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Abstract

R is aprogramming language and free software environment for statistical computing and graphics supported by the R Foundation for Statistical
Computing. The R programming language is widely used among statisticians and data miners for developing statistical software and data analysis. During
the most recent decade, the force originating from both the scholarly community and industry has lifted the R programming language to end up the
absolute most significant tool for computational statistics, perception, and data science. For the effective processing and analysis of big data, it allows
users to conduct a number of tasks that are essential. R consists of numerous ready-to-use statistical modeling algorithms and machine learning which
allow users to create reproducible research and develop data products.

INTRODUCTION:
R is a programming language developed by Ross Ihaka and Robert Gentleman in 1993. R possesses an extensive catalog of statistical
and graphical methods. It includes machine learning algorithm, linear regression, time series, and statistical inference to name a few.
Most of the R libraries are written in R, but for heavy computational task, C, C++ and Fortran codes are preferred. R is not only
entrusted by academic, but many large companies also use R programming language, including Uber, Google, Airbnb, Facebook and so
on.
Data analysis with R is done in a series of steps; programming, transforming, discovering, modeling and communicate the results
e  Program: R is a clear and accessible programming tool
Transform: R is made up of a collection of libraries designed specifically for data science
Discover: Investigate the data, refine your hypothesis and analyze them
Model: R provides a wide array of tools to capture the right model for your data
Communicate: Integrate codes, graphs, and outputs to a report with R Markdown or build Shiny apps to share with the world.

R is an object-oriented language with similarities to C++ and FORTRAN, because of this structure R has the ability to easily manipulate
statistics and graphics. R has a set of user developed packages containing groups of functions. There are thousands of well-tested
functions available that build on the cutting-edge statistical research; many journals suggest or require available R packages for
publication. The packages and the integration with academia means that improvements and experimental procedures are often
The statistical programming language R is often underrated within the Pharmaceutical Industry implemented quickly.

The lack of a separate macro language and the code structure when dealing with large datasets and complex data processing can increase
the learning curve for R, however R still remains one of the most useable graphics tools. For exploratory graphics there are few software
packages that match R with ggplot2 or lattice graphics for the ease of use and customization. As well as this the integration between R
and other open source packages such as LaTeX allows for easy and highly customizable reports. These advantages suggest that R should
more often be considered when analyzing and summarizing clinical data.
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https://en.wikipedia.org/wiki/Programming_language
https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/Statistical_computing
https://www.quanticate.com/services/biostatistics
https://www.quanticate.com/blog/bid/40549/Clinical-SAS-Programming-Working-Efficiently-with-Large-Datasets
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Why use R?
Data science is shaping the way companies run their businesses. Without a doubt, staying away from Artificial Intelligence and Machine
will lead the company to fail. The big question is which tool/language should you use? They are plenty of tools available in the market to
perform data analysis. Learning a new language requires some time investment. The picture below depicts the learning curve compared
to the business capability a language offers. The negative relationship implies that there is no free lunch. If you want to give the best
insight from the data, then you need to spend some time learning the appropriate tool, which is R.

DS4B Tools: Capability Vs Learning Curve

R has a longer learming curve but has a massive business capability rating
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On the top left of the graph, you can see Excel and PowerBI. These two tools are simple to learn but don't offer outstanding business
capability, especially in term of modeling. In the middle, you can see Python and SAS. SAS is a dedicated tool to run a statistical
analysis for business, but it is not free. SAS is a click and run software. Python, however, is a language with a monotonous learning
curve. Python is a fantastic tool to deploy Machine Learning and Al but lacks communication features. With an identical learning curve,
R is a good trade-off between implementation and data analysis.

When it comes to data visualization (DataViz), you'd probably heard about Tableau. Tableau is, without a doubt, a great tool to discover
patterns through graphs and charts. Besides, learning Tableau is not time-consuming. One big problem with data visualization is you
might end up never finding a pattern or just create plenty of useless charts. Tableau is a good tool for quick visualization of the data or
Business Intelligence. When it comes to statistics and decision-making tool, R is more appropriate.

Stack Overflow is a big community for programming languages. If you have a coding issue or need to understand a model, Stack
Overflow is here to help. Over the year, the percentage of question-views has increased sharply for R compared to the other languages.
This trend is of course highly correlated with the booming age of data science but, it reflects the demand of R language for data science.

R in Banking

The face of banking is changing and fast. Pick any aspect of banking —risk management, pricing, marketing outreach, customer
outreach, product development, cost and revenue allocation — data science is there. The face of the banking industry has been evolving
rapidly, particularly post the financial crisis of 2008. Banks were some of the earliest adopters of information technology for processes
and security. The growing size of banks and lowered customer loyalty means customers expect quicker and more efficient operational
efficiency. Naturally banks are looking at better ways to understand customers and retain them. They are looking at patterns within the
data to understand transactional data and engage with customers more meaningfully.

The data available to banks thanks to transactions are numerous. These records were used in risk and fraud management. The advent of
data science has led to better management of the information that is flowing in from multiple channels in real-time. Banks are beginning
to understand the importance of collating and utilizing their internal data such as debit and credit transactions, purchase history and
patterns, mode of communication and brand loyalty. Internet banking data, social media and mobile phone usage for banking has further
opened the floodgates of data flowing into the banking system. Mining these multiple sources of data is a challenge. The data comes in
various formats and sometimes is fairly unstructured. The data has to be therefore ‘cleaned’ or data munging takes place. Once the data
is in comparable form and cleaned of useless data, analysts use various data analytics software, often deeply customized to arrive at
insights. Often third party data will be added to the mix to achieve a holistic picture.

Analytical methods used to derive value from the data are hypothesis testing, crowd sourcing, data fusion and integration, machine
learning, natural language processing, signal processing, simulation, time series analysis and visualization. Banks use data science in the
areas of customer service, fraud detection, forecasting, understanding consumer sentiment, customer profiling and target marketing,
among others.

Banks are using unstructured data from social media to assess how customers view the brand and if they are happy with their brand
offerings. Data science helps banks get a full segment-wise view of their customers. Sales persons can tweak their pitch by looking at
the customer’s Code Halo or ‘virtual self’ that encapsulates all digital transactions. The average cost of each channel can be more
accurately arrived at, as can strategies to migrate customers to cheaper channels. Banks use data science for loan appraisals or lending in
any form. It also helps in sending up red flags for specs provided to alert banks to fraud.

Banks are using their data to detect fraud even before it happens. How do they do that? Analytics help alert to any change or ‘out of
pattern’ spending. Data science has helped unearth patterns in false insurance claims. A simple detail like the use of ‘ed” over the more
active ‘ing’ was noticed in most false claims. The advantages for banks who are relying on data science and analytics are too many. The
benefits for banks by using data science are in sales automation, per customer profitability, usage of customized dashboards, regulatory
compliance, budgeting and fraud.


https://financetrain.com/role-of-risk-management/
https://financetrain.com/become-data-scientist-part-1/
https://www.guru99.com/images/r_programming/032918_1002_WhatisRProg7.png
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R in Communications, Media and Entertainment
Since consumers expect rich media on-demand in different formats and in a variety of devices, some big data challenges in the
communications, media and entertainment industry include:

U Collecting, analyzing, and utilizing consumer insights
. Leveraging mobile and social media content
. Understanding patterns of real-time, media content usage

Applications of big data in the Communications, media and entertainment industry

Organizations in this industry simultaneously analyze customer data along with behavioral data to create detailed customer profiles that
can be used to:

e  Create content for different target audiences

e Recommend content on demand

e Measure content performance

A case in point is the Wimbledon Championships (YouTube Video) that leverages big data to deliver detailed sentiment analysis on the
tennis matches to TV, mobile, and web users in real-time.

Spotify, an on-demand music service, uses Hadoop big data analytics, to collect data from its millions of users worldwide and then uses
the analyzed data to give informed music recommendations to individual users.

Amazon Prime, which is driven to provide a great customer experience by offering, video, music and Kindle books in a one-stop shop
also heavily utilizes big data.

Big Data Providers in this industry include:Infochimps, Splunk, Pervasive Software, and Visible Measures

R in Healthcare Providers

The healthcare sector has access to huge amounts of data but has been plagued by failures in utilizing the data to curb the cost of rising
healthcare and by inefficient systems that stifle faster and better healthcare benefits across the board.

This is mainly due to the fact that electronic data is unavailable, inadequate, or unusable. Additionally, the healthcare databases that hold
health-related information have made it difficult to link data that can show patterns useful in the medical field.

Source: Big data in the healthcare sector revolutionizing the Management of Laborious Tasks

Other challenges related to big data include: the exclusion of patients from the decision making process and the use of data from
different readily available sensors.

Applications of big data in the healthcare sector

Some hospitals, like Beth Israel, are using data collected from a cell phone app, from millions of patients, to allow doctors to use
evidence-based medicine as opposed to administering several medical/lab tests to all patients who go to the hospital. A battery of tests
can be efficient but they can also be expensive and usually ineffective.

Free public health data and Google Maps have been used by the University of Florida to create visual data that allows for faster
identification and efficient analysis of healthcare information, used in tracking the spread of chronic disease.

Obamacare has also utilized big data in a variety of ways.

Big Data Providers in this industry include: Recombinant Data, Humedica, Explorys and Cerner

R in Education

From a technical point of view, a major challenge in the education industry is to incorporate big data from different sources and vendors
and to utilize it on platforms that were not designed for the varying data. From a practical point of view, staff and institutions have to
learn the new data management and analysis tools.qOn the technical side, there are challenges to integrate data from different sources,
on different platforms and from different vendors that were not designed to work with one another. Politically, issues of privacy and
personal data protection associated with big data used for educational purposes is a challenge.

Applications of big data in Education

Big data is used quite significantly in higher education. For example, The University of Tasmania. An Australian university with over
26000 students, has deployed a Learning and Management System that tracks among other things, when a student logs onto the system,
how much time is spent on different pages in the system, as well as the overall progress of a student over time. In a different use
case of the use of big data in education, it is also used to measure teacher’s effectiveness to ensure a good experience for both students
and teachers. Teacher’s performance can be fine-tuned and measured against student numbers, subject matter, student demographics,
student aspirations, behavioral classification and several other variables.

On a governmental level, the Office of Educational Technology in the U. S. Department of Education, is using big data to develop
analytics to help course correct students who are going astray while using online big data courses. Click patterns are also being used to
detect boredom.

Big Data Providers in this industry include: Knewton and Carnegie Learning and MyFit/ Naviance

R in Manufacturing and Natural Resources

Increasing demand for natural resources including oil, agricultural products, minerals, gas, metals, and so on has led to an increase in the
volume, complexity, and velocity of data that is a challenge to handle. Similarly, large volumes of data from the manufacturing industry
are untapped. The underutilization of this information prevents improved quality of products, energy efficiency, reliability, and better
profit margins.

Applications of big data in manufacturing and natural resources

In the natural resources industry, big data allows for predictive modeling to support decision making that has been utilized to ingest and
integrate large amounts of data from geospatial data, graphical data, text and temporal data. Areas of interest where this has been used
include; seismic interpretation and reservoir characterization. Big data has also been used in solving today’s manufacturing
challenges and to gain competitive advantage among other benefits. In the graphic below, a study by Deloitte shows the use of supply
chain capabilities from big data currently in use and their expected use in the future.


https://www.youtube.com/watch?v=-1dt1JUArh4&feature=youtu.be
https://www.simplilearn.com/big-data-in-healthcare-sector-rar359-article
http://medcitynews.com/2015/09/obamacare-enrollment-plan/
https://infocus.emc.com/william_schmarzo/what-universities-can-learn-from-big-data-higher-education-analytics/
https://www.simplilearn.com/big-data-and-analytics/big-data-and-hadoop-training
http://www.csc.com/big_data/publications/89362/107321-big_data_in_manufacturing
http://www.csc.com/big_data/publications/89362/107321-big_data_in_manufacturing
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Source: Supply Chain Talent of the Future Findings from the third annual supply chain survey. Deloitte. 2015.
Big Data Providers in this industry include: CSC, Aspen Technology, Invensys and Pentaho

R in Government

In governments the biggest challenges are the integration and interoperability of big data across different government departments and
affiliated organizations.

Applications of big data in Government

In public services, big data has a very wide range of applications including: energy exploration, financial market analysis, fraud
detection, health related research and environmental protection.

Some more specific examples are as follows:

Big data is being used in the analysis of large amounts of social disability claims, made to the Social Security Administration (SSA), that
arrive in the form of unstructured data. The analytics are used to process medical information rapidly and efficiently for faster decision
making and to detect suspicious or fraudulent claims. The Food and Drug Administration (FDA) is using big data to detect and study
patterns of food-related illnesses and diseases. This allows for faster response which has led to faster treatment and less death.

The Department of Homeland Security uses big data for several different use cases. Big data is analyzed from different government
agencies and is used to protect the country.

Big Data Providers in this industry include: Digital Reasoning, Socrata and HP

R in Insurance

Lack of personalized services, lack of personalized pricing and the lack of targeted services to new segments and to specific market
segments are some of the main challenges. In a survey conducted by Marketforce challenges identified by professionals in the insurance
industry include underutilization of data gathered by loss adjusters and a hunger for better insight.

Applications of big data in the insurance industry

Big data has been used in the industry to provide customer insights for transparent and simpler products, by analyzing and predicting
customer behavior through data derived from social media, GPS-enabled devices and CCTV footage. The big data also allows for better
customer retention from insurance companies. When it comes to claims management, predictive analytics from big data has been used to
offer faster service since massive amounts of data can be analyzed especially in the underwriting stage. Fraud detection has also been
enhanced. Through massive data from digital channels and social media, real-time monitoring of claims throughout the claims cycle has
been used to provide insights.

Big Data Providers in this industry include: Sprint, Qualcomm, Octo Telematics, The Climate Corp.

R in Retail and Whole sale trade

From traditional brick and mortar retailers and wholesalers to current day e-commerce traders, the industry has gathered a lot of data
over time. This data, derived from customer loyalty cards, POS scanners, RFID etc. is not being used enough to improve customer
experiences on the whole. Any changes and improvements made have been quite slow.

Applications of big data in the Retail and Wholesale industry

Big data from customer loyalty data, POS, store inventory, local demographics data continues to be gathered by retail and wholesale
stores. In New York’s Big Show retail trade conference in 2014, companies like Microsoft, Cisco and IBM pitched the need for the retail
industry to utilize big data for analytics and for other uses including:

o Optimized staffing through data from shopping patterns, local events, and so on
o Reduced fraud
o Timely analysis of inventory

Social media use also has a lot of potential use and continues to be slowly but surely adopted especially by brick and mortar stores.
Social media is used for customer prospecting, customer retention, promotion of products, and more.
Big Data Providers in this industry include: First Retail, First Insight, Fujitsu, Infor, Epicor and Vistex

R in Transportation

In recent times, huge amounts of data from location-based social networks and high speed data from telecoms have affected travel

behavior. Regrettably, research to understand travel behavior has not progressed as quickly. In most places, transport demand models are

still based on poorly understood new social media structures.

Applications of big data in the transportation industry

Some applications of big data by governments, private organizations and individuals include:

e Governments use of big data: traffic control, route planning, intelligent transport systems, congestion management (by predicting
traffic conditions)

e Private sector use of big data in transport: revenue management, technological enhancements, logistics and for competitive
advantage (by consolidating shipments and optimizing freight movement)

e Individual use of big data includes: route planning to save on fuel and time, for travel arrangements in tourism etc.

Source: Using big data in the transport sector

Big Data Providers in this industry include: Qualcomm and Manhattan Associates

R in Energy and Utilities
The image below shows some of the main challenges in the energy and utilities industry.


https://www2.deloitte.com/content/dam/Deloitte/global/Documents/Process-and-Operations/gx-operations-supply-chain-talent-of-the-future-042815.pdf
https://www.theguardian.com/public-leaders-network/2014/apr/17/big-data-government-public-services-expert-views
https://www.ordnancesurvey.co.uk/about/news/2013/the-big-data-rush.html
http://www.ibtimes.com/ibm-maps-out-big-data-retailers-pitches-watson-supercomputer-new-york-nrf-big-show-1538252
http://www.slideshare.net/OpenSkyData/big-data-in-transport-an-international-transport-forum-overview-oct-2013
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Applications of big data in the energy and utilities industry
Smart meter readers allow data to be collected almost every 15 minutes as opposed to once a day with the old meter readers. This
granular data is being used to analyze consumption of utilities better which allows for improved customer feedback and better control of

utilities use.
In utility companies the use of big data also allows for better asset and workforce management which is useful for recognizing errors and
correcting them as soon as possible before complete failure is experienced.
Big Data Providers in this industry include: Alstom Siemens ABB and Cloudera
Visits to R by industry

Based on visits to Stack Overflow questions from the US/UK in January-August 2017,
The denominator in each is the total traffic from that industry.
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R in Airbnb

Airbnb uses R to drive a number of company initiatives, using an internal R package called Rbnb. 80% of Airbnb data scientists use R,
and 64% of them use it as their primary analysis tool. Analysts use R to predict re-booking rates using past guest ratings and to automate
guest/host matching. The tool is also used for internal reporting and data visualizations.

R in Facebook

Facebook used R to perform sizable behavior analysis based on status and profile picture updates. Carlos Diuk, a Facebook data
scientist, created an analysis on the formation of love, based on Facebook relationship status updates. What they found is that as a
relationship is formed, the number of timeline posts go down. However, the amount of positive emotions in posts rise.

Rin IBM

IBM Invests in R Programming Language for Data Science; joins R Consortium. The company has relied on R, among other data
languages, to help create innovative solutions like IBM Watson, an open, cognitive computing technology platform that represents a new
era in computing where systems understand the world like humans do: through senses, learning, and experience. As a member of the R
Consortium, IBM will collaborate with the R user community and support the project’s mission to identify, develop and implement
infrastructure projects that drive standards and best practices for R code.
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R in Twitter

Using R, Twitter has created some pretty impressive projects. Below is geo-tagged data that represent every tweet in the United Stated
since 2009. Twitter also has created open-source packages for anomaly and breakout detection, which has helped improve their customer
experience.


https://medium.com/airbnb-engineering/using-r-packages-and-education-to-scale-data-science-at-airbnb-906faa58e12d
https://www.facebook.com/notes/facebook-data-science/the-formation-of-love/10152064609253859
https://www.ibm.com/in-en/
https://www.r-consortium.org/announcement/2016/06/06/ibm-invests-in-r-programming-language-for-data-science-joins-r-consortium
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R in Microsoft

For those Xbox gamers out there, you can thank Microsoft for choosing R for visualization in their matchmaking system. Matchmaking
is how Xbox pairs gamers up with someone of their equal skill level, because no one with an advanced skillset wants me on their team!
Analysis of both the gaming community and the games themselves (for example, where players are getting stuck) is achieved using the
R language and statistical modeling.

R in John Deere

Farming equipment manufacturer, John Deere, saw huge company savings when they dropped their “flop forecasting software” and
adopted R. John Deere uses R for short and long-term forecasting, forecasting crop yields, data coordination, and optimizing the build
order on the production line.

R in Google

Search giant, Google, uses R in many ways. One specific way Google uses R is to determine the effectiveness of display ads. For
example, a brand can set an ad that would show on a site such Animal Planet or HGTV. Just because a visitor doesn’t click on the ad
does not mean they did not convert. Google uses R to gather and visualize search behaviors of those who saw the ad and didn’t visit the
site, versus viewers who saw the ad and visited the advertiser’s site without clicking the ad itself. This ensures advertisers are getting the
most for their dollar.

R in Trulia and Zillow

If you’ve been on the hunt for a house or even a rental, you probably have turned to Trulia or Zillow. Both companies use R in a way
that has a huge impact on your purchasing decision. Zillow’s “Zestimate” gives users an estimate of a property’s value. The “Zestimate”
takes data and runs it through proprietary software powered by R to give the user the estimate they see on the screen. In fact, Zillow is
currently offering a $1.2M prize in a Kaggle competition for whoever can develop the most accurate home pricing algorithm.

Have you ever found that house or apartment that looked amazing, then you scrolled down to the bottom and recoiled in horror over the
amounts of stabbing and domestic disputes are in the crime reports? That’s Trulia using R and statistical modeling to scare you into
looking somewhere else.

= A

airbnb



https://www.slideshare.net/RevolutionAnalytics/order-fulfillment-forecasting-at-john-deere-how-r-facilitates-creativity-and-flexibility
https://www.kaggle.com/c/zillow-prize-1
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CONCLUSION:

In a nutshell, R is a great tool to explore and investigate the data. Elaborate analysis like clustering, correlation, and data reduction are
done with R. This is the most crucial part, without a good feature engineering and model, the deployment of the machine learning will
not give meaningful results.
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