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Abstract 
 
In today‟s world, the most influential and powerful technology is machine 

learning. Machine learning techniques find useful patterns in complex data. 

The patterns are used to predict future events and decision making. The most 

popular classification method in machine learning is k nearest neighbor 

(KNN). The purpose of this paper is to improve the accuracy of KNN 

classification method by selecting the optimal „k‟ value and to predict 

diseases in medical datasets. The datasets used for prediction are diabetes, 

heart and mammogram. Elbow method is used to find the optimal „k‟ value. 

The accuracy has improved with optimal „k‟ value. 

 
Keyword: Machine Learning, Reinforcement Learning,Diseases, diabetes, 

heart and mammogram 

 

1 Introduction 
 

In today‟s world, people are suffering from many diseases which 

cannot be cured completely. In health care, diabetes, cancer and heart 

are now big growing health diseases. Diabetes leads to the risk of heart 

attack, kidney failure and renal disease. Due to the increase in medical 

data, health institutions are finding difficult to predict the diseases  
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accurately. So it is necessary to have efficient computer based 

analysis. Machine learning is introduced into medical analysis to 

increase diagnostic accuracy, to reduce costs and to reduce human 

resources. The detection of disease earlier will improve patient care 

and cure rates. 

The concept of machine learning is; it gives computers the 

capability to learn without being programmed explicitly. In general, 

supervised learning, unsupervised learning, Semi-supervised learning 

and Reinforcement learnings are the four types of classifications in 

machine learning.  

 Supervised learning predicts the future outputs by training a 

model based on known input and output data. Supervised learning has 

classification and regression techniques which are used to predict the 

models efficiently. The classification technique predicts discrete data 

and the data is categorized into given number of classes. The main 

goal of classification is to find the class to which a new data falls 

under. In order to classify new data sets, supervised machine learning 

algorithms use the training set which have desired outputs and these 

are helpful to teach machine learning algorithm to classify the new 

data. Classification techniques are applied in many applications such 

as Fraud detection in Banking sectors, text categorization in 

identifying spam email, sentiment analysis in classifying the customer 

feedback, medical imaging in identifying cancer data etc. In addition, 

examples of classification are to check whether a tumor is malignant 

or benign, and the example of regression technique is temperature 

change. Electricity load forecasting and algorithmic trading are the 

known applications of regression techniques. 

 Unsupervised learning is useful when a specific goal is not 

known or not sure about the data in the dataset. It finds hidden patterns 

in data. Clustering technique is the best unsupervised learning. Gene 

sequence analysis, market research, and object recognition are the 

examples for clustering techniques.  

 Semi-supervised learning in which the combination is 

unsupervised and supervised learning. Using this technique, training 

dataset which combines less labelled data and more unlabelled data. 

Semi-supervised learning has many practical applications such as 

speech analysis, ranking the websites, classifying the internet content 

and manifold assumptions. 
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 Reinforcement learning enables the use of artificial intelligence 

in complex applications from video games to robotics, self-driving 

cars etc., 

In this paper, KNN classification is chosen to classify the medical 

datasets with „k‟ optimal value. The optimal „k‟ value is found using 

elbow method. The accuracy of the KNN classification is examined 

with optimal „k‟ value. K-Nearest Neighbor (KNN) classification is a 

powerful method used by many researches. KNN is the best choice for 

classification when the distribution of data is not known. It by-passes 

the probability density problem [1]. 

The rest of this paper is organized as follows: In Section 2 the 

studies conducted by other researchers will be presented and in section 

3, KNN and elbow method to choose optimal „k‟ value will be 

explained. Section 4 presents experimental results and discussion 

about choosing ‟k‟ value. The conclusion will be stated in section 5. 

 

2 Related works 
 

The choice of „k‟ value may affect the performance of kNN 

method. Many machine learning techniques has been developed to 

address this issue. 

K-local hyperplane distance was proposed by Vincent et al. [2]. 

New similarity between two data points for KNN classification was 

found and proposed by Wang et al. [3]. 

Sahigara et al. [4] selected an optimal parameter „k‟ for each test 

sample and proposed Monte Carlo validation method.  

SamCheng et al. [5] proposed a sparse-based kNN method. Zhang 

et al. [6] proposed a kNN method based on a reconstruction 

framework. Accuracy of KNN is improved by implementing various 

new proposed methods done by many researchers. 

Changgeng Li et al.  proposed a new method by adjusting the 

weight of adjacent reference nodes [8], in turn the accuracy of kNN 

technique was improved. 

Support Vector Machines (SVM) were used in Mantaporn Srisawat 

et al. in [9] research, in that SVM was used to select training data and 

k-Means clustering algorithm was used to assign the weight to each 

training instance. They proposed a new algorithm SV-KNNC.  
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In [10], authors proposed a novel algorithm which is the 

combination of Genetic Algorithm and Random Forest (GARF). This 

algorithm used for the feature selection from Positron Emission  

Tomography (PET) images and clinical data. GARF improves the 

accuracy compared with the other methods.  

Y Zhang et al [11] proposed ICFS to automate the seizure 

detection. They used feature selection by random forest classifier.  

Nisha Arora and Pankaj DeepKaur [12] proposed BSRF technique 

finds the credit risk accurately and supports to make decisions. Better 

classification accuracy was achieved by selecting features using 

Random Forest classifier. To distinguish between ridge and non-ridge 

patterns, segmenting latent finger prints was proposed in Modified 

RELIEF formulation [13]. 

 Yunming Ye et al. proposed a technique to select features 

subspaces for random forest using stratified sampling method. To 

divide the features into strong and weak groups stratification variable 

was introduced, through which this method increases the random 

forest strength and maintains the correlation [14].  

Lakshmanaprabu et a.l proposed a healthcare system based on IoT 

which has implemented using Map Reduce Process and Random 

Forest Classifier (RFC).  In this system, RFC classifier is used to 

classify the e-health data and better classification was achieved by 

choosing the attributes by using Improved Dragonfly Algorithm 

(IDA)[15]. 
  

3 Methodology 
 

In this section, KNN algorithm, elbow method to choose optimal 

„k‟ value, distance metrics and scaling used in this work are discussed. 

In this research dataset has been taken and passed through the pre-

processing stage which was used for standardizing the data, in turn the 

various steps explained in below sections were applied to find optimal 

„k‟ value of KNN algorithm using elbow method in order to achieve 

the best prediction accuracy. 
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a. KNN algorithm 

 

 
                                   Figure 1 Methodology diagram 

3.1 KNN Algorithm 

 

KNN algorithm operates on very simple method. It is one of the 

top 10 machine learning algorithms. KNN classifier has shown 

effective results in many problems. The steps of KNN are shown 

below: 

Step 1: Calculate the distance from x (test data) to all points 

Step 2: Sort the points by increasing the distance from x. 

Step 3: Predict the majority label of the „k‟ closest points.  

 
3.2 Distance Calculation 
  

In KNN classifier, the distance between the observations are 

depending on the scale of the variation, large scale variables will have 

a large effect and small scale variable have smaller effect, thus, scale 

of the variables are important. Accordingly, this research, standardized 

the variables in order to provide same importance to all features. 

In this proposed work, Minkowski Distance metric is used. This 

metric is a metric in normed vector space which means a norm is 

defined in the vector space. It is the generalization of Euclidean and 

Manhattan distance metrics. If X is vector space, then a norm on X is a 

real value function ||x|| which satisfies the conditions below: 

 

1. Zero Vector - This vector will have zero length 

2. Scalar Factor - The vector direction will not change when a 

positive number is multiplied with it though its length will be changed. 
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3. Triangle Inequality – When the distance is a norm, the distance 

calculated between two points will always be a straight line. 

The normed factor is necessary due the above properties that helps to 

keep the norm induced metric- homogeneous and translation invariant. 

The distance using Minkowski is calculated with the following 

formula: 

 

X = (x1, x2, x3,……, xn)  and Y = (y1, y2, y3,……, yn)                        (1) 

 

                                                                          (2) 

 

The Minkowski distance of order of p  (where p is an integer) 

between two points; x and y are the co-ordinates in the metrics. 

Since Minkowski distance metric is the generalized one, the 

formula can be manipulated in different ways to calculate the distance 

between two data points. The value of p can be manipulated and the 

distance can be calculated in three different ways- 

 

p = 1, Manhattan Distance 

p = 2, Euclidean Distance 

p = ∞, Chebychev Distance 

The above distance metrics is used by many researches. 

 

In the proposed research all the three metrics were tried to get the best 

approach, however it was found that no significance difference in 

accuracy, hence this research used Manhattan distance used to find the 

distance between training set row and test set rows.  

 
3.3 Get Nearest Neighbors and Factors Affecting KNN 

 

By using the distance function prepared in Sec 3.2, distance between 

new data and each record in existing dataset were calculated. Accordingly, 

neighbors for a new piece of data have been calculated. After the 

calculation, records are sorted in the training set based on their distance to 

new data. Most similar neighbors are selected as top K. 
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KNN algorithm‟s performance is affected by three factors such as 

dimensionality of the data points, data distribution and based on  

optimal k value. Dimensionality of data points mainly happens 

because of Euclidean distance, it does not weigh based on relevant or 

irrelevant features and weigh of each feature.  Another reason is the 

data distribution, a region of high data point concentration is sensitive 

even to small changes, whereas low density regions will tolerate larger 

change. Moreover, uniformity of data distribution is never possible. 

The third reason is the size of „k‟, „k‟ returned neighbors affects the 

accuracy, and there is a bias for the larger 'k' values which will tend 

towards the dominant class. In this research, principal component 

analysis (PCA) was applied to reduce the dimensionalities, whereas 

there is no significant improvement in accuracy prediction, since the 

dataset has fewer features. 

 

 
3.4  Prediction 

 

Standardization is a step of data preprocessing which is applied to 

attributes and helps to normalize the data within a particular range. 

Standardization replaces the values by their Z scores; where z scores 

are calculated using eqn (3)  

 

                                                                                   (3) 

Where  is mean,   is standard deviation and x is calculated using 

min max scaling variable. 

In this research, standard fit method is used for feature scaling. To 

avoid the inaccurate predictions, train, test split-up was applied on an 

entire dataset with 70%, 30% respectively. Moreover, in this proposed 

model, issues related to overfitting and underfitting was verified. 

Predictions of the KNN algorithm were tested and this model was 

evaluated. It was found that prediction accuracy was varied as per the 

change of „k‟ value. Significance of choosing the „k‟ value became 

necessary to attain the high accuracy prediction. 
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3.4.1 Optimal Value 

 

In many researches, it was shown that finding the optimal number 

of neighbors is getting varied between different datasets. Computation  

used to be expensive for large number of neighbors and noise will be 

high for the case of small number of neighbors. 

To find the optimal value, rerun the algorithm for many times 

using different number of neighbors. To avoid the index out of range 

error, it means arbitrary „k‟ value can't be large, in order to have less 

neighbors than the number of observations in the training data set.  In 

some situations, nearest neighbor classifiers perform well for small 'k' 

since it matches the cosine and points that were far are considered into 

the 'other-class zone'. While other times, „k‟ value is considered large 

since it matches almost linear function because the points on 'other 

side' are ignored. The classifiers are confused for the „k‟ values which 

are in between and classification border gets varied based on training 

and test data. This causes the variance and the bias to be higher for a 

moderate „k‟ than for extreme low/high „k‟. By considering above 

stated reasons and functionalities of KNN, this research, applies the 

KNN with elbow method which determines „k‟ optimal value. 

 

 
3.4.2 Elbow Method 

 

To find the „k‟ optimal value this research applied the „elbow‟ method, 

algorithm assigns all members to „k‟ even if that is not the correct 

value of „k‟. So, elbow method is used to determine the „k‟ optimal 

value. This method is one of the popular methods that helps scientist to 

choose the optimal number of clusters for KNN. The noise on the 

classification is reduced by optimal k value. This method helps the 

user to specify „k‟ value in advance since KNN is naïve and assigns all 

members of same clusters even if that is not the right „k‟ for the 

dataset. Scaling is done on the dataset before classifying because the 

variable on a large scale will have a larger effect than variables on a 

small scale. 

In the section 4, experiment and result section discusses the 

various optimal values, plotted in the graphs in order to identify the k 

values, to choose the best cluster and to reduce the noise value. 
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4 Experimental Results and Discussion 
 

This section discusses the experimental results. The datasets used 

are diabetes, heart and mammogram, which are obtained from UCI 

repository [16]. The objective is to predict whether a patient has the 

disease or not. In diabetes dataset, all patients are females with at least 

21 years old of Pima Indian heritage. The dataset has 9 attributes. The 

heart dataset contains 14 attributes and mammogram contains 6 

attributes. The datasets are divided into 30% test data and 70% training 

data.  

In KNN classification, „k‟ value plays a major role. Depending on 

the k value, the accuracy of the prediction differs. So choosing a best 

„k‟ value is very important. In this study, to choose the „k‟ optimized 

value, elbow method of graph plotting is used. In elbow method, the 

graph is plotted with different „k‟ values and the error rate for each of 

the k value.  The Figure 2, Figure 3 and Figure 4 shows the elbow 

method graph of diabetes, heart and mammogram datasets. 

In Figure 2, the elbow method graph for diabetes dataset shows 

that after round k>19 the error rate tends to hover around 0.23 to 0.24. 

So the optimal value of „k‟ is 19. The results in Table 1 shows that 

when k = 1, the accuracy of the disease prediction is 73% and with 

optimal k = 19 shows the accuracy 81% which is 7% of the increase. 
 

 
 

 

Figure 2: Elbow method graph for Diabetes dataset 
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Figure 3, the elbow method graph for heart dataset shows that after 

round k>8 the error rate tends to hover around 0.26 to 0.25. Hence the 

optimal value of „k‟ is 8. The results in Table 1 shows that when k = 1, 

the accuracy of the disease prediction is 73% and with optimal k = 8 

shows the accuracy 80% which is 5% of the increase. 
 

 
Figure 3: Elbow method graph for Heart dataset 

 

In Figure 4, the elbow method graph for mammogram shows that 

after round k>9 the error rate tends to hover around 0.19 to 0.22 and 

the optimal value of k is 9. The results in Table 1 shows that when k = 

1, the accuracy of the disease prediction is 72% and with optimal          

k = 9 shows the accuracy 81% which is 9% of the increase. 
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Figure 4: Elbow method graph for Mammogram dataset 

 

 

 

TABLE 1: Comparison of accuracy with k value with different datasets 

 

Dataset K value Accuracy 

Diabetes 

1 73 

19 81 

Heart 

1 75 

8 80 

Mammogram 

1 72 

9 81 

 

From Figure 2,3,4 it is shown that the optimal value of „k‟ plays a 

major role in the KNN classification of machine learning. 
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5 Conclusion 
In this paper, choosing an optimal „k‟ value using elbow method is 

examined for the classification of KNN machine learning method. 

Three datasets have been used from UCI machine learning repository. 

Elbow method graph is plotted for „k‟ value versus error rate and 

optimal „k‟ value is determined using the graph. The experimental 

result shows that the optimal „k‟ value gives good accuracy for 

predicting the patient‟s disease. This method of finding „k‟ optimal 

value can be used in KNN for the classification of any dataset. 
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