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ABSTRACT: Cervical Cancer is the most crucial cancer type. The main problem with this cancer is several
different tests are required for its detection. There is always a dilemma to select a type of test for initial
diagnosis. In cancers like deadly dieases, we can not completely remove role of doctors but we can atleast help
them in taking decisions earliest. We can also help patients to be aware about what kind of tests they might
need to go through to be prepared accordingly. We have introduced an ensemble classifier to classify a new
patient according to the likelihood of a specific test she should go through. According to the real dataset of
approx 800 patients of Hospital Universitario de Caracas' in Caracas- Venezuel four important cervical cancer
related tests Hinselmann, Schiller, Citology, and Biopsy are identified.
Key Words: Cervical Cancer, Hinselmann, Schiller, Citology, Biopsy, Decision Tree, Naïve bayes, Ensemble
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1. Introduction
Cervical cancer is one of those deadly cancers which need immediate medical attention before it becomes
severe and sometimes life threatening too. Undoubtedly the medical science has reached to the milestones
where doctors can diagnosis with utmost accuracy. Still there is a need of automation which can be used by
doctors for faster decision making. At initial level, such automated base system can help doctors to identify
the initial screening tests requirements especially when the patients are not in critical stages. Along with the
time reduction, such system will help patients to be aware about the tests too. We have seen many patients
going through the tests; do not know exactly what tests they are giving and what their significancea are.
Nowadays, different tests need patients to be prepared for them differently. A common awareness will help
patients to start evaluating the tests and their results in layman way. People can also start relating their life
style and past medical history to the possibility of cancers like cervical cancers in detail. According to the
real dataset of approx 800 patients of Hospital Universitario de Caracas' in Caracas- Venezuel four
important cervical cancer related tests Hinselmann, Schiller, Citology, and Biopsy are identified. We have
tried to classify a new patient’s detail to suggest which tests out of these 4 tests she should go through. We
have tried to improve accuracy with the help of ensemble classifier design where we are using decision tree
method and naïve bayes method together. As a part of our research, we had also introduced probabilistic
classification to process a large data with a very small subset having classified levels. This paper discu sses
how our ensemble classifier can predict which tests a patients should go through to diagnosis cervical
cancer further [1,2,3,4].
Section 2 discusses basis of naïve bayes method and decision tree method. Section 3 discusses the dataset.
Section 4 discusses the results. The paper ends with conclusion
2. Ensemble Classifier Design
An ensemble classifier is a classification process where we use multiple classification algorithms to classify
same data. In our case, we have used naïve bayes method and decision tree method: two of the most widely
used classification methods of data mining. Later on, we had introduced an accuracy and generalization
increasing concept to pick one of the results given by both or improve one’s result of these algorithms
systematically.Figure 1 shows a general model of an ensemble classifier. [3,4,5,6].

Figure 1 – Ensemble Classifier
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2.1. Naïve Bayes Classification
The method uses explicitly calculated probabilities from the training data set. Figure 1 shows how bayes
theorem is used by naïve bayes classifier to predict possible classification label. In this case, P(c|x)
represents posterior probability to calculate the probability of labelling the new data x with label c. the
higher this probability, the more chance of label c as output. P(x|c) is likelihood to represent the probability
of data x with label c in dataset. P(c) – class prior probability represents the probability of class c output in
dataset where as P(x) – predictor prior probability represents the probability of x in dataset. Here these
probabilities are with reference of presence of class label c and availability of x in training data set. x is a
record with a set of values (x1, x2, x3,…. xn) which will be used to calculate final value of P(c|x) as shown
below[3,4,5].

Figure 1 – Naïve Bayes Classification
2.2. Decision Tree Classification
This method though uses the probabilities of available class labels corresponding to the values of various
attributes of various records indirectly, in the form of entropy. Figure 2 shows a basic structure of a decision
tree classifier. Here we can see that the classifier is in the form of a tree. A tree is with its interior nodes as
conditions and exterior nodes as class labels. The interior nodes are conditions which decide the path to
reach to one of the exterior nodes. The exterior nodes are the labels which are the outputs in the form of
classification labels. The root is the most important condition and it goes downwards, as per the importance.
Here importance refers to the relevance, and influencing power of a condition on deciding the classification
result in the form of a class label. Decision tree classification is a process of deriving such classification tree
from the available dataset by processing a set of entropy values. Here the main goal is to derive important
set of conditions which lead us to various class labels [7,8,9,10,11].

Figure 2 – Decision Tree Classification
3. DATA SET
In any data mining research, data must be real to get accuracy. We have tried to search for the genuine data
set. We feel immensely thankful to Hospital Universitario de Caracas' in Caracas- Venezuel for public access
of real data of nearly 800 patients. We also appreciate how they have prepared dataset without revealing
identity of the patients. This dataset is composed of various fields which are listed in Table – 1.
Age
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Dx
Table – 1 Database of Cervical Cancer Test
4. IMPLEMENTATION
We have done implementation with R. Total 9 classifiers are developed. 4 for naïve bayes method and 5 for
decision tree method. Each of these 9 classifiers involves an individual classifier for 4 tests Hinselmann,
Schiller, Citology, and Biopsy. In addition 1 classifier to derive all tests together is also developed for
decision tree method.
4.1. Naïve Bayes Result
We have implemented Naïve Bayes classification method over our data set. For individual tests and
combined group of 4 tests, we have tried to determine various matrices which are shown in below. Table – 2
is for Hinselmann test. Table – 3 is for Schiller test. Table – 4 is for Citology test. Table – 5 is for Biopsy.
Confusion Matrix Hinselmann Test
Actual
Naïve Bayes
No
Yes
Predictions
No
469
2
Yes
354
33
Accuracy : 58.51%
Pos Pred Value : 0.99575
No Information Rate : 0.9592
Neg Pred Value : 0.08527
Kappa : 0.0882
Prevalence : 0.95921
Sensitivity : 0.56987
Detection Rate : 0.54662
Specificity : 0.94286
Detection Prevalence : 0.54895
Balanced Accuracy : 0.75636
Table – 2 Hinselmann Test Naïve Bayes
Confusion Matrix Schiller Test
Naïve Bayes

Actual

No
Yes
714
38
70
36
Accuracy : 87.41%
Pos Pred Value : 0.9495
No Information Rate : 0.9138 Neg Pred Value : 0.3396
Kappa : 0.3322
Prevalence : 0.9138
Sensitivity : 0.9107
Detection Rate : 0.8322
Specificity : 0.4865
Detection Prevalence : 0.8765
Balanced Accuracy : 0.6986
Table – 3 Schiller Test Naïve Bayes
Predictions

No
Yes

Confusion Matrix Citology Test
Naïve Bayes
Predictions
No
Yes
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Actual
No
449
365

Yes
3
41
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Accuracy : 57.11%
No Information Rate : 0.9487
Kappa : 0.0988
Sensitivity : 0.5516
Specificity : 0.9318

Pos Pred Value : 0.9934
Neg Pred Value : 0.1010
Prevalence : 0.9487
Detection Rate : 0.5233
Detection Prevalence : 0.5268
Balanced Accuracy : 0.7417
Table – 4 Citology Test Naïve Bayes

Confusion Matrix Biopsy Test
Naïve Bayes
Predictions
No
Yes

Actual
No
Yes
752
32
51
23
Pos Pred Value : 0.9592
Accuracy : 90.33%
Neg Pred Value : 0.3108
No Information Rate : 0.9359 Prevalence : 0.9359
Kappa : 0.3055
Detection Rate : 0.8765
Sensitivity : 0.9365
Detection Prevalence : 0.9138
Specificity : 0.4182
Balanced Accuracy : 0.6773
Table – 5 Biopsy Test Naïve Bayes
4.2. Decision Tree Result
We have implemented decision tree classification method over our data set. For individual tests and
combined group of 4 tests, we have tried to determine various matrices. We got following accuries as shown
in Table – 6 for individual decision tree approach. One decision tree is shown in Figure – 2 for reference too.
Sr.
Test
Accuracy
1 Hinselmann 95.92%
2
Schiller
91.38%
3
Citology
94.87%
4
Biopsy
93.59%
Table –6 Accuracy of Decision Tree Methods
4.3. Ensemble Classification
We have noticed that naïve bayes classification can classify both cases: patients with need of test
and patients with no need of test. While decision tree classification can only classify patients with no need of
test. At the same time, accuracy of naïve bayes classifiers is less as compared to of decision tree classifiers.
So we decided to ensemble two methods. 1 st we select the classifier with utmost accuracy and later on we
tried to improve accuracy. Here we prefer a small loss of accuracy if we can achieve a classifier which can
classify both the cases: patients who need to go for tests and patients who do not need to go for tests. The
detail discussion on how we tried to improve efficiency using experimental thresholds and probabilities
class labels is discussed in our paper entitled “Cervical Cancer Test Identification Classifier using Decision
Tree Method”. The approach is shown in Figure 3.

Figure 2 – Decision Tree for Hinselmann Test
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Class Labeling using Experimental
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Use of Predictions

Figure 3 – Cervical Cancer Test Identification Ensemble Classifier System
CONCLUSION
In this research paper we tried to solve problem of cervical cancer test identification requirement prediction
problem using various classification methods. We started with finding a real data of patients to process
with. The purpose is to get real and accurate model by processing real and accurate data of patien ts. We
have processed data of around 800 patients of Hospital Universitario de Caracas' in Caracas- Venezuel
which is made to be publicly accessible for research purpose. As the problem which we target is very
sensitive because of life threatens of the diseases, we tried to explore various ways of prediction so that
acceptable accuracy can be achieved. Initially we tried to use one classification method, but later on we seen
that a single method can not be applicable accurately for all patients for all tests. We shifted our research
focus to ensemble classification where multiple methods simultaneously take part into decision making. We
used naïve bayes method. This method could able to identify patients who need to go for tests and patients
who do not need to go for tests but with some what low accuracies. We used decision tree method. This
method could able to identify patients who do not need to go for tests only with high accuracy (obviously
because in our database, a large number of patients are those who do not require to go for tests). Later on as
discussed we introduced probabilistic classes with experimental thresholds to maintain accuracy as well as
to able to classify both the cases.
FUTURE WORK
Above all of the points which we covered, there is much scope for further improvement and further research
in this direction. We have used two algorithms naïve bayes and decision tree. In future more classification
algorithms could be used to analyze accuracies of more number of classification algorithms in this problem.
It is also possible to go through the concept of over fitting and under fitting for to make it more scalable. At
present, we could get dataset of one hospital. We can also visit medical colleges and hospitals to collect
database and can check if some new fields can be added or not. Further to the appropriateness of this
system, we can consult medico officers and doctors to use our system and to find out how useful, accurate,
complete, efficient, effective, scalable, latest and easy to use our system is. We can also take feedback from
people, who use them. Cervical cancer is a very sensitive cancer which needs utmost attention and care not
just by doctors but also by patients and their family members. As it is female centric, further awareness is
required in rural area due to lack of knowledge. Our work can be extended to be more focused on life style
and less focused on medical tests to make it easy to be used by all people at initial stage. Later on, if it is
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required, medico people can use the system for advance analytics with reference of some primary tests
results.
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