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CHAPTER 1 

INTRODUCTION

1.1 Background

Health is a condition where the physical body and mental not merely good

but also social well-being.  And because being social and productive is not an

                        activities  that  will  be  done  only  once  but  continuously,  so  health  must  be

maintained properly. Of course, to maintain the health of each individual there are

various ways to do it, namely by examination, prevention and treatment. And if it

   has  been  infected  by  an  illness,  it  must  be  treated  immediately.  Certainly  it

requires different cost for each individual.

Based on the explanation above, to find out the amount of medical cost for

each individual, a prediction program that can determine the estimated amount of

medical cost is needed. To predict these costs, the backpropagation algorithm is

used with data from  an insurance service. Backpropagation is a method which

used in artificial neural networks that can reduce the error rate with adjusting the

             weight  from  actual  and  prediction  output.  Backpropagation  usually  used  for

prediction, prediction is a process to estimate something that will mostly occur

based on the past and current data to reduce the error.

The data for this research is obtained from kaggle.com and can be taken

only by downloading it  with registered account. The website itself is a trusted

source for dataset.

1.2 Scope

The limitation of the problem in this study are as follow:

 1. The Training data used is 1000

 2. The Testing data used is 250

 3. The user need to input the number of hidden layer more than 1
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 4. The user need to input the number of learning rate in range of 0-1

 5. The user need to input the number of iteration more than 1

 6. Using Min Max Normalization

 7. Using Java language programming

 8. The output is in the form of CSV file

Base of the background of this project, the problems to be solved are:

 1. Can someone’s medical costs be predicted?

 2. Is backpropagation algorithm suitable for predicting?

 3. How much the error rate calculated from backpropagation algorithm to

determine medical costs?

1.3 Objective

The purpose of this project is to produce a program that can predict the

medical costs needed by each individual with certain factors. With this prediction

an insurance company can make a plan for good hospitality and service for their

              customer  and  still  have  profit.  A good  hospitality  means  they  can  make  an

insurance program that make their customer joining the program is a profitable

action because they will spend less or doesn’t have to spend anything in their

medical expense.
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CHAPTER 2 

LITERATURE STUDY

In the journal "Prediction of Agricultural Crops Using Artificial Neural

Network Approaches" (Sneehal S. Dahikar, Sandeep V. Rode, 2014), Discusses

the use of ANN to predict agricultural crops. In this journal backpropagation  is

  used  as an algorithm in  the hidden  network on ANN.  The conclusion in this

                journal  is  backpropagation  namely  ANN  is  a  beneficial  tool  for  prediction.

Differences in journals related to the results of this study are the results that will

be predicted, namely at this time the results of this project are medical costs.

In the journal "Electronic cigarettes: human health effects" (P.Callahan-

Lyon, 2014), discusses the use and effects of smoke from electronic cigarettes on

human  health.  The  conclusion  in  this  journal  whether  cigarette  aerosol  or  e-

                    cigarette  aerosol  contains  toxicants  that  are  harmful  to  human  health.  The

relationship of this journal to the researcher project is because smoking activity

can  affect  health and  certainly  will  affect medical  costs  as  well,  so  smoking

activities are also used as researchers as one of the parameters in the research

project.

In the journal "Stereotypes of Aging: Their Effects on the Health of Older

Adults" (Rylee A. Dionigi, 2015), discusses the physical and mental functions that

are affected by age and also what can be called "good health" by increasing age.

The conclusion in this journal is as someone get older their immunity got older as

well. It means that their immunity become weaker and that will make them easier

to get sick. The relationship between this journal and the researcher project is that

age can affect a person's physical and mental health which certainly also affects

the medical costs to be spent. Because of that age becomes one of the factors or

parameters that will affect medical costs in this project.
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In the journal "Risk for chronic diseases with obesity: Health Survey for

England 2010" (Helen L. Maclaughlin, Wendy L. Hall, Thomas AB. SANDERS,

Iain C. Macdougall, 2014), discuss some diseases that can be caused by obesity or

         excessive  weight,  even  at  greater  risk  of  contracting  CKD  (Chronic  Kidney

Disease) or chronic kidney disease. The conclusion in this journal is “Obesity is

                       associated  with  an  increased  risk  of  CKD  in  a  national  sample  of  the  UK

population, even after adjustment for known CKD risk factors, which may have

implications for CKD screening and future national health service planning and

delivery”. The relationship of this journal to the research project is the level of

obesity or commonly measured from  BMI (body mass  index) is a factor that

affects health and can be used as a parameter in this project.

In the journal "The influence of gender and other patient characteristics on

             health  care-seeking  behavior:  a  QUALICOPC  study"  (Ashley  E.  Thompson,

Yvonne Anisimowicz, Baukje Miedema, William Hogg, Walter P. Wodchis, Kris

Aubrey-Bassler, 2016), discuss the differences in the search for different medical

treatments for women and men. With these differences, the costs incurred will be

different.  The  conclusion  in  this  journals  is  “This  study  confirms  the  gender

              differences   in  health  care-seeking  behavior  advances  previous  research   by

 exploring  in  detail  the  variables  predicting  differences  in  health  care-seeking

behavior for men and women”. The relationship of this journal to the research

project is that gender differences can affect health and the way of medical care

and cause differences in medical costs, and therefore gender can be a parameter

for this project.
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CHAPTER 3 

RESEARCH METHODOLOGY

Steps that will be carried out by researchers include :

 1. Problem analysis,  in  this  case  the  problems  found  is  the  difficulty to

determine the total medical costs that must be prepared by a person and

with those problems, several factors that can support to determine medical

cost will be needed.

 2. Study journals and books, from the problem that have been found, journal

and books that can support the researcher project are sought. The purpose

is to support the researcher project by making it the basis for things that

the researcher cannot examine due to lack of time and knowledge.

 3. Normalization of data, after the data obtained from the source, the data

must be converted to the form of csv to make it easier for the program to

read. And then some parameters will be normalized to make it able to be

calculated in the algorithm.

 4. Coding process, the algorithm will be created in the form of java program

that will be used to calculate the data. The data is divided into two kind,

the training and the testing data.

 5. Training data, the data is processed into the algorithm in the java program

that already been created by researcher. And the outcome will be used to

determine the testing data.

 6. Analysis data,  the testing of data will  be carried out after the training.

Which the result will be compared to the original data to find out the error

rate.
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CHAPTER 4 

ANALYSIS AND DESIGN

4.1 Analysis

The problem in this project is the insurance company can’t determine how

much they will give to a person that have submitted an insurance claim.They can

make an insurance program that will not only help reassure the people to join their

insurance program but also make the company get profit from it if cost can be

predicted beforehand. This program will make an insurance company can predict

how much people spend on medical cost and how much they need to cover from

an small injury to big injury.

Table 1: Analysis Data Table

    Age Gender Body Mass Index Smoker Medical Cost

   18 male 28.31 no 11272

   18 male 39.14 no 12890

   18 male 26.125 no 1709

   18 female 31.92 no 2206

   18 female 36.85 no 1630

   19 female 34.7 yes 36398

   19 female 20.6 no 1732

   19 male 34.1 no 1261

   19 male 29.07 yes 17353

   19 male 20.9 no 1832

   19 male 34.8 yes 34780

   20 male 33 no 1980

   20 female 21.8 yes 20167

   20 female 29 no 2457

   21 female 25.8 no 2008

   22 female 28.05 no 2156

   22 male 25.175 no 2046

   23 female 36.67 yes 38512

   24 male 35.86 no 1987

   24 male 28.5 no 3538

   25 male 25.74 no 2138
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The data shown in the table above is a portion of training data that have

been sorted. Can be seen from the table above even if the age is the same their

medical cost differ from one to another. It means the cost can’t be determined by

only one factor. For such data it need a method that can calculate the complex

requirement for the result. Complex requirement means they need more than one

factor to calculate the medical cost. To calculate the medical cost each factor have

a certain weight. The weight is calculated by a neural network that can determine

the weight of a factor that affect the medical cost. Backpropagation is a neural

network and suitable one to be used as an algorithm to calculate weight of each

factor. The data itself can’t be calculated by the program as is. The data need to be

normalized to numeric for it can be calculated. The data is normalized using min

max normalization. 

norm = ( value – min ) / ( max – min )

value = The value to be normalized

norm = The value after normalized

min = Minimum value of a given attribute

max = Maximum value of a given attribute

                 The  data   will  be  calculated  in  the  program  using  backpropagation

algorithm after the data has been read and normalized. Backpropagation itself had

a number of step. The backpropagation algorithm process is as written below :

 1. Generate random value in certain range for all weight 

wij = Weight for input index i to hidden layers index j

w0j = Weight for input bias to hidden layers index j

uj = Weight for hidden layer index j to output

u0 = Weight for hidden layer bias to output

 2. Calculate the neural activation for hidden layer ( Forward Propagation )
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8

h_net j = w  + ∑ x0j i.wij

 hj = 1 / ( 1 + e )-h_net j

h_net j = neural activation value for hidden layer before transfered

hj = neural activation value for hidden layer

 3. Calculate the neural activation for output layer ( Forward Propagation )

 y_net = u  + ∑ h0 j.uj

 y = 1 / ( 1 + e )-y_net  

 y_net = neural activation value for output layer before transfered

 y = neural activation value for output layer

 4. Calculate Δ weight for hidden layers to output

δ1 = (t - y) (1 – y). .y

Δuu δ hjj = α. k. j

 t = target output

Δuujj = delta weight hidden layer index j to output index k

 5. Calculate Δ weight for input to hidden layers

 δ_net = δδk.uj

δδj = δ_net (1 – h ). .hj j

Δw δ xiij  = α. 1.

Δwij  = delta weight input index i to hidden layer index j

 6. Update weight

w wij = ij + ΔΔwij

uj = u + Δuuj jj

8
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7.  Repeat step 2 – 6 until max iteration has been reached or loss < target

error. 

 loss = ( t – k )2

Testing only use (Forward Propagation or Feed Forward) step 2 and 3 is

used.

4.2 Desain

This program can be seen from the following diagram :

The program start with the user inputing the data. The data is csv file,

hidden layers, learning rate, iteration, and target error. The algorithm begin after

the data has been inputted. This algorithm start with training the neural network

with feed forwarding the input to a hidden layer using the weight and then to the

9

Illustration 1: Backpropagation Flowchart
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ouput. After the output has been calculated, it goes through the backpropagation.

In the backpropagation it will calculate the loss using the output and the target, if

the loss is higher than the target error it will calculate a new weight and update it.

The method repeat in forward propagation and backpropagation until the loss is

smaller than the target error or the max iteration has been reached. The testing

                     will  use  the  weight  from  the  training  and  only  use  forward  propagation  to

calculate the output. The whole process of the program run in the background.

These process generated an output of csv for the prediction. The output of the

prediction has been denormalized to make it easier to analyze.

10
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CHAPTER 5 

IMPLEMENTATION AND TESTING

5.1 Implementation

The implemantation of this program start from reading the data in form of

CSV and  processed  in  a Java  Platform. The  first thing  the  program  do after

reading the data from CSV file is to give a random weight to the first data of all

variable ( age, gender, body mass index, smoker ) and hidden layers. The random

weight used in this research is in range of -0.5 to 0.5. 

The algorithm begin with a process called feedforward after the weight has

been randomized. In this process, the goal is to calculate the output and compare

the output to the target error user have set. The output can’t be calculated because

the hidden layers still doesn’t have a value. In order to give a value for the hidden

layer, first the input value and the bias input need to be multiplied with their

weight with a formula, after obtaining the hidden layers value the output can be

calculated using the same formula to calculate the hidden layers.

The next step begin when the output has been calculated. The next step is

to calculate the loss. The loss can be calculated by using the formula to square the

difference between output and targeted value (Math.pow(output-targeted_value)).

The current weight can be called the best weight if the loss is smaller than target

error or the max iteration has been reached, if the loss is bigger than target error

then the iteration continue and the weight will be calculated again using a formula

that involve learning rate of the AI. 

                   The  new  weight  is  calculated  using  a  formula  with  a  learning.  This

                 learning  rate  determine  how  fast  the  neural  network  changes  its  mind.  The

calculation  of  the  new  weight  begin  with  calculating  the  error  rate  and  then

calculate the differences weight using the error rate and add the difference weight

to the real weight to update it for new weight and input it to the ArrayList, after

11
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the ArrayList for the new hidden layer weight and new variable weight have been

calculated replace the current weight with the new one. This step will be repeated

with the feedforward until the output is smaller than target loss or the iteration

have reached its limit.

The testing process in the program is using only the feedforward process.

After the output has been calculated, the loss is also calculated. The loss is needed

to calculate the error rate (  RMSE ).The formula to calculate the error rate is

square of (sum of all loss divided size of data). The test can be called a success if

the error rate is smaller than the targeted error rate.

5.2 Testing

The test is done with a certain hidden layers, max iteration, learning rate,

target error inputed by user and 250 different data from training. Below is result of

some testing that  used  2000  iteration,  0.9  learning  rate,  0.05  target error  and

inputted hidden layers.

Table 2: Error (RMSE) of testing using different hidden layers in percentage

Test

Number

Error Rate ( percentage )

    hidden layer 1 hidden layer 2 hidden layer 3 hidden layer 4 hidden layer 5

   1 14.62 4.56 6.07 4.21 4.05

    2 9.39 10.67 6.29 5.82 3.03

   3 15.41 5.57 5.36 3.65 4.71

    4 3.83 10.16 5.67 3.47 3.46

   5 15.14 4.87 4.98 4.16 4.86

  6 7.14 4.77 6.04 4.94 4.62

    7 15.69 7.32 4.6 2.7 3.09

    8 9.83 7.8 5.68 4.74 5.87

    9 10.44 5.71 7.44 4.8 4.87

    10 14.69 3.05 7.84 6.9 3.94

   11 13.62 7.56 5.97 4.69 4.61

  12 17.4 6.13 4.12 4.95 4.35

  13 6.56 6.66 5.05 4.65 3.92

    14 13.82 4.1 6.03 3.07 4.63

  15 11.9 3.84 6.01 2.28 5.26
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13

   16 12.12 8.68 4.73 4.39 4.04

    17 17.65 11.97 5.21 3.7 4.22

   18 9.6 8.76 6.19 2.69 3.96

  19 6.45 9.07 7.15 3.77 4.32

   20 17.57 8.81 5.89 3.97 3.27

Can be seen from table and graph above using more hidden layer will have

more accurate result. The test with 1 hidden layer had 19 RMSE that exceed the

target error ( 5% ) and the graph is not stable. The test with 4 hidden layer had 2

RMSE that exceed the target error. The test with 4 hidden layer had the same total

of RMSE that exceed the target error with the test with 5 hidden layer but, the

difference between min and max error rate is more bigger than the test with 5

hidden layer. The test with 5 hidden layer had 2 RMSE that exceed the target

error. The learning rate set at 0.9 is because the total amount of training data in

this project is small, around 1000 data. If the learning rate smaller, it means the

neural network will change its mind slower and if it is higher, it means the neural

13
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network will change its mind faster. The iteration is adjusting the hidden layer and

the learning. If the iteration is smaller the iteration need to be higher because the

neural network will change its mind slower and need more loop to get to the

targeted error. 

Table 3: The differences between real and predicted charges

   Age Gender BMI Smoker Real

Charges

Predicted

Charges

Differences

    33 male 22.705 no 21984 22114.61 130.61

     32 male 28.88 no 3867 3923.1 56.1

   31 female 25.74 no 3757 3969.51 212.51

     46 female 33.44 no 8241 8233.98 7.02

     37 female 27.74 no 7282 7247.05 34.95

     37 male 29.83 no 6406 6326.8 79.2

    60 female 25.84 no 28923 28944.97 21.97

     25 male 26.22 no 2721 2729.63 8.63

     62 female 26.29 yes 27809 27973.05 164.05

   23 male 34.4 no 1827 2174.46 347.46

     56 female 39.82 no 11091 11014.18 76.82

     27 male 42.13 yes 39612 39791.67 179.67

   19 male 24.6 no 1837 1960.23 123.23

    52 female 30.78 no 10797 10748.34 48.66

     23 male 23.845 no 2395 2431.73 36.73

     56 male 40.3 no 10602 10528.28 73.72

     30 male 35.3 yes 36837 36620.89 216.11

     60 female 36.005 no 13229 13173.4 55.6

     30 female 32.4 no 4150 4226.96 76.96

The  table  above  is  a  portion  of  prediction  output  and  the  differences

between the prediction and real charges. The average of the differences between

predicted and real charges is 128.174. The prediction obtained from testing using

5 hidden layers, 2000 iteration, 0.9 learning rate, 0.05 target error and got a 4.15%

error (RMSE).

14

15k10017.docx

Uploaded: 01/25/2019

Checked: 01/25/2019

Similarity

Similarity from a chosen source

Possible character replacementabc

Citation

References

https://corp.unicheck.com/


CHAPTER 6 

CONCLUSION

The conclusions of this project are : Learning from the past journal and

from  testing  the project  itself  conclude  that backpropagation  can be  used for

prediction. The count for the success exceed ninety percent, and because of that

backpropagation can be said suitable to predict medical cost. All the input from

user ( hidden layers, learning rate and iteration ) affect the outcome of prediction

in certain ways. The minimum of hidden layers needed is around the number of

the parameter, and the higher the hidden layers is, the more accurate the prediction

will become but it will take more time. Learning rate is how fast the AI will learn

if it is set at 1, the AI will change its mind faster, if it is set 0.1 or lower it will

change its mind slower and will be more accurate. The slower the neural network

change its mind it will need more iteration to make it more accurate.

This project can be improved in the future using the suggestion below :

 1. More data to make it more accurate

 2. More  parameter  will  make  it  more  accurate  to  but it  need  to  have  a

connection with the result or prediction the research made
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