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ABSTRACT

The house is a basic need of people to live a secure and hygienic life. The housing
shortage among low-income groups is large, despite increases in the stock of quality
housing in recent years, as house prices are high relative to incomes and access to
credit is often difficult. In this project, the house price dataset has been collected from
the famous website Kaggle. The missing values in the dataset are filled and the factors
influencing price of the house are found, thus the dependent and independent variables
are declared. The dataset was splitted into training and test sets where the train set is
used to build the model and the test set is used to evaluate the model. The multiple
linear regression model to predict house price was developed successfully using Scikit-
learn in the tool python and evaluated by the error measures like MAPE, RMSE and R?
score, which resulted the accuracy of the model is good and more effective to predict
house price. Both the seller and buyer can make use of the house price prediction

model. The house price prediction model is useful to both the seller and the buyer.

KEYWORDS:

House price prediction, Multiple linear regression (MLR), Mean absolute percentage

error (MAPE), Root mean square error (RMSE), R? Score
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1.1 INTRODUCTION

Housing is a key part of well-being and contributes to spatial and social mobility.
Though every household’s dream is to buy their own house, the forced lockdown has
led to an increasing demand for buying houses to sustain better social distancing
standards. According to the report from Knight Frank, India’s real estate sector
bounced back from the pandemic-induced slowdown with a record rise in sales. A
new era of online home buying and selling has taken off. The rapid rise in population
and incomes over the past decades has resulted in an increase in demand for
housing. However, despite several public housing programmes that boosted supply,

the housing shortage remains.

In 2015, according to government estimates, about 40 million households faced
housing shortages - which includes the homeless and households in sub-standard or
congested dwellings or without basic amenities. The “Housing for all” (Prime
Minister’'s Housing Scheme) by 2022, the project of the Indian Government aims to
provide access to affordable housing which provides a better lifestyle for every
household in India. Now it is extended to complete 80 lakh houses in 2022-2023. The
consistent increase in raw materials prices is pushing up property prices in all eight

prime residential markets.

House sales in India’s eight prime housing markets increased 13% in 2021, when
compared to the overall sales in 2020. Mid-income houses contributed 41% of the
new houses from Rs.40 lakh to Rs.80 lakh and the affordable houses with the rate of
Rs.40 lakhs contributed 21% in the 3 Quarter of the year 2021 to the housing
market. Chennai housing markets has an annual price hike of 5% in 2021. Certain
projections state that the sales momentum is expected to increase in 2022 as
prospective home buyers will continue to prefer bigger homes, better amenities and
attractive pricing will keep them interested in sealing the deals. This project will be
helpful to both the buyers and sellers to buy and sell the house with the house price

prediction model built using multiple linear regression method.



1.2 TIME SERIES ANALYSIS

A time series is a set of observations taken at specified times, usually at equal
intervals. Many sets of data appear as time series: daily rainfall amounts, hourly
observations made on the yield of a chemical process, a weekly series of the number
of road accidents, the number of new born babies in India in each year and so on.
Examples of time series abound in so many fields, such as economics, business,
engineering, the natural sciences and the social sciences. Time Series Analysis is a
specific way of analyzing a sequence of data points collected over an interval of time.
Time series are analyzed to discover past patterns of variability that can be used to
forecast future values. Time series analysis comprises methods for analyzing time
series data in order to extract meaningful statistics and other characteristics of the
data. The main objective of a Time Series Analysis is to develop a suitable model to
describe the pattern or trend in data with more accuracy. These objectives may be

classified as description, explanation, prediction and control.

1.3 A STATISTICAL APPROACH OF TIME SERIES

Statistics is the discipline that concerns the collection, organization, analysis,
interpretation and presentation of data. Statistics is applicable to a wide variety of
academic disciplines, including natural and social sciences, government, and
business. Machine learning models are statistical and probabilistic models that
capture patterns in the data through the use of computational algorithms. A typical
statistics course covers descriptive statistics, probability, binomial and normal
distributions, test of hypotheses and confidence intervals, linear regression, and
correlation. It is particularly applied in financial management, marketing management,
and production, services and operations management. A typical "Business Statistics"
course is intended for business majors, and covers descriptive statistics, it may
include forecasting, time series, decision trees, multiple linear regression, and other
topics from business analytics more generally. In this project, house price prediction

model has been developed using multiple linear regression by the housing dataset.
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2.1 LITERATURE SURVEY

Abigail Bola Adetunji et al. 2022 explored the use of random forest machine learning
techniques for house price prediction. The UCI machine learning repository Boston
housing dataset with 506 entries and 14 features were used to evaluate the
performance of the proposed prediction model. This study has further affirmed the
prowess of random forest machine learning technique in predicting the prices of a
house based on variables made available in the Boston housing dataset. A
comparison of the predicted and actual prices revealed that the model achieved a

prediction difference of £5.

Adyan Nur Alfiyatin et al. 2017 have predicted house prices based on NJOP houses
in Malang city with regression analysis and particle swarm optimization (PSO). PSO
is used for selection of affecting variables and regression analysis is used to
determine the optimal coefficient in prediction. The result from this research proved
that a combination regression and PSO is suitable and get the minimum prediction
error obtained, which is IDR 14.186.

Amey Thakur and Mega Satish 2021 implemented a house price prediction model of
Bangalore, India and experimented with different machine learning algorithms to get
the best model. When compared to all other algorithms, the decision tree algorithm
achieved the lowest loss and the greatest R-squared. As housing prices fluctuate on
a daily basis and sometimes exaggerated rather than based on worth, thus the major

focus of this project is on predicting home prices using genuine factors.

Anand et al. 2021 has presented to predict accurate price of house without any loss
based on various features on given data by using machine learning algorithms like
linear regression, decision tree regression, K-means regression and random forest
regression. From the analysis, the value of RMSE is 2.9131. The result of this
research provides that the random forest regression gives maximum accuracy, it

helps people to buy house on budget and reduces loss of money.

Atharva Chouthai et al. 2019 used machine learning algorithms to build the prediction

model for houses. Housing sales prices are determined by numerous factors such as
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area of the property, location of the house, material used for construction, age of the
property, number of bedrooms and garages and so on. They used a data set of 100
houses with a number of parameters and used 50 percent of the data set to train the
machine and 50 percent to test the machine. Here, machine learning algorithms such
as logistic regression and support vector regression, lasso regression technique and
decision tree are employed to build a predictive model and the results are truly

accurate.

Fashoto et al. 2021 applied machine learning (ML) to predict maize yields for a single
season in Eswatini. A ML model was trained and tested using open-source data and
local data. This is done by using three different data splits. Predicting maize crop
yields helps policymakers to make timely import and export decisions to strengthen
national food security. However, none of the published work has been done to predict

maize crop yields using machine learning in Eswatini, Africa.

Kodamagulla Kausthub 2021 addressed the usage of multiple linear regression
technique in the case of predicting sales related to commercials, which are displayed
in mainly three forms of media, namely TV, Radio & Newspaper. Using this analysis,
many brands also improve the commercial content and relevance based on the
customer’s interest. Accuracy of the multiple linear regression algorithm for this model

is calculated and was found to be 91.7%.

Nor Hafizah Hussin, Rahaini Mohd Said Aditya and Nadiah Ishak 2021 have
presented a mathematical modelling using multiple linear regression (MLR) to predict
the energy consumption for energy savings in Technology Campus, UTeM. Using the
stepwise selection, the linear model obtained consist of the most influenced factors
which is the number of lightings used and surrounding temperature in the building
where the equation is ¥ = 149.3 - 3.95b:1 + 0.0877b2 + e. Comparing the actual and
predicted energy consumption at Technology Campus, UTeM showed that the MLR
model obtained can be used to predict energy consumption and accounted for around

81% of the variance.



Oghoyafedo et al. 2017 has developed the Accident prediction model at Unsignalized
Intersection using multiple linear regression method and the standard error of
estimate was computed to show how close the observed value is to the regression
line. As the issue of road accidents is an increasing problem in developing countries
due to increasing road traffic/vehicle occupancy, geometric characteristics and road
way condition, this study will enhance the production of updated design standards to
enable practitioners to design unsignalized intersections for optimal safety and reduce

the number of accidents at unsignalized intersections.

Olsen et al. 2020 this article has been tailored for individuals who are interested in
learning more about multiple linear regression as a data analysis tool and its potential
utility in pharmacy education research. Key terms needed to understand and interpret
regressions are also discussed. Regression analyses could be helpful in advancing
pharmacy educational scholarship by enabling scholars to better understand
variables that may predict specific outcomes such as student achievement or

program retention.

Quang Truong et al. 2020 explored various impacts of features on prediction
methods. This paper will apply both traditional and advanced machine learning
approaches to investigate the difference among several advanced models. This paper
will also comprehensively validate multiple techniques in model implementation of

regression and provide an optimistic result for housing price prediction.

Rath et al. 2020 have analysed the daily statistics of people affected by the disease
are taken into account to predict the next day’s trend in the active cases in Odisha as
well as India. A valid global data set is collected from the WHO daily statistics and
correlation among the total confirmed, active, deceased, positive cases are stated in
this paper. Regression model such as linear and multiple linear regression techniques
are applied to the data set to visualize the trend of the affected cases. Here a
comparison of linear regression and multiple linear regression model is performed
where the score of the model R? tends to be 0.99 and 1.0 which indicates a strong
prediction model to forecast the next active cases. These models acquired

remarkable accuracy in COVID-19 recognition.
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Robart Konwar et al. 2021 in this paper, machine learning algorithms are explained in
various combinations and the result for each algorithm is given based on the
accuracy percentage to predict the exact prices of houses without bias to help both
the buyers and sellers make their decisions and concluded that random forest
algorithm provides more accuracy than support vector machines (SVM), linear

regression algorithm and XG boost algorithm.

Shruti Shakhla 2018 studied and documented the performance of APPLE INC.’s
stock price using multiple linear regression and gauged its performance using root
mean squared error. Machine learning algorithms have proved to fetch benevolent
results in predicting stock prices. The results are promising but can be improved by

taking into consideration more parameters.

Xiaojie Xu and Yun Zhang 2021 have demonstrated the usefulness of the machine
learning approach to the house price forecasting problem in the Chinese market, by
exploring neural networks for forecasting of house prices from one hundred major
cities for the period of June 2010—May 2019, serving as the first study with such wide
coverage for the emerging Chinese market through a machine learning technique.
The results could be used on a standalone basis or combined with fundamental
forecasting in forming perspectives of house price trends and conducting policy

analysis.

Yanming Yang et al. 2018 introduced the mathematic model and calculation method
of linear regression model and the parameter estimation and model test method of
linear regression model is discussed. As it is indispensable to scientifically predict the
consumption of aero-material spare parts and to make scientific decisions on aviation
equipment maintenance resources and make full use of existing resources to improve
maintenance capability, the application of linear regression model in forecasting the
consumption of aero-material spare parts is analyzed by examples. According to the
analysis results, the regression equation is modified as necessary to further improve
the prediction accuracy. The results show that the linear regression model is feasible
and effective for the prediction of aero-material spare parts consumption.



Yige Wang 2021 this paper, builds two forecasting models to predict house prices. It
primarily takes a series of data processes, including missing value process, outlier
removal, new variables creation, and correlation analysis. Finally, based on the
results, this paper analyzes and compares the advantages and disadvantages of the
two models. In terms of price prediction, the decision tree fitting effect is obviously
more practical than OLS in the face of complex and nonlinear data. Therefore, in
these two conditions, one is a large number of observations in this dataset, the other
is complex and has noise samples and recommend to choose random forest.

Yin Libao et al. 2017 established the multiple linear regression model predicting CO2
emission of coal-fired power plant, which provides guidance for the realization of
online monitoring and to realize low-carbon development, and strive to complete the
carbon emissions reduction targets of "13th Five-Year”. The calculation of CO2
emissions of Wanglong thermal power plant unit using multiple linear regression
method is compared with both the results which is calculated by the methods
provided in the 2006 IPCC Guidelines and the method of the coal consumption rate of

power supply. Thus, the accuracy of this algorithm is verified.

Yun Hwan Kim et al. 2014 described the current trends in the prediction of crop pests
using machine learning technology with the advent of data mining, the field of
agriculture is also focused on it. This paper classifies and introduces SVM (support
vector machine), multiple linear regression, neural network, and Bayesian network-

based techniques, and describes some cases of their utilization.

Zihan Yan 2021 established a multiple linear regression model for predicting
commercial housing prices, and the model is tested for multicollinearity, serial
correlation and heteroscedasticity, and the optimal model is obtained. In addition,
based on the grey correlation degree, this paper analyzes the impact of population
trend and enterprise vitality on the economic vitality of Guangzhou, and studies the
long-term and short-term impact of economic policy transformation on the provincial

economy.
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3.1 AIM & SCOPE

Time series analysis is a statistical technique that deals with time series data, or trend
analysis. Time series analysis can be applied to real - valued, continuous data and
discrete numeric data. Time series are used in statistics, signal processing, pattern
recognition, econometrics, mathematical finance, weather forecasting, earthquake
prediction, electroencephalography, control engineering, astronomy, communications
engineering, and largely in any domain of applied science and engineering. In
statistics, prediction is a part of statistical inference. The objective of this project is to
build a multiple linear regression model to predict the house price effectively. To build
the multiple linear regression model, the process includes finding the explanatory
variables to predict the outcome of a response variable price, filling out the missing
values in the dataset and splitting the house price dataset into training and test set.
To validate the model’s accuracy, error measures like MAPE, RMSE and R? score are
used. House prices increase every year, so there is a need for a system to predict
house prices in the future. The house price prediction model is very essential in filling
the information gap and improving real estate efficiency. House price prediction can
help the developer determine the selling price of a house and can help the customer

to know the right time to purchase a house.
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4.1 METHODOLOGY
4.1.1 MULTIPLE LINEAR REGRESSION

Multiple linear regression (MLR), also known simply as multiple regression, is a
statistical technique that uses several explanatory (independent) variables to predict
the outcome of a response (dependent) variable. The multiple linear regression model
is based on a mathematical assumption that a linear relationship exists between both

the independent and dependent variables.

The Multiple linear regression (MLR) model can be represented as:

Y =Bo+PB1 *Xi+ P2« X2+.eu.n.n. Bk* Xk +¢

where,

Y = Dependent or Response variable.

Xi = Independent or Predictor variables X1, Xz.......... , Xk.

Bo = Y - Intercept (constant term).

Bk = Regression (slope) coefficients for each predictor variable.
€ = The model’s error term (also known as the residual).

Multiple regression attempts to predict a dependent or response variable y on the
basis of an assumed linear relationship with several independent or predictor

variables X1, X2, ..., Xk.

For example, the yield of a crop may depend on the amount of nitrogen, potash, and
phosphate fertilizers used. These variables are controlled by the experimenter, but
the yield may also depend on uncontrollable variables such as those associated with

weather.
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4.2 SOFTWARE TOOL USED

To fit a multiple linear regression model from the House Price Dataset, it's not the
easiest calculation to do by hand, so in most cases you’ll need to use statistical

software to see the results plotted on a graph for easier analysis.

Python is a high-level general-purpose programming language as a tool and it is a
computer programming language often used to build websites and software,
automate tasks and conduct data analysis. It can be used to create a variety of

different programs and is not specialized for any specific problems.

As it's an open-source language, anyone can use it. To code, python is relatively
easy to read and understand, as its syntax is more like English. Its straightforward
layout means that you can work out what each line of code is doing.

Scikit — learn also known as sklearn is a free software machine learning library for the
python programming language. It features various classification, regression and
clustering algorithms including support-vector machines, random forests, gradient
boosting, k-means and DBSCAN and is designed to interoperate with the python
numerical and scientific libraries NumPy and SciPy.

Here, Scikit - learn is used in Python to build the Multiple linear regression model for
the House Price Dataset.

4.3 DATASET

The house price dataset used in this project is taken from a website called Kaggle. In
the house price dataset, the dependent (response) variable is price and the 7
independent (explanatory) variables are area, status, bhk, bathroom, year, location
and builder where the price in lakhs, area in square feet, status in “ready to move” or
“‘under construction”, number of bhk, number of bathrooms, number of years after

finished building the house, location of the house and builder of the house.
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4.3.1 HANDLING MISSING DATA

The missing data in the dataset is very common in real life datasets, where the
missing data can be represented as a blank between the data or NAN (not a number).
This shows that the information is not given in the dataset, which does not mean that
there is no data. The prediction model could fail because of the missing data in the

dataset.

In the house price dataset, there are many blanks where the number of years should
be given. It is impossible to ignore this to take further steps to build multiple linear

regression model. So, to handle the missing data there are many methods like

e Dropping the entire row

e Dropping the entire column

¢ Filling the missing values with mean, median, mode value with respect to that
variable data

e Replacing with previous or next value

e Imputation of missing values using Scikit - learn library like KNN imputer

In this project, the missing values in the house price dataset are filled by the mean
values of the present data in the variable year and also changed the data which are in
the float datatype to integer datatype for all numeric variables.

4.4 DEFINING EXPLANATORY AND RESPONSE VARIABLES

4.4.1 CLASSIFICATION OF VARIABLES

The variables of dataset can be further classified as categorical and numerical
variables, where both the dependent and independent variables can be distributed in

the categorical and numerical variables.
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Variable

Categorical Numerical

(object datatype) (Integer datatype)

| |
| | | | |
‘ Location | ‘ Builder | q Area,Bhk,Bathroom,Year | q price |

The numerical variables are also known as quantitative variables, where the
measurement or number has a numerical meaning. For example, counts, people’s

height, total rainfall measured in inches etc.

The categorical variables are also known as qualitative variables. It is a variable that
has two or mor categories with no intrinsic ordering to the categories. For example,
age group, gender, education level etc.

4.4.2 DUMMY VARIABLES

Here the house price dataset has the dependent variable price and some
independent variables area, bhk, bathroom, year are numerical variables and the
independent variables status, location and builder are categorical variables. To take
further steps to build the MLR model, the categorical variables should be changed

into numerical variables. The categorical variables are

16



Table 4.1: The categorical variables of the dataset

ready to move location 1 builder 1

under construction location 2 builder 2

location 3

location 4

location 5

location 6

location 7

Dummy variables are binary variables coded as 1 to indicate the presence of some
attribute and as 0 to indicate the absence of some attribute. Typically, linear
regression is used with numeric variables. The dummy variables are the numerical
variables used in regression analysis to represent categorical data and can only take

the values of zero and one.

The dummy independent variable which for some observations has a value of 0 will
cause that variable’s coefficient to have no role in influencing the dependent variable,

while when the dummy takes on a value 1 its coefficient acts to alter the intercept.

Dummy variables are used frequently in time series analysis with regime switching,
seasonal analysis and qualitative data applications. The dummy variables have some
alternative names, such as indicator variables, binary variables and dichotomous

variables. The dummy variable concept is applied to the house price dataset.

4.4.3 DEFINING X AND Y VARIABLES

The dependent variable price is Y and the independent variables (X1, Xz ..., X15) of

the house price dataset are

17



Table 4.2: The independent variables of the dataset

Independent Variables

area X1

bhk X2
bathroom X3
year Xa
ready to move Xs
under construction Xe
locationl X7
location2 Xs
location3 Xo
location4 X10
location5 X11
location6 X12
location7 X13
builderl X14
builder2 X1s

4.5 SPLITTING DATASET INTO TRAIN AND TEST SETS

To build the multiple linear regression model, the training set of the data is used and

for the prediction process the test set of the data is used.

To achieve this 80% of the dataset is splitted into training set and 20% of the dataset

is splitted into test set.
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5.1 RESULTS AND PERFORMANCE ANALYSIS

5.1.1 MULTIPLE LINEAR REGRESSION MODEL

To develop the multiple linear regression model of the house price dataset, the
intercept and the regression coefficients for each predictor variable are calculated
using scikit — learn. Thus, the calculated values of intercept and the regression

coefficients are represented in the tables 5.1 and 5.2 respectively.

Table 5.1: The intercept value

Bo 1.60874608

Table 5.2: Values of the regression coefficients

B1 0.05263027
B2 10.08624066
B3 -10.91739282
B4 2.14948574
Bs -3.5895784
Bs 3.5895784
By -5.02276432
Bs -2.5896122
Bo -1.22242726
Bio 0.21765399
Bii -7.27061063
B2 -0.26717527

20



B1s 16.15493569
ﬁ14 3.47659743
B1s -3.47659743
/Price = Bo + (B1 * area) + (B2 * bhk) + (35 * bathroom) + (34 * age) \

+ (Bs * ready to move) + (36 * under construction) + (37 * locationl)

+ (Bs * location2) + (3o * location3) + (P10 * location4) + (311 * location5)

+ (B12 * location6) + (P13 * location7) + (314 * builderl) + (B1s * builder2)

.

The developed multiple linear regression model is shown in the above equation.

110

100 A

~
o

Prediceted Price

8 & & B

A L] L] L]

30 40 50 60 70 80 90 100
Actual Price

Fig 5.1: Regression plot

The Fig 5.1 shows the model was well fitted.
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5.1.2 MAPE

The mean absolute percentage error (MAPE) is a measure of prediction accuracy of a

forecasting method in statistics. The formula to calculate MAPE is as follows:

100 n |Actual value; —Predicted value;|

MAPE = =2 + Y7,

|Actual value; |

mean absolute percentage error is commonly used as a loss function for regression
problems and in model evaluation, because of its very intuitive interpretation in terms
of relative error. MAPE value of high numbers are bad model and low numbers are
good model.

5.1.3 RMSE

The root mean squared error (RMSE) is the square root of the average of squared
errors and it is a frequently used measure of the differences between values
predicted by a model or an estimator and the values observed. The formula to

calculate RMSE is as follows:

Y- (predicted;—Actual;)?
n

RMSE :\/

It can be said that RMSE values between 0.2 and 0.5 show that the model can

relatively predict the data accurately.

5.1.4 R2 SCORE

In statistics, the coefficient of determination is denoted by R? or r? “r squared”) is the
proportion of the variation in the dependent variable that is predictable from the

independent variable.

RZ — 1 _ SSTeS
SStot
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The better the linear regression fits the data in comparison to the simple average, the
closer the value of R?is to 1.

Thus, the MLR model has been evaluated by the error measures MAPE, RMSE and
R? score to confirm accuracy and performance.

Table 5.3: Values of the error measures

Error Values

MAPE 0.0433
RMSE 3.5795
R? SCORE 0.9674

The Table 5.3 represents the values of the error measures of the MLR model.
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CHAPTER - VI



6.1 SUMMARY AND CONCLUSION

In this project, the collected house price dataset has been analysed and prepared to
build multiple linear regression model, thus the missing values are filled with mean
values and categorical variables are well handled by introducing dummy variable
method after the dataset got prepared the dataset had splitted into train set (80%)
and test set (20%) the regression coefficients and intercept are calculated , then the
model was fitted and evaluated by the error measures resulted in MAPE value of
0.0433, RMSE value of 3.5795 and with the R? of 0.9674 which shows it is an
effective good model for house price prediction with 96% accuracy and plotted the

fitted regression model successfully.
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