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ABSTRACT

This study employs predictive analytics to forecast the frequency of claims for SOCSQO’s Survivors' Pension
Benefits from 2025 to 2030. Using historical data from 1985 to 2024, we develop predictive models employing
ARIMA, decision trees, and artificial neural networks (ANN). The study aims to provide a comprehensive
understanding of claim frequency trends and their potential impact on SOCSQO's financial sustainability. The
ARIMA model captures time-series patterns, decision trees identify key determinants influencing claim
fluctuations, and ANN detects complex, non-linear relationships within the dataset. The study’s findings
indicate a continuous upward trajectory in claim numbers, with projections revealing an annual growth rate of
approximately 5.5%. These results highlight the necessity for SOCSO to adjust its financial strategies,
optimize actuarial assumptions, and implement data-driven policy interventions to ensure the long-term
sustainability of the fund. By integrating predictive analytics, SOCSO can proactively manage risk, optimize
contribution rates, and maintain financial stability while continuing to provide adequate support for
beneficiaries. The insights generated from this study will be instrumental for policymakers in making informed
decisions regarding future pension fund allocations and social security planning.
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INTRODUCTION

The SOCSO Survivors' Pension Benefit is a crucial component of Malaysia’s social security system, designed
to provide financial support to the dependents of insured individuals upon their passing. The scheme ensures
continued financial stability for beneficiaries, mitigating the economic challenges associated with the loss of a
primary income earner. Over the past four decades, claim frequencies have increased significantly due to
demographic shifts, economic transformations, and policy amendments that have broadened the scope of social
security coverage [1].

From 1985 to 2024, SOCSO’s Survivors' Pension Benefit witnessed an exponential rise in claims, reaching an
all-time high of 383,101 in 2024. Various factors have contributed to this trend, including increased workforce
participation, extended life expectancy, and evolving labor market dynamics. While the scheme continues to
serve as a vital financial safety net, the surge in claims poses significant challenges to SOCSO’s financial
sustainability. Policymakers must anticipate future claim trends to ensure that the fund remains viable and can
fulfill its long-term obligations to beneficiaries [2].

This study aims to apply predictive analytics techniques to forecast claim frequencies from 2025 to 2030. By
leveraging time-series forecasting models such as ARIMA, decision trees, and artificial neural networks
(ANN), this research seeks to provide policymakers and financial planners with a robust framework for
anticipating future pension fund liabilities. The findings will be instrumental in optimizing resource allocation,
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adjusting contribution rates, and formulating evidence-based policy recommendations to safeguard the
financial stability of SOCSO’s Survivors' Pension Benefit [3]-[5].

LITERATURE REVIEW
Survivors' Pension Schemes

Survivors' pension schemes exist globally as a crucial aspect of social security systems, providing financial
protection to the dependents of deceased insured individuals. Various countries have implemented different
models, ranging from defined-benefit schemes to contribution-based programs, each with unique eligibility
criteria and payout structures. Studies indicate that Malaysia’s SOCSO scheme aligns with global best
practices but faces sustainability challenges due to increasing claims. Comparative research highlights that
actuarial forecasting and data-driven adjustments play a vital role in maintaining pension fund solvency [6]—
[10].

Predictive Analytics in Social Security

Predictive analytics has been widely used in social security systems to optimize financial planning and forecast
future pension fund liabilities. Techniques such as ARIMA models, machine learning algorithms, and
regression analyses have been employed to predict claim trends and ensure that social security funds remain
financially viable. Research indicates that implementing data-driven actuarial models can significantly
improve the efficiency and accuracy of forecasting pension claims. Additionally, studies show that machine
learning techniques, including neural networks, can identify complex patterns in social security data that
traditional statistical models may overlook [11]-[15].

Historical Trends in SOCSO Claims

SOCSO's historical data from 1985 to 2024 reveals a steep upward trend in the number of Survivors' Pension
Benefit claims. This trend has been influenced by demographic shifts, policy changes, and socio-economic
factors such as rising mortality rates and increased workforce participation. Past research has examined the
impact of these variables on claim rates, concluding that predictive modeling can help anticipate future
financial burdens on the social security system. The growing dependency on SOCSO’s pension benefits
necessitates a proactive approach to managing its long-term sustainability [16]-[19].

METHODOLOGY
Data Collection

This study utilizes a comprehensive dataset obtained from SOCSO’s official records and publicly available
sources, spanning from 1985 to 2024. The dataset includes historical claim frequencies, demographic
attributes, and relevant socio-economic indicators that influence claim patterns. Data cleaning and
preprocessing were conducted to ensure accuracy and consistency, including handling missing values,
normalizing numerical variables, and detecting anomalies that could affect model predictions [20].

Forecasting Techniques
Three key predictive analytics techniques were applied to model future claim trends:
Autoregressive Integrated Moving Average (ARIMA) Model:

A statistical method for time-series forecasting analyzes historical claim data to capture linear trends,
seasonality, and stochastic components affecting claim frequencies. The ARIMA model was optimized
through parameter tuning, including determining the order of autoregression (p), differencing (d), and moving
average (q) to achieve the lowest error rate [21].
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Decision Trees:

A supervised learning technique identifies significant factors contributing to variations in claim frequencies.
The model was trained on historical data to classify and predict claim behaviors based on key determinants
such as age group, income level, and policy changes. Analyzing feature importance analysis was conducted to
enhance model interpretability and improve decision-making for SOCSO policymakers [22].

Artificial Neural Networks (ANN): A deep learning approach used to capture complex non-linear relationships
within the dataset. The ANN model was structured with multiple hidden layers, activation functions, and
backpropagation to refine prediction accuracy. Hyperparameter tuning, including learning rate adjustments and
dropout regularization, was employed to enhance model performance [5], [23].

Model Evaluation Metrics

To assess the accuracy and reliability of each forecasting model, the following evaluation metrics were
employed:

Mean Absolute Percentage Error (MAPE):

Measures the average percentage deviation of predicted values from actual values, providing insight into
model accuracy [24].

Root Mean Square Error (RMSE):

Quantifies the standard deviation of residuals, highlighting the dispersion between observed and predicted
values [25].

Coefficient of Determination (R?): Evaluates the proportion of variance in claim frequency explained by the
model, indicating predictive strength. Comparative analysis of model performance was conducted to determine
the most effective approach for forecasting claim frequencies from 2025 to 2030 [26].

RESULTS AND DISCUSSION

The results of this study provide an in-depth analysis of the trends in claims for SOCSO’s Survivors' Pension
Benefit over a span of forty years from 1985 to 2024 (Table 1).

Table 1 Frequency Socso’s Survivors' Pension Benefit

Year | Fre Year | Fre Year | Fre

1985 | 432 1999 | 75,189 | 2012 | 191,006

1986 | 2,145 | 2000 | 82,113 | 2013 | 203,454

1987 | 4,341 | 2001 | 88,281 | 2014 | 216,001

1988 | 7,990 | 2002 |94,890 | 2015 | 231,279

1989 | 11,760 | 2003 | 106,531 | 2016 | 249,018

1990 | 17,813 | 2004 | 114,336 | 2017 | 268,540

1991 | 22,820 | 2005 | 120,655 | 2018 | 284,885

1992 | 26,750 | 2006 | 129,515 | 2019 | 305,227
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1993 | 32,338 | 2007 | 138,717 | 2020 | 320,520

1994 | 36,005 | 2008 | 145,178 | 2021 | 340,957

1995 | 43,377 | 2009 | 160,179 | 2022 | 357,359

1996 | 51,043 | 2010 | 175,564 | 2023 | 366,722

1997 | 59,194 | 2011 | 182,713 | 2024 | 383,101

1998 | 67,034

The total number of claims increased substantially over time, showing a steady rise in the early years followed
by a rapid escalation after 2000. The statistical analysis highlights significant fluctuations in claim numbers,
influenced by socio-economic conditions, policy changes, and demographic shifts [10], [27].

Forecasted Claim Frequency (2025-2030)

The forecasting models used in this study projected a continuous increase in SOCSO Survivors’ Pension
claims from 2025 to 2030. The ARIMA model, which captures time-series trends, estimated that the number of
claims would rise steadily, while the Decision Tree model identified critical factors contributing to claim
variations. The ANN model, leveraging non-linear relationships, provided additional insights into the claim
frequency trajectory [28]. The projected claim frequencies are as follows (Table 2):

Table 2 The Forecasted Claim Frequencies

Year | ARIMA | Decision | ANN
Forecast | Tree Forecast
Forecast

2025 | 402,500 | 405,200 | 408,300

2026 | 423,100 | 428,000 | 432,500

2027 | 447,800 | 454,300 | 460,000

2028 | 475,600 | 482,700 | 489,500

2029 | 507,300 | 515,100 | 523,200

2030 | 542,900 | 550,800 | 560,100

These projections indicate an average annual increase of approximately 5.5%, reflecting demographic and
economic changes influencing SOCSO’s beneficiaries.

Model Performance Evaluation

To ensure the reliability of the predictions, the study assessed model accuracy using multiple performance
metrics. The evaluation of the last five years of historical data revealed the following results:

Table 3 Model Performance Evaluation

Model MAPE (%) | RMSE | R2? Score

ARIMA | 3.5 9,800 |0.94
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Decision | 4.1 10,500 | 0.92
Tree
ANN 3.2 8,900 | 0.96

The ANN model exhibited the highest accuracy, achieving the lowest Mean Absolute Percentage Error
(MAPE) and Root Mean Square Error (RMSE), along with the highest R? score, suggesting that it effectively
captured complex patterns in claim data. ARIMA, while reliable for time-series trends, performed slightly less
accurately than ANN. The Decision Tree model, though useful for identifying critical factors, had a relatively
lower accuracy compared to ANN and ARIMA [29].

Discussion of Trends and Policy Implications

The observed growth in claim frequencies underscores the necessity for SOCSO to adopt proactive financial
strategies. The projected increase in claims suggests that contribution rates and fund reserves should be
reviewed to ensure the sustainability of the pension scheme. The ANN model’s predictive strength highlights
the importance of leveraging machine learning techniques for pension fund forecasting. Policymakers should
consider integrating such models into SOCSO’s financial planning framework to enhance risk management
and optimize resource allocation [6].

CONCLUSION AND RECOMMENDATIONS

This study underscores the projected increase in the number of SOCSO’s Survivors' Pension Benefit claims
over the next six years, highlighting the importance of data-driven policymaking to ensure fund sustainability.
The findings indicate that claim frequencies will continue to rise at an estimated annual rate of 5.5%, placing
increasing financial pressure on SOCSO’s resources [3].

To address these challenges, SOCSO should consider implementing actuarial recalibrations and adjusting
contribution rates to ensure long-term sustainability. Additionally, the organization must optimize its financial
planning strategies by integrating predictive analytics into decision-making processes. The use of artificial
intelligence and machine learning models, such as ANN, will enhance forecasting accuracy and provide deeper
insights into future claim trends [2].

Furthermore, policymakers should explore the development of risk mitigation strategies, such as diversifying
revenue sources, revising eligibility criteria, and refining payout structures to align with projected demographic
and economic trends. Establishing reserve funds that can accommodate claim surges will also be essential in
maintaining financial stability [9].

Future research should focus on incorporating macroeconomic indicators, such as employment trends, wage
growth, and mortality rates, to refine predictive models further. Comparative studies with global pension
schemes could also provide insights into best practices that SOCSO can adopt to strengthen its fund
management strategies [5].

By proactively leveraging predictive analytics and actuarial methodologies, SOCSO can ensure the continued
sustainability of its Survivors' Pension Benefit while safeguarding the financial well-being of its beneficiaries

[7].
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