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Abstract 

The registration Bureau of a country conducts study producing a gigantic dataset with a huge number of information focuses. The rich 

dataset contains itemized data about an individual's way of life including different information like his/her instruction foundation, 

work foundation, age, conjugal status and so on. These highlights change scarcely in an individual's life. The most every now and 

again changing element in an individual's life is his/her salary. Consistently individuals change occupations and get advancements 

which change the figures of their salary. 

 

This paper intends to foresee whether the pay of a person surpasses $50000/yr or not founded on statistics information gave by Census 

authority database, while considering different factors such as age, work class, gender, marital status, education, race, occupation etc. 

using exploratory analysis and classification algorithms. This investigation intends to utilize machine learning procedures in giving a 

response for the salary forecast. This model measures the accuracy of different machine learning models like Random forest classifier, 

Naïve Bayes classifier and Support vector classifier.  The conclusions drawn might help in delivering wiser decisions. The result can 

be used for social purpose, commercial purpose and economic study of a region for level of economic inequality. 

 

Keywords: Income Prediction, Machine learning, Random forest classifier, Naïve Bayes classifier and Support Vector Classifier. 

1. Introduction 

From the beginning of the 21st century the amount of data produced per year is increasing rapidly. The area of Data Mining and 

Machine Learning can utilize this enormous measure of information to make day by day life simple. ML can likewise utilize this 

information to examine certain shrouded models and thoughts which incited the gauge of future events. One of the largest structured 

data is the census data which is been collected by the census bureau every 10th year. We can use this data to make future predictions 

about an individual’s income. The census data consists of a person’s age, education, marital-status, occupation, sex, work conditions 

etc. We can utilize this information to foresee an individual's salary is more prominent or under $50000. Our task is to find a machine 

learning algorithm which predicts that an individual’s income is greater or less than $50000. So the research domain is classification 

problem. In machine learning, classification is the process of identifying to which of a lot of classes (sub-populations) a 

new observation belongs. Some of example are email spam detection where the ML model classify a mail is ‘spam’ or ‘not spam’. 

Another example in form medical industry is that ML models are used to decide whether a tumor is a cancer tumor or not. 

 

Some applications of this system are that knowing about the economic status of a person has various benefits like: Various non-

governmental organizations depend upon the money donated to them. Knowing about economic status of a region or a person can 

helps NGOs to find donations easily. This can also be used for commercial purpose like the can be sold to a real-state firms the firm 

can use the data to gain information about the economic condition of a region. If high earning people live in an area then they can start 

construction of shopping complexes, malls supermarkets etc. The issue of pay disparity have been of inconceivable affair in the 

continuous years. This can be used to study about the economic diversity of a region and to take actions to improve the condition. 

 

Here we compare 3 different mathematical machine learning algorithms to decide the best algorithm to predict income. 

 

 In probability based approach we use naïve bayes classifier algorithm to predict results. This algorithm uses the bayes 

theorem of probability to classify the data. 

 In vector algebra based approach we use the support vector machine algorithm to predict results. This algorithm 

generates a n-dimensional hyper plane to separate data for classification. 

 In decision tree based approach we use the random forest classifier to predict results. This algorithm generate ‘k’ numbers 

of decision trees and use majority of trees to predict result.   

 

The census dataset is generated at every 10 year and have millions of data. Some work previously done by other researchers are: 

Meyer and Sullivan [1], assessed utilization and pay proportions of the material prosperity of poor people. Consumption is preferred 

over income. One of the long term goals of this research is to improve income and consumption. 

 

 

2. Literature Review 

 

LUODang and SONGBo [3] from school of mathematics and information sciences north China university, presents a paper on 

Analysis and Prediction for the Income Elasticity of the Consumer Demand in Chinese Rural Areas. The authors make the inference 

that pay flexibility of shopper request in the country regions of China is very enormous, which implies that it is somewhat delicate to 
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change in buyer request. So modifying the pay circulation structure and expanding the salary of country occupants can adequately 

invigorate utilization and lift household request. In any case, most sub-classes of the pay flexibility of purchaser request show a 

declining pattern in the forthcoming barely any years, so the important divisions ought to modify the financial polices opportune and 

sensibly as per explicit structure. 

 

C. Jayavarthini,  Ishu Todi and Kshitij Kumar Agarwal [5] from SRM University, presents a paper on analysis and prediction of 

adult’s income. Authors are predicting the income of the population and analyzing the factors which strongly affect the income. The 

author would be giving suggestions based on the result obtained which degree of qualification can lead to a better income and people 

of which certain age group are earning more. 

 

Navoneel Chakrabarty and Sanket Biswas [7] from Jalpaiguri engineering college, presents a paper on a statistical approach to adult 

census income level prediction. Authors in their paper proposed the use of ensemble learning algorithm, gradient boosting classifier 

with broad hyper-parameter tuning with Grid Search on adult census dataset. 

 

Alina Lazar and Robert Zaremba [2] of Youngstown State University presents a paper on support vector machines optimization. 

Authors defined a method to predict income using Support vector machine algorithm.  

 

Lu Liu, Yu Liu, Liu Yang and Yin Gao [8] from school of communication and information engineering, China presents a paper on 

improved random forest algorithm based on attribute compatibility. Authors find an improved version of random forest classification 

algorithm which is compared with the general random-forest algorithm which has better accuracy score at the point when measure of 

information is little, also, the calculation debilitates the multi-esteemed inclination issue. When dealing with large amount of data, it 

has faster training speed. 

 

Son Lam Phung, Giang Hoang Nguyen [9] Member of IEEE presents paper on Efficient Support-Vector-Machine Training with 

Reduced Weighted Samples. Authors consolidated unsupervised and supervised learning out how to build up a productive SVM 

model to handle the issues of class imbalance and enormous scope information. Through exact trials, they exhibited that conventional 

SVM training experiences issues in building a successful classifier model from huge and imbalanced informational collections. They 

demonstrated that the decreased, weighted SVM preparing strategy can improve the characterization execution and lessen the 

preparation time. 

 

Rajiv Kumar, Prem Sagar Sharma, Vinod Jain, Gopal Jha and Shashank Awasthi [10] presents a paper on prediction of loan approval. 

They used three machine learning algorithms to predict the loan approval status of customers for bank loans. They observed that 

among three the accuracy of DT algorithm is best for prediction of loans. And conclude that in future the Decision Tree algorithm can 

be applied on other data sets available for loan approvals to further investigate its accuracy. 

 

Sandra C. Matz, David J. Stillwell, Jochen I. Menges and H. Andrew Schwartz [11] present a paper to predict individuals income from 

their facebook profile. Their observation demonstrated that Facebook Likes and Status refreshes not just foresee self-revealed salary 

with a similar level of precision as standard financial factors, yet they likewise included steady prescient force. The accuracy of their 

prediction is sufficiently high for low stakes applications, for example, directed advertising where results are normally estimated at the 

gathering level. 

 

2. Methodology 

The dataset is first collected form UCI repository. The data is first pre-processed. In pre-processing a histogram of numerical data is 

plotted to check for skewness in data. To handle the missing values, the rows with null values are dropped. For scaling Min-max 

normalization process is used to scale the numerical values in 0-1 range. For categorical values the one hot encoding process is used 

to encode the categorical values. The data split in training and testing part in 8:2 ratio. The 3 mentioned algorithms uses the training 

data to generate a model and uses test data to for testing. The precision, accuracy, recall and F-1 score are used to check the result 

output of the all 3 models. The models then compared on the basis of their results. 
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2.1 Implementation 

To apply above methodology, the procedure to follow is depicted in Fig. 5. 

 

Fig 1. Procedure for implementing methodology 

2.2 Datasets 

The data is collected from UCI machine learning repository, extraction of data was finished by Barry Becker from the 1994 Census 

database. Expectation task is to decide if a person makes over $50000 per year. The enumeration dataset comprises of around 32,000 

information focuses, with every information point having 13 attributes.  

Table 1. Attributes and their descriptions 

Attribute Name Description Type 

Age Age of a person Continuous 

Work-class Either government, private or self-employed  Categorical 

Education Persons education background example masters degree, 

bachelors degree or high school etc. 

Categorical 

Education-number Number of educational years completed Continuous 

Marital-status Person’s marital status like married, divorced or single etc .  Categorical 

Occupation Field of work like sales, technical, managerial or farming etc. Categorical 

Relationship Wife, child, Husband, relative. Categorical 

Race White, Asian, African-American or others  Categorical 

Sex Female, Male.  Categorical 

Capital-gain Monetary Capital Gain by person Continuous 

Capital-loss Monetary Capital Loss by person Continuous 

Hours-per-week  Average Hours Per Week Worked Continuous 

Native-country Person’s native country like USA, India, England, Germany etc. Categorical 

 

 

Fig 1. Histogram for age distribution 

 

Dataset Preprocessing Training Model Result  and Analysis
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Fig 2. Histogram for working hours per week distribution 

 

 

Fig 3. Histogram for number of years spend on education 

2.3 Pre-Processing 

 

2.3.1 Handling missing values 

 

Various data cleaning methods are present like: 

 Mean value 

 Interpolation 

 Drop Na 

 

In our dataset the number of missing values is very low so we can drop the rows containing the missing values. Total rows are greater 

than 32000 and rows with missing values are about 200. So dropping the data does not cause huge effect on training.  

 

2.3.2 Encoding of categorical to numeric features 

One hot encoding is a procedure by which categorical factors are changed over into a structure that could be given to ML calculations 

to make a superior showing in expectation. Every single straight out component are name encoded, where in order every class is 

appointed numbers beginning from 0. 

For example, the sex attribute have 1 of 2 values that is either male or female. 

  

Table 2. Data before encoding  

Name Sex  Age 

Sam Male 22 

William Male 30 

Lily Female 25 
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The value male and female can be encoded by generating a separate attribute for each value of sex category. The encoding can be 

shown in the table 3. 

 

Table 3. Data after encoding 

Name Male Female Age 

Sam 1 0 22 

William 1 0 30 

Lily 0 1 25 

 

2.3.3 Min Max normalization 

 

Min max normalization is a technique used to scale the values in a fixed range. The range can be decided by the user (ex. 0-100). 

The minimum value in data is assigned to min value of scale and maximum value in data is assigned to max value of scale. In this case 

we used 0-1 scale. 

 

Formula used for scaling is: 

𝑋𝑠𝑐𝑎𝑙𝑒𝑑 =
(𝑋 − 𝑋𝑚𝑖𝑛)

(𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛)
 

(1) 

 

3 Classification Algorithms used 

 

• Random forest classifier 

Random Forest algorithm is a combination of multiple decision trees. Each tree is provided with some random sample of data 

with replacement and gives different classifications. It takes votes from the result of all the trees and chooses the classification 

having maximum votes and when the dependent variable is continuous, it takes the mean from the outputs given by different 

trees. 

The formula for gini index of an attribute is  

 

𝐺 = 1 − 𝑃(𝑦𝑒𝑠)2 – 𝑃(𝑛𝑜)2 (2) 

 

P(yes) = P(greater than 50000) 

P(no) = P(less than 50000) 

 

The attribute with the lowest gini index is selected as the root node and same process is repeated for the children of root. 

 

• Gaussian naïve bayes 

Naive Bayes classifiers are a group of basic classifier based of probability, in view of applying probability's Bayes theorem with 

naive independence presumptions between the attributes. Naïve-Bayes classification algorithm is profoundly adaptable, requiring 

different types of boundaries straight in the amount of components (attributes/labels) in a learning issue. 

 

𝐵𝑎𝑦𝑒𝑠 𝑇ℎ𝑒𝑜𝑟𝑒𝑚 = 𝑃(𝐴|𝐵) =  
𝑃(𝐵|𝐴) ∗ 𝑃(𝐴)

𝑃(𝐵)
 (3) 

 

• Support vector machines classifier 

a support-vector-machine classifier builds an n-dimensional hyper-plane in a high dimensional space, which is then used 

for classification of the dataset. For a 2 dimensional data can be separated by a line given by the equation 

𝑌 = 𝑚𝑋 + 𝐶 (4) 

 

For a 3 dimensional data it uses plane to separate the data. Equation for plane is 
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𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 − (𝑎𝑥1 +  𝑏𝑦1 +  𝑐𝑧1) = 0 (5) 

 

For n-dimensional data it uses n-dimensional  hyper plane. 

 

4 Result and Analysis 

Out of a sum of 30162 occasions exists in the dataset, 24130 examples have been utilized for training model while the left 6032 cases 

have been saved for testing the model. After complete assessment, the model’s executions are assessed on the accompanying 

measurements. 

 

 The Training Accuracy of model portrays the precision accomplished on the training data set. 

 The Recall is characterized as the part of effectively distinguished positive data. 

𝑅𝑒𝑐𝑎𝑙𝑙 =  
𝑇 𝑃

(𝑇 𝑃 + 𝐹 𝑁)
 (6) 

 

 Precision is characterized as the proportion of correctly predicted positive observations of the total predicted positive 

observations. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =  
𝑇 𝑃

(𝑇 𝑃 + 𝐹 𝑃)
 (7) 

 

 F1-Score is the Harmonic Mean of Recall and Precision. 

𝐹1 𝑠𝑐𝑜𝑟𝑒 = 2 ∗  
(𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ∗ 𝑟𝑒𝑐𝑎𝑙𝑙)

( 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙)
 (8) 

 

Confusion Matrix is constructed as shown in Fig 1: 

 
Fig 4. Structure of confusion matrix 

 

 

4.1 The confusion matrix generated for our models are: 

 

Confusion matrix generated for random forest classifier 

 
Fig. 5 Confusion matrix for random forest classifier 
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4.2 Confusion matrix generated for naïve bayes classifier 

 
Fig. 6 Confusion matrix for naïve bayes classifier 

 

 

 

4.3 Confusion matrix generated for vector classifier 

 
Fig. 7 Confusion matrix for vector classifier 

 

 

 

 

4.4  Result of all 3 models 

 
Model Training 

accuracy 

at 1% 

size 

Training 

accuracy 

at 10% 

size 

Train 

accuracy at 

100% size 

Recall Precision Training 

time(sec) 

F1 

score at 

10% 

size 

F1 

score 

at 

100% 

size 

Random 

forest 

classifier 

79.62% 82.64% 83.17% .86 .91 .33 .65 .66 

Support 

Vector 

classifier 

75.12% 83.0% 83.82% .86 .93 >10 .66 .68 

Naïve 

bayes 

classifier 

36.59% 47.48% 59.2% .96 .47 .24 .39 .42 

Table 4 Result of all models 
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4.5 Graphical representation of data 

 

4.5.1 Accuracy score 

 
Fig. 8 Accuracy score of models 

4.5.2 F1 score 

 
Fig 9. F-score of models 
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Fig. 10 Heatmap of attributes 

 

5. Conclusion 

From the observed data we found that the results of random forest and support vector classifier are nearly same but the support vector 

classifier take large amount of time for training. The reason for the bad results of the Gaussian naïve bayes is that it treats each 

attribute as independent of each other which is practically very difficult to achieve. 

To find the relation between attributes co-relation matrix is calculated. A negative correlation value means that the attribute values and 

are inversely related means if values of one attribute increases, the values of other attribute decreases. A positive correlation means 

that the attribute values are directly related means that if values of one attribute increases, the values of other attribute also increases. 

And a zero correlation means that the values of attribute are independent of each other. From the heat map shown in the fig.10 we can 

say that all the attributes have a positive correlation means that they are directly related. So that is the reason for failure of naïve bayes 

model. 

 

Now on comparing random forest classifier and support vector classifier we can say that the random forest classifier is better because 

the training time required in random forest classifier is much less as compared to support vector classifier. 
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