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 Health care data are having exponential growth in volume and complexity. A dataset 

contains several attributes. Often, the selection of features is a crucial step that aims to 

challenge the curse of dimensionality to improve the prediction of performance in 
classification systems. It is a complicated task with many essential methods in decisions 

to make. Choosing the efficient classification algorithm for a multi-dimensional health 

care dataset is a wide-spread and real world problem. One of the most critical tasks is 
choosing an appropriate measure to evaluate the classification performance and rank the 

algorithms.  This paper, focus on this specific work. We present the correlation attribute 

evaluation feature selection for dimensionality reduction and t-test for comparing the 
performance of different classifiers before and after dimensionality reduction. Different 

classifiers used in this work are Naïve Bayes (NB), k- Nearest Neighbour (kNN), 

Classification tree (CT) and Clark and Nilbert2 (CN2). Empirical results shown that 
CN2 classifier is best for the multi-dimensional thyroid dataset by comparing 

classification accuracy of the different classifiers. There is no significant difference 

between before and after the dimensionality reduction in the four classifiers in the 
performance measure. 
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INTRODUCTION 

 

 Information and data are being accumulation is increasing never seen in traditional methods of handling 

those huge amounts are not sufficient. This is true in the healthcare industry. Hospitals, health care 

organizations, insurance companies and the federal government have huge collections of data about patients, 

their health care problems, the clinical procedures used, their cost and the outcomes. Understanding relationship 

in this data is critical for a variety of problems, ranging from determining what procedures and clinical records 

are most effective to how best to deliver health care to the most people in a period of diminishing resources 

[Fatemeh et.al.]. 

 Characteristics of health care data, including issues of data availability and complicate representation 

models, can make health care data mining applications challenging and interesting. The major challenges in 

health care data mining are huge volume of data, regular update, inconsistent data representation, poor 

integration, noise, number of variables and missing or incomplete data [Fatemeh et.al.]. 

 One popular approach that is frequently being used in the healthcare industry and that was quite efficient in 

analyzing data is Data Mining. Today, Data Mining plays a vital role in widely used to understand marketing 

patterns, customer behavior, examine patient‟s data, and detect fraud, etc. Data Mining can be applied to 

different tasks related to decision-making. Data Mining can potentially improve organizational processes and 

systems in hospitals, advance medical methods and therapies, provide better patient relationship management 

practices, and improve ways of working within the healthcare organization [Fatemeh et.al.]. 

 The thyroid is an endocrine secretory which looks like to butterfly and it is located in the lower front part of 

the neck. Thyroid is responsible for producing the thyroid hormones. These hormones are released into the 
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blood and carried to tissues via the blood. Thyroid hormones govern the body functions such as energy usage, 

controlling the body temperature and keeping organs working as believed [wikipedia]. The two main thyroid 

hormones produced by the thyroid gland are triiodothyronine and levothyroxine, which are called T3 and T4 

respectively. Thyroid hormone production is too less than the normal level is called hypothyroidism and too 

much thyroid hormone production (hyperthyroidism) generally cause thyroid function abnormalities. Decision 

of thyroid diagnosis is made after getting clinical tests, including the amount of thyroxine and triiodothyronine 

hormones and thyroid stimulating hormone (TSH). Proper discovery of the thyroid lobe functional data is an 

important issue of the diagnosis of disease. 

 The important issue, especially for the high dimensional dataset is dimensionality reduction. In statistics 

and machine learning, feature selections also known as attribute selection. Feature selection is the process of 

selecting a subset of relevant features for use in classifying model construction. In the field of data mining, 

statistics, machine learning and pattern recognition has an active attention and development in decades for 

attribute selection and evaluation. Discovery can be attained more efficiently and effectively with just relevant 

and non redundant attributes. Feature selection is crucial for examining different dimensional health care data. 

In data mining and machine learning, all the computational classifiers recommended only few necessary features 

for disease diagnosis.  Feature selection is broadly classified into two categories are subset selection method and 

ranking methods.  

 The rest of the paper is organized as follows: we described the related work,materials and methods. In result 

analysis and conclusion of our work. 

 

1. Related Work: 

 Health care has been the most rapidly growing segment. Thyroid is an endocrine gland which is one of the 

most important organs which looks like a butterfly and it is located at the lower part of the neck in the body. 

Thyroid is responsible for producing the thyroid hormones which is responsible for controlling the metabolism. 

These hormones are release into the blood and carried to the tissue via blood. It regulates the body functions 

such as energy usage, controlling the body temperature and keepings organs working as desired [4]. Two main 

thyroid hormones secreted by the thyroid gland are triiodothyronine (T3) and levothyroxine (T4). These 

hormones affect nearly all tissues of the body and increases cellular activity. The thyroid lobe is prostrate to 

several very distinct troubles: for example, goitres, thyroid cancer, solitary thyroid nodules, hyperthyroidism, 

hypothyroidism, and thyroiditis [Hui-ping et.al.]. 

 Hasan Makas et.al. presented “A Comprehensive Study on Thyroid Diagnosis by Neural Networks and 

Swarm Intelligence”.  They collected the thyroid dataset from the UCI repository. The dataset contains 5 

features and 3 classes. The 5 features are T3 resin uptake test, total serum thyroxin, total serum triiodothyronine, 

Basal TSH, Maximum TSH change after thyrotropin  injection. Class labels are class 1: Normal, class 2: 

Hyperthyroid and class 3: Hypothyroid. They designed multi-layer neural network(MLNN), learning vector 

quantisation(LVQ), probabilistic neural network(PNN), general regression neural network(GRNN), Elman 

neural network(ENN), focused time delay neural network(FTDNN), particle swarm optimization(PSO), 

artificial bee colony(ABC), migrating birds optimization(MBO) and cascade feed-forward neural 

network(CFNN) to diagnose the thyroid disease. 

 Shiva née pandey et.al [2013] presented “diagnosis and classification of hypothyroid disease using data 

mining techniques”. They collected the thyroid dataset from the UCI repository. This thyroid dataset contains 29 

attributes and 4 class labels. They done the various data mining techniques like Bayes net, Multilayer 

perceptron, RBF network, C4.5, CART, REP tree, decision stump, is used to develop classifier for diagnosis and 

classification of hypothyroid disease. 

 Ahmad Taher Azar et.al. presented “Expert system based on neural fuzzy rules for thyroid diseases 

diagnosis”. They collected the thyroid dataset from the UCI repository. The dataset contains 5 features and 3 

classes. The 5 features are T3 resin uptake test, total serum thyroxin, total serum triiodothyronine, Basal TSH, 

Maximum TSH change after thyrotropin  injection. Class labels are class 1: Normal, class 2: Hyperthyroid and 

class 3: Hypothyroid. They proposed an algorithm Linguistic Hedges Neural Fuzzy classifier with selected 

features for diagnosis of thyroid disease. Evaluation of this expert system is estimated by using classification 

accuracy and k-fold cross-validation. The classification accuracy without feature selection was 98.6047% and 

97.6744% during training and testing phases, respectively with RMSE of 0.02335. After applying feature 

selection algorithm, LHNFCSF achieved 100% for all cluster sizes during training phase. In the testing phase 

LHNFCSF achieved 88.3721% using one cluster for each class, 90.6977% using two clusters, 91.8605% using 

three clusters and 97.6744% using four clusters for each class and 12 fuzzy rules. 

 Hui-ping cheng et.al. presented “A hybrid multiclass classifier based on artificial immune algorithm and 

support vector machine”. They collected the thyroid dataset from the UCI repository. The dataset contains 5 

features and 3 classes. The 5 features are T3 resin uptake test, total serum thyroxin, total serum triiodothyronine, 

Basal TSH, Maximum TSH change after thyrotropin  injection. Class labels are class 1: Normal, class 2: 

Hyperthyroid and class 3: Hypothyroid. They developed an efficient classifier to improve the performance of 
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the thyroid disease diagnosis. They proposed approach is the combination of artificial immune system and 

support vector machine for the multiclass classifier. The accuracy of the Artificial Immune system based 

machine learning classifier (grid search with 10-fold cross validation) is 99.87. 

 

MATERIALS AND METHODS 

 

 We collected a multi-dimensional healthcare dataset. This multidimensional thyroid disease dataset contains 

29 attributes with 7 class variables. This dataset is collected from the website link [Andrew et.al.(2010)].  

Thyroid disease records are supplied by the Garavan Institute. This dataset consists of 9172 records. The 

attributes are age, sex, on_thyroxine, query_on_thyroxine, on_antithyroid_medication, sick, pregnant, 

thyroid_surgery,I131_treatment, query hyperthyroid, query hypothyroid, lithium, goitre, tumour, hypopitutory, 

psych,TSH_measured,T3_measured,TT4_measured,FTI_measured,TBG_measured,TSH,T3,TT4,FTI,TBG,refer

ral source,T4U_measured and T4U.  

 Dimensionality reduction and evaluation is an important task for decision making system. Dimensionality 

reduction improves the performance of the system and reduces the complexity of the system. Feature selection is 

broadly classified into two categories are subset selection method and ranking methods. Subset selection method 

returns a subset of the original set of the features which are believed to be most important for classification. 

Rank methods sort the attributes according to their role in the classification task. We used the correlation based 

evaluation with rank method  for dimensionality reduction. To classify the thyroid dataset 4 Classifiers are used: 

Naïve bayes, kNN, classification tree and CN2 rules. Data evaluated using test on train data. 

 In numerous applications, correlation measures are favoured because of  their good invariance property, 

adding a constant offset to a data sample or applying the increase in the number of quantity does not affect the 

correlation. The correlation based attribute evaluation method evaluates the value of the features by measuring 

the Pearson‟s correlation between the features and class. 

𝑟 =
𝑛  𝑥𝑦  −  𝑥   𝑦 

  𝑛  𝑥2 −  𝑥 2 − 𝑛  𝑦2 −  𝑦 2 
                  (1) 

 This is a linear relationship between the class and the attributes. In the dataset having 29 attributes with 7 

class variables. Using the correlation based attribute with ranking search method selected the 8 attributes for 

each corresponding class variables. 

 There are several measures proposed over the past years for measure the performance of the classifier, from 

that the classifier accuracy and the area under receiver operating characteristic curve are the more desirable 

measures for the classifier comparison work [Vincent et.al.(2011)].We chosen the performance metrics are 

classifier accuracy and area under ROC curve. Comparing the performance of the classifiers before and after the 

dimensionality reduction used the paired T-test.  

  

Result Analysis: 

 The classification accuracy and area under receiver operating characteristic performance measurements are 

more desirable for the classifier comparison task. The Classifier Accuracy (CA) is defined as follows 

 

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦
𝑝𝑜𝑠

(𝑝𝑜𝑠 +𝑛𝑒𝑔 )
+ 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦

𝑛𝑒𝑔

(𝑝𝑜𝑠 +𝑛𝑒𝑔)
              (2) 

𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑡𝑝𝑜𝑠  

𝑝𝑜𝑠
                 (3) 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =  
𝑡_𝑛𝑒𝑔

𝑛𝑒𝑔
                                    (4) 

 where t_pos is the number of true positives tupules,pos is the number of positive  tuples, t_neg is the 

number of true negatives, neg is the number of negative  tuples. 

 AUC of ROC curve can be measured by the following equation, Where   t = (1 – specificity) and ROC (t) is 

sensitivity 

𝐴𝑈𝐶 =  𝑅𝑂𝐶 𝑡 𝑑𝑡
1

0
                   (5)     

         
Table 1: Comparison of classifiers performance before and after dimensionality reduction. 

Classifiers 
Before DR After DR Before DR After DR 

CA CA AUC AUC 

Naïve Bayes 0.6859 0.7785 0.9797 0.9709 

kNN 0.8852 0.9927 0.5127 0.9247 

CT 0.9850 0.9913 0.8889 0.9739 

CN2 0.9995 0.9877 1.0000 0.9804 

 
 Performances of the different classifiers are measured   before and after dimensionality reduction are 
depicted in the table 1. From the table1, it is inferred that, the average of naïve bayes classifier performance 
measure of classifier accuracy before and after dimensionality reduction is 0.6859 and 0.7785 and the AUC 
before and after dimensionality reduction is 0.9797 and 0.9709. The average of k Nearest Neighbour classifier 
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(kNN) performance measure of classifier accuracy before and after dimensionality reduction is 0.8852 and 
0.9927 and the AUC before and after dimensionality reduction is 0.5127 and 0.9247.The average of classifier 
tree (CT) classifier performance measure of classifier accuracy before and after dimensionality reduction is 
0.9850 and 0.99135 and the AUC before and after dimensionality reduction is 0.8889 and 0.9735.The average of 
CN2 classifier performance measure of classifier accuracy before and after dimensionality reduction is 0.9995 
and 0.99(≅) and the AUC before and after dimensionality reduction is 0.9797 and 0.9804.  
 T test is carried out for the significance of before dimensionality reduction and after dimensionality 
reduction. The„t‟ is defined by the statistic,                 

𝓉 =
𝓍 −𝜇

𝑠2

 𝑛

                                    (6) 

 Where,   𝑥 =
1

𝑛
 𝑥𝑖 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛 .  

 𝑠2 =
1

𝑛−1
  𝑥𝑖 − 𝑥  2

𝑖 . 

𝜇 = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑛,n = sample size. 
H0i=There is no significant difference before and after the dimensionality reduction of the classifier. 
H1i = There is a significant difference before and after the dimensionality reduction of  the classifier. 
Where i=1…k. in our work k=4. 
 
Table 2:  Paired T-test for different classifier based on the CA.   

Classifiers CA Critical value Result 

NB 0.4002 1.96 Accept H01 

kNN 0.2243 1.96 Accept H02 

CT 0.03083 1.96 Accept H03 

CN2 0.01554 1.96 Accept H04 

 
Table 3:  Paired T-test for different classifiers based on the AUC. 

Classifiers AUC Critical value Result 

NB 0.0552 1.96 Accept H01 

kNN 6.54E-06 1.96 Accept H02 

CT 0.1323 1.96 Accept H03 

CN2 0.26218 1.96 Accept H04 

 
 Results of the paired T-test for classifier accuracy and AUC depicted in  the table 2 and 3,from the paired 
T-test it is inferred that null hypotheses are accepted for all the four classifiers. There is no significant difference 
in performance measure before and after dimensionality reduction. For proper interpretation of thyroid disease, 
it can be seen that, using validation method test on train data and there is no significant difference between the 
before and after dimensionality reduction of the classifier. Thus, we have concluded that CN2 classifier 
performs better than the other classifiers. 
 

 
 
Fig. 1: Comparison of AUC measure for different classifiers  before and after Dimensionality Reduction.  
 
 Figure 1 and 2 represents the graphical representation of the AUC measure and classifier accuracy 
performance measure of the four classifiers for the thyroid dataset. 
 
Conclusion: 
 Diagnosis of disease is extremely challenging work and critical task in the domain of health care 
management. Data mining approaches are the gemstone in the health care area. Proper discovery of the thyroid 
lobe functional data is an important issue of the diagnosis of disease. We measured the four classifiers using the 
validation method test on train data for comparison paired t-test is done. In this paper, the correlation based 
attribute evaluation methods is used for feature selection and applied the different classifier to the multi-
dimensional healthcare dataset for before and after the dimensionality reduction and measured the performance  
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of the different classifier. Based on the paired t-test there are no significant differences between  before and after 
the dimensionality reduction in the performance of the classifier. The upshot of the classifier accuracy is CN2 
rules classifier performance is best comparing than the other classifier for multi-dimensional health care thyroid 
dataset.  
 

 
 
Fig. 2: Comparison of CA measure for different classifiers before and after Dimensionality Reduction. 
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