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Abstract— This study aims to analyze the effect of zakat
distribution on the Human Development Index (HDI) in
Indonesia by comparing two modeling approaches: the Mixed
Effect Model (LMM) and Extreme Gradient Boosting
(XGBoost). The data used are panel data from 34 provinces
during the 2021-2024 period, which includes sectoral zakat
distribution and HDI variables. Initial exploration results
indicate spatial variation and a non-linear correlation between
zakat distribution and HDI. The Mixed Effect model
demonstrated more stable predictive performance with an
RMSE of 1.633 and an R? of 0.762 on the test data. While
XGBoost, despite its high accuracy on the training data,
exhibited overfitting with a decrease in accuracy on the test
data. These findings indicate that the LMM approach is
superior in capturing spatial and temporal variations between
regions and provides more applicable interpretations in the
context of public policy. This study contributes to the use of
statistical approaches and machine learning to evaluate the
effectiveness of zakat in supporting sustainable human
development in Indonesia.
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L. INTRODUCTION

Sustainable social and economic development is a
priority for developing countries like Indonesia. However,
poverty and social inequality remain major challenges that
need to be addressed. For Muslims, zakat plays a crucial role
as an instrument for wealth distribution, a form of worship.
Zakat is a certain portion of wealth that every Muslim must
pay upon meeting certain requirements. As one of the pillars
of Islam, zakat is paid to be distributed to those entitled to
receive it. Besides being an act of worship, zakat also serves
to reduce social inequality and support community welfare.
In Indonesia, zakat distribution has proven to have a
significant impact. According to the National Zakat Agency
(BAZNAS) (2024) through its Zakat and Poverty Alleviation
Report, in 2023, zakat empowered 54,081 beneficiaries, with
58.76% of them escaping extreme poverty. Zakat distribution
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also contributed to reducing the national poverty rate from
26.36 million (September 2022) to 25.90 million (March
2023), a decrease of 460,000 people [1].

Research by Nurul Agniya et al. (2024) shows that zakat
distribution significantly reduced poverty rates in 34
provinces in Indonesia during the 2019-2021 period. In the
panel regression model used, a 1 billion rupiah increase in
zakat distribution was associated with a 0.043 percentage
point decrease in poverty rates at the provincial level, after
controlling for macroeconomic variables such as inflation,
unemployment, and economic growth [2]. Meanwhile, Majid
and Gissay (2024) in their study in East Nusa Tenggara
Province from 2013 to 2022 found that zakat distribution
reduced poverty in urban areas with an elasticity effect of -
0.12. This means that every 10% increase in zakat distribution
contributes to a 1.2% reduction in poverty. However, in
remote areas, zakat effectiveness is hampered by limited
governance and unequal access to zakat distribution [3].

The concept of zakat as a tool for human development
has now been expanded into an Islamic social finance
framework that includes a sustainability dimension.
Widiastuti et al. (2022) developed a sustainability index for
zakat and waqf programs based on maqasid al-shari‘ah,
which emphasizes the strategic role of zakat in supporting the
multidimensional well-being of society [4].

Thus, the role of zakat also contributes directly to the
achievement of the Sustainable Development Goals (SDGs)
initiated by the United Nations (UN) [5]. The SDGs
encompass 17 global goals, including poverty eradication
(SDG 1), zero hunger (SDG 2), good health (SDG 3), quality
education (SDG 4), and reduced inequality (SDG 10).
Therefore, effective zakat distribution not only impacts the
beneficiaries (mustahik) but also strengthens national
commitment to the global sustainable development agenda.

Zakat, as part of Islamic social finance, is now being
studied more broadly in the context of the Sustainable
Development Goals (SDGs). Tok et al. (2022) emphasize the
importance of converging zakat policies with the national
development agenda through a coherent and measurable
approach [6].

The Human Development Index (HDI) is a composite
indicator widely used by governments and international
institutions to evaluate the achievement of several key goals
in the SDGs, particularly in the areas of health, education,
and a decent standard of living. Therefore, the influence of
zakat on the HDI can be used as an important benchmark in
assessing zakat's contribution to the success of sustainable
development. Research by Mukadar et al. (2023) conducted
a case study in Bengkulu Province using a t-test on individual
HDI data before and after zakat distribution. The results
showed an increase in the average HDI score from 0.612 to
0.658 (p<0.05) among mustahik after receiving zakat [7]. It
can be concluded that zakat has significant potential to
support human development in Indonesia. However, there is
still a gap in comprehensive analysis that uses a quantitative
and adaptive approach to complex data patterns.

Socio-economic data such as zakat and the Human
Development Index (HDI) have complex relationships and
are full of non-linear interactions, so traditional methods
such as linear regression are often inadequate. Advanced

machine learning algorithms such as Extreme Gradient
Boosting (XGBoost) are a machine learning algorithm based
on gradient boosting decision trees designed for efficiency
and high performance. XGBoost combines many decision
trees in a step-by-step manner, where each new tree attempts
to correct the errors of the previous tree. The XGBoost
algorithm has proven effective in capturing non-linearities
and variable interactions in various social applications, such
as life expectancy in Indonesia [8] and prediction of HDI
classification at the district/city level in Indonesia [7]. A
global study on life expectancy prediction using XGBoost
reported an MAE of 1.554 and an RMSE of 2.402,
outperforming other models such as Random Forest (MAE
7.938; RMSE 11.304) and ANN (MAE 3.860; RMSE 5.002),
thus illustrating the superiority of XGBoost in handling
macro-level socio-economic variables [9].

Meanwhile, the Mixed Effects Model or Linear Mixed
Model (LMM) is a statistical model that combines fixed
effects and random effects within a single framework. Fixed
effects are universally applicable independent variables (e.g.,
the amount of zakat distribution), while random effects
capture variation between units (e.g., between provinces or
years). This model is particularly useful in panel or
hierarchical data analysis where correlations exist between
groups. The Mixed Effects Model is able to handle
dependencies in longitudinal data, reducing bias and
improving estimation accuracy [10]. A panel regression
study using the Generalized Method of Moments (GMM)
approach on data from 34 provinces during 2010-2020
shows that per capita income and average years of schooling
are the main determinants of HDI improvement [11]. These
findings confirm that economic and social factors play a
crucial role in human development, and reinforce the
urgency of using hierarchical statistical methods such as
Linear Mixed Models (LMM) to capture regional variations
in HDI data.

In analyzing panel data across provinces, it is important
to consider structural differences such as zakat distribution
policies, management capacity, and varying socio-economic
conditions. To address heterogeneity and correlation across
regions and time, approaches such as Mixed Effect Models
(LMMs), which combine fixed and random effects, are
relevant. However, because the relationships between
variables such as zakat, education, and health are often
complex and non-linear, alternative approaches such as
Extreme Gradient Boosting (XGBoost) are also needed.
XGBoost is able to capture non-linear interactions and
produce accurate predictions without assuming data
distribution, making it suitable for use in dynamic and
interconnected socio-economic contexts [12].

Therefore, this study aims to compare the effectiveness
of the Mixed Effect Model and Extreme Gradient Boosting
(XGBoost) approaches in analyzing and predicting the
influence of zakat distribution on the Human Development
Index (HDI) at the provincial level in Indonesia. The Mixed
Effect Model will be examined in terms of interpretability and
its ability to control for variations across regions and time,
while XGBoost will be evaluated based on its predictive
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accuracy and its ability to capture non-linear patterns and
complex interactions in the data.

II. RELATED WORKS

Various previous studies have examined the relationship
between zakat and social welfare indicators such as poverty
and the Human Development Index (HDI). Research by
Rusanti et al. (2023) shows that zakat distribution in the
humanitarian and education sectors has a significant positive
effect on the national HDI. Based on an OLS regression
model from 2012-2022, each increase in zakat in the
humanitarian sector is associated with a 1.32% increase in the
HDI (coefficient = 0.013197, p < 0.001), while zakat in the
education sector contributes 1.15% (coefficient = 0.011470,
p <0.001). This confirms that targeted zakat distribution can
drive better human development outcomes [13].

Support for the role of zakat in development is further
strengthened by research by Mutmainah et al. (2024), who
analyzed data from 2013-2022 and found that every 1%
increase in zakat correlated with a 1.03% decrease in poverty.
These results indicate that zakat not only impacts education
and health indicators, which comprise the Human
Development Index (HDI), but also directly reduces poverty,
a central element of the sustainable development agenda [14].

In a broader national study, Wardani et al. (2021) applied
path analysis to 2015-2019 data and concluded that zakat,
Islamic bank financing, and education spending have both
direct and indirect effects on the HDI through economic
growth. Statistical test results show that the effect of zakat on
HDI through economic growth has a t-value of 4.560, which
is greater than the t-table (2.014), with a significance level of
a <0.05. This finding confirms that zakat has a multiplier
effect: in addition to directly driving poverty reduction, zakat
also accelerates human development by strengthening
economic growth [15].

Research by Hasan and Ulfatun (2023) used a spatial
panel approach to examine the impact of zakat distribution on
the Human Development Index (HDI) in Indonesia. The
results showed that optimal zakat distribution significantly
improves the quality of life of communities at the provincial
level [16]. Majid and Gissay (2024) added empirical evidence
from eastern Indonesia that zakat is able to reduce poverty
significantly in urban areas, but is less effective in remote
areas due to limited distribution. [17].

On the other hand, a study by Kurniawan and Indahyanti
(2024) applied the Extreme Gradient Boosting (XGBoost)
algorithm to predict life expectancy in Indonesia. This
algorithm was proven capable of capturing the complex non-
linear relationships between socioeconomic variables [18].
Indah and Yanti (2025) also used XGBoost in the
classification of HDI at the district/city level and found that
this model had advantages in terms of accuracy compared to
traditional statistical methods [10].

In addition to machine learning approaches, Linear
Mixed Effect Models (LMMs) are increasingly used in socio-
economic panel data analysis in Indonesia. Several studies
have shown that LMMs are capable of capturing random
effects across regions and years, while simultaneously

controlling for spatial and temporal heterogeneity [19] [20].
This approach has proven effective in evaluating the impact
of zakat distribution on human development indicators, such
as the Human Development Index (HDI), across various
Indonesian provinces. These studies confirm that LMM not
only improves the accuracy of predictive models but also
provides a deeper understanding of socio-economic
variations across regions.

In another comparative study, Rahman and Putra (2022)
used various machine learning algorithms to model the
impact of zakat on poverty reduction and found that non-
linear models had better predictive performance than linear
models [21]. Zuhdi et al. (2023) emphasize the importance of
zakat in supporting the achievement of the SDGs by showing
the direct contribution of zakat to SDG 1 (No Poverty) and
SDG 10 [22].

Outside the Indonesian context, a study by
Abdurrahman et al. (2023) in Malaysia showed that the
effectiveness of zakat is highly dependent on a decentralized
distribution strategy and transparency of digital-based zakat
management [23]. This shows the importance of the
governance aspect in strengthening the influence of zakat on
human development.

A study by Satyakti (2023) presents evidence that the
magqasid al-shari‘ah framework can be used to assess Islamic
social financing using a panel data approach. This opens up
similar methodological opportunities for evaluating zakat
distribution against the human development index [24].
Finally, research by Noor et al. (2022) models the effect of
zakat on the economic welfare of Muslim communities in
Bangladesh using dynamic panel regression, and
recommends the integration of zakat into national fiscal
policy [25].

However, most existing research is still limited to the use
of classical statistical methods such as linear regression or
path analysis, and has not accommodated the complexity of
non-linear relationships and the hierarchical panel data
structure across regions and time. Therefore, this study
attempts to fill this gap by comparing the Mixed Effect
Model (LMM) and XGBoost approaches in explaining the
influence of zakat on the HDI in a more comprehensive and
adaptive manner to the characteristics of provincial panel
data in Indonesia.

III. RESEARCH METHODS

A.  Data Collection

The Human Development Index (HDI), population data
per province, and total zakat collection and distribution per
province are used. The data comprises data from 34 provinces
covering the 2021-2024 period. Several data sources used
include West Java Open Data for HDI and population data,
and the National Zakat Management Report published by the
PPID BAZNAS of the Republic of Indonesia for zakat-
related data. The attributes of the data used are as follows.

Table 1. Dataset Attributes
Data Attribute Description
id Unique identifier for each data row
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Data Attribute
province _code

Description
West Java provincial code according to
BPS regulations
West Java provincial name according to
BPS regulations
human_development_index Human development index value by

province name

province

unit Human development index measurement
unit (POIN)

year Year of data production

population Population by province

total zakat Total zakat collected by province

humanity Total zakat distributed to humanitarian
sectors by province

health Total zakat distributed to health sectors by
province

education Total zakat distributed to education sectors
by province

economy Total zakat distributed to economic sectors
by province

B.  Data Understanding

At this stage, several basic checks were conducted to
understand the structure, data quality, and key characteristics
of the data. These steps were as follows:

e  Checking the number of columns and rows of data, data
types, and value distribution.

o Identifying missing values and duplicate data, and
validating the conformity of province codes and
province names.

e Identifying outliers in numeric variables using the IQR
(Interquartile Range) method to detect extreme values
in the data distribution.

e Correlation analysis between target features and
independent variables was conducted to understand the
initial relationship patterns between features.

e Evaluating variability between provinces to determine
the extent of variation in the human development index
caused by spatial differences using the Intraclass
Correlation Coefficient (ICC) calculation.

Initial dataset exploration results showed the dataset
consisted of 136 rows of data and 11 columns. The initial
check revealed one missing value in the total zakat,
humanity, education, health, and economy columns.
Validation of the province code and province name columns
met BPS administrative standards, as this dataset covers a
total of 34 Indonesian provinces.

Identification of outliers using the IQR method revealed
a number of extreme values in various columns, with a total
of 35 rows of data containing at least one outlier. However,
upon closer examination, these extreme values were deemed
valid because they represented the actual state of inter-
regional inequality and were not the result of input errors.

Correlation analysis showed a positive relationship
between the Human Development Index (HDI) and all zakat
distribution variables, although not particularly strong. The
highest correlation was found in total zakat (0.28), followed
by zakat distribution in education, humanitarianism,

economics, and health.

The results of the inter-provincial variability evaluation
showed an Intraclass Correlation Coefficient (ICC) of 0.889,
or 88.9%, indicating variation in the HDI between provinces
and reinforcing the assumption that spatial factors, including
differences between provinces, significantly contribute to
differences in HDI values in Indonesia.

C. Data Preparation

Based on the results of the previous stage, a series of data
improvements and transformations will be carried out in this
stage to address previously identified data quality issues. The
following steps will be taken:

e Handling missing values and duplicate data. Missing
values are handled using group mean imputation based
on province code groups.

e Creating derived variables or feature engineering to
provide additional information to the model. The
derived variables added include: zakat per capita (the
ratio of total zakat to population) to capture the intensity
of zakat distribution per individual, and tahun num,
which converts the year to a numeric value relative to
the initial year of the data (2021) to capture temporal

trends.
e Exploratory Data Analysis (EDA) includes variable
distribution  analysis, correlation analysis and

relationships between variables, and other data analysis.

EDA findings indicate quite striking differences in the
geographic sector. The provinces with the highest total zakat,
namely West Java, Central Java, East Java, Aceh, and Jakarta,
are not comparable to the provinces with the highest Human
Development Index (HDI), namely Jakarta, Yogyakarta, East
Kalimantan, Riau Islands, and Bali. Furthermore, the
provinces with the highest zakat per capita, namely Aceh,
North Kalimantan, West Sumatra, West Nusa Tenggara, and
Riau, do not overlap at all with the list of provinces with the
highest HDI.

Meanwhile, based on the average calculation across all
provinces, the largest proportion of zakat distribution
nationally is found in the humanitarian sector, followed by
education, economics, and health.

The geographic disparities revealed by this EDA indicate
that the relationship between zakat (both total and per capita)
and the HDI exhibits non-linear characteristics, the
effectiveness of zakat on the HDI may differ significantly
between Java and outside Java, and the distribution of zakat
across sectors has the potential to be a stronger predictor than
total zakat, given that allocations to education and the
economy likely have a direct impact on HDI components.

D.  Modelling

1)  Pre-Modeling Data Preparation

Initial modeling preparation was carried out by dividing
the data into training and test data. The data was divided
based on time, with the last year used as test data, while the
remaining year served as training data. This approach was
chosen to maintain temporal validity in the predictions and
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also to allow for a more honest evaluation of the model's
generalizability to previously unseen time periods.

The predictor data variables used in the modeling
consisted of eight variables: total zakat, humanity, health,
education, economy, zakat per capita, year num, and
province _code. These were selected based on theoretical
assumptions and previous exploratory findings that zakat
distribution across various sectors can influence human
development achievements at the provincial level.
Meanwhile, the target variable being predicted was the
human development index.

In addition to data division, a distribution
transformation process for numeric features exhibiting high
skewness was also performed: the total zakat, humanity,
health, education, economy, and zakat per capita columns,
using the Yeo-Johnson method. This method handles data
with zero or negative values to make the feature distribution
more symmetrical and closer to normal. Next, numeric
features were standardized using StandardScaler to ensure
each feature has a proportional scale with a mean of zero and
a standard deviation of one.

The transformation and standardization process was
carried out using an approach that differentiates between
training and test data. The training data was fitted with the
fit_transform() process, while the test data was only used with
transform(), with parameters calculated from the training data
to prevent data leakage and ensure valid model evaluation.

2)  Mixed Effects Modeling

To explain the influence of zakat distribution on the
Human Development Index (HDI), the mixed effects model
allows for the separation of fixed effects, which apply to all
observations, and random effects, which reflect variations
between provincial groups.

The initial modeling strategy began with a random
intercept model as a baseline, allowing each province to have
a different starting point for the HDI while maintaining the
assumption that the slope or influence of each predictor is
uniform. Next, several random slope configurations were
explored by incorporating random components into specific
zakat distribution variables: humanitarian, health, education,
and economic. This stepwise approach aimed to identify
whether the effectiveness of zakat distribution in improving
the HDI was consistent across regions or influenced by local
characteristics.

3)  XGBoost Modeling

As a comparison to mixed effects, modeling was also
conducted using XGBoost, which has the ability to
automatically capture non-linear relationships and feature
interactions. However, because XGBoost does not directly
support categorical features, one-hot encoding of the
provincial region variable was performed to -capture
differences in regional contributions to the HDI without the
random structure of the Mixed Effects Model.

Initially, the model was built with default parameters

(baseline) to obtain a baseline performance. Next, to achieve
a balance between predictive accuracy and generalizability to
test data, optimal hyperparameters were searched for through
grid search or random search.

E. Model Evaluation

The performance and effectiveness of the two models
were evaluated by comparing the following two main
evaluation matrices:

e Root Mean Squared Error (RMSE), a matrix that
measures the average error in the model's predicted
values to identify whether the model's predictions are
significantly off the actual values.

e R-squared (R?), a matrix that indicates how well the
model captures existing patterns by calculating the
proportion of variation in the target variable that the
model successfully explains.

In addition to prediction accuracy, the evaluation also
considers the extent to which the model experiences
overfitting, where the model performs very well on the test
data but not on the training data. Therefore, a side-by-side
evaluation of the performance differences on the training and
test data will be conducted to assess model stability and
generalization capabilities.

IV. RESULT AND DISCUSSION

This study aims to evaluate and compare two modeling
approaches—the Mixed Effect Model (MEM) and Extreme
Gradient Boosting (XGBoost)—in explaining and predicting
the influence of zakat distribution on the Human
Development Index (HDI) in Indonesia at the provincial
level, using panel data from 2021-2024. The main focus of
this discussion is to assess model performance in terms of
predictive accuracy, generalizability, and ability to capture
the complexity of relationships between variables. It also
considers interpretability and model stability in the context of
public policymaking.

A.  Mixed Effect Model Results

Initial modeling was conducted using a Mixed Effect
Model (MEM) approach, combining fixed effects (such as
total zakat distribution across various sectors: education,
health, humanitarianism, and the economy) and random
effects (differences between provinces). The modeling
strategy began by building a basic model using a random
intercept, followed by a more complex model with random
slopes for several zakat distribution variables.

Initial evaluation results on the training data showed that
the MEM model, with its complex structure (e.g., random
slopes across the four zakat sectors), had very high accuracy,
with an RMSE of only 0.021 and an R? 0f 0.99997. However,
when the model was tested on 2024 data (never before seen),
the prediction performance declined drastically, with the
RMSE rising to 1.76 and the R? dropping to 0.72. This
phenomenon indicates that the model experienced severe
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overfitting, meaning it overfitted the training data and lost its
ability to generalize to new data.

To address overfitting, adjustments were made to the
shrinkage parameters. This involved first testing several
shrinkage parameters to find the optimal shrinkage value,
which in this case was found to be 0.4. This adjustment
significantly improved the model's stability. One of the best
configurations was found with a model with a random slope
for the zakat distribution across three sectors: health,
economics, and education. This model demonstrates a good
balance between accuracy and generalization ability, with an
RMSE value of 1.53 on the training data and 1.64 on the test
data (Figure 1). The R? value of 0.84 on the training data and
0.76 on the test data indicates stable performance and no
overfitting (Figure 2).

Predicted vs Actual Residuals vs Predicted

o =0 o o 0 ) " ™ ™
Actual predicted

Fig 1. Plot of MEM predicting train data

Predicted vs Actual Residuals vs Predicted

8 W 72 M 8 7B 80 8 68 o » 7 g £ 80

Actual Predicted

Fig 2. Plot MEM predict test data

In general, the MEM approach offers advantages in
interpretability, as the model structure allows for direct
observation of the specific influence of each zakat
distribution sector on the HDI, while also accounting for
variations between provinces that may be caused by
differences in regional policies, zakat management capacity,
or local socio-economic conditions.

B. XGBoost Results

For comparison, modeling was also performed using the
Extreme Gradient Boosting (XGBoost) algorithm, a machine
learning approach designed to handle non-linear relationships
and complex interactions between variables without
assuming data distribution. Initially, XGBoost was built with
default parameters. The results showed very high accuracy on
the training data (RMSE: 0.00096, R* 1.00), but this
performance was not reflected in the testing data, which

showed a significant decrease in accuracy (RMSE: 1.76, R2:
0.72). This indicates that the model suffered from severe
overfitting, with the RMSE ratio between the training and
testing data reaching over 1800x.

To reduce overfitting, parameter tuning was performed
using RandomizedSearchCV and GridSearchCV. Several
configurations were tested, including adding L1(a) and L2(A)
regularization, as well as reducing tree complexity. The best
parameter tuning results were found in the configuration with
higher regularization provides in Table 2

Table 2. Evaluation Result 0 XGBoost Tuning

Train RMSE 0,875
Test RMSE 1,988
Train R? 0,948
Test R? 0,647

o

Fi g 3. Plot XGBoost predict train data

Fig 4. Plot XGBoost predict test data

Despite the reduction in overfitting, the model's
predictive performance remains below MEM, particularly in
terms of performance stability from training data to testing
data. This indicates that XGBoost, while capable of capturing
complex non-linear patterns, requires careful tuning to avoid
overfitting, especially when the data is not as large as in this
study.

Furthermore, another weakness of XGBoost is its lack of
direct interpretability, particularly in the context of public
policy. It is not easy to directly interpret how each zakat
sector contributes to the increase in the HDI, as the model
focuses more on predictive accuracy than interpretation.

C. Perbandingan dan Implikasi

Based on the comparison table of the two models, the
Mixed Effects Model (MEM) demonstrated more stable
performance and generalization than XGBoost for the study
of zakat distribution and the effect of zakat on the HDI.

Table 3. Model evaluation comparison results
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MEM XGBoost
Train RMSE 1,521 0,875
Test RMSE 1,633 1,988
Train R? 0,846 0,948
Test R? 0,762 0,647

Although XGBoost had excellent RMSE and R? values
on the training data (RMSE = 0.875 and R? = 0.948), its
performance declined drastically on the testing data (RMSE
= 1.988 and R? = 0.647), indicating overfitting, where the
model generalizes less well to new data. Conversely, MEM
performed better on new data and was more stable in
capturing existing patterns in the data, with relatively small
differences between the training and testing data (RMSE =
1.521 vs. 1.633 and R? = 0.846 vs. 0.762).

These modeling results align with previous EDA
findings that identified geographic disparities and non-linear
characteristics in the zakat-HDI relationship. Although EDA
exhibits nonlinear characteristics that should benefit
XGBoost, MEM actually outperforms it in terms of
generalization. This occurs because XGBoost, with its highly
flexible nonlinear capabilities, is "stuck" in capturing noise
and specific patterns from the limited training data (136
observations), thus losing its ability to generalize to true
patterns. Furthermore, given the hierarchical and geographic
structure of the data, even one-hot encoding of the province
variable does not allow the model to assume that each region
may have a different baseline or response to zakat
distribution.

In contrast, MEM, with its simpler structure but still able
to capture variation between provinces through random
effects, successfully identified more robust and generalizable
patterns. Modeling the structure through random intercept
and random slope components makes this model superior in
capturing complex spatial and socioeconomic dynamics, even
though its model is mathematically simpler than XGBoost.

D.  Deployment

The zakat fund allocation-based HDI prediction system,
developed using the Mixed Effects Model (MEM) that has gone
through evaluation and validation stages, is then deployed through
the Streamlit platform as an interactive web application. The
deployment process begins by saving the evaluated MEM model in
pickle (.pkl) format for easy reloading. The web application was
developed using Streamlit by creating an app.py file that serves as
the main user interface. The interactive dashboard allows users to
input parameters such as population size, total zakat funds, and the
percentage of allocation to the education, health, economic, and
humanitarian sectors. The system also displays the predicted HDI
value from the collected zakat and its distribution as well as an
analysis of the contribution of each sector to changes in the HDI and
provides strategic recommendations for optimizing zakat
distribution.

Hasil Prediksi IPM

74.77 Rp 1,000

Analisis Kontribusi Program Zakat

Saran Strategis
Fig 5. Deployment project

V. CONCLUSION

This study comprehensively examines the influence of
zakat distribution on the Human Development Index (HDI)
in Indonesia using a quantitative approach based on panel
data from 34 provinces during the 2021-2024 period. By
comparing two modeling methods—the Mixed Effect Model
(MEM) and Extreme Gradient Boosting (XGBoost), this
study assesses the effectiveness and accuracy of each model
in explaining the complex relationship between sectoral zakat
distribution and the HDI.

The results indicate that zakat distribution has a positive
effect on increasing the HDI. However, the relationship
between the two is complex and not always linear, as
demonstrated by data exploration results that found a weak to
moderate correlation and significant spatial disparities
between provinces. In this context, the Mixed Effect Model
proved superior to XGBoost. MEM is able to capture spatial
and temporal variation through a combination of fixed and
random effects and demonstrates good predictive stability
with relatively balanced RMSE and R? between training and
test data. Conversely, although XGBoost is highly accurate in
learning from training data, it tends to experience significant
overfitting on test data, primarily due to the limited size of the
dataset.

Furthermore, the MEM's advantage lies in its
interpretability. With an explicit model structure,
policymakers can trace the contribution of zakat distribution
sectors such as education, health, economics, and
humanitarianism to improving the Human Development
Index (HDI) in each province. This is crucial for designing a
more targeted and evidence-based zakat distribution strategy.
In the context of sustainable development, strategic zakat
distribution can accelerate the achievement of several
Sustainable Development Goals (SDGs), particularly in the
areas of poverty alleviation, quality education, and inequality
reduction.

Methodologically, this study also makes an important
contribution by integrating classical statistical approaches
(MEM) and machine learning (XGBoost), demonstrating the
limitations and advantages of each in handling socio-
economic data. These findings encourage the adoption of
models that are not only predictively accurate but also
capable of providing applicable policy insights. Therefore,
the Mixed Effects Model approach is recommended as a more
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relevant and effective analytical framework for evaluating the
impact of zakat distribution on human development in
Indonesia.
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