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Abstract: Cervical cancer is one of the most crucial and important type of cancers which needs to be treated as early as 

possible. The most difficult task is to detect a cancer at early stage so that necessary cure can be done on time. Several 

medical research works have been done towards the various medical tests which cervical cancer patients should go for. 

The four most frequent tests are:  hinselmann, schiller, citology, and biopsy. These four tests might be expensive to 

afford all at a time. This research work focuses on prediction of which test a patient should go first for cervical cancer 

identification. a real dataset of approx. 800 patients of hospital universitario de caracas' in caracas, venezuel is used for 

the training purpose. Decision tree method is used to build a classifier.   
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1. INTRODUCTION 

Prediction of any disease becomes very difficult when 

the disease itself has unpredictable symptoms at early 

stage. Undoubtedly, cancers are one of the most 

difficult diseases to detect and cure. Medical science is 

continuously searching for the detection process at early 

stage as well as cure process at last stage. A significant 

amount of success has been found in recent years which 

have reduced fear of cancers from the people. Still 

cancers are considered as life threatening by most of the 

non medical person. Not every cancer is always life 

threatening and even a life threatening cancer can be 

cured if detected and cured properly. This research 

work focuses on a special type of cancer called – 

cervical cancer. A cancer is growth of cells in an out of 

control way where an area of body could be affected in 

an unnatural way. Cervical cancer affects the cells at 

cervix - lower area of uterus of female. The cervix 

connects uterus to the vagina which is a canal through 

which a birth takes place. Cervix is composed of two 

parts having different types of cells.  

Endocervix is near to uterus with glandular cells. 

Exocervix (Ectocervix) is a part near to the vagina with 

squamous cells. These two types of cells meet at 

transformation zone [1][2].  Figure 1 shows the 

structure. 

Cervical cancer is one of the most crucial cancers to 

handle. Four most important tests related with cervical 

cancer are Hinselmann, Schiller, Citology, and Biopsy. 

The indeed question which test a patient should go for 

first? Which test results in most accurate cancer state 

detection first? Are all tests are required? The answers 

of these tests are tried to find out with this piece of 

research. The main motive is to let patients and medical 

person know what test is required to be done at a 

particular stage of diagnosis without any manual 

interpretation of habits and other tests reports. Doing a 

realistic research, enough care has been kept that the 

predictors must be real, easy to arrange and enough to 

decide which test a patient should go for accurately.  A 

real data of 850 patients taken at Hospital Universitario 

de Caracas' in Caracas, Venezuel is used for training as 

well as testing purpose [8]. The implementation is with 

R.  

 
Figure 1 Cervical cancer related body parts 

 

Section 2 discusses basis of decision tree method. 

Section 3 discusses the dataset. Section 4 discusses the 

results. The paper ends with conclusion and future 

directions. 

 

2. DECISION TREE METHOD 

A decision solely depends on what analytics fields we 

have. The accuracy depends on the logic behind the 

decision. What if the decision could be taken by a 

system instead of human? That’s what the data science 

is all about. What if the data science is used with the 

medical science? The purpose becomes the 

collaboration of data science and medical science to 

take decisions more accurately and speedily.  

Undoubtedly decision tree method is one of the most 

accurate, easy and simple methods to build a classifier 

[3][4][5].  

2.1. Decision Tree Structure 

The method uses the training data to partition based on 

the tree construction concept. Every interior node is a 

condition while every exterior node represents the 

prediction. As discussed in section 1, this research work 

depends on prediction of test required for cervical 

cancers, the interior nodes are the patient’s history 

related conditions and exterior nodes are the various 

tests. The input attributes are partitioned into two sets: 

Predictors – whose values are known and Class – whose 

value needs to be predicted. Given a set of predictors 

(P1, P2, P3, P4…Pn) output will be value of a class C. 
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The set of rules can be easily implemented and 

interpreted as a series of nested If….Else…. structure. 

Once a classifier model is build there is no need to store 

the training data anymore as the learning process is kind 

of an eager learner where the model itself is sufficient 

to carry the analytics [6][7]. 

2.2. Implementation with R 

R language is used for statistical analysis, data 

analytics, graphical representation etc. it is freely 

available under the GNU General Public License. R is 

very easy to use with efficient data management 

capabilities. It has a large number of tools for data 

analysis. Data analysis can be in text form as well as in 

graphical form which makes users to understand 

outputs easily. R has a package called party for the 

usage of decision tree. The package party’s ctree 

method is used to create a decision tree. The basic steps 

of defining the decision tree with R are: Set training 

data set in an object and then calling ctree method. 

ctree(f,d) where f represents the formula with 

information of all predictors and class variables. d 

represents the object with training data. ctree method 

returns an object which is in the form of a decision tree. 

This decision three can be printed or plotted for text or 

graphical representation point of view. 

 

3. DATA SET 

Prediction needs to be done with utmost accuracy. The 

first step in achieving accurate predictions is to have an 

accurate prediction model. An accurate prediction 

model can be developed only if the training data is 

accurate. As we are targeting predictions related with 

cervical cancers, accuracy is indeed requirement. The 

target task has a lot of unpredictable and inaccurate 

factors and so an accurate model needs to balance the 

predictions at acceptable level.  

3.1. Important Properties 

We have identified a list of quality in test data which is 

indeed required before we can proceed for model 

development. 

 

o Genuine:-It must represent data of actual patients. 

o Accurate:-The results of samples must be accurate 

and precise. 

o Complete:-All types of possibilities must be 

covered. 

o Unbiased:-Not specific to a small category. 

o Large:-It should be of at least 500 patients. 

o Random:-No repetition of data is allowed. 

o Crisp:-All values must be crisp in nature. No vague 

fields. 

o Real:-Must be realistic to get it filled by experts. 

o Latest: - The data must be recent. 

 

3.2. Cervical Cancer Dataset 
The best is to process real data collected / experienced 

at real places. There is no better option than processing 

data given by hospitals of their patients. We have used 

A real data of 850 patients taken at Hospital 

Universitario de Caracas' in Caracas, Venezuel. The 

data is composed of 36 attributes which are based on 

patient’s personal life style with habits, medical history 

etc. The data base tries to make it as simple as possible 

by asking Boolean values rather than test results in 

numerical forms. So that a patient himself or a medical 

person can use it without changing the user interface. 

The attributes are categorized into two groups [8].  

 

(1) Patient’s personal life style with habits: This 

category includes various attributes like age, 

number of sex partners a patient involved with, 

number of pregnancies, age at which 1
st
 sexual 

intercourse was experienced, whether a patient 

smokes or not? If Yes then since how many years, 

whether a patient takes Contraceptives? If Yes then 

since ho w many years? Etc. These are the fields 

which are less likely to be help in predictions as 

compared to the fields of medical history group but 

yet important and so included[8]. 

 

(2) Patient’s medical history: This category includes 

some important information about patient’s 

medical past and present. The set of attributes like 

whether a patient has HIV, AIDS, Hepatitis B, any 

other Cancer, HPV etc. The more to the detail how 

many times a patient is diagnosed is also included. 

condylomatosis and its aligned attributes like 

cervical condylomatosis ,vaginal condylomatosis 

and vulvo-perineal condylomatosis are also 

included [8]. 

The rest is the most important field, a field which 

describes the most important and urgent test a patient 

should go for. The test is the next step towards the 

diagnosis of cervical cancer. Test attribute refers to the 

four tests: Hinselmann, Schiller, Citology, and 

Biopsy[8]. 

 

4. IMPLEMENTATION 

4.1. Test Decision Tree 

We have derived decision trees for all the four tests. 

The decision trees for Hinselmann, Schiller, Citology, 

and Biopsy are shown in Figure 2, Figure 3, Figure 4 

and Figure 5 respectively. Figure 6 shows a combined 

classifier for all the four tests. 

 

 
Figure 2 – Decision Tree for Hinselmann Test 

 
Figure 3 – Decision Tree for Schiller Test 



  International Journal of Research in Advent Technology, Vol.7, No.4, April 2019 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 

171 

 

 
Figure 4 – Decision Tree for Citology Test 

 
Figure 5 – Decision Tree for Biopsy Test 

 
Figure 6 – All Tests Classifier 

 

4.2. Evaluation 

We can see from the above decision trees that the cases 

where the prediction Yes is answer have less 

probabilities and so of the answer is No in majority of 

cases. Such predictions are of no use as they are not 

accurate. The main reason of this problem is very less 

number of records having positive answers for tests as 

compared to negative answers for tests. To overcome 

this issue, we have classified categorical attributes 

corresponding to Hinselmann, Schiller, Citology, and 

Biopsy tests as numerical attributes with probabilities of 

belief in respective test. This enhances the accuracy as 

we are not concluding with Yes or No but the 

probability between 0 and 1. The higher the probability, 

the more likely the answer is to be Yes and vice versa. 

Experimental thresholds are derived for each of the four 

tests which are listed as below. 

(1) Hinselmann Test is No if Probability is < 

0.20 otherwise Yes. 

(2) Schiller Test is No if Probability is < 0.23 

otherewise Yes. 

(3) Citology Test is No if Probability is < 0.22 

otherwise Yes. 

(4) Biopsy Test is No if Probability is < 0.30 

otherwise Yes. 

 

4.3. Confusion Matrix 

Accuracy can be calculated based on the 

confusion matrix interpretation. The purpose here is to 

find out how many Yes cases are predicted as Yes and 

how many No cases are predicted as No. The four 

confusion matrices corresponding to four tests are 

shown below. 

Hinselmann Test Actual 

No Yes 

Predictions No 797 22 

Yes 26 13 

Table 1 - Confusion Matrix of Hinselmann 

 

Schiller Test Actual 

No Yes 

Predictions No 745 43 

Yes 39 31 

Table 2 - Confusion Matrix of Schiller 

 

Citology Test Actual 

No Yes 

Predictions No 789 36 

Yes 25 8 

Table 3 - Confusion Matrix of Citology 

 

Biopsy Test Actual 

No Yes 

Predictions No 775 36 

Yes 28 19 

Table 4 - Confusion Matrix of Biopsy 

 

4.4. Accuracy  

Accuracy is calculated based on the confusion matrix 

interpretation. The purpose here is to find out how 

many times our classifiers succeed in providing correct 

prediction by comparing the actual values with the 

predicted values. The accuracy can be calculated by 

taking ratio of correct predictions by total predictions. 

Converting it into the percentage we get the success rate 

of classification. The formula to calculate accuracy is,  

 

PYes  = No. of Correct Cases for Class "YES"  

PNo = No. of Correct Cases for Class "NO" 

NYes  = No. of Incorrect Cases for Class "YES"  

NNo = No. of Incorrect Cases for Class "NO" 

 

Accuracy = (PYes + PNo) / (PYes + PNo + NYes + NNo) 

 

For example, Accuracy of Hinselmann test is = 

(13+797) / (13+797+22+26) = 0.9441 

 

Accuracies of all four tests are shown below. 

 

Sr. Test Accuracy 

1 Hinselmann 94.41 % 

2 Schiller 90.44 % 

3 Citology 92.89 % 

4 Biopsy 92.54 % 

Table 5 - Accuracy of Predictions  

 

5. CONCLUSION 

This paper discussed how classification model can be 

developed for cervical cancer related test requirement 

prediction. The basis of cervical cancer and related 

concepts are discussed. Decision tree algorithm is 

discussed along with an example for better 

understanding of the concept. Most importantly, a 

dataset of cervical cancer is found and studied so that 
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more realistic model can be developed. A decision tree 

method is used to build a model with R. the accuracy is 

calculated based on the testing with the training data. 

Two novel concepts are introduced. 1
st
 is the 

introduction of probabilistic intermediate state where 

the categorical class labels are found based on the 

probabilities of belief. 2
nd

 is the usage of experimental 

thresholds - different for different tests. Both of these 

concepts have helped us in improving the accuracy as 

well as removing the problems due to extreme small 

number of positive classes as compared to large number 

of negative classes with natural randomness. It is 

obvious that the real data affects accuracy as compared 

to settled data but it is indeed a requirement to come out 

with a model which is near to the reality. Acceptable 

accuracies for each of the four tests are found. 

 

6. FUTURE WORK 

Further research work can be carried out towards 

finding more detail about cervical cancer related 

parameters. In this data set we have included only life 

style and medical history further to it, symptoms can be 

added. A generalize model can be designed to accurate 

the model by using multiple classification algorithms 

instead of only decision tree method.  Data pre-

processing steps could be used to improve training 

phase too. As discussed earlier, every cancer has 

unpredictable symptoms and it is difficult to detect test 

requirement easily. Still our decision tree classifier with 

experimental thresholds provides acceptable accurate 

results. The more to the improvement, experimental 

thresholds can be replaced with dynamic thresholds. 

The comparison could be made of independent test 

prediction and combined tests predictions. More to the 

accuracy improvement, multiple classification methods 

can be used and results can be compared for more 

accuracy. The same results can be accepted easily while 

the different results can be analyzed further to conclude 

with a single result. The analysis can be done in more 

detail with other indirect parameters like Kappa, 

Sensitivity, Specificity etc.  
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