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ABSTRACT

The World Happiness Report is a Landmark survey of the state of global happiness. The
happiness factor varies due to different human perspectives. The factors used in this work
include both physical needs and the mental needs of humanity. For example, the educational
factor. This work identify more than 90 features that can be used to predict the country
happiness. Due to numerous features, it is unwise to rely on the prediction of national happiness

by manual analysis.

Therefore, this work used a machine learning technique Decision tree and Random forest used
to compare and find the better accuracy. Using data of 187 countries from the UN Development
Project, this work is able to identify which factor needed to be improved by a certain country to
increase the happiness of their citizens. In Data preprocessing, cleaning the data and making it
suitable for a machine learning model which also increases the accuracy and efficiency of a
machine learning model. Feature extraction involves choosing a set of features from a large
collection. These features were supplied to traditional and ensemble machine learning classifiers.
Here using decision tree, random forest, decision tree with k-fold, and random forest tree with k-
fold. Comparing these four methods and getting a best accuracy.

A random forest is an ensemble model that consists of many decision trees. Predictions are made
by averaging the predictions of each decision tree. Here Random forest with k-fold gives better
accuracy then decision tree with k-fold technique.
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CHAPTER 1
INTRODUCTION

1.1 World Happiness Report

Happiness has been discussed and pursued since the birth of mankind. Ancient Greek
philosophers Aristotle once said: “Happiness is the ultimate goal of all our actions, we do all
things are in fact the means.” Today when science and technology are highly developed,
materialism no longer bothers and occupies people’s minds. More and more people have begun
the pursuit and discussion of happiness. Happiness to me seems like an individual metric,

something that is hard to generalize.

The World Happiness Reportis a publication of the United Nations Sustainable
Development Solutions Network. It contains articles and rankings of national happiness, based
on respondent ratings of their own lives, which the report also correlates with various (quality of)
life factors. As of March 2021, Finland was ranked the happiest country in the world four times
in a row. The report primarily uses data from the Gallup World Poll. The World happiness
Report may be a point of interest survey of the state of worlwide bliss. The joy scores and
rankings utilize information from the Gallup World Survey. The scores are based on answers to
the most life evaluation address inquired within the survey. This address, known as the Cantril
step, asks respondents to think of a step with the most excellent conceivable life for them being a
10 and the most exceedingly bad conceivable life being a and to rate their claim current lives on
that scale.

The scores are from broadly agent tests for the a long time 2015-2020 and utilize the
Gallup weights to create the gauges agent. The columns taking after the bliss score assess the
degree to which each of six variables — financial generation, social back, life anticipation,
flexibility, nonattendance of debasement, and liberality — contribute to making life assessments
higher in each nation than they are in Dystopia, a theoretical nation that has values rise to to the
world’s least national midpoints for each of the six variables.

ANNUAL REPORT TOPIC
World Happiness Reports were issued in 2012, 2013, 2015, 2016 , 2017, 2018, 2019,

2020, and 2021. In addition to ranking countries happiness and well-being levels, each report has
contributing authors and most focus on a particular theme. The data used to rank countries in
each report is drawn from the Gallup World Poll, as well as other sources such as the World
Values Survey, in some of the reports. The Gallup World Poll questionnaire measures 14 areas
within its core questions: business & economic, citizen engagement, communications &
technology, diversity (social issues), education & families, emotions (well-being), environment
& energy, food & shelter government and politics, law & order (safety), health, religion &
ethics, transportation, and n work.



https://en.m.wikipedia.org/wiki/United_Nations
https://en.m.wikipedia.org/wiki/Sustainable_Development_Solutions_Network
https://en.m.wikipedia.org/wiki/Sustainable_Development_Solutions_Network
https://en.m.wikipedia.org/wiki/Gross_National_Happiness
https://en.m.wikipedia.org/wiki/Quality_of_life
https://en.m.wikipedia.org/wiki/Quality_of_life
https://en.m.wikipedia.org/wiki/Finland

1.2.1 MACHINE LEARNING METHODS

In machine learning, tasks are generally classified into broad categories. These categories
are based on how learning is received or how feedback on the learning is given to the system
developed.

Two of the most widely adopted machine learning methods are supervised learning which
trains algorithms based on example input and output data that is labeled by humans
,and unsupervised learning which provides the algorithm with no labeled data in order to allow it
to find structure within its input data.

1.2.1.1 SUPERVISED LEARNING

In supervised learning, the computer is provided with example inputs that are labeled
with their desired outputs. The purpose of this method is for the algorithm to be able to “learn”
by comparing its actual output with the “taught” outputs to find errors, and modify the model
accordingly.

Supervised learning therefore uses patterns to predict label values on additional unlabeled
data. A common use case of supervised learning is to use historical data to predict statistically
likely future events. It may use historical stock market information to anticipate upcoming
fluctuations, or be employed to filter out spam emails. In supervised learning, tagged photos of
dogs can be used as input data to classify untagged photos of dogs.

There are two main types of supervised learning problems: they are classification that
involves predicting a class label and regression that involves predicting a numerical value.

e Classification: Supervised learning problem that involves predicting a class label.
e Regression: Supervised learning problem that involves predicting a numerical label.

Both classification and regression problems may have one and more input variables and input
variables may be any data type, such as numerical or categorical.




1.2.1.2 UNSUPERVISED LEARNING

In unsupervised learning, data is unlabeled, so the learning algorithm is left to find
commonalities among its input data. As unlabeled data are more abundant than labeled data,
machine learning methods that facilitate unsupervised learning are particularly valuable. The
goal of unsupervised learning may be as straightforward as discovering hidden patterns within a
dataset, but it may also have a goal of feature learning, which allows the computational machine
to automatically discover the representations that are needed to classify raw data.

Unsupervised learning is commonly used for transactional data. You may have a large
dataset of customers and their purchases, but as a human you will likely not be able to make
sense of what similar attributes can be drawn from customer profiles and their types of
purchases. With this data fed into an unsupervised learning algorithm, it may be determined that
women of a certain age range who buy unscented soaps are likely to be pregnant, and therefore a
marketing campaign related to pregnancy and baby products can be targeted to this audience in
order to increase their number of purchases.

Without being told a “correct” answer, unsupervised learning methods can look at
complex data that is more expansive and seemingly unrelated in order to organize it in
potentially meaningful ways. Unsupervised learning is often used for anomaly detection
including for fraudulent credit card purchases, and recommender systems that recommend what
products to buy next. In unsupervised learning, untagged photos of dogs can be used as input
data for the algorithm to find likenesses and classify dog photos together.

There are many types of unsupervised learning, although there are two main problems
that are often encountered by a practitioner: they are clustering that involves finding groups in
the data and density estimation that involves summarizing the distribution of data.

e Clustering: Unsupervised learning problem that involves finding groups in data.

e Density Estimation: Unsupervised learning problem that involves summarizing the
distribution of data.




1.2.2 MACHINE LEARNING APPROACHES

As a field, machine learning is closely related to computational statistics, so having
background knowledge in statistics is useful for understanding and leveraging machine learning
algorithms. For those who may not have studied statistics, it can be helpful to first define
correlation and regression, as they are commonly used techniques for investigating the
relationship among quantitative variables.

Correlation is a measure of association between two variables that are not designated as
either dependent or independent. Regression at a basic level is used to examine the relationship
between one dependent and one independent variable. Because regression statistics can be used
to anticipate the dependent variable when the independent variable is known, regression enables
prediction capabilities. The following approaches are used in this project.

1.2.2.1 RANDOM FOREST REGRESSION:

A random forest is an ensemble model that consists of many decision trees. Predictions are
made by averaging the predictions of each decision tree. Or, to extend the analogy—much like a
forest is a collection of trees, the random forest model is also a collection of decision tree models.
This makes random forests a strong modeling technique that’s much more powerful than a single
decision tree.

Each tree in a random forest is trained on the subset of data provided. The subset is
obtained both with respect to rows and columns. This means each random forest tree is trained on
a random data point sample, while at each decision node, a random set of features is considered
for splitting. In the realm of machine learning, the random forest regression algorithm can be
more suitable for regression problems than other common and popular algorithms.

1.2.2.2 DECISION TREE REGRESSION:

Decision tree regression observes features of an object and trains a model in the
structure of a tree to predict data in the future to produce meaningful continuous output.
Continuous output means that the output/result is not discrete, i.e., it is not represented just by
a discrete, known set of numbers or values.

Discrete output example: A weather prediction model that predicts whether or not
there’ll be rain in a particular day. Continuous output example: A profit prediction model that
states the probable profit that can be generated from the sale of a product.




1.3 ABOUT THE PLATFORM
1.3.1 ANACONDA NAVIGATOR

Anaconda Navigator is a desktop graphical user interface (GUI) included in Anaconda
distribution that allows you to launch applications and easily manage conda packages,
environments, and channels without using command-line commands. Navigator can search for
packages on Anaconda.org or in a local Anaconda Repository. It is available for Windows, mac
OS, and Linux. In order to run, many scientific packages depend on specific versions of other
packages. Data scientists often use multiple versions of many packages and use multiple
environments to separate these different versions. The command-line program conda is both a
package manager and an environment manager. This helps data scientists ensure that each version
of each package has all the dependencies it requires and works correctly. Navigator is an easy,
point-and-click way to work with packages and environments without needing to type conda
commands in a terminal window. You can use it to find the packages you want, install them in an
environment, run the packages, and update them — all inside Navigator. The following
applications are available by default in Navigator:

= Jupyter Lab
= Jupyter Notebook

= Spyder

=  PyCharm
= VSCode
= Glueviz

= QOrange 3 App
» R Studio
= Anaconda Prompt (Windows only)

= Anaconda PowerShell (Windows only)




1.3.2 JUPYTER NOTEBOOK

Jupyter Notebook, an open-source, web-based IDE with deep cross-language integration
that allows you to create and share documents containing live code, equations, visualizations, and
narrative text. Data scientists and engineers love using Jupyter for data cleaning and
transformation, statistical modeling, visualization, machine learning, deep learning, and much
more. Jupyter Notebook’s format (ipynb) has become an industry standard and can be rendered in
multiple IDEs, Git Hub, and other places. Jupyter has support for over 40 programming
languages, including Python, R, Julia, and Scale.

Notebooks can be shared easily with others, and code can produce rich, interactive output,
including HTML, images, videos, and custom MIME types. It allows you to leverage big data
tools such as Spark and explore that same data with pandas, scikit-learn, Tensor Flow, and
ggplot2. Jupyter has become an important part of the workflow for data scientists to process,
analyze, and manipulate their data and draw insights from it in a pleasant and effective way. The
open and standardized Jupyter notebook file format is designed to capture, display, and share
natural language, code, and results in a self-contained and powerful computational narrative. In
2014, Fernando Pérez announced a spin-off project from IPython called Project Jupyter. IPython
continues to exist as a Python shell and a kernel for Jupyter, while the notebook and other
language-agnostic parts of IPython moved under the Jupyter name. In 2015, GitHub and the
Jupyter Project announced native rendering of Jupyter notebooks file format (.ipynb files) on the
GitHub platform.




CHAPTER 2

LITERATURE REVIEW

Network  Learning  Approaches To  Study World  Happiness  author
MeghnaChaudhariSiddharth & July 21, 2020Predictive Modelling and Bayesian Networks to
model the processed historical happiness and index with the accuracy of 70% (GDP per capita).
Predictive models for predicting happiness index of a country and BN for exploring causal
relationships among variables. Emotion recognition using multi-modal data and ml techniques.
Authors are Fiona Marshal, Raymond Bond Ulster University Emotion recognition methods
based on multi-channel EEG signals And the accuracy of emotion recognition is 90%. It uses
SVM and RF perform better than KNN and NB for EEG-based emotion recognition task are
compared. Analysis happiness In EU Countries Using The Multi-Model Classification authors
MarcinPelka & 2019. It uses Multidimensional scaling & decision tree to find out factors
determine cluster memberships.0.5800769(3 clusters)Model based clustering ensemble to
determine selected European countries have similar patterns of happiness.

Happiness recognition from mobile phone Data Andrey Bogomolv Bruno Lepri &
published in the year 2013 Final machine learning model, based on Random forest classifier
with the accuracy of 80.81% Strong predictive power in the source and feature spaces, discuss
different approaches, ml models and provide an insight for future research. Measuring Happiness
Around World Through Artificial intelligence authors are Rustem Ozakar, Rafet Efe Gazanfe,
Y. Sinan Hanay Using an unbiased emotion detector, artificial intelligence (Al) and the accuracy
IS 95%(confidence interval) Different facial structures which give unintended classifications.
further work specialized dataset for purposed idea and different algorithms needs to be explored
in terms of performance and accuracy

Detecting Student Emotions in Computer-Enabled Classrooms authors are Nigel Bosch,
Sidney K.D’Mello, Ryan S. Baker, Jaclyn Ocumpaugh & in the year 2010 and algorithms are
Experimented with supervised classifiers including C4.5 trees and Bayesian classifiers, with the
accuray of Boredom-64%, Confusion-74%, Delight-83%, Engagement-64%, Frustration-
62%.Important step toward making this vision a reality, by demonstrating the feasibility of
automated detection of student affect in a noisy real-world environment a school. Sentiment
Analysis of Big Data: Methods, Applications and Open Challenges published on June 28, 2018

with the algorithms of Technical aspect of OMSA and non-tech aspect in the form of application
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areas Twitter has been used as a tool for disseminating and propagating information rather than
simply a social networking site.

Happiness score identification: a regression approach with the authors of Yichen Mal ,
Andrew Liu2 , Xukai Yuchen Shao in the year of 2016. It mainly used regression approach to
explore the major influencing factor with the result of three things Economy-0.638, Health-
0.584, Family-0.568 and the R-square value of the economy stayed around 0.62 in the past five
years. Investigation of Happiness of Countries with K-Means Clustering and Discriminant
Analysis authors are Sadullah celikl & Necmiye comertler2 &published in2020.The algorithms
are K-Means clustering and discriminant analysis. New visualization approach based
discriminant analysis can be proposed in which the K-Means cluster analysis results can be
interpreted.Vocal-based emotion recognition using random forests and decision tree the authors
are FatemehNooroozi , Dorota kaminshka, Tomaz sapinsiki & 2015. Using the random forests
and decision tree models. The average recognition rate obtained by the rate proposed method
was also compared with another work using DNN approach by 6.58% where the same dataset
was utilized while taking features such as pitch, energy, MFCC and teager energy operator into
account. The accuracy of average accuracy rate is 66.28%. The transnational happiness study
with Big data Technology the authors are Lingxi peng,Yangang Nei, Ying xie,Ping luo, and
Haohaui published in November 2020.Here it use random forest method. Big Data and data
mining technology in the social sciences through the research on happiness and demonstrates its
promise and , and the results are of practical significance.

Severity Prediction with Machine Learning Methods the authors is Buket giyek
Computer Engineering Department, Istanbul Kultur University, Istanbul, Turkey. Multi-layer
Perceptron (MLP), Decision Tree classifier, and Random Forest classifier and Naive Bayes
classifier methods are used in the process. The accuracy of each methods are
Decision tree —80.74%,Random forest — 85.19%, Naive Bayes classifier-8.40%, and for Multi-
layer perceptron is 86.67%. Accidents can be important for estimating accident costs, increasing
safety, and determining a strategy. Although it is not possible to stop accidents, it aims to reduce
injury levels. Prediction of Mental Health in Human Being Using Machine Learning authors are
S.Aparna, S.M Nandhinni Mahalakshm, Kripa.M.Chouhan and published in May 2020. It uses
K-nearest neighbors algorithm, Random forest, and Boosting methods for the process. The three

methods accuracy are K-Nearest neighbors with 81.65% accuracy and the precision value is




91.62. Then the Random forest gives test accuracy with 83.09% and the precision value is

90.55%. And the last one is Boosting the test accuracy of boosting is 82.46% and the precision

ale 87.06%. Performance of different machine learning algorithms such as AdaBoost, KNN and

Random Forest were compared. ROC Curve, Confusion matrix and classification report are used

to check the quality. Metrics such as accuracy, precision, F1- score, error rate, TP, TN, FP, FN

are being used for comparison to find which classifier is efficient in terms of accuracy.

_ Author _
Title of the Algorithm L
S.no name & Accuracy Limitation
year method
year
Predictive o
_ Predictive models
_ Meghna Modelling and o
Network Learning ) ) for predicting
Chaudhari Bayesian ) _
Approaches To _ 70% (GDP | happiness index of a
Siddharth & Networks to )
1 Study World per capita) | country and BN for
_ July 21, model the _
Happiness exploring causal
2020 processed _ )
o relationships among
historical )
) ) variables
happiness index
] Emotion SVM and RF
. Fiona o
Emotion recognition perform better than
- _ Marshal,
recognition using methods based KNN and NB for
_ Raymond _ )
2 multi-modal data on multi- 90% EEG-based emotion
) Bond Ulster .
and ml techniques S channel EEG recognition task.
University .
signals Compared
The geography of Jhon F To explain the Life evaluation
3 world happiness Helliwe, national levels average 7.4,while
Haifang and changes of - bottom the average




Huang, Shun evalutions is less than half that
Wang & 2015 positive and at, 3.4
negative affect.
Modelbased
clustering
Analysis Multidimensional ensemble to
happin(?ss In I_EU Marcin Pelka scalin_g&decision tree 0.5800769(3 determine
Countries Using 2 2019 to find out factors clusters) selected
The Multi-Model determine cluster European
Classification memberships. countries have
similar patterns
of happiness.
Strong predictive
power in the
source and
Happiness Andrey Final machine feature spaces,
recognition from Bogomolv learning model, 80.81% discuss different
mobilephone Data | Bruno Lepri based on Random ' approaches, ml
& 2013 forest classifier models and
provide an
insight for future
research.
Different facial
structures which
give unintended
classifications.
. further work
Measuring Rustem . . -
: Using an unbiased specialized
Happiness Around | Ozakar, Rafet ion detector 95%(confide dataset for
World Through | Efe Gazanfe, e.mf.OF";r? elf.c ’ ° | _
Artificial Y. Sinan artificial intelligence | nce interval) purpo§ed idea
intelligence Hanay (Al) and_ different
algorithms needs
to be explored in
terms of
performance and
accuracy
Happiness score | Yichen Mal , Used regression \ Eco-0.638 The R-square
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identification: a | Andrew Liu2, | approach to explore | Health-0.584 value of the
regression Xukai Yuchen | the major influencing | Family-0.568 | economy stayed
approach Shao factor around 0.62 in
the past five
years.
Important step
Boredom- | TeNR0
Nigel Bosch, . 64%, .
: : Experimented ; reality, by
Detecting Sidney with supervised Confusion- demonstrating the
Student Emotions K.D’Mello, cIassFi)fiers 74%, feasibilit %f
in Computer- Ryan S. Baker, | . ; Delight-83%, y
8 including C4.5 automated
Enabled Jaclyn Engagement- .
trees and detection of
Classrooms Ocumpaugh & . 64%, .
Bayesian . student affect in a
2010 e Frustration- .
classifiers, noisy real-world
62% .
environment a
school.
. Twitter has been
Technical
used as a tool for
. aspect of . .
Sentiment disseminating and
Analysis of Big OMSA and propagating
X June 28, 2018 | non-tech aspect i h
9 Data: Methods, : information rather
S in the form of :
Applications and I than simply a
application . .
Open Challenges - social networking
areas i
site
Study expected to
Clustering K-metoids give an Insight
. . into how to
countries M.Mujiya selected to implement
according to the | Ulhag and Agra | illustrate three piem
10 ) I clustering
world happiness Adyatama distinguished . .
87% algorithm into the
report 2019 clusters .
real-world entity
dataset.
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New visualization
Investigation of approach based
Happiness of Sadullah K-Means discriminant
Countries with CELIK1 & . analysis can be
. clustering and . )
11 K-M'eans _Necmiye discriminant proposed in which
Clusteringand | COMERTLER2 analvsis 80.23% the K-Means
Discriminant &2020 Y3Is. cluster analysis
Analysis results can be
interpreted
The average recognition
rate obtained by the rate
proposed method was
also compared with
Vocal-based : .
. FatemehNorooz Using another work using
emotion i
recoanition i, Dorota random Average DNN approach by
12 usin gran dom kaminshka, forests and recognition 6.58% where the same
g Tomaz sapinski | decision tree | rate 66.28% dataset was utilized
forests and . .
o & 2015 approach while taking features
decision tree .
such as pitch, energy,
MFCC and teager
energy operator into
account.
The _
Big Data and data
transnational Lingxi mining technology in
peng,Yangang Using the social sciences
13 happiness Nei, Ying random through the research on
_ xie,Ping luo, forest happiness and
study with Haohaui lie & method - demonstrates its promise
_ Nov 2020 and , and the results are
Big data of practical significance
Technology
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Multi-layer
. Perceptron Decision tree Accidents can be
Buket giyek (MLP), ) L
. . -80.74% important for estimating
Severity Computer Decision .
- . ) Random accident costs,
Prediction Engineering Tree . .
. . e forest — increasing safety, and
with Machine Department, classifier, -
14 . 85.19% determining a strategy.
Learning Istanbul Kultur | and Random N o
S Naive Bayes Although it is not
Methods University, Forest o )
e classifier- possible to stop
Istanbul, classifier 0 : L
Turkey and Naive 8.40% acuden_ts_, itaims to
MLP- 86.67% reduce injury levels.
Bayes
classifier
Metrics such as
Prediction of KNN- 81.65% | accuracy, precision, F1-
Mental Health S'ﬁgﬁgnha;’niiwl KNN, Random score, error rate, TP,
in Human Random forest — TN, FP, FN are being
15 . . Mahalakshm, .
Being Using . forest, 83.09% used for comparison to
. Kripa.M.Chouh . ; : . g
Machine an & Mav 2020 Boosting Boosting — find which classifier is
Learning y 82.46% efficient in terms of
accuracy.

Table 2.1 : Summary of Literature review

From the above referenced papers it is clear that the world happiness report are processed
for analyzing different features using predictive modeling. The processed results could be useful
in various forms like Prediction of Mental Health using Machine Learning, The geography of
world happiness, Network Learning Approaches. To Study World Happiness etc. This paper is
based on applying various machine learning techniques for predicting the happiness report using

various methods.
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CHAPTER 3
METHODOLOGY

Decision Tree and Random forest Regression is used to predict the happiness of the data
based on the important features. The validation process using k-fold cross validation technique is
used to measure the performance of the data based on the accuracy, sensitivity and specificity
values. It is particularly useful for assessing model performance, as it provides a range of
accuracy scores across (somewhat) different data sets.

» K-Folds cross validation is one method that attempts to maximize the use of the available
data for training and then testing a model.

> It is particularly useful for assessing model performance, as it provides a range of
accuracy scores across (somewhat) different data sets.

Here the goal of K-fold technique is to compare the regression model and find the better
accuracy. Figure 3.1 shows the frame work of this methodology.

Dataset

Data Pre-processing

Predicting Happiest
Country

Random forest with
K-fold

Comparing the
regression models

——>| Decision Tree with
K-fold

Result

Figure 3.1: Methodology Diagram
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3.1 DATA COLLECTION

Data can be collected using three main types of surveys: censuses, sample surveys, and
administrative data. Each has advantages and disadvantages. Data collection is defined as
the procedure of collecting, measuring and analyzing accurate insights for research using

standard validated techniques.

A researcher can evaluate their hypothesis on the basis of collected data. Each column
represents a particular variable. Each row corresponds to a given member of the dataset
in question. It lists values for each of the variables, such as height and weight of an
object. Each value is known as a datum.

Data collections from Google-generated data, such as Google Analytics or Google

Sheets. A data source based on a CSV file. Metrics and dimensions typed directly into

Data Studio.

3.2. DATA PRE-PROCESSING

To make the process easier, data preprocessing is divided into four stages: data cleaning,
data integration, data reduction, and data transformation.
It is a data mining technique that transforms raw data into an understandable format. Raw
data (real world data) is always incomplete and that data cannot be sent through a model.
That would cause certain errors. That is why we need to preprocess data before sending
through a model.
e DataCleaning:
The data can have many irrelevant and missing parts. To handle this part, data
cleaning is done. It involves handling of missing data, noisy data.
e Regression:
Here data can be made smooth by fitting it to a regression function. The regression
used may be linear (having one independent variable) or multiple (having multiple

independent variables).
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Data Pre-processing

A 4

Renaming the Concatenating the Missing Values
columns columns

3.3 FEATURE ENGINEERING

Feature engineering is useful to improve the performance of machine learning algorithms
and is often considered as applied machine learning. Feature is also reffered to as ‘variables’ or
‘attributes’ as they affect the output of a process. Features extraction involves choosing set of
features from a large collection. From the preprocessed happiness reports, various features are
extracted as per the semantics and are converted into probabilistic values. Here, the extracted
features are GDP per capita, Healthy Life Expectancy, Social support, Freedom to make life
choices, Generosity, Corruption Perception, Residual error.

3.4 COMPARING REGRESSION MODEL
DECISION TREE AND RANDOM FOREST REGRESSION
DECISION TREE:

> Decision Trees are a non-parametric supervised learning method used
for classification and regression. The goal is to create a model that predicts the value of a
target variable by learning simple decision rules inferred from the data features. A tree
can be seen as a piecewise constant approximation.

» For instance, in the example below, decision trees learn from data to approximate a sine
curve with a set of if-then-else decision rules. The deeper the tree, the more complex the
decision rules and the fitter the model.
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Some advantages of decision trees are:

> Simple to understand and to interpret. Trees can be visualized. Requires little data
preparation. Other techniques often require data normalization, dummy variables need to
be created and blank values to be removed. Note however that this module does not
support missing values.

> The cost of using the tree (i.e., predicting data) is logarithmic in the number of data
points used to train the tree. Able to handle both numerical and categorical data. However
scikit-learn implementation does not support categorical variables for now. Other
techniques are usually specialized in analyzing datasets that have only one type of
variable.

> Able to handle multi-output problems. Uses a white box model. If a given situation is
observable in a model, the explanation for the condition is easily explained by Boolean
logic. By contrast, in a black box model (e.g., in an artificial neural network), results may
be more difficult to interpret.

The disadvantages of decision trees include:

> Decision-tree learners can create over-complex trees that do not generalize the data well.
This is called over fitting. Mechanisms such as pruning, setting the minimum number of
samples required at a leaf node or setting the maximum depth of the tree are necessary to
avoid this problem.

> Decision trees can be unstable because small variations in the data might result in a
completely different tree being generated. This problem is mitigated by using decision
trees within an ensemble.

> Decision tree learners create biased trees if some classes dominate. It is therefore
recommended to balance the dataset prior to fitting with the decision tree.

3.4.1 DECISION TREE REGRESSION:

» Decision tree regression observes features of an object and trains a model in the
structure of a tree to predict data in the future to produce meaningful continuous output.
Continuous output means that the output/result is not discrete, i.e., it is not represented
just by a discrete, known set of numbers or values.

> Discrete output example: A weather prediction model that predicts whether or
not there’ll be rain in a particular day.

» Continuous output example: A profit prediction model that states the probable
profit that can be generated from the sale of a product.

Algorithm:
Step 1: Select features from a given dataset.
Step 2: Construct a decision tree for each sample and get a prediction result from each
decision tree.
Step 3: Perform a vote for each predicted result.
Step 4: Select the prediction result with the most votes as the final prediction.
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RANDOM FOREST:

» Random Forest is a popular machine learning algorithm that belongs to the supervised
learning technique. It can be used for both Classification and Regression problems in
ML. It is based on the concept of ensemble learning, which is a process of combining
multiple classifiers to solve a complex problem and to improve the performance of the
model.

» Similarly, random forest algorithm creates decision trees on data samples and then gets
the prediction from each of them and finally selects the best solution by means of voting.
It is an ensemble method which is better than a single decision tree because it reduces the
over-fitting by averaging the result.

ADVANTAGES OF RANDOM FOREST:
> Random Forest is capable of performing both Classification and Regression tasks.
> Itis capable of handling large datasets with high dimensionality.

> It enhances the accuracy of the model and prevents the over fitting issue.

DISADVANTAGES OF RANDOM FOREST:

> It requires much computational power as well as resources as it builds numerous trees to
combine their outputs.

> It also requires much time for training as it combines a lot of decision trees to determine
the class.

> Due to the ensemble of decision trees, it also suffers interpretability and fails to
determine the significance of each variable.

3.4.2 RANDOM FOREST REGRESSION:

> A random forest is an ensemble model that consists of many decision trees. Predictions are
made by averaging the predictions of each decision tree. Or, to extend the analogy—much
like a forest is a collection of trees, the random forest model is also a collection of
decision tree models. This makes random forests a strong modeling technique that’s much

more powerful than a single decision tree.

» Each tree in a random forest is trained on the subset of data provided. The subset is

obtained both with respect to rows and columns.
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» This means each random forest tree is trained on a random data point sample, while at
each decision node, a random set of features is considered for splitting. In the realm of
machine learning, the random forest regression algorithm can be more suitable for

regression problems than other common and popular algorithms.
Algorithm:
Step 1: Create the training and test data

Step 2: Fit the model on training data and predict list on test data

Step 3: Calculate prediction accuracy using happiness score.

3.4.3 DIFFERENCE BETWEEN DECISION TREE AND RANDOM
FOREST

DECISION TREE RANDOM FOREST

Decision Tree is a supervised learning algorithm It is also used for supervised learning but

used in machine learning is very powerful

It is very widely used. The basic
It operated in both classification and regression
difference being it does not rely on a

algorithms

singular decision
It is like a tree with nodes. The branches depend It does not search for the best prediction.
on the number of criteria. It splits data into Instead, it makes multiple random

branches like these till it achieves a threshold unit. | predictions. Thus, more diversity is
A decision tree has root nodes, children nodes, attached, and prediction becomes much

and leaf nodes. smoother.
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3.44 K FOLD CROSS VALIDATION

» Cross validation is an approach that you can use to estimate the performance of a
machine learning algorithm with less variance than a single train-test set split. It works by
splitting the dataset into k-parts (e.g. k=5 or k=10). Each split of the data is called a fold.
The algorithm is trained on k-1 folds with one held back and tested on the held back fold.
This is repeated so that each fold of the dataset is given a chance to be the held back test
set. After running cross validation you end up with k different performance scores that
you can summarize using a mean and a standard deviation. The result is a more reliable
estimate of the performance of the algorithm on new data given your test data. It is more
accurate because the algorithm is trained and evaluated multiple times on different data.

> The choice of k must allow the size of each test partition to be large enough to be a
reasonable sample of the problem, whilst allowing enough repetitions of the train-test
evaluation of the algorithm to provide a fair estimate of the algorithms performance on
unseen data. For modest sized datasets in the thousands or tens of thousands of records, k
values of 3, 5 and 10 are common.

Shuffle the data

Split the data into K folds

Choose test & train folds

Get model scores Fit model on train folds
Loop for K times

Evaluate model on test fold

Mean Score
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3.5 DATA ANALYSIS

In statistics, data analysis is an approach to analyzing data sets to summarize their main
characteristics, often with visual methods. A statistical model can be used or not, but primarily
exploratory data analysis is for seeing what the data can tell us beyond the formal modelling or
hypothesis testing task. Exploratory data analysis is different from initial data analysis (IDA),
which focuses more narrowly on checking assumptions required for model fitting and hypothesis

testing, and handling missing values and making transformations of variables as needed.

3.6 DATA VISUALIZATION

Data visualization is the presentation of data in a pictorial or graphical format. A primary
goal of data visualization is to communicate information clearly and efficiently via statistical
graphics, plots and information graphics. Numerical data may be encoded using dots, lines, or
bars, to visually communicate a quantitative message. Effective visualization helps users analyze
and reason about data and evidence. It makes complex data more accessible, understandable and
usable. Processing, analyzing and communicating this data present ethical and analytical
challenges for data visualization.

3.6.1 THE REQUIRED PACKAGES

Matplotlib: This Python package used for data plotting and visualization. It is a useful
complement to Pandas, and like it is a very feature-rich library which can produce a large variety
of plots, charts, maps, and other visualizations.

sklearn. model selection: It is a Python library that offers various features for data processing
that can be used for classification, clustering, and model selection. Model selection is a method
for setting a blueprint to analyze data and then using it to measure new data.

sklearn. metrics: The module implements several loss, score, and utility functions to measure
classification performance. Some metrics might require probability estimates of the positive

class, confidence values, or binary decisions values.
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CHAPTER-4
IMPLEMENTATION AND RESULT

4.1. DATASET COLLECTION:

As mentioned in the proposed section, the data used for this work are gathered from the
website www.kaggle.com. Here we use 2015-2020 dataset to predict the happiest country.

k World Happiness Reportupto 2 X M (no subject) - keerthisara87@gn X| + - X
& ¢ & kagglecom/mathurinache/world-happiness-report * O ® 'fe Pﬁ-se’-‘:\f :

i Apps OO YouTube @M Ambari-Sandbor B mariadev@sandbo. @ Ed31694pdf G image processing p. @ Ext09124pdf @ Ext_32841pdf

= Kaqqgle Q, search b |

@ Home Data  Tasks Code Discussion Activity  Metadata Download (54 KB) H

@ Compete

Data
il Data Explorer
¢» Code 116.29 KB { 2015.¢esv (16.17 KB) R ia
. [ 2015.csv

&  Communiies M 2016 csv Detail  Compact ~ Column 1007 12 columns v
M 2017 csv

©  Courses A Country =  ARegin = ftHeppnessRank =  dfHappinessScoe = % Sta
M 2018 csv

v More M 2019 csv Sub-Saharan Africa  25% s240-8810
M 2020 csv Count 18
158 Central and Easter..  18%
unique values
Recently Viewed

on World Happiness Re...
&8 World Happiness Re Ukraine Central and Eastern 11 4.681 8.84¢
Europe

B  Tne worid-happiness .
Irag Middle East and 112 4.677 8.85%
Northern Africa

ﬂ Visualization World H
South Africa Sub-Saharan Africa 113 4.642 6.04!

o  View Active Events

Ghana Sub-Saharan Africa 114 4.633 8.84;

DATA SET DESCRIPTION:

» Each contains the Happiness Score for 153 countries along with the factors used to
explain the score. The Happiness Score is a national average of the responses to the main
life evaluation question asked in the Gallup World Poll (GWP), which uses the Cantril
Ladder.

» The Happiness Score is explained by the following factors:

GDP per capita

Healthy Life Expectancy

Social support

Freedom to make life choices

Generosity

Corruption Perception

Residual error
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http://www.kaggle.com/

Attributes Type
Overall rank Number
Country or region Var char
Score Float
GDP per capita Float
Social support Float
Healthy life expectancy Float
Freedom to make life choices Float
Generosity Float
Perceptions of corruption Float
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EXPLANATION OF COLUMN

COLUMN NAME

EXPLANATION

Country

Name of the country

Region

Region the country belongs to

Happiness Rank

Rank of the country based on the Happiness
Score

Standard Error

The Standard Error of the Happiness Score

Economy(GDP per Capita)

The extent to which GDP contributes to the
calculation of the Happiness Score.

Family

The extent to which Family contributes to the
calculation of the Happiness score

Health(Life Expectancy)

Life expectancy contributed to the calculation
of the Happiness Score

Trust(Government Corruption)

Perception of corruption contributed to
Happiness Score

Generosity

Generosity contributed to the calculation of
the Happiness Score

Freedom

Freedom contributed to the calculation of the
Happiness Score

Dystopia Residual

Dystopia Residual contributed to the
calculation of the Happiness Score

4.1.1 Data pre-processing

» In order to increase the data quality, the data preprocessing is needed.

» Most important step before we start working on the data is Assess the Raw Data and
Clean the Data in this report we have 6 with each excels contains the Report from 2015 to

2020.
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» The interesting part is: Not all the Excels have same column Names and 2020 report has
few extra columns which the other Datasets doesn’t have. So data pre-processing is one
of the mandatory step in this project.

IMPORTING PACKAGES:

primary packages are going to be Pandas to work with data, NumPy to work with arrays,
scikit-learn for data split, building and evaluating the classification models.

#import numpy as np

#import pandas as pd

#import matplotlib.pyplot as plt
#import seaborn as sns

- O B3
Downloads/ X mainrecentcode - Jupyter Noteb X Home Page - Selectorcreatear X | + =

C @ localhost:3888/notebooks/Downloads/mainrecentcode.ipynb w [

For quick access, place your bookmarks here on the bookmarks bar. Impart bookmarks now...

‘ Jupyter mainrecentcode Last Checkpoint: Last Tuesday at 1:18 PM  (autosaved) ﬂ Logout
File  Edit  View  Insert  Cell Kemel  Widgets  Help Trusted | & |Py1hnn3 0]
B+ 3 & B 4 % HRun B C W Code T | =

In [4]: import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from sklearn.model selection import train test_split
from sklearn.tree import DecisionTresClassifier
from sklearn.metrics import accuracy_score
from sklearn import tree
from sklearn.ensemble import AdaBoostClassifier
from sklearn.model selection import GridSearchcv
from seaborn import heatmap
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score
from sklearn.linear_model import LinearRegression
from sklearn.linear_model import Lasso
from sklearn.linear_model import Ridge
from sklearn.linear_model import Elastichet
from sklearn.tree import DecisionTreeRegressor
from sklearn.ensemble import RandomForestRegressor
from sklearn.svm import SVR
from matplotlib import rcParam4
import seaborn as sns
from sklearn.model_selection import Krold

In [5]: import matplotlib.pyplot as plt
import seaborn as sns
#matplotlib inline

IMPORTING DATASET:
df 2015 = pd.read_csv('2015.csv')

df 2016 = pd.read_csv('2016.csv')
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df 2017 = pd.read_csv('2017.csv")
df 2018 = pd.read_csv('2018.csv")
df 2019 = pd.read_csv('2019.csv")

df 2020 = pd.read_csv('2020.csv")

- - - O B3
. Downloads/ X mainrecentcode - Jupyter Noteb X Home Page - Select or createar X | B

C @ localhost8888/notebooks/Downloads/mainrecentc @ g

odeipynb

For quick access, place your bookmarks here on the bockmarks bar. Import bookmarks now...

[

i ¢ |Pythun3 0

: Jupyter mainrecentcode Last Checkpaint: Last Tussday at 118 PM (autosaved) Logout

File  Edit  View Inset  Cell Kemel Widgets Help

B+ 3

In [6]:

In [14]:

BB 4 % MR B C W Coge e
In[]:

#DATA PREPROCESSING N

df 2615 = pd|.read_csv('2815.csv')
df 2015 Vear' ]-2015

[7]: df 20816 = pd.read_csv('2616.csv")

df_2616] 'Year' ]=2016

[ ]: df_2017= pd.read_csv('2817.csv")

: df_2818= pd.read_csv('2018.csv")

df_2018[ 'Year' ]-2018

[ ]: df_2819= pd.read_csv('2019.csv")

dF_2019 'Year'1-2010

df_2620= pd.read_csv('2020.csv")

df_2020[ 'Year']-2020df_2615 = pd.read_csv('2815.csv")
df_2015]'Vear']=2015

In [18]: df 2017 = pd.read_csv('2817.csv")
df 2617 = df 2017.rename(columns = {'Happiness.Rank':'Happiness Rank', 'Happiness.Score' : 'Happiness Score',
'Economy. .GDP.per.Capita.' : 'Economy (GDP per Capita)', 'Health..Life.Expectancy;' i 'Heal
'Trust. .Government.Corruption.” : 'Trust (Government Corruption)', 'Dystopia.Residual® :™'[
df 2017['Year' |=2017

2

Pre-processing:

e | combined all happiness report from 2015 to 2020 together to work smoothly with the
dataset.

e To combine properly, I created a Year column to sort out in the future and | made sure
that each columns of files have the same name which | wanted for my further analysis.

® They are Happiness Rank, Country, Happiness Score, GDP, Social Support, Healthy Life

Expectancy, Freedom, Generosity, and Perception of Corruption.
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#RENAMING THE COLUMNS

N X
_ & mamecencede -upjerlotet _

& =5 € localhost8888/notebooks/Downloads/mainrecentcode.ipynb w L A
For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks now..

:jupyter mainrecentcode Last Checkpoint: Last Tuesday at 1:18 PM (autosaved) F Logout

File  Edit  View Inset  Cell  Kemel Widgets  Help Trusted | o |Python3 0

B+ 5 & B A% HRn B C MW Coe L=

In [18]: df_2817 = pd.read csv('2017.csv')
df 2017 = df 2@17.rename{columns = {'Happiness.Rank':'Happiness Rank', 'Happiness.Score’ : 'Happiness Score’,
‘Economy. .GDP.per.Capita.” : 'Economy (GDP per Capita)', 'Health..life.Expectancy.’ : 'Heal
‘Trust..Government.Corruption.’ : 'Trust (Government Corruption)’, 'Dystopia.Residual’ : 'L

df_2817[ ' Year' ]=2817

1

In [11]: df_2818= pd.read_csv('20818.csv')
df 20618 = df_2@18.rename(columns = {'Overall rank':'Happiness Rank', 'Country or region' : 'Country', 'Score' : 'Happiness Score'
'GDP per capita' : 'Economy (GDP per Capita)', 'Social support’ : 'Family’,
'Healthy life expectancy' : "Health (Life Expectancy)’,
"Freedom to make life choices' : "Freedom’,
‘Perceptions of corruption’ : 'Trust (Government Corruption)'})

In [13]: df 20819 - pd.read_csv('2819.csv')
df 2619 = df_2@19.rename(columns = {'Overall rank':'Happiness Rank’', 'Country or region’ : 'Country’, 'Score’ : 'Happiness Score’
'GDP per capita' : 'Economy (GDP per Capita)', 'Social support’ : ‘Family’,
'Healthy life expectancy' : 'Health (Life Expectancy)','Freedom to make life choices' : 'Fr
, 'Perceptions of corruption' : 'Trust (Government Corruption)'})

In [15]: df_20828-pd.read_csv('2028.csv')

df_2020[ 'Happiness Rank'] = range(1, len(df_2028.index)+1)

df_262@ = df_2@2@.rename(columns = {'Country name’ : 'Country’, 'Ladder score’ : 'Happiness Score’, 20
‘Explained by: Log GDP per capita' : 'Economy (GDP per Capita)', 'Social support’ : 'Family’,
'Healthy life expectancy' ; "Health (Life Expectancy)’

#CONCATENATE ALL THE YEARS DATA INTO A SINGLE DATA FRAME

_ A maimrecentcode - Jupyter Notel X

“ > C @l notebooks/D ‘mainrecentcede.ipynb w L9 "

For quick access, place your baokmarks here on the bookmarks bar. Import bookmarks now..

 Jupyter mainrecentcode Last Checkpoint Last Tussday at 1118 PN (autosaved) A Logout

File Edit View Insert Cell Kemel Widgets Help Trusted | # |Py1hon3 o]

B+ 3 & B 4+ % MHRin B C P cCoe v e
L0 [43]. MI_£U4¥ = pu.imau_Lavy £uiz.osv g -
df_2019 = df_20819.rename(columns = {'Overall rank':'Happiness Rank', 'Country or region® : "Country’, 'Scere’ : 'Happiness Score’
'GDP per capita' : 'Economy (GDP per Capita)', 'Social support’ : ‘Family’,
'Healthy life expectancy' : 'Health (Life Expectancy)','Freedom to make life choices' : 'Fr
» 'Perceptions of corruption’ : 'Trust (Government Corruption)'})

2l
In [15]: df_2@2@-pd.read_csv('2028.csv’)
df_2020[ 'Happiness Rank'] = range(l, len(df_2020.index)+1)
df_2028 = df_2028.rename(columns = {'Country name' : 'Country’', "Ladder score’ : "Happiness Score’,
"Explained by: Log GDP per capita' : "Economy (GDP per Capita)', 'Social support’ : 'Family',
‘Healthy life expectancy' : ‘Health (Life Expectancy)’,

"Freedom to make life choices® : 'Freedom’,
'Perceptions of corruption’ : 'Trust (Government Corruption)'})

In [ ]: #Concatenating all the dataset

In [16]: df_all - pd.concat([df_2020,df 2019,df_2018,df_2017,df_2016,df_2015])

df_all=df_ all[['Country’, 'Happiness Rank', 'Happiness Score', 'Econemy (GDP per Capita)’,
"Family’, 'Health (Life Expectancy)', 'Freedom’,’'Trust (Government Corruption)’
‘Generosity’, 'Year']] A

df_all.head()

AETA&T .
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#PRINT TOP 5 ROWS FROM THE DATASET

@ @ localhost:8888/notebooks/Downloads/maincodeeeeehh.ipynb r L9 "

For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks now...

'_: Jupyter maincodeseeehh Last Checkpoint: 0412612021 (autosaved) A | Lo
File Edit View Insert Cell Kemel Widgets Help Trusted | Python3 O
B+ 3 2B 4 % MR B C W Code TNe

UL SUVETIRIL L CUUPLII. . UL (SUVECTIRIL LUNTUPLIUN , UySLUpl.nesiuuar L

df_2017[ 'Year' ]-2017
a4 »

In [70]: df_all = pd.concat([df_2020,df _2819,df_2018,df 2017,df 2016,df 2815])

In [80]: df_all=df_all[[ 'Country', 'Happiness Rank’, 'Happiness Score’, 'Economy (GDP per Capita)’,
‘Family', "Health (Life Expectancy)', 'Freedom’,'Trust (Government Corruption)',
"Generosity’, 'Year']]

In [81]: df_all.head()

out[e1]:
Happiness Happiness Economy (GDP per . Health (Life Trust (Government .
Country Rank Score Capita) Family Expectancy) Freedom Corruption) Generosity  Year

0 Switzerland 1 7.587 139651 134951 094143 066557 041978 029678 NaN
1 |celand 2 7.561 130232 140223 094784 062877 014145 043630 MaN
2 Denmark 3 7.527 132548 1.36058 0.67454 064938 0.48357 0.34139  NaN
3 Norway 4 7.522 1.45900 1.33095 0.83521  0.66973 0.36503 0.34699  NaN
4 Canada 5 7427 132629 132261 090563 063297 0.32957 045811 NaN

In [49]: #CHECKING MISSING DATA

In [51]: print("Any missing sample in train set:”,df_all.isnull().values.any(),"\n")
Any missing sample in train set: True -

#CHECKING MISSING DATA AND HANDLING MISSING DATA

C @ localhost:8888/notebooks/Downloads/maincodeeeeehh.ipynb w L9 A

For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks now...,

" Jupyter maincodeeeeehh Last Checkpoint 0426/2021 (autosaved) A | Lo
File Edit  View Insert Cell  Kemel Widgets Help Trusted | Python3 O
+ 3 A B 4 ¥ MRm B C W Code v

In [49]: #CHECKING MISSING DATA

In [51]: print("Any missing sample in train set:",df all.isnull().values.any(),"\n")

Any missing sample in train set: True

In [ ]: #HANDLING MISSING DATA

In [54]: df all = df_all.replace([np.inf, -np.inf], np.nan)
df_all = df all.fillna(@)

df_all
Out[54]:
Country Happi;::; Happ;'é?r: Economy [GE: p?t:; Family E?(:ae::a(nl_c.;e} Freedom Trust [%ogfé'm:g:; Generosity Year
0 Switzerland 1 7.587 1.39651 1.34951 094143 0.66557 0.41978 029678 0.0
1 Iceland 2 7.561 130232 140223 094784 062877 014145 043630 0.0
2 Denmark 3 7.521 132548 1.36058 0.87464 064938 0.43357 034139 0.0
3 Norway 4 7522 145900 133095 083521 066973 0.36503 034699 0.0
4 Canada 5 7421 132629 1.32261 080563  0.63207 0.32057 045811 0.0
153 Rwanda 154 3465 022208 0.77370 042864 050201 0.55191 022628 0.0
154 Benin 155 3.340 0.23685 0.35386 0.31910  0.48450 0.03010 0.18260 0.0 v
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In [87]: df.isnull().sum()

out[87]: Country ]
Region [:]
Happiness Rank =]
Happiness Score [:]
Standard Error 2]
Economy (GDP per Capita) =]
Family 8
Health (Life Expectancy) [:]
Freedom 2]
Trust (Government Corruption) =]
Generosity [:]
Dystopia Residual 2]
dtype: int64

In [58]: df_all.shape

out[58]: (048, 10)

In [59]: df_2820.info()

<class ‘pandas.core.frame.DataFrame’>
RangeIndex: 158 entries, @ to 157
Data columns (total 12 columns):

#  Column MNen-Null Count Dtype
®  Country 158 non-null object
1 Region 158 non-null object A

#FINDING NULL VALUES AND SHAPE

« > C @l 88/notebooks/D ‘maincodeeeeehh.ipynb * L0 H
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In [87]: df.isnull().sum()

Out[87]: Country
Region
Happiness Rank
Happiness Score
Standard Error
Economy (GDP per Capita)
Family
Health (Life Expectancy)
Freedom
Trust (Government Corruption)
Generosity
Dystopia Residual
dtype: inté64

COOCDDIOO DD OO

In [58]: df_all.shape

out[58]: (o4@, 10)

In [59]: df_2@28.info()

<class ‘pandas.core.frame.DataFrame’>
RangeIndex: 158 entries, @ to 157
Data columns (total 12 columns):

#  Column Non-Hull Count Dtype
@  Country 158 non-null object
1 Region 158 non-null object b
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#DESCRIBING THE DATASET:
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In [58]: df_all.shape

Out[s8]: (o4@, 18)

In [59]: df_2828.info()

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 158 entries, @ to 157
Data columns (total 12 columns):

#  Column Non-Null Count Dtype

@ Country 158 non-null object
1 Region 158 non-null  object
2 Happiness Rank 158 non-null inted

3 Happiness Score 158 non-null  floated
4 Standard Error 158 non-null floated
5 Economy (GDP per Capita) 158 non-null  floated
6 Family 158 non-null floated
7 Health (Life Expectancy) 158 non-null  floated
8  Freedom 158 non-null floated
9 Trust (Government Corruption) 158 non-null  floatéd
18 Generosity 158 non-null  floated

11 Dystopia Residual 158 non-null floated
dtypes: float64(9), ints4(1), object(2)
memory usage: 13.6+ KB

In [68]: df_2828.describe()

Out[6e]:
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4.3 PREDICTING HAPPIEST COUNTRY

# VISUALIZING REGIONS WITH TOP HAPPINESS SCORE
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In [20]: plt.figure(figsize=(26,18))
df_2828.head(28) .groupby( "Region’).agg({ ' Country':'count’}).sort_values(by='Country’,ascending=True).plot(kind="bar',color="b",ti
plt.show()

plt.figure(figsize=(206,10))

df_2828.tail(2e).groupby( Region’).agg({ 'Country':'count’}).sort_values(by='Country’,ascending=True).plot(kind="bar',color="r",ti
plt.show()
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#VISUALIZING REGIONS WITH LEAST HAPPINESS SCORE
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DATA SPLITTING:

e In this process, going to define the independent (X) and the dependent variables (Y).

e Using the defined variables, will split the data into a training set and testing set which is
further used for modelling and evaluating.

e Split the data easily using the ‘train_test split” algorithm in python.

train_X, val_X, train_y, val_y = train_test_split(X,y,random_state=0)
forest_model = SVR()#RandomForestRegressor(random_state=1)

forest_model.fit(train_X,train_y)
predict = forest_model.predict(val_X)

- a
Downloads/ X maincode11 - Jupyter Noteboo X maincodeeeeehh - Jupyter Not: X mainrecentcode - Jupyter Note! X Home Page - Select or create 2 X ‘ + &
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50% 79.500000 5.232500 0.043940 0910245 1.029510 0696705 0435515 0107220 0216130 2.095415 -
75%  118.750000 6.243750 0.052300 1158448 1.214405 0.811013 0549092 0180255  0.309883 2462415
max  158.000000 7.587000 0.136930 1690420 1.402230 1.025250  0.669730 0551910 0795880  3.602140

In [58]: data = pd.read_csv('2020.csv')
data@ = data.drop(["Overall rank"],axis=1)
datal = data@.drop(["Country or region"],axis=1)
data_features = []
for column in datal.columns:
data_features.append(column)

y = datal.Generosity
X = datal

train X, val X, train_y, val y = train test split(X,y,random state-8)
forest_model = SVR()#RandomForestRegressor(random_state=1)

forest_model.fit(train X,train_y)
predict = forest_model.predict(val X)

prediction_list = []

for age in y:
predictionilist.append(meanjbsnluteﬁsr‘r‘or(\Jallj,pr‘edict))

best_pred = min(prediction_list)

country = data["Country or region"][prediction_list.index(best_pred)]

print(country)

Finland
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#HAPPIEST COUNTRY [FINLAND]

prediction_list =[]

forageiny:
prediction_list.append(mean_absolute_error(val_y,predict))

best_pred = min(prediction_list)

country = data["Country or region™][prediction_list.index(best_pred)]

print(country)
X
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50%  79.500000 5.232500  0.043940 0.910245  1.029510 0.696705  0.435515 0107220 0.216130  2.095415 .
75%  118.750000 6.243750 0.052300 1158448 1214405 0811013 0.549092 0180255  0.309883 2462415
max  158.000000 7587000 0.136930 1690420 1402230 1.025250  0.669730 0551910 0.795880  3.602140

In [58]: data = pd.read_csv('2028.csv')
datad = data.drop(["0Overall rank"],axis=1)
datal = datad.drop(["Country or region"],axis=1)
data_features = []
for column in datal.columns:
data_features.append(column)

y = datal.Generosity
X = datal

train X, val_X, train_y, val y = train_test_split(X,y,random_state=@)
forest_model = SVR()#RandomForestRegressor(random_state=1)

forest_medel.fit(train X,train_y)
predict = forest_model.predict(val X)

prediction_list = []

for age in y:
prediction_list.append(mean_absalute_error(vaﬂ_y,predict))

best_pred = min(prediction_list)

country = data["Country or region"][prediction_list.index(best_pred)]

print(country)

Finland
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#VISUALIZING THE TOP 10 HAPPIEST COUNTRIES USING PIE CHART
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topl@_countryname = df_2820["Country"].iloc[@:18] -

topl@_countryscore = df_2820["Happiness Score"].iloc[@:18]

figl, axl = plt.subplots(figsize=(18,6))|

axl.pie(topl@ countryscore, explode = (9,8,0,8,0,0,0,0,8,8.1), labels=topl@ countryname, autopct='%1.1f%%",
shadow=True, startangle=98)

axl.axis( " equal’)

plt.title("The score comparison of Top 1@ countries")

plt.shou()

The score comparison of Top 10 countries
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#PLOT AND VISUALIZE TOP 10 COUNTRIES FOR EACH FEATURE

ECONOMY GDP PER CAPITA AND HEALTH [LIFE EXPECTANCY]

_ 5 meineedell - dupytar Retetbon X .

C @ localhost:8888/notebooks/Downloads/maincode11.ipynb T B @ Jﬂ H

For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks now...

: Ju pyter maincode1 Last Checkpoint: Last Monday at 10:45 AM (autosaved) ﬁ Logout
File Edit View Insert Cell Kemel Widgets Help Trusted | & | Python 3 Q
+ 3 &3 B 4 & HRun B |C P code v =

In [28]: fig, axes = plt.subplots(nrows=3, ncols=2,constrained_layout=True,figsize=(10,180))

sns.barplot(x="Economy (GDP per Capita)’,y='Country’,
data=df_2@20.nlargest(1@, 'Economy (GDP per Capita)’),
ax=axes[@,08],palette=None)

sns.barplot(x="Health (Life Expectancy)' ,y="Country',
data=df_2820.nlargest(1@, 'Health (Life Expectancy)’),
ax=axes[@,1],palette=None)

sns.barplot(x="Happiness Score' ,y='"Country',
data=df_2820.nlargest(1@, 'Happiness Score'),
ax=axes[1,8],palette=None)

sns.barplot(x="Generosity’ ,y="Country’,
data=df_2020.nlargest(1@, 'Generosity’),
ax=axes[1,1],palette=None)

sns.barplot(x="Freedom’ ,y="Country’,
data=df_2820.nlargest(1@, 'Freadom'),
ax=axes[2,8],palette=None)

sns.barplot(x="Trust (Government Corruptieon)’ ,y="Country’,
data=df_2820.nlargest(1@, 'Trust (Government Corruption)'),
ax=axes[2,1],palette=None)

0ut[28]: <matplotlib.axes. subplots.AxesSubplot at @x3f72dde>
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#HAPPINESS SCORE AND GENEROSITY
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#TOP 10 COUNTRIES BASED ON HAPPINESS SCORE FROM 2015 TO 2020
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Top 10 countries based on Happiness Score from 2015 to 2020

In [4]: fx,ax=plt.subplots(3,2,figsize-(2@,25))
sns. barplot(x=df15[ 'Country'].head(10),y="Happiness Score',data=df15,ax-ax[@,0])
ax[®,0].set_title('Top 1@ countries based on Happiness Score 2815',fontweight="bold")
ax[@,0].tick_params(axis="x", labelrotation=45)
sns. barplot(x=dfi6[ 'Country'].head(10),y="Happiness Score',data=df1s,palette="husl',ax=ax[0,1])
ax[®@,1].set_title('Top 1@ countries based on Happiness Score 2816",fontweight="bold")
ax[@,1].tick_params(axis="x", labelrotation=45)
sns. barplot(x=df17[ 'Country'].head(10),y="Happiness.Score’,data=df17,palette="spring’,ax=ax[1,8])
ax[1,0].set_title('Top 1@ countries based on Happiness Score 2817',fontweight="bold")
ax[1,0].tick_params(axis="x", labelrotation=45)
sns. barplot(x=df18[ 'Country or region'].head(1@),y="Score’,data=df18,palette="autumn’,ax=ax[1,1])
ax[1,1].set_title('Top 1@ countries based on Happiness Score 2818",fontweight="bold")
ax[1,1].tick _params{axis="x", labelrotation=45)
sns.barplot(x:dflg[r(ountry or region’].head(18),y="Score’,data=df19,ax-ax[2,8])
ax[2,0].set_title('Top 1@ countries based on Happiness Score 2019°,fontweight="bold")
ax[2,0].tick params(axis="x", labelrotation=45)
sns.barplot(x=df2e[ 'Country name'].head(18),y="Ladder score',data-df2e,palette="Paired’,ax-ax[2,1])
ax[2,1].set_title('Top 1@ countries based on Ladder Score 2028',fontweight="bold")
ax[2,1].tick_params(axis="x", labelrotation=45)

plt. show()
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HAPPINESS SCORE FROM 2019 TO 2020
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BOTTOM 10 COUNTRIES BASED ON HAPPINESS SCORE FROM 2015 2020
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In [5]: fx,ax=plt.subplots(3,2,figsize=(28,25))

sns.barplot(x=df15[ "Country'].tail(18),y="Happiness Score',data=df15,ax=ax[0,8])
ax[e,0].set_title('Bottom 10 countries based on Happiness Score 2015°,fontweight="bold")
ax[@,@].tick params(axis="x", labelrotation=43)

sns.barplot(x=df16[ "Country'].tail(18),y="Happiness Score',data=df16,palette="husl"',ax=ax[@,1])
ax[e,1].set_title('Bottom 18 countries based on Happiness Score 2816°,fontweight="bold")
ax[e,1].tick params(axis="x", labelrotation=43)

sns. barplot (x=df17[ 'Country'].tail(18),y="Happiness.Score’,data=df17,palette="spring’, ax=ax[1,8])
ax[1,0].set_title('Bottom 18 countries based on Happiness Score 2817°,fontweight="bold")
ax[1,0].tick params(axis="x", labelrotation=45)

sns.barplot(x=df18[ 'Country or region'].tail(18),y="Score',data=df18,palette="autunn’,ax=ax[1,1])
ax[1,1].set_title('Bottom 18 countries based on Happiness Score 2818°,fontweight="bold")
ax[1,1].tick params(axis="x", labelrotation=45)

sns.barplot(x=df19[ 'Country or region'].tail(1e),y="Score’,data=df19,ax=ax[2,8])
ax[2,8].set_title('Bottom 18 countries based on Happiness Score 2019',fontweight="bold")
ax[2,0].tick params(axis="x", labelrotation=45)

sns.barplot(x=df2e[ 'Country name'].tail(1@),y="Ladder score',data=df20,palette='Paired’,ax=ax[2,1])
ax[2,1].set_title('Bottom 18 countries based on Ladder Score 2020',fontweight="bold")
ax[2,1].tick params(axis="x", labelrotation=45)

plt.show()

Bottom 10 countries based on Happiness Score 2015 Bottom 10 countries based on Happiness Score 2016

HAPPINESS SCORE FROM 2015 TO 2016
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# STANDARDIZING ALL VALUES IN THE DATA FRAME THAT INCLUDES THE
FEATURES AND HAPPINESS SCORE
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In [32]: # Standardizing all values in the data frame that includes the features ond happiness score.
scaler=StandardScaler()
standardized_df=scaler.fit_transform(useful_df)
standardized df-pd.DataFrame(standardized df, columns-useful df.columns)
#print(standardized_df)
corrMatrix = standardized_df.corr()
sns.heatmap(corrMatrix, annot=True)

plt.show()
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4.4 COMPARING THE REGRESSION MODELS

#Splitting Test and Train Dataset:

X_train,X_test,Y_train,Y_test= train_test_split(X,y,test_size=0.2,
random_state=1000)

#Initiating Linear Regression Model
lin_reg = LinearRegression()
#Fit the Model
lin_reg.fit(X_train,Y _train)
#Predict the Happiness Score for Test and Train Dataset
y_test _preds = lin_reg.predict(X_test)
y_train_preds = lin_reg.predict(X_train)
#Finding Score, Mean Squared Error and Mean Absolute Error
score = lin_reg.score(X_test, Y_test)
mse = mean_squared_error(Y_test, y_test preds)
mae = mean_absolute_error(Y_test, y_test preds)
#R2 Score for Model
r2_test =r2_score(Y_test, y test preds)
r2_train = r2_score(Y_train, y_train_preds)
#Length of Test and Train Dataset

len_ytest = len(y_test_preds)

len_ytrain = len(y_train_preds) return r2_test, len_ytest, r2_train, len_ytrain
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#Choosing X and v columns Y- Happiness Score which needs to be Predicted X - Features to Train Model

y=df[ 'Happiness Score']

X=df[['Economy (GDP per Capita)', 'Family’, 'Health (Life Expectancy)','Freedom', 'Generosity’,
'Trust (Government Corruption)']]

#splitting Test and Train Dataset

X_train,X_test,Y_train,Y_test= train_test split(X,y,test size=e.2, shuffle=True, random state=1028)
#Initiating Linear Regression Model

lin_reg = LinearRegression()

#Fit the Model
lin_reg.fit(X_train,¥_train)

#Predict the Happiness Score for Test and Train Datoset
y_test _preds = lin_reg.predict(X_test)
y_train_preds = lin_reg.predict(X_train)

#Finding Score, Mean Squared Error and Mean Absolute Error
score = lin_reg.score(X_test, Y_test)

mse = mean_squared_error(Y_test, y test prads)

mae = mean_sbsolute error(Y_test, y_test preds)

#R2 Scare for Model
r2_test = r2_score(Y_test, y_test_preds)
r2_train = r2_score(Y_train, y_train_preds)

#length of Test and Train Dataset
len_ytest = len(y_test_preds)
len_ytrain = len(y_train_preds) -

LINEAR REGRESSION
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In [25]: #Linear Regression

In [26]: lin_reg = LinearRegression()
lin_reg.fit(X_train,¥_train)
y_hat = lin_reg.predict(X_test)
score=1in_reg.score(X_test, Y_test)
mse = mean_squared_error(Y_test, y_hat)
mae = mean_absolute_error(Y_test, y_hat)
r2 = r2_score(Y_test, y_hat)
r2, mse

Out[26]: (@.724845680008722, ©.3163851421768875)

In [27]: |#Desicion Tree Regression

In [28]: |dtr= DecisionTreeRegressor()
dtr.fit(X_train,Y_train)
y_pred = dtr.predict(X_test)
test_mse = mean_squared_error(Y_test, y_pred)
y_pred_train = dtr.predict(X_train)
train_mse = mean_squared_error(Y_train, y_pred_train)
d=dtr.score(X_test, Y_test)
d, test_mse

Out[22]: (8.7421696631185863, 0.29646515680568083)
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DECISION TREE REGRESSION
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y_hat = lin_reg.predict(X_test)
score=lin_reg.score(X_test, Y_test)

mse = mean_squared_error(Y_test, y_hat)
mae = mean_absolute_error(Y_test, y_hat)
r2 = r2_score(Y_test, y_hat)

r2, mse

Out[44]: (8.7248456600087221, 0.31638614217688743)

In [28]: dtr= DecisionTreeRegressor()
dtr.fit(X_train,Y_train)
y_pred = dtr.predict(X_test)
test_mse = mean_squared_error(Y_test, y_pred)
y_pred_train = dtr.predict(X_train)
train_mse = mean_squared_error(Y_train, y pred_train)
d=dtr.score(X_test, Y_test)
d, test_mse

0ut[38]: (@.7436187578980918, ©.29480904488582216)
In [45]: rf = RandomForestRegressor(n_estimators = 13579)
rf.fit(X_train, Y_train)
y_hat = rf.predict(X_test)
errors = abs(y_hat - Y_test)
acc = 1 - errors

c=rf.score(X_test, Y_test)
€, np.mean(acc)

Out[45]: (@.8428952541245873, ©.665913538383455)

RANDOM FOREST REGRESSION
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In [33]: #Desicion Tree Regression

In [24]: dtr= DecisionTreeRegressor()
dtr.fit(X_train,Y_train)
y_pred = dtr.predict(X_test)
test_mse = mean_squared_error(Y_test, y_pred)
y_pred_train = dtr.predict(X_train)
train_mse = mean_squared_error(Y_train, y pred_train)
d=dtr.score(X_test, Y_test)
d, test_mse

Out[24]: (8.746585743262179, 0.291375561107249306)

In [35]: #Random Forest Regression

In [26]: rf = RandomForestRegressor(n_estimators = 13579)
rf.fit(X_train, Y_train)
y_hat = rf.predict(X_test)
errors = abs(y_hat - ¥_test)
acc = 1 - errors
c=rf.score(X_test, Y_test)
€, np.mean(acc)

Out[26]: (B.84357533756174569, 0.6866564771929571)

In [ ]: #Polynomial Regression

42




4.5 COMPARING THE DECISION TREE AND RANDOM FOREST REGRESSION:
labelList = ['RandomForest’, 'Decision Tree']
mylist2 = [a, b]
for i in range(0,len(mylist2)):
mylist2[i]=np.round(mylist2[i]*100,decimals=3)

print(mylist2)
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DECISION TREE WITH K-FOLD
for i, (x_index, y_index) in enumerate(folds.split(X_train, Y _train['Happiness Score)):
print('-' * 22,1, '-' * 22)
dtr= DecisionTreeRegressor()
dtr.fit(X_train.iloc[x_index], Y_train['Happiness Score'].iloc[x_index])
score += dtr.score(X_train.iloc[y_index], Y _train['Happiness Score'].iloc[y_index])
print('score ', dtr.score(X_train.iloc[y_index], Y _train['Happiness Score'].iloc[y_index]))
b = score / folds.n_splits

print('Average Accuracy', score / folds.n_splits)
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In [41]: folds = KFold(n_splits=5, shuffle=True, random state=13579)

score = @

Y_train - pd.DataFrame(data=Y_train, columns - {"Happiness Score"})

X_train = pd.DataFrame(data=X_train, columns = {'Economy (GDP per Capita)', 'Family’, 'Health (Life Expectancy)’, 'Freedom’, 'Gene

'Trust (Government Corruption)'})

for i, (x_index, y_index) in enumerate(folds.split(X train, Y_train[ 'Happiness Score'])):
print('-" * 22, i, '-* * 22)
dtr= DecisionTreeRegressor()
dtr.fit(X_train.iloc[x_index], Y_train['Happiness Score'].iloc[x_index])
score += dtr.score(X_train.iloc[y_index], Y_train['Happiness Score’].ilec[y_index])
print('score ', dtr.score(X train.iloc[y index], Y_train['Happiness Score'].iloc[y_index]))

b = score / folds.n_splits
print(‘Average Accuracy', score / folds.n_splits)

score ©.7142901779661546
Average Accuracy 6.645335892396589
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RANDOM FOREST WITH K-FOLD TECHNIQUE
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In [ ]: |#Random Forest with K-Fold

In [42]: folds = KFold(n_splits=5, shuffle=True, random_state=13579)

score = @

#Y _train = pd.DataFrame(data=Y train, columns = {"Happiness Score”})

#X_train = pd.DataFrame(data=X_train, columns = {'Economy (GDP per Capita)’', 'Family’', 'Health (Life Expectancy)', 'Freedom’, 'Ger

#'Trust (Government Corruption)'})

for i, (x_index, y_index) in enumerate(folds.split(X_train, Y_train[ 'Happiness Score'])):
print(‘-* * 22, i, '-' * 22)
rfr = RandomForestRegressor(n_estimators=200, n_jobs=-1)
rfr.fit(X_train.iloc[x_index], Y_train[ 'Happiness Score'].iloc[x_index])
score += rfr.score(X_train.iloc[y index], Y_train[ 'Happiness Score'].iloc[y_index])
print(‘score ', rfr.score(X_train.iloc[y index], Y_train['Happiness Score'].iloc[y_index]))

a = score / folds.n_splits
print(‘Average Accuracy', a)

‘ r
______________________ -

score  ©.8587089251155675

,,,,,,,,,,,,,,,,,,,,,, e

score ©.7917575758357247

______________________ R

score ©.8255671656354336

,,,,,,,,,,,,,,,,,,,,,, 3

score ©.88156521611683863

______________________ .

score  6.8671417132696875
Average Accuracy 8.8273481181933441

4.5 COMPARING DECISION AND RANDOM FOREST K-FOLD TECHNIQUES

labelList = ['Linear regression’, 'Random Forest with K-fold','Random Forest','Decision
Tree','Decision Tree with K-fold']

mylist = [r2, c, a, d, b]
for i in range(0,len(mylist)):
mylist[i]=np.round(mylist[i]*100,decimals=3)

print(mylist)
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In [83]: labellist = ['LinearRegressor', 'Random Forest with K-fold','Random Forest', 'Decision Tree', 'Decision Tree with K-fold']
mylist = [r2, ¢, a, d, b]
for i in range(@,len(mylist)):
mylist[i]=np.round(mylist[i]*18@,decimals=3)
print(mylist)

[71.413, 82.679, 81.882, 70.728, 64.943]

In [81]: plt.figure(figsize=(14,8))
ax = sns.barplot(x=labellist,y-mylist)
plt.yticks(np.arange(®, 181, step=18))
plt.title('r2 score comparison among different regression models',fontweight="bold")
for p in ax.patches:
width, height = p.get_width(), p.get height()
X, ¥ = p-get_xy()
ax.annotate('{:.3f}%" .format(height), (x +8.25, y + height + 8.8))

plt.shou()|
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Random Forest ->81.882%

Decision Tree->70.728%

Random forest with K-fold->82.679%

Decision Tree with K-fold->70.728%
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4.6 PARAMETERS FOR ANALYSIS

The following parameters are used to:
» Predictive accuracy: It is defined as the percentage of correct prediction made by a

classification algorithm.
4.6.1 PREDICTIVE ACCURACY
» Predictive accuracy is expressed as the correlation between the prediction and actual

score. Accuracy is often the starting point for analyzing the quality of predictive model.

ALGORITHMS ACCURACY
RANDOM FOREST 81.882%
DECISION TREE 70.728%

RANDOM FOREST WITH K-FOLD 82.679%

DECISION TREE WITH K- FOLD 70.728%

The above table describes the accuracy value of four machine Learning regression
algorithms on predicting happiest country. The accuracy level is calculated by using the
formula:

Accuracy = (TP+TN)/TP *100
TP- True positive

TN- True negative
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CHAPTER 5
CONCLUSION

Happiest Countries have Higher GDP Per Capita, Social Support from Family, Trust in
Government, More Life Expectancy and people have more Freedom to make Life choices
compared to Unhappiest Countries. Finland ranked 1st for the past 3 Years with the Highest
Happiness Score of 7.5 .India has been ranked 139 out of 149 countries.

Some of the Countries have seen an increase in 2020 but many countries faced a downfall
of the Happiness score never seen in 5 years. Trust in the government and support of family has
fallen over the years. There is a vast difference in the economic state of countries, which may be
a big factor impacting the happiness of the countries. The 2020 report features the happiness
score averaged over the years 2017-2019. Finland is the happiest country in the world, followed
by Denmark, Switzerland, Iceland, and Norway. The data comes from the Gallup World Poll,
based entirely on survey scores and answers to the main life evaluation question asked in the
poll.

A random forest is an ensemble model that consists of many decision trees. Predictions
are made by averaging the predictions of each decision tree. Or, to extend the analogy—much
like a forest is a collection of trees, the random forest model is also a collection of decision tree
models. This makes random forests a strong modeling technique that’s much more powerful
than a single decision tree. Each tree in a random forest is trained on the subset of data provided.
The subset is obtained both with respect to rows and column.

Here Random forests gives (81.822%) consists of multiple single trees each based on a
random sample of the training data. They are typically more accurate than decision tree
(70.728%).Cross validation is an approach that you can use to estimate the performance of a
machine learning algorithm with less variance than a single train-test set split. Random forest
with K-fold gives (82.679%) accuracy and decision tree with K-fold gives (70.728%).
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