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INTRODUCTION 
reast cancer is rising at an alarming rate as the 

number two among the fatal disease in women 

with over 1.5 million foreseen cases spotted in 

2010, triggering a threat to human survival. Breast cancer 

was reported to have caused the demises of around half 

a million per year (Shaikh and Ali, 2019). 
This mortality rate represents about 12% of all new cases 

and 25% of all cancers cases in women. World Cancer 

Research Fund International (WCRFI) shows that breast 

cancer is the most widely recognized cancer in ladies 

around the world. There are almost 1.7 million new cases 

that are detected in 2021. According to Islam et al (2017), 

due to advanced technology in medical science, the 5-year 

survival rate of initial phases breast cancer is 80-90%, 

dropping to 24% for breast cancer analyzed at progressive 

phase. 

Breast cancer is the notable cause of women’s death and 

disability from a global perspective. A report shows that 

508000 women died in 2011 from chronic disease, 

especially breast cancer. In 2015, around 17.7 million 

people were global death caused by CHD (Shamrat et al., 

2020). Very few people can get their treatment because it 
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is very expensive and complicated. Moreover, these reasons take time, mistaken 

or delayed decisions are possible to cause death., however, the cost of breast 

cancer diagnosis and replacement is very extreme, and it can be called an extreme 

level of financial expenses. A study reported that cancer disease causes 

commercial benefits with cost over $79 billion and curing people with end-stage 

renal disease cost around $35 billion. Breast cancer is chronic takes a long time and 

expensive to be cured causing more (Javed et al., 2019).   

According to the detection of breast cancer, experts and doctors will make 

different treatment projects for therapy. If there happen misdiagnoses, it will lead 

improper treatments and let people lose the best time for curing, which will lead 

dreadful results. Therefore, the selection of models for predicting the nature of 

breast tumour is significantly important (Li and Chen, 2018). 

Data mining approaches applied to medical science rise rapidly due to the 

approaches high performance in predicting outcomes. These results in reducing 

costs of medicine, promoting patients’ health, improving healthcare value and 

quality, and making real-time decision to save people's lives (Asri et al., 2016). A 

learning (ML) algorithms have portrayed that purpose to resolve various health 

and scientific problem. An establishment of several studies shows that ML 

technique already have obtained dramatically excessive accuracies in disease-

based medical issues. For instance, data mining approaches can be applied to 

medical science topics, rise rapidly due to their high performance in predicting 

outcomes, reducing medicine costs, promoting patients' health, improving 

healthcare value and quality, and making real-time decisions to save people's 

lives. This study compares five machine learning technique namely, Convolutional 

Neural Network (CNN), K-Nearest Neighbour (KNN), Naïve Bayes (NB), Logistic 

Regression (LR), and Support Vector Machine (SVM) in the prediction of Breast 

Cancer. The dataset used in this study was obtained from the Wisconsin Breast 

Cancer Dataset. Comparing the accuracy of these five techniques, the results 

showed CNN: 98%, KNN: 93%, NB:94%, LR: 92%, and SVM: 96%. We found that CNN 

is not just for image classification, but with 1 Dimension, predicting patient 

records with great accuracy is possible. 

 

Keywords: Convolutional Neural Network, Breast Cancer, Dataset, Machine 

Learning, imputation. 
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diagnostic system that can operate without any medical equipment and medical 

staff may lead to an appropriate solution.   

From the art of Machine learning (ML) algorithms have portrayed that purpose to 

resolve various health and scientific problem. An establishment of several studies 

shows that ML models have already obtained better accuracies in medical 

diagnosis.  However, supervised-based models are one of the utmost operative 

methods for academic and health products in clinical fields (Javed et al., 2019).  

Exploring many machine learning models for the prediction of breast cancer is 

important because various models have their own way of identifying patterns on 

dataset, but by comparing more than one model, it helps in knowing which model 

can predict well than the other. CNN is a deep learning model that is mostly used 

for image classification in 2 Dimension. In this study we applied 1-dimension CNN 

with other traditional algorithms to predict breast cancer, so that it will provide 

guide for researcher to choose the best algorithm in predicting breast cancer. This 

paper compares the performance of five algorithms: Convolutional Neural 

Network (CNN), K-Nearest Neighbour (KNN), Naïve Bayes (NB), Logistic 

Regression (LR), and Support Vector Machine (SVM) in the prediction of breast 

cancer dataset that has s record of 699 patients record from Wisconsin Breast 

Cancer Dataset gotten from UCI machine learning repository for this analysis.  

The structure of this study is as follows: Section 2 provides the summary of 

relevant work of study. Section 3 identify the proposed methodology used in the 

study, including dataset, machine learning techniques and performance metrics. 

Section 4 shows the results and discussions of the study. Finally, the study ends 

with conclusion and future work. 

 

Related Work 

Studies have provided different machine learning techniques in cancer detection 

(Ganggayah et al., 2019; Omondiagbe et al., 2019; Obaid et al., 2018; Omondiagbe 

et al., 2019; Javed et al., 2019; Tapak et al., 2019; Agrawal, 2019), particularly NB 

(Asri et al., 2016), KNN (Basha et al., 2018), LR and SVM (Ganggayah et al., 2019) to 

detect breast cancer. There are sufficient studies that used machine learning 

techniques to predict breast cancer.    

Asri et al (2016) performed a comparison between different machine learning 

algorithm with SVM, DT, NB, and KN on Wisconsin Breast Cancer (original) dataset, 

with WEKA. The comparison achieved the highest accuracy with SVM: 97.1%, 

NB:95.9%, KNN: 95.3% and DT: 95.1%. It was revealed that SVM has the lowest value 

of incorrectly classified instance than the other classifiers. The studies concluded 
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that SVM is more operative than the other techniques in terms of effectiveness 

and efficiency based on accuracy and recall. 

Shaikh and Ali (2019).  used dimensionality reduction technique offered by the 

Weka tool on two benchmark cancer datasets of Wisconsin and Portuguese 

cancer digital repository (BCDR) on MATLAB, were able to reveal that NB, J48, 

KNN, and SVM got an improvement accuracy for 92.6%, 92.9%, 96.1%, 97.9%   to 

97.0, 96.8%, 97.4, 97.9% in case of Wisconsin dataset and an improvement from 

87.4, 80.4, 93.7, 91.6 to 89.5, 90.9, 97.9, 95.1% in case of BCDR-D01_Dataset. 

Islam et al (2017) presented a novel modality for the prediction of breast cancer 

and introduced SVM and KNN based on supervised machine learning techniques 

for breast cancer detection by training its attributes. The authors used a 10-fold 

cross-validation technique from the UCI machine learning repository named 

Wisconsin breast cancer diagnosis dataset, the techniques achieved the accuracy 

of 98.6% and 97.1% for SVM and KNN individually along with the specificity of 95.7% 

and 92.3% in the testing phase. The authors concluded that SVM was effective and 

efficient. 

Shamrat et al (2020) evaluated different machine learning classifiers performance 

for the prediction of breast cancer disease. They used six supervised classification 

techniques for the classification namely: SVM, NB, KNN, Random Forest, Decision 

Tree, and LR Wisconsin Breast Cancer data (Original) by the "University of 

Wisconsin Hospitals, Madison, Wisconsin, USA “and evaluated the breast cancer 

dataset through sensitivity, specificity, F1 Score and total accuracy. The work 

showed that SVM obtained uppermost performance with an accuracy of 97.07%, 

whereas NB and RF with a second highest accuracy of 97% respectively while KNN, 

DT, and LR produced an accuracy of 96.6%, 96.6%, and 96% respectively. The 

authors concluded that, according to the ROC Curve in their study, RF and NB 

outperformed (Kidney Disease) all other techniques, also KNN (Breast Cancer) and 

SVM (Liver Disease) achieved the highest (Area Under the Curve) AUC for ROC. 

Basha et al (2018) collected three datasets from UCI machine learning repositories 

and proposed a comparative analysis on accuracy level using DT, RF and SVM. RF 

to be the best with a classification accuracy of 98.0% better than SVM came with 

97.0%, DT produced the worst of 96% and (CT) with 95% accuracy. The authors also 

trained one of the datasets using the KNN method and evaluated the accuracy by 

varying the number of neighbours ranging from 10 to 40 to estimate the impact of 

model selection metrics and found that ROC had produced the accuracy of 99.0%.  

Agrawal (2019)  predicted breast cancer using five machines learning namely: 

Linear Discriminant Analysis (LDA), Classification and Regression Tree (CART), k-
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Nearest Neighbour (k-NN), Support Vector Machines (SVM), and Random Forest 

on Wisconsin Breast Cancer Dataset of 559 instances and 31 attributes, using R 

open-source tool, LDA: 98.2%, CART: 96.5%%, KNN: 98.3%, SVM: 100%, Random 

forest: 100%, the authors concluded that SVM and RF had the highest accuracy 

achieved. 

Bayrak et al (2019) used two machine learning techniques for the classification of 

the Wisconsin Breast Cancer (original) dataset consisting of 699 instances and 11 

attributes. They also compared the performance of these techniques namely: SVM 

and ANN with using values of accuracy, precision, recall, and ROC Area with WEKA 

as a tool, they concluded that SVM (Sequential Minimal Optimization Algorithm) 

and ANN had achieved an accuracy of 96.9% and 95.4% respectively. 

Ganggayah et al (2019) used machine learning techniques to build models to 

detect and visualized significant prognostic indicators of breast cancer survival 

rate, on a dataset from a breast cancer hospital in the university of Malaya medical 

centre, Kuala Lumpur, Malaysia (n=8066) with diagnosis information from the 

year 1993 to 2016, the dataset has 23 input variables and one target variable. 

Machine learning techniques in their study are DT, RF, NN, Extreme boost, LR, and 

SVM. They achieved accuracy for DT: 79.8%, RF: 82.7%, NN: 82%, extreme boost: 

81.7%, LR: 81.1%, and SVM: 81.80, the authors concluded that RF is the one with the 

highest accuracy. The six most important variables identified in their study were 

cancer stage classification, tumour size, total axillary lymph nodes removed, 

positive lymph nodes, primary treatment type, and method of diagnosis. 

Obaid et al (2018) used three machine learning algorithms: SVM, KNN, and DT, and 

compare the performance of the algorithms in the prediction of breast cancer. The 

dataset used in their work is Wisconsin Breast Cancer (Diagnostic), their work 

indicated the results of the algorithm as SV”98.1%, KNN: 96.7% and DT: 93.7% and 

concluded that SVM achieved better accuracy than the other algorithms. 

Li and Chen (2018) used five different classification models including DT, RF, SVM, 

NN, and LR for the classification of two datasets related to breast cancer, which is 

Breast Cancer Coinbra Dataset (BCCD) and Wisconsin Breast Cancer Database 

(WBCD), the result of their works showed, DT: 68.6%, SVM: 71.4%, RF:74.4%, 

LR:65.7% and 60% accuracy on BCCD dataset and DT: 96.1%, SVM; 95.1%, RF:96.1, LR; 

93.7% and NN: 95.6% accuracy on WBCD. After comparing the accuracy, F-measure 

metric, and ROC curve of five classification models, the result showed that RF had 

the highest accuracy. 

The contribution of this study is that we will compare 5 major techniques CNN, 

KNN, NB, LR and SVM to in the prediction of breast cancer, we cleaned our 
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dataset, for the missing values, we used multiple imputation technique, secondly 

we compared CNN with four different traditional algorithms because in the 

previous related work, there are no work with CNN because it is seen as a 

technique used for image classification only, but it can also be used in prediction 

of text dataset using 1 Dimension method. 

Methodology 

 

 
Figure 1: Research Methodology 

 

Figure 1 illustrates the methodology that was used in this work, breast cancer 

records was used as our dataset, due to some missing values, we clean the 

dataset, then applied the five (5) different machine learning on both training and 

testing sets to 70% and 30% respectively, then compared the accuracy of all the 

algorithms based on some performance metrics in terms of accuracy, precision, 

recall, and F1 Score, more information is explained in detail below. 

 

Dataset 

In this study, we used a dataset from UCI machine learning repository named: 

Wisconsin Breast Cancer Data (WBCD), the dataset containing 669 instances 

consisting of an input and target variables, 11 variables and 1 variable for the input 

and target variables respectively. The target variable consists of a binary 

classification called Benign and Malignant having 485 (65.5%) and 241 (34.5%) 

respectively.  
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Table 1: Dataset Attributes 

No Factor Information Factor Description 

1 Id Numerical Id 

2 Clump Thickness Numerical (1-10) 

3 Uniformity of Cell Size Numerical (1-10) 

4 Uniformity of Cell 
Shape 

Numerical (1-10) 

5 Marginal Adhesion Numerical (1-10) 

6 Single Epithelial Cell 
Size 

Numerical (1-10) 

7 Bare Nucleoli Numerical (1-10) 

8 Bland Chromatin Numerical (1-10) 

9 Normal Nucleoli Numerical (1-10) 

10 Mitoses  Numerical (1-10) 

11 Class Benign or 
Malignant 

2 for Benign, 4 for 
Malignant 

 

Data Pre-processing 

Data preprocessing is used in data science for dealing with missing values, 

inconsistent data or noisy data. The worth of a result will be affected whenever 

the quality of data is low, hence, data preprocessing improves the quality of data 

to ensure that meaningful and useful result are achieved. The variable Id has no 

significance and needs to be removed. Furthermore, we removed the ‘Id attribute 

from the dataset. Also, in the dataset, there are some NaN values, and it is denoted 

by’?’. Therefore, we used multiple imputations to handle the issue for easy 

execution by applying MissForest, which is a machine learning-based imputation 

technique 

 

Methods 

In the methods, we applied five (5) different machine learning algorithms namely: 

SVM, KNN, NB, LR and CNN. The following subsections explain the algorithms in 

detail. 

 

K-Nearest Neighbour (k-NN) 

KNN is a technique that uses the similarities between a new data and training data 

points, KNN it classifies new test point in the most similar class within the provided 

classes. Instead of KNN to learn from training data, it stores the training data, KNN 

classifies new data points based on the value of the k and it apply Euclidean 
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distance to determine distance that is between the new data point and the stored 

training data points. (Senan et al., 2021). Also, KNN determine the closest data 

points by measuring the distance between the test data point and the prepared 

test data points and then, it determines the analytic class by casting a ballot 

(Abinaya et al., 2021) 

 

Naive Bayes (NB) 

Naive Bayes is a machine learning technique or classifier which is based on Bayes 

theorem that has independent assumption between features. The one-

dimensional Naive Bayes classifier computes the ratio of the log probabilities of 

the features belonging to all the classes. The naive Bayes classifier computes the 

class value probability assuming each of the attributes independently. This means 

Naive Bayes does not consider correlation that is in-between attributes. Naive 

Bayes is a very scalable classifier, but it can create a bias towards one or more 

attributes which often results in inaccuracy (Arafat et al., 2018). Equation (1) shows 

NB formula. 

P(A|B) =
P(B|A) P(A)

P(B)
………………………………………… . . ……… . . (1) 

 

Support Vector Machine (SVM) 

SVM is one of the popular classifiers that are built based on the idea of planed 

decisions which describes decision boundaries. In the concept of SVM, the original 

training dataset is transmuted to a higher dimension by means of a nonlinear 

mapping. In the new dimension, there exist a linear optimal that separate 

hyperplane which is searched for minimizing the distance in between hyperplane 

points and will maximize the margin that is between the classes. SVM is 

determined to be highly suitable for binary classification tasks (Gupta & Katarya, 

2020). It provides promising outcome in various practical applications, SVM is 

popular when used on high dimensional data to avoid curse of dimensionality 

(Agrawal, 2019). 

 

Logistic Regression (LR) 

A logistic regression has a gaussian distribution which possess odd ratio, were a 

log odd of the input variable (disease status) is modelled as linear combination of 

target variables. LR is suitable for binary target variables, the disease status of 

breast cancer patient between Benign and Malignant is replaced with 1/0 in the 
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breast cancer dataset during model evaluation with LR (Ganggayah et al., 2019). 

LR is represented in equation (2) 

 

p =
ea+bx

1 + ea+bx
………………………………………… .…………………(2) 

 

Convolutional Neural Network (CNN) 

Convolutional Neural Network (CNN), also known as convnets, is a form of deep 

artificial neural network mostly used for computer vision applications. The 

convolution theory is at the core of its operations. Inputs into CNNs are taken as 

tensors (matrices). Unlike dense or ultimately linked networks, where every 

neuron is connected to any other neuron present in its previous and next layer, in 

CNN, each neuron is only connected from its input layer to a specific number of 

neurons. This CNN property is known as "sparse connectivity" (or "sparse 

weights"), which dramatically reduces the network's memory requirement and 

makes it easier to train with less overhead computation (Chollet, 2018). Figure 4 

shows the architecture of CNN.  

One-dimensional CNN is a deep learning model that used convolutional hidden 

layer which works in 1D sequence. Sometimes another convolutional layer follows, 

like a long input sequences, and a pooling layer follows back whose function is to 

refine the output of the convolutional layer on the most noticeable elements.  

Both convolutional and pooling layers are followed by a dense that is fully 

connected layer that reads the extracted features by a part of convolutional in the 

model. In between the convolutional layers and the dense layer, there is a 

flattening layer which is used to reduce the feature maps to a single one-

dimensional vector (Brownlee, 2018).  

 

Performance Evaluation 

In this work, we used four (4) performance measures: precision, accuracy, F1 score 

and recall 

i. Accuracy- It is used to classify the number of correctly predicted 

data points out of all data points. it is the number of data points 

that were predicted correctly divided by the total number of 

data points prediction made (Iliyas et al., 2020). It is expressed 

in equation (3): 

𝐀𝐜𝐜𝐮𝐫𝐚𝐜𝐲 =
𝐓𝐍 + 𝐓𝐏

𝐓𝐏 + 𝐅𝐏 + 𝐅𝐍 + 𝐓𝐍
……………………… .………………(𝟑) 
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ii. Recall/ Sensitivity: Recall is a metric that measures the number 

of correct positive classified data points made from all the 

positive data points that are supposed to be made (Alshebly and 

Ahmed, 2019). It is expressed in equation (4): 

𝐑𝐞𝐜𝐚𝐥𝐥 =
𝐓𝐏

𝐓𝐏 + 𝐅𝐍
…………………………………………… .………… . . (𝟒) 

iii. F1 Score: This use to determine the mean between precision and 

recall. It describes the preciseness (number of instances that the 

algorithm can correctly predict) and robustness (whether the 

algorithm avoids any missing importance instances) of a model 

(Alshebly and Ahmed, 2019). The expression of f1-score is in 

equation (5): 

𝐅𝟏 𝐒𝐜𝐨𝐫𝐞 = 𝟐 ×
𝟏

𝟏
𝐩𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧 +

𝟏
𝐫𝐞𝐜𝐚𝐥𝐥

……………………………………… . (𝟓) 

 

Result and Discussion 

This section highlighted the results and discussions gotten while predicting breast 

cancer using the five (5) machine learning algorithms with various performance 

metrics based on Accuracy, Precision, Recall, F1 Score and ROC Curve to determine 

the best algorithm in terms of prediction breast cancer disease. 

 
Figure 3: Performance Evaluation of the Five Techniques 

CNN KNN NB LR SVM

Precision 96 93 94 83 96

Recall 97 91 92 90 90

F1 Score 98 90 90 82 92
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The results gotten from the five (5) techniques were plotted using a bar chart and 

compared with another as seen in Figure 3, in terms of precision metrics, we 

achieve a result of CNN: 96%, KNN: 93%, NB:94%. LR:83% and SVM: 89%, in terms of 

Recall metrics, it was revealed as follows CNN: 97%, KNN: 91%, NB:92%. LR:90% and 

SVM: 90%, and in terms of F1 Score metrics, we achieved a result of CNN: 98%%, 

KNN: 90%, NB: 90%, LR:82, and SVM: 98%. 

 

 
Figure 4: The Accuracy of the Five Techniques 

 

The results gotten from the five (5) technique classifiers are plotted in a bar chart 

and compared with another in Figure 4, in terms of accuracy, it was revealed as 

CNN: 98%, KNN: 93%, NB:94%, LR: 92%, and SVM: 96%. 

CNN KNN NB LR SVM

Accuracy 98 93 94 92 96
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Figure 5: ROC of the Five Techniques 

 

Figure 5 highlighted the plotted graph of the ROC Curve of KNN, LR, NB, SVM and 

CNN used in prediction of breast cancer disease and CNN curve revealed to be at 

the extreme top left of the graph, indicating a better performance than the other 

algorithms.  Figure 3 highlighted the results of precision, recall and F1 Score of the 

CNN, KNN, NB, LR and SVM techniques used for the analysis. Based on the result, 

CNN and SVM have the highest precision score of 96% each, while for the recall, 

CNN has the highest score of 97% and for F1 Score, CNN revealed to have the 

highest score of 98%. Figure 4 showed the bar chart for the accuracy of the 

technique used and based on the test CNN has the highest score of 98%. Figure 5 

shows the plotted ROC Curve of the five (5) techniques used; all the techniques 

have shown a good outcome, with CNN having the best plotted curve.  

 

Conclusion and Future Work 

In this paper, we compared five (5) Machine Learning techniques namely: CNN, 

KNN, NB, LR and SVM to choose the best technique for the prediction of breast 

cancer. We analysed and discussed the outcome of these five techniques, in terms 

of four (4) performance metrics; accuracy, precision, recall, and F1 Score. Based 
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on the performance metrics of the applied ML techniques, in precision metrics, we 

achieved a result of CNN: 96%, KNN: 93%, NB:94%. LR:83% and SVM: 89%, for the 

Recall metrics, it was revealed as follows CNN: 97%, KNN: 91%, NB:92%. LR:90% and 

SVM: 90%, and in terms of F1 Score metrics, we achieved a result of CNN: 98%%, 

KNN: 90%, NB: 90%, LR:82, and SVM: 98%. And in terms of accuracy, it was revealed 

as CNN: 98%, KNN: 93%, NB:94%, LR: 92%, and SVM: 96%. Future work can be 

considered by comparing more ML algorithms used for breast cancer prediction 

and different diseases dataset can also be considered. 
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