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Abstract: — A huge amount of meaningful information and knowledge can be mined from the raw data using data science. The capability to
transform data into meaningful insights is the primary key to gain competitive edge for any organization. Data Science is considered as the most
attractive job for 21st century. The job of a data scientist begins with collection of raw data and munging on it iteratively till meaningful insights
are obtained. Though there are a large number of technical papers available on data science, yet it has been observed that there is a lack of
enough literature for a data science aspirant in developing an end to end solution for a data science project. The aim of this paper is to provide a
standardized way to enable a budding data scientist to unravel meaningful insights and data driven evidences that can benefit organizations in a
significant way and provide a competitive edge. The phases of a data science project cycle i.e. data extraction, data pre-processing, building
predictive models and exposing these models as APIs to real time integration have been discussed in this paper. This paper also emphasizes on a
few challenges faced by a data scientist and the best practices to deal with them. Thus, this paper shall help a beginner to kick start his journey as
budding data scientist.
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I.

INTRODUCTION

Massive amount of data is being generated across the world.
Nearly 2.3 trillion gigabytes of data are being generated daily
and it is estimated that 40 trillion gigabytes would be generated
by the year 2020[1].But this data is useless if we cannot
transform it into meaningful information. Data Science is the
set of fundamentals which help to generate valuable insights
from the raw data. This can help an organization to have a
better competitive edge That is the reason why Data Science is
one of the most exciting field these days. According to Harvard
Business Review, data scientist is one of the sexist jobs in 21st
century.Fig.1.1 illustrates the data science project cycle.
A.
Ask an interesting question
Asking an interesting question is both an art as well as a
science. One should have a clear idea about the goal of the
organization as well as the limitations of the data. Identifying
the issue is the hardest challenge faced by a data scientist. What
do we wish to predict? What is the meaning of success for the
organization? What should be the parameters to evaluate the
success? All such queries should be answered in this phase of
project cycle.
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Figure1.The Data Science Process

B.
Data Extraction
Data can be collected from a variety of sources. It can be
extracted from files or can be scraped from the websites. It can
be downloaded from company‘s database or may need to be
taken from some forms/surveys. Data may also be derived from
some device through the available ports. In this paper, we
discuss how the data can be extracted from the databases and
web scraping.
There are a variety of databases that exist in the market. SQL
Server, MySQL and SQLite. Python can be an effective
language to study data science. The following steps are
executed to fetch data from a database.
a. Import the package (import package name)
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e.g. sqlite3 is the package for SQLite database while
pymysql is used for MySQL Database and pymssql for
Microsoft SQL Server database.
b. Make a connection to the database using connection string
(connection=package_name. connect(con_str))
c. Create a cursor to read the data from database.
Cursor=package_name. cursor ()
d. Execute the query
Cursor. Execute(query)
e. Fetch the query results and iterate over these.
cursor. fetchall ()
f. Close the connection.
Connection. Close ()
Sometimes, the data can be scraped from the web also.
However, it is always advisable to make sure that we have the
permission to take data before attempting to scrape the data
from a website. This shall prevent falling trapped in some legal
issues. Python libraries ‗Request‘ and ‗Beautiful Soup ‗are
quite useful to fetch data by web scraping. These can be used to
extract body, text, title, h1 tag etc. using ‗find‘ function.
From where to get the public datasets?
It is recommended to work on a variety of datasets to
understand the intrigue details of different problems. Many
datasets can be obtained from US government open data
initiative[2]. Large datasets can be obtained from Amazon
AWS public datasets. UCI machine learning repository also
hosts large number of data sets. Github repository is also a
good collection of datasets. It is advisable to work on many
datasets to ensure better learning. In this paper, a ‗Titanic
disaster dataset ‗and ‗Iris dataset‘ have been taken from Kaggle
website.
C. Explore and process the data
Raw data is not suitable to build the predictive models. It is
necessary to process the data to get valuable insights. It is the
most
time-consuming phase. Data scientists face many
challenges in cleaning the data. Fig 2 shows that exploring and
processing the data is the most time-consuming task of a data
scientist. As it is obvious from this figure, Data cleaning and
organizing is the most time-consuming activity. Data can be
available from a variety of sources. A complicated problem
needs an intense model with more crucial model parameters
which in turn means more data requirement. It is very
challenging to find quality data to train such models. The path
of converting raw data into processed data is iterative in nature
as illustrated in the Fig.3.
Exploratory data analysis is done to explore the data using
basic statistics concepts. This helps to identify any missing
values or outliers in the data. Data munging is carried out to
look out for the potential issues and take care of these issues.
missing values may either be neglected or may be replaced by
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the mean or median.

Figure2 Tasks performed by a data scientist

Feature engineering refers to process of generating more
features that can be used for modelling. Finally, advanced
visualizations are carried out to gain more insights into the
data. These visualizations serve as an important component for
final presentation. All these steps can be repeated iteratively
till a desired value is obtained.

Figure3. Iterative steps in data exploration and processing

EDA comprises of the components as shown in Fig 4.

Figure4 Components of Exploratory Data Analysis

Basic structure is related to identification of total number of
observations in the data set, number of columns/features in the
data science and exploring the data types of columns.
Basic statistics deals with the measurement of measures of
central tendency (mean, median, mode) and dispersion
(standard deviation, variance, percentiles) for numerical
features .In case of categorical variables ,it deals with the total
count, unique count and proportions.
Distributions like histograms, KDE and scatterplot provide
better insights to the attributes of the data.
Grouping/Pivot/crosstab are used to identify how one attribute
varies with respect to the other in a data set.
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Data Mungıng is done by the data scientists to deal with
problem of missing values and outliers. The missing values
could either be replaced with mean, median or the mode.
Feature engineering is a process to transform raw data into
better representative features to create better predictive models.
With a domain expertise, better features can be created.
Domain knowledge and technical expertise make feature
engineering an art.
Almost all machine learning algorithms expect the
parameters to be in numerical form Categorical attributes are
converted into numerical ones using categorical feature
encoding[3]. Binary encoding can be used to encode the gender
information males can be made 0 while females as 1. But for
multilevel variables, level encoding is used. e.g. if there are
three levels low, medium or high then these can be encoded as
0,1,2. Besides these, one hot encoding is usually used to
convert the categorical features into numerical ones.

to be done. API hosted on the server extracts the input data
from the request object and then uses the persisted model to
make predictions on the input data. These predictions are sent
back to the client wrapped in HTML response.

Figure5 Model Persistence

II.
D. Building the predictive model
Machine learning concepts are applied to learn from the
examples and generate patterns which can be used to build the
predictive models. The complete dataset is split into train and
test data set. There are a variety of machine learning algorithms
like Linear regression, logistic regression, decision trees,
random forest, boosting, bagging etc. which are applied to
training dataset and build the predictive model[4].
The performance of the model is evaluated on the test data
set. The performance metrics can be accuracy, recall, precision
in a confusion matrix. It is however considered to be a best
practice to create a baseline model before applying the machine
learning algorithms. Scikit Learn library is a powerful tool to
develop machine learning algorithms.
The model can be fine-tuned to avoid the issues of
underfitting and overfitting using the technique of
Regularization.
E. Communicate the Results
The results obtained need to be communicated to the
concerned people so that they can get better understanding and
can thus take suitable actions from these insights .Using
matplotlib and seaborn library, wonderful graphs can be made.
Once the model is ready, it can be saved on disc so that it ca
be used whenever it is desired. This prevents the need of
retraining the model every time and the model can also be
shared without sharing the data or the code. Pickle library can
be used for model persistence. Fig 5 show the model
persistence. Flask library is used to create API in Python.
The task of machine learning API is to return model
predictions when input data is given to it. Client send the input
data wrapped in HTTP request for which the prediction needs
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CASE STUDY EXAMPLES

A.
Titanic Disaster Dataset
This data set is taken from Kaggle datasets. Titanic ship sank
it in its maiden voyage in 1912.The task is to apply the tools of
machine learning to predict which passengers survived the
tragedy.
B.
Iris Dataset
Originally published at UCI Machine Learning Repository:
Iris Data Set, is small dataset from 1936 is often used for
testing out machine learning algorithms and visualizations (for
example, Scatter Plot). Each row of the table represents an iris
flower, including its species and dimensions of its botanical
parts, sepal and petal, in centimeters. The task is to identify the
class of the flower.

III.

IMPLEMENTATION TOOL-PYTHON

Though there a variety of tools and languages that can be
used to study machine learning, yet it is advisable to use
Python for the beginners. Python has many libraries and
frameworks that make coding easy. NumPy, used for scientific
computation, SciPy for advanced computation, and Scikit-learn
for data mining and data analysis, are among the most popular
libraries.
Python is an open-source programming language and is
supported by a lot of resources and high-quality documentation.
It also boasts a large and active community of developers
willing to provide advice and assistance through all stages of
the development process.
Python‘s simple syntax and readability promote rapid testing
of complex algorithms and make the language accessible to
non-programmers. It also reduces the cognitive overhead on
developers, freeing up their mental resources so that they can
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concentrate on problem-solving and achieving project goals.
Finally, the simple syntax makes it easier to collaborate or
transfer projects between developers.
IV.

MACHINE LEARNING ALGORITHMS-A
REVIEW

A variety of machine learning algorithms are used for
prediction. A few of them are linear regression, logistic
regression, decision trees, boosting, bagging and ensembling.
Scikit learn library from python supports the implementation of
these algorithms with ease. In this paper, Logistic regression
has been used to predict the results for the datasets (after
thorough data cleaning and data preprocessing)[5].
Logistic Regression is one of the basic and popular
algorithms to solve a classification problem. Logistic
regression predicts the probability of an outcome. The
prediction is based on the use of one or several predictors
(numerical and categorical)
The logistic function is a Sigmoid function, which takes any
real value between zero and one. Fig 6 illustrates how the
probability of the outcome varies between 0 and 1.
Fig. 6 Sigmoid function for logistic regression

Figure7a Attributes of Titanic dataset

Figure7b Attributes of Iris dataset

It is clear from the above figures that Titanic dataset has
1309 observations with 11 columns each while Iris dataset has
150 observations with 6 columns each. There are no missing
values in Iris dataset while it is observed that there are a few
missing values in columns like ‘Age‘, ‘Fare‘, ‘Embarked‘ etc.
Data scientists need to explore the data in depth to gain a
better understanding of the subject and need to decide what
needs to be done to tackle the issue of missing values etc. The
statistical information of both the datasets is represented in
Fig8a and 8b.

Figure6 Sigmoid function for logistic regression

V.

RESULTS AND DISCUSSIONS

The ‗Titanic‘ dataset was extracted from the Kaggle
repository while the ‗Iris‘ dataset was extracted from UCI
machine library. These are csv files. Using the pandas and
numpy features of Python, these datasets are downloaded into
Jupyter notebooks.
The first step is to gather the information about the data set.
All the attributes were explored. Fig 7a and 7b illustrate the
brief ideas about Titanic dataset and Iris dataset, respectively.

Figure8 a Statistical measures of ‗Titanic dataset‘

Figure8 b Statistical measures of ‗Iris‘ dataset
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It is very easy to plot a variety of graphs in Python. Fig 9
shows a bar graph of the number of passengers travelling in
first, second and third class in Titanic. It clearly reflects that the
majority of people were travelling in third class. Similar graphs
were plotted for the other attributes too. Histograms are also of
great interest to the data scientists as these reflect insights into
the frequency table of an attribute.Fig.10 shows the histogram
of ‗age‘ in Titanic dataset. It reflects how many people
(travelling in Titanic) are in a particular age group. Such
information attracts the data scientists for better insights
Figure12 Fare‘ vs ‗Age‘ in Titanic dataset

Figure9. Number of passengers in different classes in Titanic

Missing values were replaced with the appropriate median
values. One hot encoding was performed for categorical
variable in Titanic dataset. Since there were no categorical
attributes and no missing values in Iris dataset, these steps were
not performed for this dataset. Scikit learn is a powerful library
to develop predictive models. The datasets were split into
training and test datasets. The training dataset used to train the
model while the accuracy was checked on the test dataset.
Logistic Regression was used to predict the survival and the
class in Titanic and Iris dataset, respectively. The accuracy was
observed to be 83%in Titanic dataset while it was as high as
96% in Iris dataset. Further, the model persistence was carried
out and APIs were hosted.

VI.

Figure10. Histogram of ‗age‘ attribute in Titanic dataset

Similarly, histograms of all the attributes in ‗Iris‘ dataset are
illustrated in Fig 11

CONCLUSION

Data Science is the most attractive field in this era. A huge
amount of data is being generated daily. Data science can
effectively be used to generate valuable insights which can be
used by the organizations to take suitable decisions which in
turn can help to gain competitive edge. This paper was written
to enable the data aspirants to develop an end to end solution
for a data science project. The paper also discusses the few
challenges faced by data scientists and how to overcome those
with a few best practices. This paper shall serve as a step by
step guide for the beginners who wish to unravel the mysteries
of data science.
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