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Abstract 

Data Science has been established as an important emergent scientific field and paradigm driving research evolution in such 
disciplines as statistics, computing science and intelligence science, and practical transformation in such domains as science, 
engineering, the public sector, business, social science, and lifestyle. The field encompasses the larger areas of artificial intelligence, 
data analytics, machine learning, pattern recognition, natural language understanding, and big data manipulation. It also tackles related 
new scientific challenges, ranging from data capture, creation, storage, retrieval, sharing, analysis, optimization, and visualization, to 
integrative analysis across heterogeneous and interdependent complex resources for better decision-making, collaboration, and, 
ultimately, value creation. 

 
Keywords: Statistics, Business, Social Science, Data Analytics, Machine Learning, Pattern Recognition. 
 
Introduction 
Data Science is a multidisciplinary field comprising of analytics, machine learning, data mining and statistical skills as well as 
experience with algorithms and coding. A Data Science role requires a sound understanding of the business and visualization skills to 
drive business results. A data scientist delivers business impact through the information gathered from the data available. 
 
Data science is a multi-disciplinary field that uses scientific methods, processes, algorithms and systems to extract knowledge and 
insights from structured and unstructured data. Data science is the same concept as data mining and big data: "use the most powerful 
hardware, the most powerful programming systems, and the most efficient algorithms to solve problems". 
 

It is the art of collecting and processing the structured data from the machine learning tools, interpret, convert and summarize 
the data so it is useful for the company's decision-makers. In customer-facing organizations, data science helps identify and refine target 
audiences. Benefits of Data Science vary depending on the company’s goal and the industry. 

 
Fig.1: Data Science Technology 
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Data Analytics is more of examining data sets and draw insights about the information they contain. Data Scientists use the information 
provided by Data Analysts to build and approve models. Data Analytics involve Business Intelligence to a great extent, OLAP (Online 
Analytical Processing). It also includes Exploratory Data Analysis (EDA) where numerical and categorical values of the dataset are 
examined separately to find patterns and relationships in data. 
 

It can help businesses increase revenues, improve operational efficiency, respond more quickly to emerging market trends and 
gain a competitive edge over the rivals. Both the roles help the organizations in an entirely different manner. However, both roles are 
expected to write queries, work with engineering teams to source the right data, perform data and derive information from data. 

 
 

There are 3 important sciences which are form Data Science. These are: 
1. Computer Science 
2. Mathematical Statistics 
3. Applications 

 
Fig. 2: Related Sciences 

 
COMPONENTS OF DATA SCIENCE 
Data Science has the following components: 

 
Fig.3: Components of Data Science 
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1. STATISTICS 
 Statistics is a branch of mathematics dealing with the collection, analysis, interpretation, presentation and organization of data. 
 Statistics began in the ancient civilization, going back at least to the 5th century BC, but it was not until the 18th century that it 

started to draw more heavily from calculus and probability theory. 
 
2. VISUALIZATION 
 Visualization is when we display the results of Data Science analysis in a simpler way using diagrams, charts and graphs. 
 It improves decision making, sense of work, customer relationship and financial performance. 

 
3. MACHINE LEARNING 

 Machine Learning explores the study and construction of algorithms that can learn from and make predictions on data. 
 Closely related to computational statistics.  
 Used to devise complex models and algorithms that lend themselves to a prediction which in commercial use is known as 

predictive analytics. 
 
4. DEEP LEARNING 

Deep learning is one of the only methods by which we can circumvent the challenges of feature extraction in machine learning. 
This is because deep learning models are capable of learning to focus on the right features by themselves, requiring little guidance from 
the programmer. 

 
Therefore, we can say that Deep Learning is: 

1. A collection of statistical machine learning techniques 
2. Used to learn feature hierarchies 
3. Often based on artificial neural networks 

Why We Need Data Science 
 Traditionally, the data that we had was mostly structured and small in size, which could be analyzed by using the simple BI 

tools. Unlike  
 data in the traditional systems which was mostly structured, today most of the data is unstructured or semi-structured. Let’s have 

a look at the data trends in the image given below which shows that by 2020, more than 80 % of the data will be unstructured. 

 
Fig.4: Structured and Unstructured Data 
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 This data is generated from different sources like financial logs, text files, multimedia forms, sensors, and instruments. Simple 
BI tools are not capable of processing this huge volume and variety of data. This is why we need more complex and advanced 
analytical tools and algorithms for processing, analyzing and drawing meaningful insights out of it. 
 
This is not the only reason why Data Science has become so popular. Let’s dig deeper and see how Data Science is being used in 

various domains. 
 

 How about if you could understand the precise requirements of your customers from the existing data like the customer’s past 
browsing history, purchase history, age and income. No doubt you had all this data earlier too, but now with the vast amount and 
variety of data, you can train models more effectively and recommend the product to your customers with more precision. 
Wouldn’t it be amazing as it will bring more business to your organization? 

 Let’s take a different scenario to understand the role of Data Science in decision making. How about if your car had the 
intelligence to drive you home? The self-driving cars collect live data from sensors, including radars, cameras and lasers to create 
a map of its surroundings. Based on this data, it takes decisions like when to speed up, when to speed down, when to overtake, 
where to take a turn – making use of advanced machine learning algorithms. 

 Let’s see how Data Science can be used in predictive analytics. Let’s take weather forecasting as an example. Data from ships, 
aircrafts, radars, satellites can be collected and analyzed to build models. These models will not only forecast the weather but 
also help in predicting the occurrence of any natural calamities. It will help you to take appropriate measures beforehand and 
save many precious lives. 

 
Fig.5: Data Science Domains 

             So, Data Science is primarily used to make decisions and predictions making use of predictive causal analytics, prescriptive 
analytics (predictive plus decision science) and machine learning. 

 Predictive causal analytics: If you want a model which can predict the possibilities of a particular event in the future, you need 
to apply predictive causal analytics. Say, if you are providing money on credit, then the probability of customers making future 
credit payments on time is a matter of concern for you. Here, you can build a model which can perform predictive analytics on 
the payment history of the customer to predict if the future payments will be on time or not. 
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 Prescriptive analytics: If you want a model which has the intelligence of taking its own decisions and the ability to modify it 
with dynamic parameters, you certainly need prescriptive analytics for it. This relatively new field is all about providing advice. 
In other terms, it not only predicts but suggests a range of prescribed actions and associated outcomes.   
The best example for this is Google’s self-driving car which I had discussed earlier too. The data gathered by vehicles can be 
used to train self-driving cars. You can run algorithms on this data to bring intelligence to it. This will enable your car to take 
decisions like when to turn, which path to take, when to slow down or speed up. 

 Machine learning for making predictions: If you have transactional data of a finance company and need to build a model to 
determine the future trend, then machine learning algorithms are the best bet. This falls under the paradigm of supervised learning. 
It is called supervised because you already have the data based on which you can train your machines. For example, a fraud 
detection model can be trained using a historical record of fraudulent purchases. 

 Machine learning for pattern discovery: If you don’t have the parameters based on which you can make predictions, then you 
need to find out the hidden patterns within the dataset to be able to make meaningful predictions. This is nothing but the 
unsupervised model as you don’t have any predefined labels for grouping. The most common algorithm used for pattern 
discovery is Clustering. 

 Let’s say you are working in a telephone company and you need to establish a network by putting towers in a region. Then, you 
can use the clustering technique to find those tower locations which will ensure that all the users receive optimum signal strength. 
 

Lifecycle of Data Science 
Here is a brief overview of the main phases of the Data Science Lifecycle: 

 
Fig.6: Life Cycle of Data Science 

 
Phase 1—Discovery: Before you begin the project, it is important to understand the various specifications, requirements, priorities and 
required budget. You must possess the ability to ask the right questions. Here, you assess if you have the required resources present in 
terms of people, technology, time and data to support the project. In this phase, you also need to frame the business problem and 
formulate initial hypotheses (IH) to test. 
Phase 2—Data preparation: In this phase, you require analytical sandbox in which you can perform analytics for the entire duration 
of the project. You need to explore, preprocess and condition data prior to modeling. Further, you will perform ETLT (extract, transform, 
load and transform) to get data into the sandbox. Let’s have a look at the Statistical Analysis flow below. 

 
Fig.7: Statistical Analysis Flow 
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You can use R for data cleaning, transformation, and visualization. This will help you to spot the outliers and establish a 
relationship between the variables. Once you have cleaned and prepared the data, it’s time to do exploratory analytics on it. Let’s see 
how you can achieve that. 
Phase 3—Model planning:  

Here, you will determine the methods and techniques to draw the relationships between variables. These relationships will set 
the base for the algorithms which you will implement in the next phase. You will apply Exploratory Data Analytics (EDA) using various 
statistical formulas and visualization tools. 

 
Let’s have a look at various model planning tools. 

 
Fig.8: Model Planning Tools 

 
1. R has a complete set of modeling capabilities and provides a good environment for building interpretive models. 
2. SQL Analysis services can perform in-database analytics using common data mining functions and basic predictive models. 
3. SAS/ACCESS can be used to access data from Hadoop and is used for creating repeatable and reusable model flow diagrams. 

 
Phase 4—Model building: In this phase, you will develop datasets for training and testing purposes. You will consider whether your 
existing tools will suffice for running the models or it will need a more robust environment (like fast and parallel processing). You will 
analyze various learning techniques like classification, association and clustering to build the model. 
 
You can achieve model building through the following tools. 

 
Fig.9: Model Building Tools 
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Phase 5—Operationalize: In this phase, you deliver final reports, briefings, code and technical documents. In addition, sometimes a 
pilot project is also implemented in a real-time production environment. This will provide you a clear picture of the performance and 
other related constraints on a small scale before full deployment. 
Phase 6—Communicate results: Now it is important to evaluate if you have been able to achieve your goal that you had planned in 
the first phase. So, in the last phase, you identify all the key findings, communicate to the stakeholders and determine if the results of 
the project are a success or a failure based on the criteria developed in Phase 1. 
Skill Set requirement of Data Analyst and Data Scientist 

 
Fig.10: Skill Set of DA and DS 

 
JOB ROLES IN DATA SCIENCE 

There are 8 major job profiles available for anyone who is interested to work in Data Science. They are the following: 

 
Fig.11: Job Roles of Data Science 

 
Here are the some of the good topics in Data Science for research works: 

1. Integration of data mining classification techniques and ensemble learning to identify risk factors and diagnose ovarian cancer 
recurrence. 

2. An improved Id3 algorithm for medical data classification. 
3. Implementing WEKA for medical data classification and early disease prediction. 
4. Predicting Depression Levels Using Social Media Posts. 
5. An Expert Clinical Decision Support System to Predict Disease Using Classification Techniques. 
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6. An Expert Clinical Decision Support System to Predict Disease Using Classification Techniques. 
7. Application of Data Mining Methods in Diabetes Prediction. 
8. Chronic Kidney Disease Prediction on Imbalanced Data by Multilayer Perceptron. 
9. Comparison of applications for educational data mining in Engineering Education. 
10. Emotion classification of YouTube videos. 

 
Conclusion 

Data science is the study of where information comes from, what it represents and how it can be turned into a valuable resource 
in the creation of business and IT strategies. Mining large amounts of structured and unstructured data to identify patterns can help an 
organization rein in costs, increase efficiencies, recognize new market opportunities and increase the organization's competitive 
advantage. Data science is still an emerging field within the enterprise because the identification and analysis of vast amounts 
of unstructured data can prove too complex, expensive and time-consuming for companies. 
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