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Abstract 

The main purpose of this thesis project is to prediction of symptom severity and cause 

in data from test battery of the Parkinson’s disease patient, which is based on data 

mining. The collection of the data is from test battery on a hand in computer.  

We use the Chi-Square method and check which variables are important and which are 

not important. Then we apply different data mining techniques on our normalize data 

and check which technique or method gives good results. 

The implementation of this thesis is in WEKA. We normalize our data and then apply 

different methods on this data. The methods which we used are Naïve Bayes, CART 

and KNN.  

We draw the Bland Altman and Spearman’s Correlation for checking the final results 

and prediction of data. The Bland Altman tells how the percentage of our confident level 

in this data is correct and Spearman’s Correlation tells us our relationship is strong.   

On the basis of results and analysis we see all three methods give nearly same results. 

But if we see our CART (J48 Decision Tree) it gives good result of under predicted and 

over predicted values that’s lies between -2 to +2. The correlation between the Actual 

and Predicted values is 0,794in CART. Cause gives the better percentage classification 

result then disability because it can use two classes.   
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1. Introduction  

Parkinson's disease (also known as Parkinson disease or PD) is a degenerative 

disorder of the central nervous system that often impairs the sufferer's motor skills, 

speech, and other functions. [1] 

Parkinson's disease belongs to a group of conditions called movement disorders. It is 

characterized by:  

• Muscle rigidity 

• Tremor 

• A slowing of physical movement (bradykinesia) 

• A loss of physical movement (akinesia)  

The primary symptoms are the results of decreased stimulation of the motor cortex by 

the basal ganglia, normally caused by the insufficient formation and action of dopamine, 

which is produced in the dopaminergic neurons of the brain.  

Secondary symptoms may include high level cognitive dysfunction and subtle language 

problems. PD is both chronic and progressive. 

PD is the most common cause of chronic progressive Parkinsonism, a term which refers 

to the syndrome of tremor, rigidity, bradykinesia and postural instability. PD is also 

called "primary parkinsonism" or "idiopathic PD" (classically meaning having no known 

cause although this term is not strictly true in light of the plethora of newly discovered 

genetic mutations). While many forms of Parkinsonism are "idiopathic", "secondary" 

cases may result from toxicity most notably of drugs, head trauma, or other medical 

disorders.  

The term Parkinsonism is used for symptoms of tremor, stiffness, and slowing of 

movement caused by loss of dopamine.  

"Parkinson's disease" is the synonym of "primary parkinsonism", i.e. isolated 

Parkinsonism due to a neurodegenerative process without any secondary systemic 

cause. In some cases, it would be inaccurate to say that the cause is "unknown", 

because a small proportion is caused by genetic mutations. It is possible for a patient to 
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be initially diagnosed with Parkinson's disease but then to develop additional features, 

requiring revision of the diagnosis. [2] 

 

1.1 Background 

A test battery based on a PDA with touch screen and built in mobile communication has 

been used to capture symptoms from about 65 patients. The test battery consists of 

both disease-related questions to the patient and motor tests, such as tapping and 

spiral drawing on the screen. There is a database available with around 300 weekly 

registration periods with about four registrations per day. At each registration, three 

spiral drawings are available. Some hundreds of these spirals have been rated on a 

clinical scale for drawing impairment and associated cause by two clinical experts. 

Summary scores from the spirals based on wavelet transform methods have already 

been computed. Patients’ own assessments of symptoms and speed and accuracy in 

tapping tests are available in the database as well. 

 

1.2 Problem Definition 

As mention above the data from the Parkinson’s patients is quite huge that makes it 

difficult for clinical experts to predict manually for all the tests being conducted.  

Therefore a systematic way to assess the type and the intensity of the symptoms is 

needed. If several ways are suitable, then a comparison to judge which method best 

suites this situation. 

Data mining using WEKA tool to reduce to the important features which are most 

relevant to the cause and disability of the patients and to provide suitable analysis 

based on different methods such as CART, Naïve Bayes and KNN in this regards. This 

will provide the relevant data to the clinical experts to judge the patients conditions in a 

systematic manners with the minimal possible chances of error.  

The task is to construct two-output classifiers using methods built in the WEKA package, 

using the ratings from the clinical experts as targets. Inputs as mention above are self 
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assessments, tapping results and spiral scores. The different inputs should be analysed 

for relevance and only imperative ones should be selected. Part of the data should be 

used for training and part for testing of performance. Different methods should be tested. 

Optimize and evaluate all systems in terms of their design parameters. Which method is 

most successful in the end? 
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2. Methodology  

 

2.1 Data Mining  

Data mining is primarily used today by companies with a strong consumer focus - retail, 

financial, communication, and marketing organizations. It enables these companies to 

determine relationships among "internal" factors such as price, product positioning, or 

staff skills, and "external" factors such as economic indicators, competition, and 

customer demographics. And, it enables them to determine the impact on sales, 

customer satisfaction, and corporate profits. Finally, it enables them to "drill down" into 

summary information to view detail transactional data. 

Different levels of analysis are available:  

• Artificial neural networks: Non-linear predictive models that learn through 

training and resemble biological neural networks in structure. 

• Genetic algorithms: Optimization techniques that use process such as genetic 

combination, mutation, and natural selection in a design based on the concepts 

of natural evolution.  

• Decision trees: Tree-shaped structures that represent sets of decisions. These 

decisions generate rules for the classification of a dataset. Specific decision tree 

methods include Classification and Regression Trees (CART) and Chi Square 

Automatic Interaction Detection (CHAID). CART and CHAID are decision tree 

techniques used for classification of a dataset. They provide a set of rules that 

you can apply to a new (unclassified) dataset to predict which records will have a 

given outcome. CART segments a dataset by creating 2-way splits while CHAID 

segments using chi square tests to create multi-way splits. CART typically 

requires less data preparation than CHAID.  

• Nearest neighbor method: A technique that classifies each record in a dataset 

based on a combination of the classes of the k record(s) most similar to it in a 
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historical dataset (where k 1). Sometimes called the k-nearest neighbor 

technique.  

• Rule induction: The extraction of useful if-then rules from data based on 

statistical significance.  

• Data visualization: The visual interpretation of complex relationships in 

multidimensional data. Graphics tools are used to illustrate data relationships [3] 

 

2.2 WEKA 

The WEKA workbench contains a collection of visualization tools and algorithms for 

data analysis and predictive modeling, together with graphical user interfaces for 

easy access to this functionality. The original non-Java version of WEKA was a 

TCL/TK front-end to (mostly third-party) modeling algorithms implemented in other 

programming languages, plus data preprocessing utilities in C, and a Make file-

based system for running machine learning experiments. This original version was 

primarily designed as a tool for analyzing data from agricultural domains, but the 

more recent fully Java-based version (WEKA 3), for which development started in 

1997, is now used in many different application areas, in particular for educational 

purposes and research. The main strengths of WEKA are that it is 

• freely available under the GNU General Public License,  

• very portable because it is fully implemented in the Java programming 

language and thus runs on almost any modern computing platform,  

• contains a comprehensive collection of data preprocessing and modeling 

techniques, 

• Is easy to use by a novice due to the graphical user interfaces it contains.  

WEKA supports several standard data mining tasks, more specifically, data 

preprocessing, clustering, classification, regression, visualization, and feature 

selection.  

The Explorer interface has several panels that give access to the main components 

of the workbench. The Preprocess panel has facilities for importing data from a 
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database, a CSV file, etc., and for preprocessing this data using a so-called filtering 

algorithm. The Classify panel enables the user to apply classification and regression 

algorithms to the resulting dataset, to estimate the accuracy of the resulting 

predictive model, and to visualize erroneous predictions, ROC curves, etc., or the 

model itself. [4] 

 

2.3  Classification Methods 

Classification methods used in order to categorize the email messages into various 

folders. We have made use of three supervised and one unsupervised method. The 

supervised methods used are Naïve Bayes classifier, J48 Decision Trees and Support 

Vector Machines, whereas the unsupervised method is an adaptation of the K-means 

clustering method.  

  

Naïve Bayes Classifier: - 

 The Naïve Bayes classifier works on a simple, but comparatively intuitive concept. Also, 

in some cases it is also seen that Naïve Bayes outperforms many other comparatively 

complex algorithms. It makes use of the variables contained in the data sample, by 

observing them individually, independent of each other. 

  

The Naïve Bayes classifier is based on the Bayes rule of conditional probability. It 

makes use of all the attributes contained in the data, and analyses them individually as 

though they are equally important and independent of each other.  For example, 

consider that the training data consists of various animals (say elephants, monkeys and 

giraffes), and our classifier has to classify any new instance that it encounters. We know 

that elephants have attributes like they have a trunk, huge tusks, a short tail, are 

extremely big, etc. Monkeys are short in size, jump around a lot, and can climbing trees; 

whereas giraffes are tall, have a long neck and short ears.  
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The Naïve Bayes classifier will consider each of these attributes separately when 

classifying a new instance. So, when checking to see if the new instance is an elephant, 

the Naïve Bayes classifier will not check whether it has a trunk and has huge tusks and 

is large. Rather, it will separately check whether the new instance has a trunk, whether 

it has tusks, whether it is large, etc. It works under the assumption that one attribute 

works independently of the other attributes contained by the sample. 

  

J48 Decision Trees: - 

A decision tree is a predictive machine-learning model that decides the target value 

(dependent variable) of a new sample based on various attribute values of the available 

data. The internal nodes of a decision tree denote the different attributes; the branches 

between the nodes tell us the possible values that these attributes can have in the 

observed samples, while the terminal nodes tell us the final value (classification) of the 

dependent variable.  

  

The attribute that is to be predicted is known as the dependent variable, since its value 

depends upon, or is decided by, the values of all the other attributes. The other 

attributes, which help in predicting the value of the dependent variable, are known as 

the independent variables in the dataset.  

  

The J48 Decision tree classifier follows the following simple algorithm. In order to 

classify a new item, it first needs to create a decision tree based on the attribute values 

of the available training data. So, whenever it encounters a set of items (training set) it 

identifies the attribute that discriminates the various instances most clearly. This feature 

that is able to tell us most about the data instances so that we can classify them the 

best is said to have the highest information gain. Now, among the possible values of 

this feature, if there is any value for which there is no ambiguity, that is, for which the 

data instances falling within its category have the same value for the target variable, 

then we terminate that branch and assign to it the target value that we have obtained.  
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For the other cases, we then look for another attribute that gives us the highest 

information gain. Hence we continue in this manner until we either get a clear decision 

of what combination of attributes gives us a particular target value, or we run out of 

attributes. In the event that we run out of attributes, or if we cannot get an unambiguous 

result from the available information, we assign this branch a target value that the 

majority of the items under this branch possess. [5] 

 

 K-nearest neighbor algorithm:- 

In pattern recognition, the k-nearest neighbors algorithm (k-NN) is a method for 

classifying objects based on closest training examples in the feature space. k-NN is a 

type of instance-based learning, or lazy learning where the function is only 

approximated locally and all computation is deferred until classification. The k-nearest 

neighbor algorithm is amongst the simplest of all machine learning algorithms: an object 

is classified by a majority vote of its neighbors, with the object being assigned to the 

class most common amongst its k nearest neighbors (k is a positive integer, typically 

small). If k = 1, then the object is simply assigned to the class of its nearest neighbor. 

The same method can be used for regression, by simply assigning the property value 

for the object to be the average of the values of its k nearest neighbors. It can be useful 

to weight the contributions of the neighbors, so that the nearer neighbors contribute 

more to the average than the more distant ones. (A common weighting scheme is to 

give each neighbor a weight of 1/d, where d is the distance to the neighbor. This 

scheme is a generalization of linear interpolation.) 

The neighbors are taken from a set of objects for which the correct classification (or, in 

the case of regression, the value of the property) is known. This can be thought of as 

the training set for the algorithm, though no explicit training step is required. The k-

nearest neighbor algorithm is sensitive to the local structure of the data. [6] 
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2.4 Data Collection: 

A test battery based on a PDA with touch screen and built in mobile communication has 

been used to capture symptoms from about 65 patients. The test battery consists of 

both disease-related questions to the patient and motor tests, such as tapping and 

spiral drawing on the screen. There is a database available with around 300 weekly 

registration periods with about four registrations per day. At each registration, three 

spiral drawings are available. Some hundreds of these spirals have been rated on a 

clinical scale for drawing impairment and associated cause by two clinical experts. 

Summary scores from the spirals based on wavelet transform methods have already 

been computed. Patients’ own assessments of symptoms and speed and accuracy in 

tapping tests are available in the database as well. 

 

2.5 Data Selection: 

Data selection is an important part. We select the inputs on the basis of output. We see 

which values are imports to taking a decision or for calculating the output. The inputs 

which we are selected for our data are: 

  

Tap data Flipped 

• Speed  

• Accuracy  

In the tap data flipped we see the speed and accuracy. The values of speed are 8, 9 

and 11. The values of accuracy are 8, 9, 10 and 11.We gets these values from our data 

and calculates the mean and standard deviation.  

Wavelets Data 

• Question ID  

• First_PCA_R 

• First_PCA_DRDT 
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In wavelets data we select the above attributes. The values of Question ID are 13, 14, 

and 15. Then we calculate the average and gets mean and standard deviation on the 

data.  

The formulas of mean and SD is: 

Mean: 

 

 

Standard Deviation:  

 

 

Answer 

• Answer Value  

• Question ID  

We select the above input from our answer. These values are very important in our 

database. We just focus on Question ID 7. We get the Question ID 7 and against this 

value we get the answer value. In the answer value we calculate the value from the 

following formula.  

((-1)*AV)+4 

Due to this formula we get the values range between +3 to -3.  

 

After feature selection we normalize our data and put it in WEKA and apply 

classification methods. 

 

2.6 Variable Selection 

A chi-square test (also chi-squared or χ2  test) is any statistical hypothesis test in which 

the sampling distribution of the test statistic is a chi-square distribution when the null 

hypothesis is true, or any in which this is asymptotically true, meaning that the sampling 
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distribution (if the null hypothesis is true) can be made to approximate a chi-square 

distribution as closely as desired by making the sample size large enough.[14] 

The Chi-square method we are use for selection of variables. We apply Chi-Square 

method that accept some variables and reject the other. We use just these variables 

that are dependent on our data.  

2.7 K-fold cross-validation 

In K-fold cross-validation, the original sample is randomly partitioned into K subsamples. 

Of the K subsamples, a single subsample is retained as the validation data for testing 

the model, and the remaining K − 1 sub samples are used as training data. The cross-

validation process is then repeated K times (the folds), with each of the K subsamples 

used exactly once as the validation data. The K results from the folds then can be 

averaged (or otherwise combined) to produce a single estimation. The advantage of this 

method over repeated random sub-sampling is that all observations are used for both 

training and validation, and each observation is used for validation exactly once. 10-fold 

cross-validation is commonly used. 

In stratified K-fold cross-validation, the folds are selected so that the mean response 

value is approximately equal in all the folds. In the case of a dichotomous classification, 

this means that each fold contains roughly the same proportions of the two types of 

class labels. [15] 

2.8 Bland-Altman plot 

In data analysis we include difference and actual values. We calculate the difference 

from actual and predicted values. The results exist some data have exceed 1.96std. It 

seems that the data from database might have some noise.  

The results are plotted by Bland-Altman plot method. The data is between +-1.96std 

intervals. We also draw the line on the mean value.  

The difference between the actual and predicted has been draw. The results were 

displayed by Bland-Altman plot method. Consider a set of n samples.  

Both assays are performed on each sample, resulting in 2n data points. Each of the n 

samples is then represented on the graph by assigning the mean of the two 
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measurements as the abscissa (x-axis) value, and the difference between the two 

values as the ordinate (y-axis) value. [12] 

Hence, the Cartesian coordinates of a given sample S with values of S1 and S2 

determined by the two assays is  

 

It is general to calculate the limits of agreement throughout Bland-Altman analysis, 

which is the 95% confidence interval of the difference between the methods. This is 

defined as bias +/- 1.96 STD (average difference +/- 1.96 standard deviation of the 

difference).  

2.9 Spearman's rank correlation coefficient 

In statistics, Spearman's rank correlation coefficient or Spearman's rho, named after 

Charles Spearman and often denoted by the Greek letter ρ (rho) or as rs, is a non-

parametric measure of correlation – that is, it assesses how well an arbitrary monotonic 

function could describe the relationship between two variables, without making any 

other assumptions about the particular nature of the relationship between the variables. 

Certain other measures of correlation are parametric in the sense of being based on 

possible relationships of a parameterized form, such as a linear relationship. [13] 

In practice, however, a simpler procedure is normally used to calculate ρ. The raw 

scores are converted to ranks, and the differences between the ranks of each 

observation on the two variables are calculated. 

If there are no tied ranks, then ρ is given by: 

 

Where: 

di = xi − yi = the difference between the ranks of corresponding values Xi and Yi, and  

n = the number of values in each data set (same for both sets). 
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3. Results  

Cause 

In cause when we apply the Chi-Square the First_PCA_DRDT_N and Answer value 

variables are important and other are not important.  

Naïve Bayes  
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Confusion Matrix: 

A confusion matrix is a simple method of describing the results of the experiment. The 

columns represent the predictions, and the rows represent the actual class. It shows 

that 77 instances were correctly predicted as 0 classes. These cases are also known as 

“True Positives”. The table also shows that 80 instances were correctly predicted as 

class 1. These cases are also known as “True Negatives”. Correct predictions always lie 

on the diagonal of the table. 

 On the other hand, it shows that 14 instances were predicted as class 0 when they 

were in fact in class 1. These cases are also known as “False Positives”. Lastly, it 

shows 11 instances that were incorrectly predicted as in class 1. These cases are also 

known as “False Negatives”.  
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CART (J48) 

Here we simply used J48 Decision Tree followed in the discussion part. The numbers of 

leaves are 4 and the size of tree is 7. 
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 KNN 

The classification technique is used is IBK and the value of KNN is 2.  

 



Imran Qayyum Khan Degree Project 

 E3848D February 2010  

___________________________________________________________________________ 
Dalarna University                                                                                                                                    Tel +46(0)237780000  

Röda Vägen 3S-781-88                                                                                                                              Fax:+46(0)23778080 

Borlänge Sweden                                                                                                                             http://du.se                                                                                                       

23 

 

Disability 

In disability the variable that are important are First_PCA_R_N, First_PCA_DRDT_N 

are very important variables. 

NavieBayes
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CART (J48)  

Here we simply used J48 Decision Tree followed in the discussion part. The numbers of 

leaves are 19 and the size of tree is 37.  
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KNN    

The classification technique is used is IBK and the value of KNN is 10. 
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4. Analysis  

The Bland Altman of Naïve Bayes, CART, and KNN are given below: 

Bland Altman of Navie Bayes 

 

Figure 1
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Bland Altman of CART 

 

Figure 2
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Bland Altman of KNN 

 

Figure 3 
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Spearman's rank correlation of NaiveBayes 

Correlations: Rank Actual and Rank Predicted 

Correlation of Rank Actual and Rank Predicted = 0,814 

P-Value < 0, 0001 

 

Figure 4
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Spearman's rank correlation of CART 

Correlations: Rank Actual and Rank Predicted 

Correlation of Rank Actual and Rank Predicted = 0,794 

P-Value < 0, 0001 

 

Figure 5
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Spearman's rank correlation of KNN 

Correlations: Rank Actual and Rank Predicted 

Correlation of Rank Actual and Rank Predicted = 0,649 

P-Value < 0, 0001 

 

 

Figure 6 
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5. Conclusion 

On the basis of results and analysis we see which method is best on our given data. 

After seeing the results and analysis on our data we see that all three methods give 

nearly same results. 

The cause gives the better percentage results in classification then disability because it 

used just two classes. The predicted instances or correctly classified are in the diagonal, 

that's show, most of our data in the middle and correctly classified. The selection of 

variables is based on the Chi-Square. The variables that is not important for our data is 

removed by applying the Chi-Square. The 10 fold cross validation is in our data is that 

we divide it in 10 sets. Train on 9 datasets and test on 1. 

If we see the CART gives the good results. The most of our data values in CART are 

nearly between -2 to +2. That’s means the under predicted and over predicted value lies 

between these ranges. The technique or method that we use in CART is J48 Decision 

Tree.  

In Bland Altman of CART we see some of values are up and down from our reference 

lines. In the center there is a mean value, that’s telling us how much our data is 

correctly classified and near the mean line. 

The correlation between the Actual and Predicted values is 0,794in CART.  That shows 

the relation between the actual and predicted values is strong.  
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6. Discussion and Future Work 

In first part of the thesis we see which technique is using in our data and then analyze 

the data on the basis of different techniques. The techniques that we use are Naïve 

Bayes, CART and KNN. In the result part we can see that the both three techniques 

give the same result on our data. 

We see in the result part that in cause the percentage values are good instead of 

disability. In cause we see the result percentage is good because there using just two 

classes, but the confusion matrix didn’t gives us the good result. In disability we use ten 

classes and see the confusion matrix result is in the diagonal but didn’t give the good 

result in the correctly classified instance. If we change the value of KNN in J48 tree 

then, the confusion matrix is change.  

We break our data into 10 sets of size n/10.Train on 9 datasets and test on 1. Repeat 

10 times and take a mean accuracy.   

In Bland Altman the values of whole three techniques are nearly same. The graph is 

range is between -3 to +3 and our values are mostly lies between -2 to +2. That shows 

the classification is fine. In correlation the P-values is < 0, 0001. 

In future we analyze our data more deeply by using the different techniques of data 

mining and use the different tree technique instead of J48 and also using different 

methods. We also use the different techniques of the KNN with different neighboring 

values. 
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6.1 Decision Tree (J48):  

Cause:  

In cause the most important variables are answervalue and first_PCA_DRDT_N. If we 

see in the tree the answer values are <=--1 to >-1 and the >-1 values are in <=0 to >0. If 

the answer value is <=0 then it goes on first_PCA_DRDT_N and these values lies 

between <=-0610091 to >-0.610091. The 0 or 1 value shows the class values. 
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Disability: 
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