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AN APPROACH TOWARDS A COMPREHENSIVE BIG DATA ALGORITHM IN DEDUCING AND RESOLVING
HEALTHCARE PATTERNS IN INDIA’S RURAL-POOR

MEGHA PANJWANI
STUDENT
BIRLA INSTITUTE OF TECHNOLOGY & SCIENCE
PILANI

PRATEEK BAJAJ
STUDENT
BIRLA INSTITUTE OF TECHNOLOGY & SCIENCE
PILANI

ABSTRACT

With India becoming one of the world’s fastest growing economies, there is still an extremely large part of the country lying under the poverty index, with more
than 250 million citizens still marked as poor. Adding to that, statistics from the World Bank Organization suggest that more than 60 million children in the country
are malnourished; with about 45% stunted (too short for their age), 20% wasted (too thin for their height, indicating acute malnutrition), 75% anemic, and 57%
Vitamin A deficient. These statistics lead to an incriminating look into how the country’s rural poor are reeling with health-care and nutrition needs. With technology
advancing to greater heights in the field of data analytics, this paper aims at using big data analytics concepts such as data munging, visualization, clustering, and
the likes into developing a single algorithm that would establish correlation between a person’s nutrition and day-to-day activities with their health care patterns,
to provide better healthcare predictions.

KEYWORDS

big data, health, statistics, analysis, nutrition, patterns, malnourishment, data science, analytics, algorithm.

JEL CODES
110, C80.

INTRODUCTION

he major aim for the healthcare industry in the world today is to work on value-based business, as compared to the volume-based business that has been
mpresent for centuries at a stretch. This requires working on techniques and solutions that add more value to the healthcare practices of today.

The major requirement for such a shift is partly because of the abundance of data available today in the healthcare industry.
Over the past few years, health care data have become much more complex, partly due to the abundance of data available and in part due to the advancement in
technology to help collect (or fetch) data from sources that weren’t quite feasible a few years back. Due to this, it has been widely believed that healthcare data
analytics is an important field of study in order to manage such large amounts of data.
But even with the widespread availability of resources to collect data and the technology to analyze and use it, one of the major hurdles presented today is to the
developing countries (such as India) that do not have the resources to implement such advanced mechanisms. High costs due to reduced efficiency of scale, lack
of proper technology and network availability in rural areas and small clinics (Bhattarcharjee, et al., 2007).
In countries such as India, one of the major hurdles being faced today in the healthcare industry is the lack of quality data. If the healthcare industry in the country
is able to work on ways to understand healthcare patterns in the major population of India (especially the rural-poor, that constitute an extremely large part of
the country), data scientists and analysts along with healthcare researchers and professionals could then use that data to deduce results and solutions to a lot
many problems presented today in the country. A few of the major problems in the country today in lieu with the healthcare (directly or indirectly) include lack of
access to proper sanitation in rural areas—less than 50% rural population with access to improvised sanitation; lack of total health-care spending—less than 4.1%
of the GDP being spent on healthcare in India; low number of health-care professionals in the country—up-to 2 per 1000 persons as compared to up-to 12 per
1000 persons in developed countries such as Australia; lack of per capita health care spending—less than 100 USD (Joumard, Kumar, 2015).
This number is even lower in the rural parts and states of the country. States such as Bihar (1 health worker per 1000), Rajasthan (1.4), Uttar Pradesh (1.3), Assam
(1.4) show that the plight of number of health workers is also a huge detriment to improving the health conditions of the country. These statistics show a huge
gap between developments in the healthcare industry in developing countries such as India and other developed nations.

OBIJECTIVES OF THE STUDY

The major objective of the study was to understand the current health state of the rural-poor population specifically in Delhi-NCR region. This particular study

further helped to understand the healthy: poor ratio of the surveyed population and give an overview of the health condition based on rating such as 1: Healthy

State, 2: Average State, 3: Unhealthy State as an outcome of the classification algorithm applied to the dataset generated after the desired surveyed results were

compiled, filtered and grouped as per requirement.

The detailed objectives include:

1)  Applying self-predicting algorithm to gather a result set of health condition of rural-poor population classified as either healthy, average or unhealthy.

2)  Studying the current health scenarios of the lower poverty line people and using the same data for further predictive and solution-based algorithms.

3)  Ultimately, these survey findings can help in policy formation as well as betterment of health conditions of the underprivileged in alignment with other
sections of the society.

RESEARCH METHODOLOGY OF THE STUDY

TARGET POPULATION

The target population here are the families belonging to lower income groups. People aged 18+ have been interviewed about the overall conditions of themselves
as well as their families. The major areas covered are Subhash Nagar slums in Delhi and J.J. Colony in Dwarka, New Delhi (NCR). Other people that have been
interviewed include house maids, security guards, washer-men/washer-women, auto drivers, sweepers, rickshaw pullers, factory workers and other daily wage
earners. A target of 700 interviews has been achieved covering the mentioned groups of people residing in the capital city, Delhi.

METHOD OF INTERVIEW

All survey interviews have been carried out in a face-to-face interactive fashion. The questionnaire being in English, all people being interviewed were made to
explain each and every question, asked to relate it with their lifestyle and health condition and this way accurate responses from the interviewees were collected.
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DATA SOURCE

The data set used for the findings is Primary Data collected through the means of surveying the target population mentioned in the above section. The data is
solely original and not taken as a secondary source of data from any references. The data used clearly specifies the current state of people termed as lower strata
and also what are their needs that should be fulfilled to provide them a better and healthier lifestyle. The data consists of information stating their primary health
issues that need major focus rather than concentrating on providing facilities and equipment(s) for rather bigger and severe health conditions.

TECHNOLOGY USED

The software (s) needed to analyze the various aspects of the survey are as follows:

Microsoft Excel (preferably 2016 version)

MS-Excel is a very powerful tool of the Microsoft office due to its various features. We can organize your numeric or text data in spreadsheets or workbooks and
view it in context through excel which will help us make more informed decisions. As one looks at different configurations, Excel learns and recognizes our pattern
and auto-completes the remaining data for you. No formulas or macros required. The Tell Me search feature guides you to the feature commands you need to get
the results you are looking for. Excel also performs complex analyses for our data. And it summarizes our data with previews of pivot-table options, so that we can
compare them and select the one that tells our story best. Excel can recommend the charts and graphs that best illustrate your data patterns. Quickly preview
your options and pick those that present your insights most clearly. We can discover and compare different ways to represent our data and our intents visually.
When we see the one that shows our data best, apply formatting, spark lines, charts, and tables with a single click. A set of new modern charts and graphs in Excel
2016 help you to present our data in fresh ways. Excel makes it easy to spot trends and patterns in your data by using bars, colors and icons to visually highlight
important values. The new one-click forecasting feature in Excel 2016 creates forecasts on your data series with one click to future trends. In this survey analysis,
Excel has been used to create the primary data set by entering all recorded responses in form of a spreadsheet which is further used for extracting patterns.

R Studio

RStudio is an open source tool for performing Data Mining operations. In technical terms, RStudio is a cross-platform integrated development environment (IDE)
for the R statistical language. The technology to amass data exceeds our abilities to make use of it. Another cool feature which might be of use to some is the
manipulate package for dynamically changing plot parameters. People all over the world are turning to R, an open source statistical language, to make sense of
data. Inspired by the innovations of R users in science, education, and industry, RStudio develops free and open tools for R and enterprise-ready professional
products for teams to scale and share work. RStudio is an integrated development environment (IDE) for the R programming language. Some of its features include:
Customizable workbench with all of the tools required to work with R in one place (console, source, plots, workspace, help, history, etc.). Syntax highlighting editor
with code completion. Execute code directly from the source editor (line, selection, or file). Full support for authoring Sweave and TeX documents. Runs on all
major platforms (Windows, Mac, and Linux) and can also be run as a server, enabling multiple users to access the RStudio IDE using a web browser.

The major benefit of using RStudio in our survey is that it helped in carrying out the Data Mining for the survey responses we collected from various people. The
entire process of mining our desired results included creating a database in the Microsoft Excel spreadsheet, importing a “csv” format of this database in the
RStudio and then using the various entries of the dataset to plot histograms, bar graphs and pie charts.

Python

Python is a general-purpose language, which means it can be used to build just about anything, which will be made easy with the right tools/libraries. Professionally,
Python is great for backend web development, data analysis, artificial intelligence, and scientific computing. Being a very high-level language, Python reads like
English, which takes a lot of syntax-learning stress off coding beginners. Python handles a lot of complexity for you, so it is very beginner-friendly in that it allows
beginners to focus on learning programming concepts and not have to worry about too much details.

Also, as a dynamically typed language, Python is really flexible. This means there are no hard rules on how to build features, and you'll have more flexibility solving
problems using different methods (though the Python philosophy encourages using the obvious way to solve things). Furthermore, Python is also more forgiving
of errors, so you'll still be able to compile and run your program until you hit the problematic part.

NEED FOR ANALYSING HEALTHCARE PATTERNS

There have been many surveys conducted across multiple states in the country to analyse health conditions of people living in rural and semi-rural areas. (Singh,
Shokeen, et al., 2017).

Statistics suggest that out of hundreds of people surveyed about their health conditions, that a good 35% people consider them to be in the moderate health
category, while a good 25% people feel that their health conditions are mild and could get worse at any time.

Out of the people surveyed, a majority of people suffer from common health concerns such as fever, flu, common cold and cough, and the likes; a good 12.3%
people face issues related to breathing and skin diseases. The amount of health concerns in people surveyed suggests that one of the major reasons for the
prolonged health issues in people is due to the time lapse between their regular health check-ups. About 74% people suggested that they had not visited a doctor
in the past 6 months.

There were some other surprising findings too in concern with the health issues of people surveyed. One of the major outcomes was the vast amount of people
without the access to filtered water. The surveys conducted suggested that 58.4% of people did not have access to filtered water and had to survive with untreated
and unfiltered sources of one of the basic necessities of human life.

One of the major causes of health-care problems also involve the lack of clean surroundings for children. A whopping 20.5% people believed that their surroundings
weren’t up to the clean hygienic conditions of livability, while up to 61% people rated their surrounding localities as only moderately clean. Cleanliness (or its lack
thereof) is one of the major causes of low health standards in the country. A staggering 59.4% of households in rural areas lacked the basic latrine facilities just a
few years back. (Swachh Status Report, 2016).

More so, there have been more than 68% of households in 2012 with no arrangements for garbage disposal.

Factors such as lack of sanitation, garbage disposal, regular health check-ups, cleanliness, purity of water, etc. have been known as direct constituents in the
deteriorating health of people.

This suggests the answer to the question about the need for a detailed analysis on the healthcare patterns and needs of the people living in the rural and semi-
rural parts of the country.

HEALTHCARE SECTOR & BIG DATA ANALYTICS (PRESENT SCENARIO)

Data Mining (in the field of Big Data) is generally described as the process by which data can be gathered, analysed, and stored so that quality information can be
fetched out of the same. (Russom, 2011).

Generally, the first step of data processing is gathering and collecting data. This is done through a variety of mediums, including but not limited to surveys (online
and/or offline), questionnaires, internet-connected devices, etc.

Once the data has been collected, the next step mostly is the idea on how/where to store the data. Big Data Storage and Management (Alkhatib, Khloei, et al.,
2015) is considered as the next step for big data analytics. Next, the data is transformed and classified before being ready for proper analysis.

(A) Predictive Analytics in Healthcare Systems

One of the areas where predictive analytics and in turn data is being highly used is the use of healthcare prediction on reducing further risks to patients and
thereafter reducing costs. Predictive analytics use medical histories of patients to evaluate and determine further risks. In turn, it also helps in predicting and
understanding future medical treatments.

Parkland Hospital in Dallas, Texas has introduced a health-care prediction system that helps scan patients’ details and identifies potential risks and outcomes
(Jacob, 2012).
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(B) Role of Predictive Analytics in Healthcare

The major role of predictive analytics in the healthcare system has been in making sure that specialists are able to achieve results and outcomes, and predict
preventive care solutions to patients. This also allows practitioners to work on treatments to avoid further risks to the patients (Conley, et al,. 2008).

PREDICTIVE MODEL (ALGORITHM) FOR HEALTHCARE ANALYTICS

With data from hundreds of residents of localities in and around the National Capital Region of the country, the aim was to generate a model for healthcare
analytics converging around the idea of using statistical information such as age, source of drinking water, foods consumed on a daily basis, cooking fuel used,
frequency of visits to the doctor, air ventilation and cleanliness in the society, and linking these with the medical conditions that the people have.

The first major task whilst generating a model for Machine Learning is to understand the kind of learning methodology to be followed.

The following explains (in detail) in a step-by-step process the creation of a Machine Learning Methodology (or an algorithm) that can be used in analysing
healthcare data and statistics to generate predictive outcomes.

The first step in starting with machine learning on healthcare data is to understand what the data are, whether the data provided to the model are fully functional
and can be properly worked on, and making sure that the data are ready to be processed and provided to the Machine Learning Model. In technical terms, this
process is known as Data Preprocessing.

Data Preprocessing constitutes a variety of steps. The foremost of them all constitutes Data Slicing/Dicing. Data slicing, as the name suggests requires breaking
down the data into several smaller parts so as to examine it from different viewpoints and understand it better.

For scenarios related to healthcare data, there are fields of information (or labels/columns) which aren’t directly relevant for our use case. In such cases, the data
scientist’s first job is to demarcate the fields most relevant to our analysis.

Once the data slicing is carried out successfully, the next task that needs to be completed falls under Treating Missing Values. This involves marking the empty
value fields, filling them using one of the many algorithmic techniques available, and then filtering data based on any missing information.

Next comes Removing Duplicate Values. This might not seem as an extremely crucial step in solving the problem, but it does weigh in to the end result, as it helps
in removing any skewness that might come due to farcical or duplicate values.

One of the most important factors while preprocessing data is making sure that all the values provided to us as in certain parametric limits. This falls under Data
Scaling.

Once the preprocessing is carried out successfully, our next task constitutes generating a model that the user can train using the data already available.

The next step constitutes deciding on which model to take up for the kind of data available. Considering that our data are related to healthcare statistics, and
taking forward the idea of predicting outcomes based on the available data, we are using the Apriori Algorithm to understand what kinds of associations are
present between the data.

Our model suggests the inputs to be at least a few of the following: age, gender, whether immunized at birth, smoking habits, filtered v/s unfiltered drinking water,
any chronic diseases, blood pressure, anemia, access to private cooking area, access to private toilets, cleanliness of localities, personal doctors, cooking fuel used.
And we link this with a single parameter termed as “Overall Health” in our model.

Our aim constitutes deriving a model that would find associations between all of the aforementioned parameters (based on the surveys conducted).

AIM: To generate a model that fits perfectly for determining health-related outcomes using the Apriori algorithm in such a way that it helps formulate associations
in data available to us, and link it with the overall health of the person.

HOW THIS IS CARRIED OUT: To generate a model that fits perfectly with our aim, we consider four major parameters: Support, Confidence, Length, and Lift.
Support: Parameter that allows us to judge the number of occurrences of a particular instance in comparison to the total number of instances. A support of 0.5
would mean that a particular item in a list has 50% occurrence in a total of 100%.

Confidence: This shows the chance of occurrence of the second event considering the first event is taking place.

If for a set: {A’, ‘B’}, the confidence is 0.29, this means that if event A occurs, there is a 29% chance that event B would also occur.

Lift: This parameter is similar to the confidence, with the difference that it also takes into account the popularity (or support) of the resultant parameter.

Length: This signifies the length of each rule set being generated. A set {‘A’, ‘B’} has a length of 2.

If for a set: {‘A’, ‘B’}, we wish to find out the lift, it would mean: The occurrence of event B considering event A, but also considering the popularity of event B.
Alift value greater than 1 for a set {‘A’, ‘B’} suggests that event B is likely to happen if event A happens. A lift value less than 1 for the same set would suggest that
event B is less likely to happen if event A happens.

Once the parameters such as these are established, the next aim is to set minimum threshold values for each.

Minimum Support can be set to a value that can be found out based on the number of items we have in our dataset. This would represent the minimum number
of occurrences of each set of instances. For our model, after multiple iterations, we figure that the perfect Minimum Support = 20% (0.2).

Minimum Confidence can be set based on how we wish to know the relation between the predictor and the predictant events. After multiple iterations of rules
being generated in our tests, we recommend the Minimum Confidence = 30% (0.3).

Minimum Length is set based on the number of lengths of rules we wish to generate. We wish our rules to generate at least 4 associations for the final outcomes.
So, Minimum Length = 4.

Next, we generated rules significant to our model. These rules are generated and listed for the end user to find out associations between the data.

Here is an example test rule that we generated during the testing of the model:

= 62 = {RelationRecord) RelationRecord jtems=frozenset((no immune ', unhealthy ', smokes ' male " ‘unfiltered water'), support=04,

y = 0= frozenset] frozenset( no immune ', Unhealthy’ ‘smokes’, male ', unfiltered water')
1 = {float} 04

This rule takes in the following association:

{‘no immune’, ‘unhealthy’, ‘smokes’ ‘male’ ‘unfiltered water’}

OUTCOMES FOR THIS RULE

(a) The support for this rule turned out to be a massive 0.4

(b) Out of the multiple Order Statistics derived from this rule, the one that has the maximum lift is: {no immune’, ‘smokes’, ‘unfiltered water’, ‘male’} -> {‘un-
healthy’}

The lift for this is 2.5, the confidence a straight 1.0 in our model.

This signifies in the model that a man who has not been immunized during his childhood, who smokes, and drinks unfiltered water has a good 100% of considering
himself unhealthy.

This checked perfectly with our surveys conducted of people from across the country.

This signifies a model that has been generated with the exact minimum confidence, length, support, and lift to generate associations between the eating, drinking
and smoking habits of people, their prior health conditions, and finally their overall health.
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The model generation for health-related data suggested would include the following steps:

Collect Data
Preprocess Data: Missing Values, Duplicates, Data Scaling, Data Slicing
Generate Model:
Use Apriori Algorithm

Add Suggestive Minimum Support, Confidence, Lift, Length Associations
Create Rules
Analyse Rules
Generate Result Lists Rules

CONCLUSION

The study concludes that with the India becoming one of the world’s fastest growing economies, there is still an extremely large part of the country lying under
the poverty index, with more than 250 million citizens still marked as poor. Adding to that, statistics from the World Bank Organization suggest that more than 60
million children in the country are malnourished; with about 45% stunted (too short for their age), 20% wasted (too thin for their height, indicating acute malnu-
trition), 75% anemic, and 57% Vitamin A deficient. These statistics lead to an incriminating look into how the country’s rural poor are reeling with health-care and
nutrition needs. With technology advancing to greater heights in the field of data analytics, this paper aims at using big data analytics concepts such as data
munging, visualization, clustering, and the likes into developing a single algorithm that would establish correlation between a person’s nutrition and day-to-day
activities with their health care patterns, to provide better healthcare predictions.
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