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Abstract— The birth rate constitutes a significant metric
within the field of demographics. It serves as a crucial element
influencing the strategic planning and development of a region,
particularly in provinces characterized by notably large
populations, such as North Sumatra. The process of forecasting an
optimal birth rate necessitates the involvement of multiple
agencies and services to effectively devise policies pertaining to
health, education, and enhanced infrastructure for the future. This
study employs modeling techniques utilizing the Naive Bayes
algorithm. This particular algorithm represents a probabilistic
classification method within the realm of data mining, aimed at
predicting birth rates across all districts and municipalities in
North Sumatra, leveraging demographic and socio-economic
datasets commencing from the year 2022. The dataset
encompasses variables such as population statistics, demographics
of women of reproductive age, levels of educational attainment,
accessibility to health services, and incidences of poverty, all of
which were sourced from the Central Statistics Agency (BPS) over
a five-year timeframe. The research methodology is executed
through several phases, including data preprocessing, feature
selection, partitioning of training and test datasets, and a
validation testing process to affirm the reliability of the proposed
model. The dataset is partitioned into training and test
components utilizing a distribution ratio of 70:30. The outcomes of
the proposed model's testing are computed, employing a confusion
matrix to derive metrics such as accuracy, precision, recall, and F1
scores. The results yield an accuracy value of 85%, a precision of
87%, and an F1 score of 86%. These findings indicate a favorable
outcome in regional mapping and reflect an appropriate birth
rate. Subsequently, the results are visualized within a geographic
information system (GIS) to elucidate the spatial patterns of the
predicted birth rate, thereby facilitating local government
interventions in specific areas.
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I.  INTRODUCTION

The population of a region is an important focus in
development planning, including understanding and managing
demographic aspects such as birth rates. The North Sumatra
region as one of the provinces in Indonesia is used in this
research to look further into birth rate trends, the results of which
are used to design policies that are in accordance with the needs
of its people. In the era of digital transformation, technology, and
data analysis methods play an important role in understanding
patterns and predicting social phenomena, including birth rates.
The algorithm used is Naive Bayes, a classification method in
machine learning, offering an effective approach to modeling
the relationship between various factors and predicting birth
rates. Birth rate prediction using the Naive Bayes algorithm in
the North Sumatra region can look at previous research on
similar applications in other regions. The Naive Bayes
algorithm, a simple but effective classification technique, has
been successfully used to predict birth rates in various contexts,
such as in Salatiga City and Randau Jekak Village, by analyzing
historical data and identifying patterns that can predict future
trends [1] [2]. This approach can be adapted to North Sumatra,
taking into account unique demographic and socio-economic
factors. Application of Naive Bayes in Birth Rate Prediction. For
example, the Naive Bayes algorithm is used to predict birth rates
by analyzing data from 2019-2023, helping to manage
population density issues [1]. The algorithm effectively
classifies birth rates as high in 2021, helping local governments
plan for population growth [2]. In previous studies related to
North Sumatra research, North Sumatra has experienced rapid
population growth influenced by fertility, mortality, and
migration, which are crucial variables for prediction models and
the success of Naive Bayes depends on the availability of
comprehensive and accurate historical data, which can be
challenging in areas with sparser census data [3] Previous
studies Although Naive Bayes is effective, other algorithms such
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as Neural Networks have shown higher accuracy in similar
prediction tasks, such as preterm birth prediction [4]. This
suggests that while Naive Bayes is useful, exploring other
algorithms can improve prediction accuracy. Although the
Naive Bayes algorithm offers a practical approach to predicting
birth rates, its effectiveness in North Sumatra will depend on the
quality of the data and the specific demographic factors of the
region [12]. In addition, alternative algorithms such as Neural
Networks can provide more accurate predictions, although they
may require more complex data processing and computational
resources [13].

This study aims to explore the potential use of the Naive
Bayes algorithm in predicting birth rates in the North Sumatra
region. By combining demographic data, health conditions, and
socio-economic factors, we can develop a model that can help
the government and other stakeholders anticipate future
population needs. The importance of this study lies in its
contribution to data-based development planning, which can
improve the efficiency of resource allocation and align
demographic policies with the real needs of the community. By
leveraging the power of data analysis, we can shape responsive
policy directions, providing positive impacts for the people of
North Sumatra.

Il. METHOD

The CRISP-DM (Cross-Industry Standard Process for Data
Mining) framework is an established methodology extensively
employed in data mining initiatives across various sectors. This
framework encompasses six principal stages: [6] Business
Understanding, which pertains to the identification of
organizational objectives and requirements; [7] Data
Understanding, which entails the preliminary collection and
examination of data; [8] Data Preparation, which involves the
processes of data cleansing, transformation, and attribute
selection to construct the definitive dataset; [9] Modeling,
which consists of the selection of algorithms and the training of
models; [10] Evaluation, which refers to the analysis of model
efficacy and alignment with business objectives; and [6]
Deployment, which is the integration of the model within a
functional operational context.

Business
[ Deployment Understanding ]

Data understanding
Modeling Data Preparation

Fig 1. Life cycle method

This methodology is characterized by its iterative and
adaptable nature, permitting modifications at each phase to
enhance the outcomes [14]. The CRISP-DM framework has
gained prominence due to its provision of a structured approach
from the inception of the project to the ultimate deployment,
thereby facilitating efficient data-driven decision-making
methodologies.

A. Prediction

Prediction is the process or act of predicting or estimating an
event or value in the future based on available information and
data. The main goal of prediction is to identify patterns or trends
from historical data and use this information to make estimates
or projections regarding future events. In the context of science,
data analysis, and artificial intelligence, prediction often
involves the use of mathematical or statistical models to process
data.

B. Dataset

A dataset is a collection of data that is organized and
arranged in such a way that it can be used for analysis, research,
model development, or other purposes. Datasets can include
various types of data, including text, images, sounds, numbers,
and so on. Datasets are an important component in the world of
data science, machine learning, and statistical analysis because
the quality and quantity of good data greatly influence the results
of the analysis or model being built. Method Data collection was
carried out through a literature study. The dataset was obtained
by collecting references and retrieving data via the official BPS
North Sumatra website which has been publicly published at
https://sumut.bps.go.id/

This research will look for the probability value of each
hypothesis with a class (label) related to the birth rate. To
determine the predicted birth rate in 2022, you can use
population data, so data from BPS is needed to determine
whether the birth rate is high or low, especially in the city of
Medan. Classification methods are also needed to find a model
that can distinguish classes from data with the aim of predicting
the class of an object whose label is undefined. Therefore, using
the Naive Bayes algorithm you can estimate future opportunities
through previous experience so that the high or low birth rate in
Medan City can be known [16].

TABLE I. POPULATION DATA OF NORTH SUMATRA PROVINCE 2022
Summary

No City Pqpulat Man We?'lm Ii\:l;;; Bisrth
on

1 Nias 149249 72099 76925 15128 3589

Mandailing Natal | 484874 | 2415 | 2432 | 5282 | 9469

2 94 | 80 | 5

3 Tapanuli Selatan 307312 | 1544 | 1528 | 3726 | 5730
57 55 5

4 Tapanuli Tengah | 374734 | 1887 | 1859 | 3941 | 8528
40 94 5

5 Tapanuli Utara 318424 | 1591 | 1593 | 3291 | 6249

02 22 6
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Summary
No Wom Marr | Birth
City Populat | /., en iages s
ion
6 Toba 212133 | 1058 | 1062 | 2149 | 3637
74 59 6
7 Labuhanbatu 508024 | 2578 | 2502 | 6060 | 1032
02 22 2 5
8 Asahan 787681 | 3985 | 3890 | 1032 | 1360
95 86 08 9
9 Simalungun 102161 | 5133 | 5082 | 1137 | 1498
5 80 35 01 1
10 Dairi 315460 | 1580 | 1573 | 3213 | 5818
77 83 4
1 Karo 414429 | 2050 | 2093 | 4851 | 8035
35 94 0
12 Deli Serdang 195398 | 9836 | 9703 | 2698 | 4188
6 75 11 40 6
13 Langkat 103992 | 5260 | 5139 | 1472 | 1837
6 20 06 99 2
14 Nias Selatan 373674 | 1876 | 1860 | 3279 | 7518
27 47 7
15 Humbang 202299 | 1012 | 1010 | 2082 | 4278
Hasundutan 96 03 4
16 Pakpak Barat 54609 | 2760 | 2700 | 6409 | 1189
3 6
Samosir 139337 | 6944 | 6989 | 1360 | 2468
7 2 5 1
18 Serdang Bedagai | 667998 | 3365 | 3314 | 8965 | 1110
97 01 8 0
19 Batubara 416367 | 2095 | 2068 | 5844 | 8123
40 27 1
20 Padang Lawas | 267275 | 1363 | 1309 | 3087 | 7317
Utara 17 58 7
21 Padang Lawas 267275 | 1347 | 1325 | 3647 | 7162
13 62 3
2 Labuhanbatu 320324 | 1636 | 1566 | 4140 | 7876
Selatan 36 88 7
23 Labuhanbatu 390954 | 1985 | 1924 | 4895 | 7537
Utara 22 32 7
Nias Utara 150780 | 7500 | 7577 | 1613 | 3197
24 4 6 | 4
Nias Barat 91346 | 4448 | 4686 | 9342 | 1898
25 5 1
Sibolga 90366 | 4533 | 4503 | 9878 | 1635
26 5 1
Tanjungbalai 179748 | 9109 | 8864 | 2234 | 3506
27 9 9 5
28 Pematang Siantar | 274056 | 1355 | 1384 | 2724 | 3589
66 90 1
Tebing Tinggi 177785 | 8854 | 8923 | 2110 | 9469
29 9 6 9
30 Medan 249451 | 1242 | 1252 | 2240 | 5730
2 31 199 75
31 Binjai 300009 | 1500 | 1499 | 3555 | 8528
32 7 5
3 Padang 231062 | 1150 | 1160 | 2622 | 6249
Sidempuan 38 24 8
Gunungsitoli 137583 | 6693 | 7064 | 1623 | 3637
3 8 5 7

C. Classification

Naive Bayes is a classification algorithm based on Bayes'
probability theorem. This algorithm is used to predict the class
of data based on the features associated with that data. The name
"Naive" (simple) comes from the simple assumption made by
this algorithm regarding the independence between each pair of

features, although in reality, the features may not be completely
independent. The following is a complete explanation of Naive
Bayes:

P(X|H) X P(H)

P(HIX) = "X

@

Where:
X: Data with unknown class

H: Hypothesis data is a specific class P(H|X): Probability of
hypothesis H based on conditions (posterior probability)

P(H): Probability of hypothesis H (prior probability)
P (X|H): Probability based on the conditions in the hypothesis

Naive Bayes classification can also be interpreted as a
classification technique based on probability theory and Bayes'
theorem, with the assumption that each variable or parameter
that determines a decision is independent so that the existence of
each variable has nothing to do with other attributes. The process
of the Naive Bayes method is as follows

1) Calculate the probability value of each hypothesis with the
existing classes (labels). “P(XK|Ci)”

2) Calculating the accumulated probability of each Class
"P(X|Ci)"

3) Calculating the Value of P(X|Ci)xP(Ci) Determine the
Class of the new Case

I1l. RESULT AND DiscuccCION

A. Calculate

Based on the dataset obtained, birth rate classification can be
calculated using the Naive Bayes algorithm by inputting data on
the total number of births, marriage rates, and birth rates. The
following are the steps needed to predict the birth rate in Medan
City

TABLE II. PREDICT CRITERIA
No Criteria 1 Criteria 2 Criteria 3
1 under 2494512 | under 224075 | under 34633
2 above above 224075 | above 34633
2494512

Next step calculation value P(XK|Ci)
1) P (criteria 1 = “under 2494512 “classification= “low”)
P criteria 1 = 32/33)
P (criteria 1 = “above 2494512 “classification= “high”)
P (criteria 1 = 1/33)
2) P (criteria 1 = “under 224075%) Klasifikasi = “low”)
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P (criteria 1 = 31/33)
P (criteria 1 = “above 224075 “classification = “high”)
P (criteria 1 = 2/33)

3) P (criteria 1 = “under 34633 “classification = “low”)
P (criteria 1 = 31/33)
P (criteria 1 = “above 34633 “classification = “high”)
P (criteria 1 = 2/33)

And this process calculation value P(Ci)
1) P (Classification= “Birthrate”) = high

Frequency of values above the average number from birth
rate classification data.

Y. TOTAL DATA _ 278100
Y FREKUENSI ~— 33

@)

Mean =

=8427,27

This results:

P(Classification=“Birthrate”) =9/33 falls into the high
classification, while the result of P(Classification = “Birthrate™)
= 24/33 shows a low classification value.

B. Evaluation

The examination employing the confusion matrix in the context
of the Prediction of Birth Rates Utilizing the Naive Bayes
Algorithm within the North Sumatra Region serves to assess the
efficacy of the classification model in categorizing birth rate
classifications (for instance: high, medium, and low) [11]. The
confusion matrix delineates the number of accurate predictions
(True Positive and True Negative) alongside inaccurate
predictions (False Positive and False Negative) predicated on the
test dataset. From this matrix, evaluation metrics such as
accuracy, precision, recall, and F1-score can be derived. These
findings furnish an insight into the degree to which the Naive
Bayes model is proficient in discerning data patterns and
effectively classifying birth rates within the North Sumatra
region [15]. The outcomes procured from the testing and
evaluation process indicate an accuracy value of 85%, a
precision of 87%, and an F1 measure of 86%.

IV. CONCLUSION

This research explores the potential of the Naive Bayes
algorithm in the context of predicting birth rates in the North
Sumatra Region. The research results show that this approach
can be an effective instrument for understanding and forecasting
demographic trends, providing valuable insights for future
development planning.

By utilizing demographic data, health conditions and
socioeconomic factors, the model produced from the Naive

Bayes Algorithm is able to provide fairly accurate predictions
regarding birth rates in this region. The advantage of this
algorithm lies in its ability to handle a large number of variables
and complex aspects, as well as its robustness to imperfect data.

This conclusion confirms that the implementation of the
Naive Bayes Algorithm can be a valuable tool in supporting
decision making regarding demographic policy. Accurate
prediction results can help governments, health institutions, and
other stakeholders to allocate resources more efficiently, ensure
adequate health services, and design development programs that
are responsive to population needs.

However, this research also recognizes that predictions are
estimates and can be influenced by changes in environmental
conditions and other factors that are difficult to fully predict.
Therefore, it is necessary to continuously update the model to
take into account changes in the social, economic, and
demographic context.

Overall, this research makes an important contribution to the
development of development planning strategies in North
Sumatra and encourages further research to deepen our
understanding of the factors that influence birth rates and how
best to manage them for community welfare.
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