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Abstract— 1 in 6 couples suffer from infertility problem. The 

reasons for infertility are still not clearly identified. It may be due 

to environmental factors, genetic problem or personal 

characteristics. Due to infertility, people need to undergo 

infertility treatment. Various infertility treatments are available 

like IUI, IVF, ICSI etc… The cost and emotions attached with 

each cycle of IVF Treatment is very high. The Success of each 

IVF cycle varies from person to person and clinic to clinic. So a 

need of a system arises which is capable of predicting the 

outcome of IVF Treatment which can help people psychologically 

and financially. Many Artificial Intelligence methods like Rough 

Sets, Neural Network, and Artificial Neural Network along with 

classifiers are applied to predict the outcome of IVF Treatment. 

Various parameters the affect the treatment are identified 

through various AI Methods. The basic four factors are Male 

Factor, Female Factor, Embryo Characteristics and Treatment 

Characteristics and the various parameters under these factors 

are male age, semen characteristics, female age, body mass index, 

previous abortions, previous live births, previous IVF cycle, 

number of embryos, embryo transfer etc…These parameters are 

taken as input and produces output as pregnant or non-pregnant. 
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I.  INTRODUCTION  

ue to environmental factors, genetic issues, personal 

characteristics and many other reasons, 1in 6 couple 

suffer from infertility problem. Out of these 48% of couple 

will require assisted conception techniques like IUI, IVF, ICSI 

[1]. Infertility is stated as a couple’s medically inability to 

conceive after 12 months of regular attempt without any birth 

control [2]. Various factors need to be considered for 

predicting outcome of the IVF cycle. Infertility means the 

factors can be a male factor or a female factor or an 

unexplained complication in which both partner are medically 

fit but still faces problem to conceive. The cost of IVF and 

ICSI is very high compared to IUI. Even the effect of these 

treatments varies from person to person and clinic to clinic. 

People underwent many cycles of IVF for getting positive 

result. Due to failure of cycle the couple went through 

financial and emotional trauma. So there exist a need of a 

system which can predict success or failure of specific IVF 

cycle. The parameters considered to analyze the outcome are 

many for eg. Woman age, infertility factor, treatment protocol, 

sperm quality, transfer day, number of cells etc… 

We have divided the paper in sections. In section II In-

Vitro Fertilization Treatment and other infertility treatment is 

explained. In section III various Soft Computing Techniques 

utilized to predict outcome of IVF treatment is described. In 

section IV various Data Mining Classification Techniques 

used to classify the outcome are mentioned. Section V consists 

of Performance Analysis and section VI shows Conclusion. 

II. LITERATURE SURVEY 

S.J.Kaufmann et al. [1] surveyed various clinics for IVF data 

and tried to predict the outcome of the IVF treatment to be a 

success or failure making use of Neural Network. The 

parameters are age, number of eggs recovered, number of 

embryo transferred and frozen embryo. Total 8 different type 

of neural network were applied for same dataset. The network 

predicts success better than failure. The proposed approach 

gives sensitivity as 0.55% and specificity as 0.68% and 

accuracy as 59%%. 

Asli Uyar et al. [2] here predicts the success of IVF treatment 

after embryo implantation. Most of the dataset available are 

not balanced properly. Thus the author applies Naïve Bayes 

Classifier to the actual dataset to classify the embryos. To 

solve the problem of imbalanced dataset the author studied the 

effects of oversampling and under sampling and the changes 

of threshold. The results show that 0.3 is perfect threshold for 

correct classification of embryos.. The results generate 

64.4% of True Positive and 30.6% of False Positive. 

Asli Uyar et al. [3] has presented analysis of six different 

methods for classification for predicting the results of embryo 

implantation. The numbers of classifiers applied are Naïve 

Bayes, KNN, Decision Tree, SVM, Multi Layer Perceptron 

and Radial Basis Function Network. Among all the 

classification techniques Naïve bayes and Radial Basis 

Function performs better. 

Charalampos Siristatidis et al. [4] attempt to construct a new 

ANN architecture based on the Learning Vector Quantizer 

promising good generalization: Among the various rule sets 

that were constructed, a single rule set was capable to achieve 

a 'take baby home' prediction rate of 67% with an overall 

accuracy equal to 77%. 

 

D 
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M. Durairaj et al. [5] has implemented a Hybrid System for 

prediction of infertility treatment. The hybrid system is made 

up of Rough Set and Artificial Neural Network. Rough set 

theory is used for finding most effective minimal sperm 

functional attributes known as reduct set. It is a pre-processing 

tool to reduce the number of variables as input to ANN. Thus 

ANN with fewer sets of inputs is short and improves 

prediction accuracy. The hybrid system works good for both 

large or medium size of medical data. Finally the data are 

classified. 

 

David Gil et al. [6] to evaluate the male partner, clinicians use 

the data obtained from semen analysis, and they compare the 

obtained results with the corresponding reference value. The 

authors here have compared three AI techniques i.e Decision 

Tree, Multi Layer Perceptron and Support Vector 

Machine. Multi layer Perceptron and Support Vector Machine 

shows the highest accuracy. The accuracy obtained is 86%. 

M. Durairaj et al. [7] illustrates the process applying data 

mining techniques for identifying influential tests for 

infertility couples to determine the success rate of IVF 

treatment. The data set are preprocessed to select only most 

influential parameters using attribute selection algorithm, 

which filters the noisy data resulted in the selection of 

parameters with high impact factors. The experimental results 

show that the filter and classifier tool using data mining 

techniques employed to evaluate and produce the minimum 

set of data which have most influence on estimating the 

success rate of IVF treatment. In this paper, a data mining 

method of data analysis, classification is proposed for the In-

Vitro Fertilization data analysis, and Multilayer Perceptron 

Network for classification or prediction. 

 

M. Durairaj et al. [8] has used Artificial Neural Network for 

the prediction of fertility success rate based on the IVF data. A 

different process is involved in the Artificial Neural Network 

are: selecting data for training, selecting data for cross 

validation, selecting data for testing, analyzing and 

transforming the selected data, network construction and 

training. The optimal artificial neural network configuration is 

selected from various neural networks. It gives accuracy of 

73%. 

 

Claudio Manna et al. [9] have used artificial intelligence for 

embryo and oocyte classification. The method routinely used 

for selecting the highest quality embryos to transfer is still 

based on morphological analysis. Preliminary studies 

correlating embryo quality with embryo imaging before 

transfer showed an improvement of manual selection. The 

approach proposed in Materials and methods corresponds to 

the intersection between LBP and RSNN. 

 

M. Durairaj et al. [10] has adopted an integrated method of 

ANN and RST for analyzing IVF data. Data Mining has many 

tools for data reduction and prediction. The Rosetta is a tool 

that supports the RST. It is used to done the data 

preprocessing, data cleaning and finding influential parameters 

of IVF. If the testing suitable to give correct result means the 

data trained correctly otherwise the data will be train again. 

Influential parameters are passes as input to Neuro Solution 

ANN Tool. In this paper, a data mining method of data 

analysis, classification is proposed for the In-Vitro 

Fertilization data analysis, and multilayer perceptron network 

for classification or prediction. It gives accuracy of 90%. 

III. SOFT COMPUTING TECHNIQUES 

In the previous section we have seen work accomplish by 
many authors to predict the outcome of IVF treatment based 
on soft computing techniques and various classifiers used for 
classification of outcome as “pregnant” or “non-pregnant”. 
Various soft computing techniques applied are as described 
below.  Context based Association Rules: Context based 
association rules are classifies as a type of association rules 
which concentrate more on unseen (hidden) variable. These 
unseen variables are known as context variables which are 
responsible for changing the final set of association rules. 

A. Neural Network 

Neural Network is a combination of nodes and layers 

interacting to generate the result. Neural Network may consist 

of multiple nodes and only two layers i.e. input layer and 

output layer or neural network may also consists of multiple 

nodes but with three layers i.e. input layer, hidden layer and 

output layer. Multiple inputs are allowed where each input is 

multiplied by a weight and thus many neural network can be 

constructed by changing the weight that is multiplied to the 

input in order to get the desired result. In IVF prediction 

number of parameters is taken as input to neural network. The 

different parameters or variables taken as input are as shown 

in Table-1. Neural Networks offer a novel approach to pattern 

recognition [1].  

 

Table I: Neural Network Inputs[1] 

Variable Nature of Data 

Age Continuous 

Previous Live Births Categorical 

Previous Abortions Categorical 

Duration of Infertility Continuous 

Sperm Motility Continuous 

Number of eggs recovered Continuous 

Proportion of fertilized eggs Continuous 

Number of Embryos Transferred Continuous 

Freezing Categorical 
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Fig 1: The Neuron Model [4] 

 

B. Artificial Neural Network 

Artificial Neural Networks represent a combination of a 

learning, self-adapting, and predicting machine [4]. The 

objective of ANN in bioinformatics is to study the historical 

data and find out the relationship. It works in similar fashion 

as biological nervous system. Different authors has used 

various number of parameters as input and presented their 

output. The result of ANN depends on selecting proper 

parameters or variables as input. Less or more number of 

variables hinders its performance. Even influence of the 

parameters is also important. ANN will give better and 

accurate results if parameters which have greater influence in 

IVF treatment are selected to be taken as input [7]. Fig 2 

shows the diagram of Artificial Neural Network and Table III 

shows the influence of various parameters for IVF outcome. 

 

Fig 2: Artificial Neural Network Model [8] 

 

       ANN can be a simple feed-forward network or a 

multilayer perceptron. Multi Layer Perceptron gives more 

accurate results than the other Neural Networks [6]. 

Supervised learning methods like backpropagation are used to 

train MLP. Fig 2 represents MLP. Backpropagation training 

parameters are shown in Table 2. 

 

Table II: Influential Parameters [7] 

Sr. 

No. 
Considered Parameters Influence of Fertility 

1 Age(F) No 

2 Age(M) No 

3 Duration of Infertility (years) No 

4 Medical Disorders No 

5 Previous Surgery No 

6 Endometriosis Yes 

7 Tubal Infertility No 

8 Ovulatory Factor No 

9 Hormonal Factor No 

10 Cervical Factor No 

11 Unexplained Factor Yes 

12 Sperm Concentration Yes 

13 Sperm Motility Yes 

14 Depression No 

15 Sperm Morphology No 

16 No. of oocytes retrieved No 

17 No. of embryos transferred No 

18 Male Factor only Yes 

19 Female Factor Only No 

20 Unknown Factor No 

 

Table III: Backpropagation training parameters [6] 

Parameters Value 

Learning Rate 0.01 

Adaptive Learning Rate 0.1 

Constant Momentum 0.2 

 

The following diagram shows how Artificial Neural 

Network works for predicting IVF Outcome. 

 

 
Fig 3: ANN based Prediction System [8] 
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C. Rough Set Theory 

The concept of RST is based on the assumption that every 

element has got some information related with it. The RST 

finds the description of sets of elements in terms of attribute 

values, checks dependency between attributes, finds 

significance of attributes reduces attributes and derives 

decision rules [5]. The derived decision rules represent the 

hidden facts of the data. RST is appropriate for both 

categorical and continuous data. Fig 4 shows the pre-

processing steps with RST. 

 
Fig 4: Different stages of Pre-processing with Rough Sets [5] 

 

D. Hybrid System 

Hybrid System is a combination of RST and ANN for 

processing medical data. RST is an appropriate tool for 

minimizing the number of parameters as input to ANN also 

not hindering the basic knowledge of the information system. 

The Hybrid system is also named as IRNNS i.e. Intelligent 

Rough Neural Network System [5].RST is used for data 

cleaning and reduction [10]. It shows only the influential 

parameters which is taken as input for ANN. 

 
Fig 5: Overview of Hybrid IRNNS System [5] 

IV. DATA MINING CLASSIFIERS  

The various classification techniques used along with 

Artificial Neural Network are Naïve Bayes, KNN, DT, SVM 

and are explained below: 

A. Naive Bayes 

Naïve Bayes is a method to construct classifier. Classifier 

is a model that gives proper class labels to the elements [11]. It 

is not an individual algorithm but the group of algorithm used 

to classify the elements based on their features. It treats each 

feature independent of other features and allocates a class 

label to it. According to [2] The Bayes Classification states 

that the posterior probability of an element P(Ci/x) is related 

to the prior distribution P(x/Ci) and the likelihood P(Ci). 

 

 

 

 

 

B. K-Nearest Neighbour 

K nearest neighbors is a simple algorithm that stores all 

available cases and classifies new cases based on a similarity 

measure (e.g., distance functions) [12]. KNN is considered as 

lazy Learner’s as it don’t create any model.  It considers the 

nearest K records of training dataset that have the highest 

similarity with the testing dataset [13]. The nearest records are 

found based on the distance calculated between the records. 

Various methods are available to calculate the distance like 

Manhattan Distance, Euclidean Distance and Minkowski 

Distance. 

C. Decision Tree 

Decision Tree is a classification technique which 

constructs a tree. Decision Tree is a well known technique for 

classification and prediction. In order to classify an element 

start with the root node and follow the path as the answers are 

given until leaf node is reached. The various algorithms in 

Decision Trees are ID3, C4.5 and CART. Fig 5describes the 

general scheme of decision tree in medical field. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

Fig 6:General Scheme of Decision Tree [6] 
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D. Support Vector Machine 

 

SVM is supervised Learning Method for classification and 

regression analysis. It is highly used for classification in 

medical field. It can perform both linear and non-linear 

classification. Non-linear classifications make use of kernel 

trick [14]. Radial Basis Functions Kernel has been adopted for 

classification of IVF outcome as pregnant or non-pregnant. 

The RBF Kernel nonlinearly maps samples into a higher 

dimensional space [6]. 

 

V. PERFORMANCE ANALYSIS 

TABLE IV: IVF OUTCOME PREDICTION RESULTS 

SR. 

No. 

Soft 

Computing 

Technique 

Classifier

s 

Sensitivit

y 

Specificit

y 

Accurac

y 

1 Neural Network -- 0.55% 0.68% 59% 

2 -- 
Naïve 

Bayes 

64.4% 30.6% -- 

3 
Artificial 

Neural Network 
-- 

-- -- 77% 

4 
Multi Layer 
Perceptron 

SVM 
-- -- 86% 

5 RST + ANN -- -- -- 90% 

VI. CONCLUSION 

In this paper, a broad survey on predicting outcome of 

IVF treatment is done. IVF Treatment is very costly and not 

always gives positive result in first cycle. Thus the system 

making use of Soft Computing Techniques and Data Mining 

Classification Techniques is used to predict the outcome of a 

treatment so that couple undergoing can predict the result of 

their treatment which helps them financially and emotionally 

as well. The survey describes various factors affecting the 

infertility and how those factors can be included as variables 

as an input in soft computing techniques which further 

underwent to classify the results as positive and negative or 

pregnant and non-pregnant. 
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