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accounting and finance, marketing and digital business, human resource
management, economics, public policy, as well as communication and media
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evolving stakeholder expectations.
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PREFACE

Conference: International Conference on Cross- Disciplinary Academic Research
2025 - Track 2 Advances in Business & Economics, Social Science,
Communications & Media (ICAR-T2 2025)

Date: 29-30 September 2025

Location: Kuala Lumpur, Malaysia (Hybrid)

Website: https://icar25.uptm.edu.my/

This volume comprises the proceedings of Track 2 of the 3rd International
Conference on Cross-Disciplinary Academic Research (ICAR 2025), focusing on
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business, economics, social sciences, communication, and media studies. T
track provides a multidisciplinary forum for examining organizational prac
economic developments, social dynamics, and communication strategies in an
increasingly interconnected and digitalised world.

The papers published in this volume address diverse themes such as
management and entrepreneurship, accounting and finance, marketing and
digital business, human resource management, economics, public policy, as well
as communication and media studies. Collectively, these contributions offer
insights into how organizations and societies respond to rapid technological
change, globalisation, and evolving stakeholder expectations.

Each manuscript was subjected to a careful peer-review process to ensure
methodological rigour, clarity, and scholarly contribution. The editors gratefully
acknowledge the efforts of the reviewers for their thorough evaluations and the
authors for their valuable contributions. It is anticipated that this volume will
contribute meaningfully to academic discourse and future research across
business and social science disciplines. '

Nisrin Alyani Ishak
Azwanis Azemi

Siti Munirah Mohd Ali
Noorraha Abdul Razak
Editors-in-Charges
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Nisrin Alyani Ishak, Azwanis Azemi, Siti Munirah Mohd Ali, Noorraha Abd
Razak

All of the articles in this proceedings volume have been presented at the
International Conference on Multi-disciplinary Academic Research 2025
(ICAR2025) - Advances in Business & Economics, Social Science,
Communications & Media (Track 2) during 29-30 September 2025 in Kuala
Lumpur Malaysia....
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Proceedings Article

A Conceptual Framework for Logistics Coordination
Mechanisms and Humanitarian Operations Performance:
Insights from the Humanitarian Organization in Malaysia
Zeti Suzila Mat Jusoh, Roslinda Murad, Nadiah Yusof

In response to the escalating scale and complexity of humanitarian crises,
logistics coordination has become a pivotal factor in ensuring effective
emergency response. Despite the active involvement of various agencies in
Malaysia, ranging from government entities to NGOs, significant challenges
persist...
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A Field Survey on Conditions of Public Perceptions toward Basic
Infrastructure in Nepal

Keiko Maki, Manita Shrestha, Masaaki Sugihara, Indresh Sharma, Masayuki
Goto
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Basic infrastructure plays a fundamental role in shaping the quality of life ¢
economic activity in any society. In recent years, Nepal has seen significan
advancements. However, several critical challenges may remain unresolved. For
instance, while infrastructure stability has improved in some areas,...
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A Preliminary Assessment of The B40 Economic Well-Being
Measurement Instrument: Validity, Reliability, and Normality
Tests

Zaleha Muda, Zuriani Ibhrim, Suhaila Abdul Aziz, Izzah Nur Aida Zur Raffar

This research introduces and tests a concise measurement tool designed to
assess the economic well-being of B40 households in the post-COVID-19
environment. The instrument encompasses three core constructs: Financial
Well-Being (FWB), Daily Spending Pattern (DSP), and Basic Government
Effectiveness (BGE)....
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Proceedings Article

Accessibility and Pricing as Determinants of SME E-Commerce
Customer Satisfaction in Malaysia
M. T. Hirnissa, A. G. Norhaninah, M. T. Nur Shafina

This study investigates the relationship between accessibility and customer
satisfaction in online shopping among SMEs in Malaysia. Focusing on
Generation X, Y, and Z consumers in the Klang Valley, data were collected from
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202 respondents via a structured survey and analysed using SPSS
(correlational...
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Proceedings Article

Adaptive Co-Management In Fisheries Management Based On
Local Wisdom: A Systematic Literature Review

Hermanu Iriawan, Sri Handayani

The purpose of this study is to assess the implementation of adaptive co-
management in fisheries management based on local wisdom as an effort to
enhance socioeconomic conditions and preserve marine resources. This
research is expected to play an important role in bridging the gap between
scientific...

© Article details
© Download article (PDF)

Proceedings Article

Aligning Human Resource Operations with Sustainable
Development Goals (SDGs): A Comparative Study of India and
Malaysia

A. H. Ahmad Giran, P F. Muhamad Tamyez, M. A. Fauzi, V. Madhavkumar

This paper investigates how Malaysia and India incorporate the Sustainable
Development Goals (SDGs) into their operations. The alignment of sustainable
corporate practices was identified and measured. The authors employed a
qualitative research design to analyze data collected from numerous
industries....
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An Initiative to Measure the Impact of Digital Business
Transformation on the Bumiputera B40 Entrepreneurs’
Economy: A Conceptual Paper

Zaidatulnisha binti Ab Jalil, Hidayahtul Khusna binti Abdul Malik, Noorraha
binti Abdul Razak, Nurshuhaida binti Abdul Razak, Zaliza binti Azan

This conceptual paper examines the potential impact of digital business
transformation on the economic outcomes of Bumiputera B40 entrepreneurs in
Malaysia. Positioned within the bottom 40% of household income earners, this
group faces structural challenges such as limited access to capital, inadequate...
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Asymmetric Policy as an Instrument for Accelerating
Development in the Border Region of West Kalimantan
Rusdiyanta Rusdiyanta, Ahmad Nabil Fauzi

Several structural challenges in the border region between West Kalimantan
and Sarawak include geographical isolation, lack of basic socio-economic
infrastructure, disparities in public service delivery, and low economic growth.
These conditions necessitate affirmative and innovative development policies...
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Beyond Compliance: Factors Influencing Consumer Trust in
Halal Assurance

Norhayati Sulaiman, Madihatun Zainuddin, Siti Nurhazirah Abu Ashari,
Mohamad Amirul Shafig Mohamad Rosdi

This study examines the key factors influencing consumer trust in Halal
assurance, which is critical for the credibility and sustainability of the global
Halal industry. A structured quantitative survey was conducted among
consumers at Universiti Poly-Tech Malaysia (UPTM), yielding 188 valid
responses...
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Comparative Advantage of Malaysia Manufactured Exports:
Evidence from 2020—2024
Noor Aida Noh, Nur Hafizah Ramli

Malaysia’s manufacturing sector has long been a major contributor to national
economic growth. There are limited evidence exists on how Malaysia’s
comparative advantage in manufactured exports has evolved in recent years.
This study examines changes in Malaysia’s manufacturing competitiveness
from 2020...
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Enhancing Farmers Human Capital and Awareness Digital
Agricultural Insurance in Multi-Hazard Prone Area of Temor
Kulon Progo

Deden Kurniawan, Yuphi Handoko Suparmoko, Sugeng Priyanto, Tagwa Putra
Budi Sidi Hiram

This study explores strategies for enhancing farmers’ human capital and
awareness to improve the adoption of digital agricultural insurance in multi-
hazard-prone areas of Kulon Progo, Indonesia. As a disaster-prone region
frequently impacted by floods, droughts, and pest outbreaks, Kulon Progo’s rice...
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Ethical Management towards Sustainability in the Era of the 4th
Industrial Revolution: A Case Study of Selected Social
Enterprises

Zaliza Azan, Suriza NoorFahmi Hashim

This research explores how ethical management supports sustainability in the
era of the 4th Revolution, focusing on selected social enterprises. As technology
advances rapidly, businesses face the challenge of balancing innovation with
social and environmental responsibilities. Social enterprises, which...
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Exploring Halal Supply Chain Modernization Using Digital Twin
Integration for Traceability, Compliance and Operational
Excellence
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Mohd Firdaus Osman, Farha Ghapar, Fui Rui, Veera Pandiyan Kaliani Sundi

This study investigates the transformative potential of Digital Twin (DT)
technology in the Halal supply chain, focusing on its role in enhancing
traceability, ensuring compliance, and improving operational efficiency.
Drawing on a qualitative research approach, insights were collected through
interviews...
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Exploring the Impact of Ability and Benevolence on the Online
Buying Decisions among Generation Z University Students

Ahmad Fauzi Ahmad Zaini, Mohd Hadli Shah Mohamad Yunus, Azahari
Jamaludin, Noor Aziah Abu Bakar

Technological advancements, particularly the proliferation of the Internet, have
significantly transformed global market dynamics by enabling seamless
connectivity between businesses and consumers. As a result, online shopping
has become increasingly preferred over traditional retail, driven by fast-paced...
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Exploring the Intention-Behavior Gap: A Qualitative Study on
Malaysian Consumers' Adoption of Green Cosmetic Products

Nur Ain Shakila Nazri, Noorsyalina Nordin, Muhammad Hafiz Marzuki,
Shahrizan Sharkawi

The global demand for natural and organic cosmetics has gown significantly,
driven by raising environmental awareness and consumer preferences for
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sustainable products. In Malaysia, a culturally diverse market with increas
ecological concerns, the adoption of green cosmetic products presents both
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From Local Voices to Institutional Value: Assessing Community
Perceptions of Private Institutions in Malaysia
Norhaninah A. Gani, Nurisyal Muhamad, Nisrin Ishak

This study aims to explore how community perceptions shape the institutional
reputation of University Poly-Tech Malaysia (UPTM) and Kolej Poly-Tech MARA
(KPTM) within the urban contexts of Cheras and Bangi. The purpose is to assess
the extent to which local awareness, recognition, and communication
channels...
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From Message to Market: How Digital Marketing Shapes
Customer Perceptions of Value Propositions for Brand Loyalty
Siti Masitah binti Ashar, Nurul Arifah Khairul Izan

In today’s digitally driven marketplace, customer perception of value
propositions plays a crucial role in determining brand loyalty. This paper
explores how digital marketing initiatives shape consumers’ understanding of
brand value and influence their loyalty behavior. By utilizing digital platforms...
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Interference of Al in Journalistic Practices: Ethic and Profession
Standard Challenges

Indah Suryawati, Basuki Agus Suparno, Prudensius Maring, Martini Martini

Artificial intelligence (Al) is a key factor which significantly changes production
and consumption of media including in the scope of journalistic practices. There
are three aspects which determine and affect journalistic practices including
aspect of journalist integrity, aspect of the journalist duty...
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Javanese Children's Songs Preservation in Orchestra: A Cultural
Acculturation Study on Guntur Nur Puspito’'s YouTube Channel

Dhamang Suprayogi, Nawiroh Vera

The Korean Wave, or Hallyu, has become a global phenomenon in popular
culture, driven by globalisation and increasingly embraced by Indonesian youth.
In response, efforts to adapt traditional arts into contemporary formats have
grown in the digital era, particularly through social media platforms. This...
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New Political Campaign Model on DesakAnies-Slepetimin: A
Comparison of Social Media

Dudi Iskandar, Muhammad Ikhwan, Didik Hariyadi Raharjo, Reza Karendha,
Liliyana
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Since the direct presidential and vice-presidential elections were implemer
the campaign model in political contests in Indonesia had been a monologt
the form of grand campaigns and giving money/gifts/social assistance. This
campaign model was broken by the dialogic campaign model practiced by...
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Online Reputation: The Role of CSR Communication through
Online Platforms

Wan Nor Hidayah Wan Afandi, Nathasya Mohd Kamal, Aida Suhana Abdul
Hamid

In an era marked by heightened public awareness of social, environmental, and
ethical issues, Corporate Social Responsibility (CSR) becomes a vital element of
strategic corporate communication. Stakeholders nowadays expect companies
to communicate such efforts transparently and convincingly. Hence, CSR...
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Proceedings Article

Optimizing Stock Price Forecasting using Elman RNN with
Distributed Training and Hyperparameter Tuning
Anwar Rifai, Ahmad Zubaid Muzzakki, Mohammad Syafrullah, Riskiana Wulan

The fluctuation of stock prices is influenced by various internal factors, such as
tax policies and earnings per share, as well as external factors including
economic conditions and political situations. These nonlinear and volatile
characteristics present significant challenges for accurate prediction....
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Percelved Organizational Support and Employee Motivation:
Evidence from the Retail Sector in Kuala Lumpur Based on
Herzberg's Two-Factor Theory

Fauziah Yusof, Nurul Nabila Rasul, Nik Haslizawaty Abdul Halim, Nisrin Ishak

This research investigates the correlation between perceived organizational
support (POS) and employee motivation (EM) among retail employees in Kuala
Lumpur. Due to the rapid and customer-focused dynamics of the retail sector,
sustaining elevated employee enthusiasm is a persistent concern. Despite...
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Perception of the Batik Dress Code at SMTOWN Live 2023
Jakarta Concert

Denik Iswardani Witarti, Pipin Farida Ariyani, Safitri Resita Putri

This article examines how concertgoers interpreted batik during SMTOWN Live
2023 SMCU PALACE @ Jakarta. Held to commemorate 50 years of Indonesia—
South Korea diplomatic relations, the concert encourages attendees to wear
batik as the dress code. Data gathered using Latent Dirichlet Allocation (LDA)
topic...

© Article details
© Download article (PDF)

https://www.atlantis-press.com/proceedings/icar-t2-25/articles 12/21


https://www.atlantis-press.com/proceedings/icar-t2-25/126025375
https://www.atlantis-press.com/proceedings/icar-t2-25/126025375
https://www.atlantis-press.com/proceedings/icar-t2-25/126025375
https://www.atlantis-press.com/proceedings/icar-t2-25/126025357
https://www.atlantis-press.com/proceedings/icar-t2-25/126025357
https://www.atlantis-press.com/proceedings/icar-t2-25/126025355
https://www.atlantis-press.com/article/126025355.pdf
https://www.atlantis-press.com/proceedings/icar-t2-25/126025375
https://www.atlantis-press.com/article/126025375.pdf
https://www.atlantis-press.com/proceedings/icar-t2-25/126025357
https://www.atlantis-press.com/article/126025357.pdf

7129/26, 6:24 AM Proceedings of the International Conference on Cross- Disciplinary Academic Research 2025 - Track 2 Advances in Business & Ec...

Proceedings Article

QRIS in the Economic System of Food Distribution in Indonesia

Deden Kurniawan, Muhammad Rakesh Mahendratama, Dwi Kristanto, Gita Eka
Putri, Mukhamad Lucky Satria Nugraha

This study develops an innovative digital approach to the food distribution
system in Indonesia by utilizing QRIS as the core mechanism for transactions.
The proposed system uses the Number of Family Registration Card (Kartu
Keluarga) as the primary data key for distribution and integrates digital
financial...
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Reviewing SECI and Absorptive Capacity for Tacit Knowledge
Capture: The Managerial Mental Models in Workplace

Syafiq Ayop, Nisrin Ishak, N. Hidayah Zulkefli, Norhaninah A. Ghani, Nurisyal
Mohamad

The emerging of informal digital communication platforms such as WhatsApp,
Microsoft Teams and Telegram has increasingly replaced conventional formal
channels, transforming how tacit knowledge flows and is managed. The context
of this communication is well-rich with unique experiences, intuitive and...
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Perspective: Evidence from Indonesia

Andi Muhammad Nur Al Bisry Nurdin Halid, Haedar Akib, Andi Kasmawat
Andi Cudai Nur

The empowerment of Micro, Small, and Medium Enterprises (MSMES) requires
an integrated cross-sector collaboration. However, key stakeholders such as
government agencies, state-owned banks, and NGOs have largely operated in
silos when implementing empowerment initiatives. This study aims to analyze
the...
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Strengthening the Professionalism of Civil Servants in Shari'ah-
Based Indigenous Community Governance in Islamic Agencies
of Malaysia

Madihatun Zainuddin, Sharifah Hayaati Ismail al Qudsy, Hasliza Mohamad Alj,
Norazmi Anas

The issue of misrepresentation in the aspect of marginalisation of the
indigenous, who are often seen as backward compared to those outside, has also
often been debated and discussed in past studies. In addition, the neglect of
professional governance by the organisational staff towards them is also...
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Tax Literacy Among Non-Accounting TVET Students in Klang
Valley: A Survey Based Study

Syafiza Hanim Said, Noraslinda Fauzi
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This study explores a significant yet under researched issue: the low level ¢
literacy among non-accounting Technical and Vocational Education and
Training (TVET) students in Malaysia. These students often graduate directly
into self-employment or the gig economy but receive little to no formal...

© Article details
© Download article (PDF)

Proceedings Article

Teenagers' Expression of Nationalism Through Batik on Social
Media: A Tiktok Case Study

Khair Faramulya, Nawiroh Vera

This study aims to explore how teenager’s express nationalism through the use
of batik on TikTok. Using a qualitative approach and a case study design, the
research involved two key informants, 20-year-old students who actively create
and share batik-related content on TikTok. Data were collected through...
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Proceedings Article

The Impact of New Media on Interpersonal Communication: The
Role of Social Media Platform and Visual Content in University
Students' Engagement

Aida Suhana Abdul Hamid, Wan Nor Hidayah Wan Afandi, Azfa Izzah Roslan

This study explores the influence of new media, particularly social media, on
interpersonal communication among university students. The rapid growth of
digital platforms has redefined how individuals form connection, exchange

information, and construct meaning. By drawing upon Complexity Theory
which...
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The Impact of Tax Knowledge, Tax Penalties, and Tax
Compliance towards SVDP 1n Pasir Salak

Azwanis Azemi, Muhamad Haras Hasnawi Mohd Nas, Nur Maisarah Binti Mohd
Nor, Syatila Che Saruji, Nur Aaina Aqilah Binti Jamaluddin, Nur Aqilah Hazirah
Binti Mohd Anim

The purpose of this study was to determine impact Special Voluntary Disclosure
Program (SVDP) participation in Pasir Salak, focusing on how tax compliance,
tax knowledge and tax penalty might impact SVDP participation. The
determinants that serve as the independent variables are tax compliance, tax
knowledge...
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Proceedings Article

The Role of Company Secretary'’s Strategic Dimensions in
Enhancing Corporate Governance and Financial Reporting
Quality: A Review

Anwary Syuhaily Rosly, Rohami Shafie, Anas Rasheed Karamah Bajary,
Mohamad Nizam Jali, Zulyanti Abd Karim

The evolution of the role of the company secretary has shifted from an
administrative role to a governance advisor. Company secretary, as the guardian
of governance, is significant to the organisation because it plays a more strategic
role in promoting organisational transparency, ensuring regulatory...
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The Role of WhatsApp in Shaping Communication Dynamics
among Students

Noornajwa Md Amin, Munifah Alwi, Raznida Isa, Nur Salwan Gashlan, Farah
Farzana Abdul Aziz, Noraliza Azizan

WhatsApp has become a fundamental means of communication among
students, serving both social and academic purposes. This study examines the
role of WhatsApp in shaping communication dynamics among students
enrolled at three different types of institutions: private universities, university
colleges, and...
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Proceedings Article

Visualization of the Inheritance Concept “Segendong Sepikul” in
Wayang Beber Using Augmented Reality
Artyasto Jatisidi, Muhammad Igbal Naufal, Noni Juliasari

This study explores the visualization of the Indonesian inheritance philosophy
“Segendong Sepikul” through Wayang Beber using augmented reality
technology. The project aims to digitally preserve local cultural heritage while
enhancing public understanding and engagement with traditional
philosophical...
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Women, Finance, and Growth: Evidence from the DanaNITA
Financial Program
Suhaily Mohd-Ramly, Nurhidayah Rosely

Access to financing continues to pose significant challenges for women
entrepreneurs, particularly in developing countries. In response, the DanaNITA
program by Majlis Amanah Rakyat (MARA) was established to support
Bumiputera women entrepreneurs through targeted financial assistance aimed
at improving...
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Women's Economic Empowerment in Malaysia’s
Entrepreneurial Sector: Analysis of Economic Participation,
Education, Health, and Political Empowerment using the
Malaysia Gender Gap Index

Nora Ibrahim, Nur Hidayah Zulkefli, Nabila Elyana Tasrip

Women's economic empowerment is a key driver of Malaysia’s socio-economic
growth, particularly in the entrepreneurial sector, which plays a vital role in
fostering innovation, job creation, and inclusive development. Despite significant
progress in education and health, as highlighted by the Malaysia...
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Optimizing School Resource Allocation in Lima Puluh Kota
Regency through Random Forest Classification of Clustered
Student Enrollment Trends

Lestari Margatama, Yopie Hidayat, Indra Riyanto

The pattern of changes in student numbers in public elementary schools is a
strategic issue that affects the effective distribution of educational resources,
particularly in Lima Puluh Kota Regency. Imbalances in student growth or
decline across schools can impact the need for teaching staff, classroom...
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Religious Commitment and Reporting Motivation towards
Whistleblowing Among University Students

Nurisyal Muhamad, Aneesa Ahmad Tamizi, Norhaninah A. Gani, Moktar
Mahamod

This paper examines the extent to which religious commitment and motivation
can influence the act of reporting misconduct behaviour towards
whistleblowing within a conceptual framework. Self-Determination Theory
(SDT) is used as the basis for developing a conceptual framework that has been
tested through...
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Evaluative Language and Digital Courtship: An Appraisal Theory
Analysis of Self-Presentation on a Muslim Matchmaking
Website
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Nur Salwan Gashlan, Muhammad Syafiq Zulkifli, Raja Nurul Nadia Raja Ab:
Razak, Kesuma A. Bakar, Nur Fatthah Omar, Sahar Rasoulikolamaki

This study explores how Muslim users present themselves on faith-based
online dating platforms using evaluative language shaped by Islamic and
cultural values. Guided by Appraisal Theory (Martin & White, 2005), the research
focuses on how affect, judgment, and appreciation are used in self-descriptions...
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Optimizing Stock Price Forecasting using Elman RNN
with Distributed Training and Hyperparameter Tuning

Anwar Rifai"®, Ahmad Zubaid Muzzakki'(®, Mohammad Syafrullah*® and
Riskiana Wulan?(

! Faculty of Information Technology, Universitas Budi Luhur,
2 Center for Artificial Intelligence Studies, Universitas Budi Luhur,
J1. Ciledug Raya, Jakarta, Indonesia
anwar.rifai@budiluhur.ac.id

Abstract. The fluctuation of stock prices is influenced by various internal factors,
such as tax policies and earnings per share, as well as external factors including
economic conditions and political situations. These nonlinear and volatile char-
acteristics present significant challenges for accurate prediction. This study ap-
plies a Recurrent Neural Network (RNN), specifically the Elman architecture, to
forecast the daily closing prices of Bank Rakyat Indonesia (BBRI) stock using
historical data from 2003 to 2024.To enhance computational efficiency, a distrib-
uted training strategy using data parallelism was employed, allowing faster model
training on large-scale datasets. Additionally, hyperparameter tuning was carried
out to optimize model performance. The best-performing model, optimized
through extensive tuning, uses 9 time steps, 16 hidden neurons, a learning rate of
0.00011, ReLU activation, RMSProp optimizer, and Xavier Normal initializa-
tion. Evaluation results show that the model achieved a Mean Absolute Error
(MAE) of 79.18 IDR, a Root Mean Square Error (RMSE) of 107.20 IDR, and a
Mean Absolute Percentage Error (MAPE) of 1.58%. Furthermore, distributed
training significantly accelerated the training process up to 33 times faster com-
pared to conventional single-machine setups. These findings demonstrate the im-
portance of distributed computing and thorough hyperparameter optimization in
enhancing the performance of deep learning models for financial time series fore-
casting.

Keywords: Distributed training, financial forecasting, hyperparameter tuning,
RNN, stock prediction

1 Introduction

Forecasting stock prices has long been a critical task in financial economics, decision
sciences, and investment analysis. The accurate prediction of stock movements can pro-
vide significant advantages to investors, financial analysts, and policymakers. Stock
price dynamics are inherently complex, driven by both micro-level internal factors,
such as earnings per share (EPS), company revenue, dividend policies, and capital
structure and macro-level external influences including inflation, interest rates, foreign
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exchange fluctuations, global commodity prices, and political events (Mirza et al.,
2025). These factors interact in non-linear and dynamic ways, leading to highly volatile
price movements that are difficult to model using conventional methods (Karasan et al.,
2025).

In the Indonesian context, the capital market has experienced rapid growth and de-
mocratization in recent years, with a surge of retail investors and increasing digital ac-
cess to financial instruments. Among the stocks listed on the Indonesia Stock Exchange
(IDX), Bank Rakyat Indonesia (BBRI) stands out as a flagship banking stock. As a
state-owned enterprise with an extensive microfinance network and consistently strong
financial performance, BBRI commands high investor confidence. Its stock is one of
the most actively traded on the IDX, often used as a proxy for the performance of the
national banking sector. BBRI’s strategic position, historical stability, and relevance in
Indonesia’s economic development make it a compelling subject for predictive model-
ing (Napitupulu et al., 2021)

However, modeling and forecasting stock prices remains a formidable challenge.
Traditional methods such as ARIMA, linear regression, and exponential smoothing of-
ten fail to capture the nonlinear dependencies and temporal irregularities embedded in
financial time series. These methods typically assume stationarity and linear relation-
ships, assumptions that do not hold in volatile market conditions (Divyashree et al.,
2024). Moreover, they are often limited in their ability to incorporate long-term de-
pendencies in sequential data.

In recent years, the emergence of machine learning (ML) and deep learning (DL)
has significantly transformed the landscape of stock market prediction. These models
are capable of learning hidden patterns and complex relationships from large volumes
of data. Among them, Recurrent Neural Networks (RNNs) have shown particular prom-
ise for time series forecasting due to their ability to capture temporal dependencies by
maintaining memory across time steps (Khan et al., 2025). Within the RNN family, the
Elman RNN first introduced by Jeffrey Elman in 1990 employs a context layer that
stores the hidden state from previous time steps, making it suitable for sequential mod-
eling such as stock price prediction (Harbaoui & Elhadjamor, 2024).

Despite their advantages, RNNs present several practical challenges. First, training
RNNSs is computationally intensive, especially with large datasets and complex model
architectures. The iterative nature of time-series learning, combined with the need for
fine-tuning hyperparameters, often results in long training times and significant de-
mands on computing resources. Second, improper tuning of model parameter such as
learning rate, number of hidden neurons, choice of optimizer, and weight initialization
strategy can lead to underfitting, overfitting, or vanishing gradients, thus diminishing
model performance (Hao et al., 2025).

However, a critical gap remains in the efficient optimization of these models.
Although gated architectures like Long Short-Term Memory (LSTM) and Gated
Recurrent Units (GRU) are widely used to mitigate the vanishing gradient problem, they
are computationally expensive and may be excessive for datasets where simpler
architectures could suffice if properly tuned. The standard Elman RNN, while faster
during inference, is notoriously difficult to train effectively due to its sensitivity to
hyperparameter
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initialization. Existing studies often overlook the potential of optimizing simple Elman
RNNs to achieve a balance between speed and accuracy.

To address these issues, distributed training has emerged as a powerful solution. By
leveraging multiple computational nodes (e.g., CPUs, GPUs, or distributed systems),
training workloads can be parallelized and executed simultaneously, significantly re-
ducing the time required to train deep learning models. This is especially effective in
large-scale environments where datasets are extensive and models are deep and com-
plex (Dehghani & Yazdanparast, 2023). Among distributed training strategies, data par-
allelism where data is split among worker nodes, and gradients are averaged across
workers offers an efficient balance between implementation complexity and scalability
(Xie et al., 2025).

Additionally, hyperparameter optimization plays a crucial role in achieving high
model accuracy. Unlike model parameters that are learned during training, hyperpa-
rameters are manually set and can dramatically influence learning outcomes (Kaissar et
al., 2025). The number of time steps, learning rate, optimizer type (e.g., SGD, Adam,
RMSProp), activation function (e.g., ReLU, tanh), number of hidden neurons, and
weight initialization strategy are some of the key hyperparameters that need careful
tuning to ensure convergence and prevent learning pitfalls such as exploding or vanish-
ing gradients (Wakimoto et al., 2024). Hyperparameter optimization is often performed
using grid search, random search, or more advanced methods like Bayesian optimiza-
tion or genetic algorithms.

This study focuses on optimization efficiency. We propose a hybrid approach that
integrates the Elman Recurrent Neural Network, distributed training, and systematic
hyperparameter tuning to forecast the daily closing stock price of Bank Rakyat Indone-
sia (BBRI) using historical data from 2003 to 2024. By combining the temporal mod-
eling power of Elman RNN with the scalability of distributed training and the precision
of hyperparameter optimization, we aim to develop a predictive model that is both ac-
curate and computationally efficient.

We evaluate the model using standard metrics such as Mean Absolute Error (MAE),
Root Mean Square Error (RMSE), and Mean Absolute Percentage Error (MAPE) to
assess prediction accuracy. Furthermore, we compare the training time performance
with and without distributed training to quantify the efficiency gains. The outcome of
this study is expected to provide both theoretical insights and practical tools for apply-
ing deep learning in financial forecasting, particularly in emerging markets like Indo-
nesia, where computational resources may be limited and time-to-result is critical for
investment decisions.

2 Method

2.1 Data Collection

The dataset used in this research was obtained from the Yahoo! Finance platform,
which provides comprehensive historical stock price information for both national and
international companies. Specifically, this study focuses on the historical stock prices
of Bank Rakyat Indonesia (BRI) for the period from November 10, 2003, to June 16,
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2024, comprising a total of 5,102 records. The dataset includes key financial indicators
such as Open, High, Low, Close, and Volume. The data was retrieved in CSV format
using the yfinance Python library, which offers convenient programmatic access to the
Yahoo Finance API for financial market data acquisition. The downloaded data was
then structured and preprocessed for further analysis.

2.2 Preprocessing

The preprocessing phase includes several essential steps: data normalization, the sliding
window method, and dataset splitting.

Data Normalization. Data normalization is the process of rescaling raw data so that it
falls within a certain range, typically between 0 and 1 or -1 and 1. This step is crucial
in machine learning to ensure that features with large numeric ranges do not dispropor-
tionately influence the model compared to those with smaller ranges. The normalization
applied in this study uses the Min-Max scaling technique, calculated as shown in Equa-
tion (1):

_X—Xmin

M

X norm — .
Xmax—Xmin

Sliding Window. The sliding window technique is used to convert time-series data into
a supervised learning format. It works by creating a window of a fixed size that moves
across the dataset. Each window contains a sequence of consecutive data points used as
input, and the next immediate point is used as the target output. This approach helps the
model recognize patterns and trends in sequential data, which is critical in time series
forecasting tasks.

Train-Test Split. In this stage, the dataset is partitioned into three separate subsets,
each serving a specific role in the model development process:

Training Set: This subset, comprising 70% of the total data, is used to train the model.
The model learns the underlying patterns and trends in the data through iterative up-
dates of its internal parameters.

Validation Set: Consisting of 15% of the data, the validation set is utilized to fine-tune
the model's hyperparameters such as the number of hidden layers, learning rate, or batch
size and to monitor the model’s performance during training. This set helps prevent
overfitting by evaluating how well the model generalizes to data it hasn’t seen during
weight updates.

Test Set: The remaining 15% of the data is reserved as the test set. It is strictly used for
the final evaluation of the trained model. Since the test data remains completely unseen
during both training and validation, it provides an unbiased estimate of the model’s
ability to generalize to real-world data.



Optimizing Stock Price Forecasting using Elman RNN with ... 313

This 70:15:15 split ratio is strategically chosen to balance the need for sufficient train-
ing data with reliable validation and testing phases. This chronological split is critical
in financial time series to prevent "look-ahead bias" or data leakage, ensuring that the
model is strictly trained on past data to predict future values.

2.3 Model Initialization

Before training begins, a set of hyperparameters must be carefully defined to guide the
model’s learning process. The sequence length determines how many previous time
steps are considered in making predictions, while the number of input neurons corre-
sponds to the dimensionality of each input feature. The hidden neurons control the
model’s ability to capture complex temporal patterns, and the output neurons typically
represent the predicted value at each time step. A suitable learning rate is chosen to
balance the speed and stability of learning, while the number of epochs defines how
many times the model will iterate over the entire training dataset. The choice of activa-
tion function introduces non-linearity to help the model capture intricate relationships
in the data. Additionally, an optimizer is selected to minimize the loss function effec-
tively, and a weight initialization strategy is applied to provide a good starting point for
training. These initial configurations are critical to ensure the model learns efficiently
and generalizes well to unseen data.

2.4 Data Parallelization

Data parallelization refers to distributing subsets of the dataset across multiple compu-
ting units (workers), allowing simultaneous processing. This strategy significantly ac-
celerates the training process, particularly when handling large-scale datasets, by uti-
lizing available CPU resources to process multiple batches in parallel. In this study,
data parallelization was implemented using the MPI4Py framework, which enables
message passing interface (MPI)-based communication in Python for parallel compu-
ting tasks. The training and validation processes were executed across four compute
nodes and one head node, each equipped with an NVIDIA GeForce GTX 1080 Ti. Each
node managed 4 to 8 worker units, collaboratively handling data loading, model train-
ing, and evaluation to enhance computational efficiency and reduce overall training
time.

2.5  Training Process

The training phase is conducted in three main stages: forward pass, backward pass, and
weight updates.

Forward Pass. In this stage, the hidden state h; is calculated based on the input x, and
the weight parameters. Then, the output y, is produced. The prediction error is com-
puted by comparing y, with the actual target using a loss function. The formula (2) and
(3) are used in this step.

he = f(Wyp - Xt + Whp - he—1 + by) 2
ytZWhy'ht‘l'by (3)
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Where:

f is the activation function,

W xh, W i, Wy are weight matrices,
by, by are biases.

Backward Pass (Backpropagation Through Time). After calculating the error from
the forward pass, Backpropagation Through Time (BPTT) is applied to compute the
gradients across time steps. The objective of BPTT is to optimize the weights and biases
to minimize the loss function.

Model Update. Weight and bias updates are performed using the Gradient Descent
method. This algorithm seeks to find the optimal parameters 6 that minimize the cost
function J(8). The parameter update step is given by Equation (4)

_ a9
0=6-a’> “)

Where:

«a is the learning rate,
Q%(%Lis the gradient of the cost function.

This update process continues iteratively until convergence.
2.6  Testing

The trained model is then tested using the testing dataset, which was not used during
training. The model makes predictions on this unseen data, and the results are compared
with actual values. The goal of testing is to assess the model’s generalization ability,
not just its ability to memorize training data.

The performance is evaluated using the following metrics:
Mean Absolute Error (MAE) — Equation (5):
1 R
MAE=_%" |y = 7| )
L

n =1 i
Root Mean Squared Error (RMSE) — Equation (6):

RMSE =V (y =7y 6)

Mean Absolute Percentage Error (MAPE) — Equation (7):

MAPE = """ g iy %

n =1y,

If the evaluation results are not satisfactory, hyperparameter tuning is performed to
improve model accuracy.

2.7  Forecasting

In the final phase, the trained model is used to make stock price forecasts. The model
utilizes either the latest data from the training set or newly obtained input data to make
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future predictions. This forecasting process relies on the patterns and temporal relation-
ships learned during the training phase

3 Result and Discussion

This section discusses the results obtained from the implementation of the Elman Re-
current Neural Network (RNN) model for predicting the daily closing prices of Bank
Rakyat Indonesia (BBRI). The discussion is presented in a descriptive and analytical
manner, covering the model’s prediction accuracy, training efficiency under distributed
settings, the role of hyperparameter tuning, and a comparison with findings from recent
studies.

3.1  Prediction Accuracy and Error Analysis

The predictive performance of the Elman Recurrent Neural Network (RNN) model was
evaluated using three commonly accepted metrics: Mean Absolute Error (MAE), Root
Mean Square Error (RMSE), and Mean Absolute Percentage Error (MAPE). These met-
rics allow for a comprehensive assessment of the model’s capability to forecast BBRI’s
daily closing stock prices accurately and consistently. Table 1 show the prediction Ac-
curacy using RNN and RNN combined with hyperparameter optimalization.

Table 1. Prediction Accuracy of Elman RNN Model on BBRI Stock Data

Metric Without hyperparameter Using Hyperparameter
MAE 1237.27IDR 79.18 IDR

RMSE 1460.30 IDR 107.20 IDR

MAPE 24% 1.58%

The results indicate that the model achieved high forecasting accuracy across all three
evaluation metrics after using hyperparamter. The MAE of 79.18 IDR implies that, on
average, the model’s predictions deviate from the actual closing price by approximately
79 Rupiah. This level of precision is favorable given the volatility typical in daily stock
trading.

The RMSE value of 107.20 IDR confirms the model’s robustness in minimizing
larger prediction errors. Since RMSE penalizes large deviations more heavily than
MAE, a relatively low RMSE signifies that the model is not only accurate on average
but also stable across different time periods.

Meanwhile, the MAPE of 1.58% illustrates excellent relative accuracy. In financial
time series forecasting, a MAPE below 2% is generally considered outstanding, espe-
cially in daily price prediction where market noise and rapid fluctuations are common.
This finding aligns with Bansal et al. (2022), who state that models achieving a MAPE
in the 1% to 5% range are highly reliable for short-term predictions in volatile financial
environments. Compared to baseline unoptimized LSTM models which often
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hover around 2-3% MAPE due to overfitting on smaller datasets (Harbaoui & Elhadja-
mor, 2024), our optimized Elman RNN demonstrates superior performance. This sug-
gests that a simpler architecture, when rigorously tuned via distributed search, can out-
perform more complex models in specific high-frequency trading scenarios.

Collectively, these results demonstrate that the Elman RNN when supported by ap-
propriate data preprocessing, optimized architecture, and sufficient historical depth can
effectively model the nonlinear and sequential patterns in stock price behavior. The
high accuracy achieved confirms its potential application in real-time decision-making
tools within financial markets.

3.2  Training Efficiency with Distributed Learning

Another important contribution of this research lies in the implementation of data-
parallel distributed training. Fig 1. shows the visualization of the work unit. When train-
ing was performed on a single CPU, the model took approximately 3960 seconds to
complete 100 epochs. In contrast, the distributed training setup using four CPUs re-
duced the training time to about 120 seconds, marking a 33x acceleration in computa-
tional time.

This dramatic improvement is aligned with the findings of Patil & Chickerur (2023),
who reported that distributed learning techniques, particularly data-parallelism, are ef-
fective in speeding up deep neural network training without sacrificing model perfor-
mance. In our study, the accuracy metrics between the distributed and single-CPU ver-
sions of the model were nearly identical, confirming that the speed-up did not introduce
degradation in learning quality.

~
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Fig 1. Visualization of the work unit

Such improvement in training speed is particularly beneficial in real-world financial
modeling scenarios where quick model updates are often required in response to new
data or shifting market conditions.

3.3  Influence of Hyperparameter Optimization

This study also emphasizes the critical role of hyperparameter optimization in en-
hancing model performance. As illustrated in Figure 2, a clear improvement is observed
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after applying hyperparameter optimization techniques. The optimization was con-
ducted using a grid search approach, in which various combinations of hyperparameters
were systematically evaluated. To facilitate clarity and readability, the specific values
explored during this process are summarized in Table 2 below

Table 2. Hyperparameter Search Space

Hyperparameter Values Explored
Time Steps 3,5,7,9
Hidden Layer Neurons 8, 16,32, 64

Learning Rate

Optimizer

Activation Function

0.001, 0.0005, 0.00011
RMSProp, Adam

RelLU, Tanh

This structured approach allowed the identification of the optimal combination of
pa- rameters that significantly improved the accuracy and stability of the model during
training and validation phases.
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Fig 2. Before Hyperparameter Optimization (a) After Hyperparameter Optimization

It was observed that the best-performing configuration 9 time steps, 16 hidden neu-
rons, a learning rate of 0.00011, ReLU activation, RMSProp optimizer with § = 0.9,
and Xavier Normal weight initialization achieved the lowest MAPE. In contrast, in-
creasing the number of neurons beyond 32 often led to overfitting, and higher learning
rates caused convergence instability. The relatively low number of hidden neurons (16)
required for optimal performance validates our hypothesis that for BBRI stock data, a
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concise model prevents the memorization of noise, unlike deeper architectures which
are prone to overfitting.

These observations align with the conclusions made by Rahamathulla & Ramaiah
(2025) who emphasized that hyperparameter tuning is not only necessary for perfor-
mance optimization but also for model stability and generalization. The careful design
of this tuning process is therefore considered one of the key success factors in the
model’s performance.

To further validate the outcomes, the results were compared with previous studies
involving Elman RNN in similar contexts. For example, Moonlight et al (2023) imple-
mented Elman RNN for stock prediction on Indonesian banks and reported MAPE val-
ues ranging from 3% to 11%, depending on the stock and configuration used. Compared
to their results, the 1.58% MAPE achieved in this study indicates a significant improve-
ment in prediction accuracy.

Likewise, Zulfa et al., (2021) applied Elman RNN for predicting ocean current ve-
locity and reported MAPE values around 3.12%. Although in a different domain, the
comparison reinforces the general effectiveness of Elman RNNs for temporal forecast-
ing when combined with systematic hyperparameter tuning and efficient training mech-
anisms.

4, Conclusion

This study presented an Elman Recurrent Neural Network (RNN) model for forecasting
the daily closing prices of Bank Rakyat Indonesia (BBRI) stock, integrating two key
enhancements: systematic hyperparameter tuning and distributed training via data par-
allelism. The model was trained on historical data spanning from 2003 to 2024, and its
performance was evaluated using three standard metrics: Mean Absolute Error (MAE),
Root Mean Square Error (RMSE), and Mean Absolute Percentage Error (MAPE).

The results indicate that the model achieved strong predictive accuracy, with an
MAE of 79.18 IDR, an RMSE of 107.20 IDR, and a MAPE of 1.58%. These results
suggest that the Elman RNN is capable of modeling complex temporal patterns in stock
price time series data. The statistical validation of the model’s predictions further con-
firmed their significance. Additionally, the use of distributed training dramatically re-
duced the model’s training time by a factor of 33 demonstrating the practicality and
scalability of this approach for time-sensitive financial applications.

The study also highlighted the critical role of hyperparameter optimization. It was
shown that even slight changes in learning rate, number of neurons, or activation func-
tion can significantly influence model performance. Through careful tuning, the model
was able to achieve a high level of accuracy without overfitting, despite its relatively
simple architecture.

While the model performed well under historical conditions, it is important to note
that deep learning models are inherently data-driven and may not fully capture unpre-
dictable market shocks, such as geopolitical crises or sudden regulatory changes. There-
fore, predictions generated by such models should be used as supporting tools, supple-
mented with expert judgment and external analysis.

For future research, it is recommended to explore more advanced RNN variants, such
as Long Short-Term Memory (LSTM) or Gated Recurrent Units (GRU), and com-



Optimizing Stock Price Forecasting using Elman RNN with ... 319

pare their performance under similar distributed training settings. Additionally, incor-
porating macroeconomic indicators or sentiment analysis data could further enhance
prediction robustness and interpretability. Finally, real-time implementation of this
model on streaming financial data would be a valuable next step toward practical de-
ployment in algorithmic trading systems.
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