a check is carried out on each plant
server that is experiencing an error.
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Figure 3 Topology Supply Chain Management for Distribution Network Topology at PT. XY Z

Distribution topology to distribute data
from PT. XYZ to the intended International PC
Server. Distribution monitoring is done by
collecting data from each plant to be combined
into the PT. XYZ PC Server which is then
digtributed to the intended International PC

Server. The tool used to connect to the PT. XYZ
PC Server is the OPC Server. OPC Server is
software  that  converts the  hardware
communication protocol used by the PLC into
the OPC (Device Connectors) protocol.
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Figure 4 Topology Plant Integrated System at Anaerobic Plant PT. XYZ

The distribution process is carried out
from the Engineering PC and Operating PC
Server of each plant to the PLC S7-1500 using a
profinet cable. Then from the PLC S7-1500, it is

74| TiBuana, Vol. 08, No.1, 2025

communicated via a profinet cable using a
Switch Hub tool. Switch Hub is a network device
that functions to connect several devices in a
loca network. The Switch Hub tool is then
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connected to the OPC Server of each plant. The
OPC Server can be used to monitor the intended
International Server. Digtribution monitoring is
carried out so that the work is done by the
required data such as RPM or motor speed,
voltage, amperes, and frequency on the motor
engine of the PT. XY Z factory.
Performance  management or  continuous
improvement is one of the fundamental aspects
of E-SCM. Therefore, the company PT. XYZ
requires an integrated system that can monitor
comprehensively. In carrying out this activity,
steps or stages are required, namely, among
others
a. Conduct monitoring and control
b. Communicate objectives to a system with E-
SCM
¢. Know the monitoring distance to the objectives
to beachieved

In making an Integrated System for E-
SCM performance, here are some things to
consider
a Determine what will be measured and
monitored to create a match between the E-
SCM strategy and standardized
measurements.
b. Apply detalled E-SCM metrics to measure
related performance.

IV. CONCLUSION

From the discussion that has been done,
it can be concluded that the Electronic Supply
Chain  Management Model for Network
Topology Distribution a PT. XYZ can hep
companies to get solutions in terms of data
digtribution to PC servers so that they can be
accessed using WAN Access a the intended
International. The benefits obtained by
monitoring the performance of the plant system
a PT. XYZ has a dgnificant and positive
influence on Supply Chain Management and
competitive advantage. The implementation of
good Supply Chain  Management in
manufacturing companies in Gresik will be able
to increase the competitive advantage possessed
by the company. The implementation of good
Supply Chain Management will be able to
improve the company's performance, both in
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terms of financia and operational performance.
The increasing competitive advantage of the
company will be able to improve the company's
performance as well.
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