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Abstract. CHLB is a measure of livability in society. A high CHLB 
indicates a society that lives well. However, there is a problem in the 
probolinggo district that needs more effective public health 

interventions because of the area's fast population growth and a 

noticeable increase in infectious diseases. The adoption of Clean and 

Healthy Living Behaviors (CHLB) by Probolinggo district is the main 
focus of this study to find out who is still living below the applicable 

eligibility standards. In order to minimize the spread of infectious 

diseases and enhance general public health in Probolinggo Regency, 
policymakers and healthcare professionals are anticipated to find great 

value in the study's findings. It also examines the use of binary logistic 

regression with binary transformation all categorical variables as a 

supplemental technique for managing complex data relationships and 
enhancing predictive accuracy. In addition to addressing the pressing 

issues in public health, this study advances our knowledge of the 

socioeconomic factors that influence health in rural Indonesia.  
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1. Introduction 
The dynamics of society are becoming more and more dynamic, particularly in light of Indonesia's 

annual population growth [1-2]. From 2019 to 2020, Probolinggo Regency saw an increase of 57.15% 
[3]. Additionally, during the same period, the number of instances of infectious diseases such as 

tuberculosis (TB) increased by 4.51% and diarrhea increased by 0.54%, coinciding with the population 
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expansion [4]. Biological agents, like bacteria or viruses, cause infectious diseases rather than physical 

or chemical factors, like burns or poisoning [5]. Infectious disease examples include Dengue 
Hemorrhagic Fever (DHF), HIV/AIDS, and other diseases [6]. 

Probolinggo Regency shares borders with many other regions: Situbondo Regency and Jember 
Regency to the east, Probolinggo City to the north, Lumajang Regency and Malang Regency to the 

south, and Pasuruan Regency to the west [7-8]. Probolinggo Regency's health status, however, is still 
worse than that of its surrounding districts [9]. For instance, Probolinggo Regency had a greater 

percentage of HIV/AIDS patients—0.017%—than both Malang Regency (0.010%) and Pasuruan 
Regency (0.016%), as well as leprosy cases [8]. 

It is crucial to improve Probolinggo Regency's health conditions in order to keep up with the 
neighboring areas, as evidenced by the rise in infectious illness cases, which even surpass the numbers 

in the surrounding areas [10]. To actively improve the health conditions of the community, in addition 
to the effective, efficient, and focused management of the rise in infectious disease cases in Probolinggo 

Regency, community support is required [11]. Clean and Healthy Living Behavior (CHLB) is a crucial 
component that underpins these handling initiatives in this setting [12]. In order for CHLB to be an 

integral component of preserving general public health, it incorporates family and individual 
understanding of hygiene and health maintenance [11-12]. 

The goal of CHLB is to create CHLB households, which are defined as those that meet the ten 
requirements of CHLB in the home [12-13]. These requirements include air-drying bedding in the sun, 

opening doors and windows in the morning for natural lighting and air circulation, eating fruits and 
vegetables every day, keeping away from smoking, and consuming alcohol inside the home [14]. 
Engage in regular physical exercise, wash hands frequently with soap and water, use sanitary 

restrooms, get enough sleep each day, and avoid sharing toiletries with other people [15]. 
The classification approach can be used to determine how different socioeconomic factors within 

a household affect the CHLB of that household [16-17]. It is intended to offer a more comprehensive 
perspective on enhancing the welfare of the residents of Probolinggo Regency by looking at the 

elements that influence a household while adopting CHLB [16-18]. Data classification with non-linear 
relationships between dependent and independent variables can be handled by Logistic Regression 

[19]. A Classification Analysis of Multiple Sclerosis Diseases that Can Be Prevented with CHLB was 
discovered that researcher use SVM and logistic regression method to find accuracy and this study 

suggests that the Logistic Regression approach performs well in solving classification difficulties [20]. 
Through the integration of advanced machine learning algorithms with social, economic, and 

demographic data, this study aims to offer a more profound understanding of the intricate patterns 
that underlie the behavior of CHLB households [21]. 

2. Experimental Section 

2.1. State of The Art 
There are a number of pertinent linked research to take into consideration when examining the 
variables influencing the implementation of CHLB in Probolinggo Regency [22]. Prameswari 

examined the Probolinggo Regency's infectious disease trend pattern in a 2020 study was discovered 
that diarrheal illnesses predominated in the majority of the sub-districts, but there were also notable 

cases of leprosy and dengue in a few of them [23]. Poor CHLB implementation and the percentage of 
communities that do not fulfil sanitation criteria are indicators of low health conditions [12],[24]. By 

identifying the household socioeconomic variables that are suspected to affect CHLB in the residents 
of Probolinggo Regency, this study offers crucial information to promote the development of policies 

for managing infectious diseases in the region [23], [25]. 
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2.2. Logistic Regression 
Logistic regression is a statistical method used to find the relationship between response variables (Y) 

that have a categoric data scale (binaries, ordinal, nominal, and multinomial) and predictor variables 
(X) that are categorical or continuous [26]. Binary are only 2 answer options that classified as 

"successful" or "failed" which is notated 1 or 0 [26-28]. Ordinal are the graded categories for each 
choice, i.e. category 1 represents the lowest category, and category 5 is the highest category [26-28]. 

Nominal is a category that is entirely neutral and as an identity. Multinomial is a type of variable with 
more than 2 categories [26-28]. For the i-th observation of the sample (i=1.2,....,n), Yi follows the 

Bernoulli distribution with parameters πi, having the following probability functions [28]. 

𝑓(𝑦𝑖 , 𝜋𝑖) = 𝜋𝑦𝑖(1 − 𝜋𝑖)
1−𝑦𝑖 ;  𝑦𝑖 = 0,1 

The logistic regression model of y expressed as a function of x is as follows. 

𝜋(𝑥) =
exp (β0 + β1x1 + β2x2 + ⋯ + β𝑝x𝑝

1 + exp (β0 + β1x1 + β2x2 + ⋯ + β𝑝x𝑝
 

This method will be suitable to determine the influence of household socioeconomic 

characteristics on the CHLB of the people of Probolinggo Regency, with the definition of "failed" 
being a household with poor CHLB, while the definition of "successful" is a household with good 

CHLB [29]. 
Research from Rima et.al (2024) used meta analysis to investigate the factors that influence the 

status of CHLB behavior [13]. The study found that the relationship between knowledge, attitudes 
and the role of health workers each has a relationship with clean and healthy living behavior (CHLB), 

although at a moderate level [13],[29]. The weak influence of research on each aspect can be caused 
by the limited number of samples and the data being highly and moderately heterogeneous [13], [30]. 

In this study, classification will be carried out using biner logistic regression. Biner Logistic 
Regression is an effective method for data classification, which can be applied to understand patterns 

in factors influencing the implementation of CHLB at the household level [20]. 

 

2.3. Literature Review 
The following Table 1 gives a summary of all literature reviews relevant to this research. 

Table 1. Literature Review 

Title Year Method(s) Insight(s) 

Surveillance analysis of clean 

and healthy living Behavior 
(CHLB) in household settings: 

a case study In lam geu eu 
village, peukan bada 

subdistrict, aceh Besar regency 
[31] 

2022 Surveillance Analysis 
These results were used by 
researchers to describe the 

pattern of disease spread and 
socioeconomic characteristics 

Analysis of Patterns of Trends 
in Infectious Diseases by 

District in Probolinggo 
Regency [23] 

2022 
Correspondence 

Analysis 

Clean and Healthy Living 

Behavior with the Incidence of 
Skin Disease [32] 

2021 

Description and 
Statistics of Non-

Parametric Chi 
Quadratic 

Independency Test 

These results were used by the 
researcher to relate the mapping 

results with the condition of 
CHLB in the research area 
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Title Year Method(s) Insight(s) 

Meta Analysis: Factors 

Relating to Clean and Healthy 
Living Behaviors (CHLB) [13] 

2024 Meta Analysis 

Relationship between 

knowledge, attitudes and the 
role of health workers each has 

a relationship with clean and 
healthy living behavior 

(CHLB), although at a 
moderate level. 

Multiple Sclerosis Disease 
Classification Analysis Using 

Logistic Regression and SVM 
Algorithms [20]  

2024 
Logistic Regression, 

SVM 

Utilization of classification 
methods in the application of 

CHLB research with machine 
learning 

 

2.4. Methodology 
This study used primary data in the form of a questionnaire distributed to 118 randomly selected 

households in Probolinggo Regency. The variables used in this study are the socioeconomic 
characteristics of the household and the CHLB score, where: 
Y = 0: households with less-than-good CHLB (Accumulated CHLB score < 7) 

Y = 1: households with good CHLB (Accumulated CHLB score ≥ 7) 
The highest score for the CHLB assessment of TB patient households was 10, which was 

determined by using 10 CHLB indicators for TB patient households. If a home meets the requirements 
to be classified as having good CHLB, it is assigned a number of 1, and if it meets the requirements to 

be classified as having poor CHLB, it is assigned a number of 0. Households are classified as less 
CHLB if the total indicator value is less than 7, or as having CHLB if the total indicator value is 7 or 

more, provided that the indicator for CHLB that is not met is one that may still be tolerated. The 
CHLB score is measured by 10 CHLB indicator questions. Score 1 for "yes" answers and 0 for "no". 

The accumulated CHLB score is matched with the CHLB classification according to the 
categorization. Here is the flowchart of this research. 

It is known that the output of this research is F1-Score, Confusion Matrix, and Implementation 
based on the most significant variables positively or negatively. The variables used in this study are 

presented in Table 2. 
 

Table 2. List of Variables 

Variable Definition 

X1 Gender 

X2 Subdistrict 

X3 What is the head of household's highest level of education? 

X4 What is the head of household's occupation? 

X5 What is the monthly income of the head of household? 

X6 How many household members are there? 

X7 What infectious diseases do you know of? (Multiple answers allowed) 

X8 
In the past 6 months, has any household member been diagnosed with Dengue 

Fever? 

X9 Has any household member ever been diagnosed with leprosy? 

X10 
Does any household member have a history of serious illness? (Multiple answers 

allowed) 
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Variable Definition 

X11 Have you ever heard of Clean and Healthy Living Behaviors (CHLB)? 

X12 What is the source of clean water used for daily needs? 

X13 
What is the 3M in the 3M Plus program for eradicating mosquito larvae? 

(True/False) 

X14 
Do you always wash your hands with soap before eating and after using the 

toilet? 

X15 Does your house have a family latrine? 

X16 If yes, does your latrine have a septic tank? 

X17 
Does your family take measures to eliminate mosquito larvae in the household 

environment? 

X18 
What actions does your family take to eliminate mosquito larvae in the 

household environment? (Multiple answers allowed) 

X19 How many meals do you have per day? (e.g., if 3 times a day, answer: 3) 

X20 Has your family ever incurred debt to provide food? 

X21 
What is your family's habit of consuming the four healthy foods (staple foods, 

protein, vegetables, and fruits)? 

X22 What is your family's habit in providing rice or staple foods? 

X23 
What foods are typically consumed daily by your family? (Multiple answers 

allowed) 

X24 What is your family's habit in providing protein-rich foods? 

X25 What type of fuel is used for cooking in your house? 

X26 Does your family have a habit of drinking milk? 

X27 Does any household member smoke? 

X28 How many people smoke in your household? (e.g., if 2 people, answer: 2) 

X29 Does anyone smoke inside the house? 

X30 
Have you ever received counseling on Clean and Healthy Living Behaviors 

(CHLB)? 

X31 
When was the last time you received counseling on Clean and Healthy Living 

Behaviors? 

X32 Type of roof in your house 

X33 Type of walls in your house 

X34 Type of flooring in your house 

X35 Ventilation in your house 

Y 
Do you know what Clean and Healthy Living Behaviors (CHLB) are? (Multiple 

answers allowed, cumulative of right answers) 
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Figure 1. Flowchart 

 

3. Results and Discussion 
Researcher used logistic regression to examine the impact of household socioeconomic variables on 
clean and healthy living behaviors (CHLB) in Probolinggo Regency. The analysis used a series of 

predictor variables reflecting different socioeconomic aspects in order to classify households according 
to whether or not they display CHLB (dependent variable: Y). As indicated in Table 3, these predictor 
variables were classified as binary, multinomial, ordinal, and numeric kinds. To ensure compatibility 
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with the logistic regression, the data underwent preprocessing before being applied to the logistic 

regression modeling. 

Table 3. Types of Variables 

Type Variables 

Binary X1, X10, X11, X14, X15, X16, X17, X20, X24, X26, X27, X29, X36 

Multinomial X12, X2, X25, X32, X33, X34, X4, X8, X9 

Ordinal X13, X18, X19, X23, X28, X6, X7 

Numeric X21, X22, X3, X31, X35, X5 

 
Next, in order to evaluate the predictor variables associations and find any potential 

multicollinearity that might have an impact on the model's performance, researcher carried out 
diagnostic studies. Making a correlation plot (corrplot) to examine and quantify the degree of 

correlation between numerical data visually was one important diagnostic procedure. Researcher 
calculate the Pearson correlation coefficients for the numerical variables. The linear relationships 

between pairs of variables are numerically summarized in the correlation matrix, which has values 
ranging from -1 (perfect negative correlation) to +1 (perfect positive correlation). There is no linear 

relationship when the values are near to 0. Researcher used a correlation plot (corrplot), which offers 
a visual depiction of the correlation matrix, to help understand the correlations between the variables. 

Correlations were shown in the plot (see Figure 1). Researchers were able to swiftly spot clusters of 
strongly correlated variables due to this display, which may indicate problems with multicollinearity. 

No numerical variable in this instance displayed a strong correlation that could have an impact on the 
CHLB classification. 

 
Figure 2. Correlation Plot 

 
Before applying binary logistic regression, the data is separated into training data and testing data 

with a ratio of 70/30. Training data is used to perform binary logistic regression modeling, while 
testing data is used to evaluate the model formed and determine the accuracy of the model. Grid 

search with cross-validation was used to optimize the logistic regression model. The hyperparameter 
C was adjusted. This parameter manages the trade-off between correctly identifying the training data 
points and creating a smooth decision boundary. The model can match more complicated patterns 

with a large value of C, but overfitting is possible. There were six values tested: 1, 10, 100, 1000, 2500, 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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5000. Additionally, we tested various combinations of these parameters using 5-fold cross-validation, 

and we chose the combination that produced the greatest accuracy on the validation set. The entire 
training dataset was used to train the logistic regression with the ideal hyperparameters after it had 

been tuned. The best decision boundary that maximized the margin between homes that display 
CHLB and those that do not was identified by the logistic regression.  

Based on the boxplot results of each X variable against variable Y, it is known that each X variable 
can distinguish categories in variable Y. According to the researcher, if the X variable used can 

distinguish categories in variable Y, then the variable can be used to classify variable Y. The 
classification method only distinguishes how the classification is formed and the level of accuracy 

obtained. Based on research [31] that not all CHLB criteria can be met in a region. Therefore, this 
research seeks to answer which criteria are the main reference in understanding CHLB based on 

various existing criteria. 

 

 
Figure 3. CHLB vs Other Variables 
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To assess its performance, the testing set was subjected to the trained logistic regression model. 

The model's efficacy was evaluated using F1 score metrics, which are the harmonic mean of precision 
and recall that can offer a balance between the two. Table 4 displayed the F1 score for the training and 

testing set. Based on the F1 results on CHLB data using the binary logistic regression method, it is 
known that the F1 value is quite high, which means that using the binary logistic regression analysis 

method can minimize false positives and false negatives. Researchers use the F1 score value because 
in the case of CHLB, researchers want to focus on both categories so that researchers can determine 

who needs assistance or socialization related to CHLB but also focus on people who are able to apply 
CHLB as a measure of the government's success rate in implementing CHLB in the community. 

 

Table 4. F1 Score for Training and Testing Dataset 

Training Testing 

70.769% 72.414% 

 
Confusion Matrix was used to visualize the classification results and assess the true positive, false 

positive, true negative, and false negative rates for both training and testing set (see Figure 3). 

 

  
(a) (b) 

Figure 4. Confusion Matrix for (a) Training Dataset, and (b) Testing Dataset 

 
Logistic Regression model performed well in identifying homes according to whether or not they 

were likely to engage in CHLB. The findings suggested that a number of socioeconomic characteristics 
significantly impacted the classification result. Logistic Regression successfully captured the non-

linear relationship between these parameters and CHLB procedures. Additional information 
regarding the top 5s positives and disadvantages (refer to Figure 5 and 6). 

 

 
Figure 5. Top 5 Variables that Positively Influencing CHLB 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Figure 6. Top 5 Variables that Negatively Influencing CHLB 

Based on research [13], it is known that the results obtained only apply in the area because there 

are differences in economic levels, culture, distribution of health facilities and schools in the area, so 
this research can only be applied in Probolinggo district. Based on the logistic regression results and 

comparison with previous research, the Probolinggo government could consider the follow-ing policy 
implications: 

a. Support for Households. The "Household" variable (X4) shows the substantial positive influence 
on clean and healthy living behaviours. This suggests that house-hold roles and responsibilities 
play a vital part in promoting these behaviours. The government could support households by 

providing targeted community programs that raise awareness about clean and healthy living, 
particularly in household settings. Based on research [29], socioeconomics affects a person's 

mental health. Therefore, direct support is needed for people who have not been able to apply 
CHLB so that they avoid various diseases. 

b. Targeting Socioeconomic Groups. Given the significance of variables related to income (X5) 
and Education (X3). Socioeconomic status, policies could target lower-income households and 
lower education with subsidies, training, or access to affordable solutions (such as water filters, 

clean cooking solutions, or regular health checkups). Socioeconomic status is an implication of 
the study because the class level of society can determine the intellectual level that affects a 

person's understanding of CHLB [16]. 

c. Providing socialization for healthy food and proper living space assistance. With the existence 
of healthy food variables (X21) and House Structure/Wall (X33), it is hoped that the government 

will not only provide socialization and assistance with money. But also in the form of knowledge 
and healthy habits by eating fruits and vegetables, as well as forming a movement to eat fruit / 

vegetables every day. Provide decent housing to families who have inadequate/semi-permanent 
homes. The importance of socialization earlier can be illustrated in research [12], which shows 

that socialization and healthy living guidelines bring good habits while implementing CHLB well. 
By focusing on these areas, the Probolinggo government could improve clean and healthy living 

behaviors throughout the region. 

 

4. Conclusion 
CHLB is an important basic need, as it can make life healthier, more vibrant, and avoid disease, 

Therefore, an appropriate classification is needed so that the entire community can implement CHLB. 
Based on the results of the analysis with the logistic regression model, it was found that there are 

several things that have a major impact on CHLB knowledge are residence, income, occupation, 
education, and knowledge of the disease. These five things represent the socioeconomic overview of 

the people. There are several ways that can be done to improve CHLB, namely support for households, 
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targeting socioeconomic groups, and providing socialization for healthy food and proper living space 

assistance. 
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