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ABSTRACT

Autism Spectrum Disorder (ASD) is a condition that hinders brain development. It affects a
person’s way of communicating and behaving. It impacts how a person’s way of perceiving
and socializing with other people. People with ASD experience different type of symptoms
like difficulty with interacting with others, repetitive behaviors, difficulty to function
properly in all areas of life. And these symptoms generally occur in early childhood. In this
paper, a data mining classification technique was used for the prediction of ASD in adults.
Random forest was used as the classifier and accuracy, sensitivity and specificity score
0.9946, 0.9874, 0.9975 were obtained from training set and 0.9571, 0.8571, 0.9821 were
obtained from testing set. The dataset used for prediction had 10 behavioral attributes and 10

more individual attributes.
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CHAPTER 1

Introduction

1.1Introduction

ASD is a brain disorder that usually affects a person in his or her childhood and lasts until
death. Symptoms are generally noticed to be seen in early childhood when the affected
person is a year or two years old. It affects a person’s way of interacting with others, way of
communicating with others and way of learning. Though this disease is seen early in
childhood, many symptoms may not be noticed unless they affect the child's life in
significant ways [1]. Those who have ASD generally have problems in interacting with
others, or they generally avoid eye contact when other people talk to them. The affected
people are seen spending a vast amount of time putting things in order, say the same things

over and over again [2].

Data mining is a technology that uses data analysis methods and algorithms for the
processing of data. Classification is one kind of data mining task. Classification algorithms
are used to build classification models which are used for prediction. The model is first
trained with some data which are referred to as training data and then it is tested for

prediction on the unseen testing data.

Therefore, the goal of this study is to represent a summary on the performance of Random
Forest, a data mining classification technique to predict ASD in a dataset which was

collected from the results of effective screening methods.
1.2Motivation

The social and economic influences of ASD and the rising number of Autism patients

throughout the earth shows how important it is to develop easily implementable and efficient
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screening methods [3]. It is estimated that ASD affects about 1% of people (globally 62.2
million as of 2015) [4] [5]. Males are diagnosed with Autism Spectrum Disorder more than
females [6]. Medication can be used to improve the condition of the affected person but it is

not very helpful. That is why proper ASD diagnosis is very important.
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CHAPTER 2
Background

2.1Related Works

Most studies related to ASD emphasis on genetic attributes. Very few took into account
behavioral attributes.

Among them, in a study conducted by Osman Altay & Mustafa Ulas, they used KNN and the
LDA algorithm [1]. This study showed if children are affected with ASD by using KNN and
LDA classification techniques. The accuracy score was 0.9080 for LDA and 0.8851 for
KNN.

In another study SVM, MLP, Decision tree classifier were used which was conducted by V.
Pream Sudha and M. S. Vijaya [7]. They took into five monogenic disorders RTT, FXS,
TSC, PMS and Timothy syndrome which are related to syndromic ASD, and four different
pathogenic gene mutations, namely missense, nonsense, synonymous and frameshift
mutations, underlying them. The accuracy were 0.96 for SVM, 0.95 for MLP and 0.98 for
Decision Tree. In the study conducted by Wenbo Liu, Zhiding Yu, Bhiksha Raj, Li Yi,
Xiaobing Zou & Ming Li showed a new framework for facial recognition and the use of
classification techniques for ASD diagnosis [8].

2.2Challenges of The Work

Working with Random Forest classifier is tough as it gives different results different times.
Random forest is originally a set of Decision Trees and it randomly selects the height and the
split of those trees. So, it gives different results each time the program is run.

To overcome this problem and get a firm score every time, some parameters of Random
Forest was set constant. ‘bootstrap’ was set to ‘False’, ‘max_features’ was set to ‘sqrt’ and
‘random_state’ was set to ‘0.

© Daffodil international University



The 'max_features' parameter is the highest number of features Random Forest is approved to
try in each tree. Here, 'sqrt’ option receives the square root of the total number of features in a
separate run.

The 'random_state' parameter produces an easily replicable solution. A constant value of this
parameter always gives the same result.
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CHAPTER 3
Methodology

3.1Data Collection

The data were collected from UCI machine learning repository [3]. The data were obtained
from Fadi Fayez Thabtah. Tabtah F. also has a paper on Autism Spectrum Disorder
Screening [9], a mobile application for ASD diagnosis [10] and a paper on machine learning
in autistic spectrum disorder behavioral research [11].The dataset had ten behavioral
attributes (AQ-10-Adult) plus ten individual attributes [3].

The dataset had 704 samples and 21 attributes. After eliminating duplicate data there were
699 samples. After eliminating the unnecessary attributes there were 699 samples with 19
attributes. Table 3.1 represents the attribute names, types and descriptions of the dataset used
in this study.

TABLE 3.1.Attributes of ASD Dataset

Name Type Description
Al Score Boolean Answer to the question
A2_Score Boolean Answer to the question
A3 Score Boolean Answer to the question
A4 Score Boolean Answer to the question
A5 _Score Boolean Answer to the question
A6_Score Boolean Answer to the question
AT _Score Boolean Answer to the question
A8_Score Boolean Answer to the question
A9 Score Boolean Answer to the question
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A10_Score Boolean Answer to the question

Age Number Age of the person

Gender String Gender of the person

Ethnicity String Ethnic group of the person

Jaundice Boolean If the person was born with
jaundice or not

Autism Boolean If any family member has a
PDD or not

Country_of res String Country of residence

Used_app_before Boolean If the person has used app
before

Result Integer The total score

Age desc String Age category

Relation String Who is taking the test for
the person

ASD Boolean (yes or no) If the person has ASD or

not

3.2Data Preprocessing

Some of the attributes had categorical data. The categorical data were encoded first. They

were converted to numerical values.

The attribute named ‘“Result” was the sum total of the scores of questions (A1-A10). And in
all the samples, the value of “age desc” was ’18 and more’. These two attributes were
unnecessary. So, the attributes “Result” and “age desc” was eliminated too. Then duplicate
rows were deleted.
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Then, the entire dataset was split into training set and testing set. 80% of the data was kept
for training and 20% was kept for testing. Feature scaling was applied to put all the data in
same range and same scale.

3.3 LDA

Linear Discriminant Analysis (LDA) is used for reducing dimensionality of datasets.
Dimensionality reduction is the process of shortening the number of variables and a set of
principal variables is obtained [12].

LDA is a dimensionality reduction technique which is applied on linear datasets. The dataset
used in this study was linear as well.

So, LDA was used here as well for reducing dimensionality. LDA reduces dimensionality
through maintaining as much of the class information as possible. It searches the limits of the
clusters of classes and projects the data points on a line in such a manner so that the clusters
created remain as separated as possible, with each one of the clusters having a relatively
close distance to a particular centroid.

Dimensionality reduction can be done in two techniques. One of them is feature selection and
the other one is feature extraction. LDA uses feature extraction technique for reducing
dimensionality. LDA separates most of the classes of the dependent variable by extracting
new independent variables.

If we consider two class and u; & p, as their mean of samples feature extraction can be
mathematically represented as

w = 551(111 — Hz)

Where, w is the eigenvector corresponding to the largest eigenvalue of S;1S,.
Here, §,=5:+S,
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S, and S, are the scatter matrix of class 1 and class 2. And the mathematical formula for S,
IS,

1% i
Sp = EZ(ui — W — 1)
i=1
Here, T is a threshold.
So, LDA was applied and dimensionality was reduced for better performance. Figure 3.1
shows the Python code snippet of LDA. Figure 3.2 and Figure 3.3 shows training set

variables before and after applying LDA respectively. And Figure 3.4 and Figure 3.5 shows
test set variables before and after applying LDA respectively.

from sklearn.discriminant_analysis import LinearDiscriminantAnalysis as LDA
1da=LDA(n_compenents=None)

X train=lda.fit transform(X train,Y train)

X test=lda.transform(X_test)

Figure 3.1: Python Code Snippet of LDA
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Figure 3.2: Training set variables before applying LDA
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Figure 3.3: Training set variables after applying LDA
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Figure 3.4: Test set variables before applying LDA
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Figure 3.5: Test set variables after applying LDA
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3.4 Prediction Algorithm

Data mining is the technique of extracting meaningful information from data [13]. In this
study, a data mining algorithm for classification named Random Forest was used. Random
Forest is an ensemble method which works through generating a forest of Decision Trees. An
ensemble is a series of classifiers. Random Forest combines a series of Decision Tree
classifiers.

In a Decision Tree every node represents a test on the value of an attribute, every branch is
the result of the test, and the leaves represents classes [14].

However, overfitting can easily occur using Decision Tree classifier. But, Random Forest
technique corrects Decision Trees' habit of overfitting. In Random Forest many Decision
Trees are generated. And the procedure of classification is carried out on every tree and for
each run the tree which gets most amount of the votes gets chosen [15]. Thus, Random Forest
is much more efficient than Decision Tree.

Random Forest adds the classification done by the Decision Trees and every one of the tree is
constructed by the values from sets of random vectors [16]. Random vectors are used for
generating Decision Trees.

13
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Figure 3.6: Random Forest explained

Figure 3.7 shows the Python code snippet of Random Forest.
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from sklearn.ensenble import RandomForestClassifier
classifier=RandonForest(lassifier(bootstrap="False',max features="sqrt’,random state=d)
classifier.fit(X train, Y train)

Figure 3.7: Python Code Snippet of Random Forest

3.5 Tools and Techniques Used for the Study

Spyder IDE: Random Forest was implemented through Spyder IDE. Spyder is a powerful
integrated development environment (IDE) for programming in the Python.

Python: Python is an open source programming language which is used in many different
applications. There are many tools that efficiently work with Python. And several of those
tools are built for data science.

NumPy: NumPy is a module for Python. It has many useful features for operations on n-
arrays and matrices.

Pandas: Pandas is another Python module and it contains data structures and tools that are
designed for data analysis operations.

Matplotlib: Matplotlib is a library for the Python programming language which is used for
plotting. Matplotlib is used to draw line graphs, pie charts, histograms and other useful
graphs.

15
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Scikit-learn: It is a library for Machine Learning which is also made in Python. It is used for
implementing machine learning algorithms.

3.6 Performance Evaluation

There are many metrics to evaluate a classification model’s performance. However, in this
case, three classification performance measures were used for evaluating the model’s
performance. Accuracy, Sensitivity and Specificity are the three measures. Formulas for
calculating these measures are shown below.

Accuracy= (TP+TN)/ (TP + TN + FP + FN)
Sensitivity= TP/ (TP + FN)

Specificity= TN/ (TN + FP)

Here, TP stands for True Positive, TN stands for True Negative, FP stands for False Positive
and FN stands for False Negatives.

True positives are the outcomes of the model’s correct predictions of the positive classes and
true negatives are the outcomes when the model correctly predicts the negative classes. On
the other hand, false positives are the outcomes of the model’s incorrect predictions of the
positive classes and false negatives are the results of incorrect predictions of the negative
classes.

TP, TN, FP & FN can be obtained from confusion matrix. A confusion matrix is a table
which is another performance measure of classification models. Table 3.2 shows what each
rows and columns of confusion matrix represents. Figure 3.8 and Figure 3.9 shows the
Python code snippet and the output of confusion matrix for training dataset and Figure 3.10
and Figure 3.11 shows the Python code snippet and the output of confusion matrix for testing
dataset.

16
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TABLE 3.2 Confusion Matrix

Predicted: No Predicted : Yes

Actual : TN FP
No
Actual : FN TP
Yes

from sklearn.metrics import confusion matrix
cm=confusion matrix(Y train,Y pred)

Figure 3.8: Python Code Snippet of Confusion Matrix (training set)

0 1
¥ 1
1 2 157

Figure 3.9: Confusion Matrix (training set)
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from sklearn.metrics import confusion matrix
cm=confusion matrix(Y test,Y pred)

Figure 3.10: Python Code Snippet of Confusion Matrix (testing set)

0 1
ob 18 2
1 4 24

Figure 3.11: Confusion Matrix (testing set)

3.6 Workflow

The total methodology can be expressed through a workflow diagram. The figure Below is the
workflow diagram.

18
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4.1 Result

CHAPTER 4

Results

Table 2 & Table 3 shows the prediction results obtained from classification via the Random
Forest classifier. Table 2 shows the values of TP, TN, FP and FN. Accuracy, Sensitivity and
Specificity are shown in table 3. Figure 4.1, shows the chart representation of Accuracy,
Sensitivity and Specificity and Figure 4.2 shows the Receiver Operating Characteristics

(ROC) curve. The training dataset had 559 samples and the testing dataset had 140 samples.

TABLE 4.1 VALUES OF TP, TN,FP & FN

TP TN FP FN
Training 157 399 1 2
Dataset
Testing 24 110 2 4
Dataset
TABLE 4.2 PERFORMANCE MEASURES
Accuracy Sensitivity Specificity
Training 0.9946 0.9874 0.9975
Dataset
Testing 0.9571 0.8571 0.9821
Dataset

4.2 Result Analysis

© Daffodil international University
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Figure 4.1: Chart Representing the results

We can see from the chart above the difference between training and testing set results are
very small. So, it can be said that no overfitting has occurred. And the scores are good.

Receiver Operating Characteristics (ROC) curve is one of the most important evaluation
metrics for evaluating classification model’s performance. The curve is plotted with TPR is
on y-axis and FPR is on x-axis where TPR is the true positive rate and FPR is false positive
rate. Formulas for calculating TPR & FPR are given below.

TPR= TP/ (TP + FN)
FPR= FP/ (TN + FP)

The greatest classifying model should give a result which is pointed in the upper left corner
of the ROC space which represents there are no false negatives.

21
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Figure 4.2 shows the Python code snippet and Figure 4.3 shows the output of ROC curve.

Train= np.array([0.0025, 0.974])
Test= np.array([2.0078, 0.8571))

plt.scatter(Train[8), Train[L], label = Train', facecolors="black’ edgecolors= arange’, 5=
plt.scatter(Test(8], Test[1], label TE:t , Tacecolors="orange", edgecolors= orange’, s=408)

AL )

= — R — R — R e B — I — ]
— — — — — — — —

Figure 4.2: Python Code snippet of ROC Curve

22
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Figure 4.3: ROC Curve

Based on the ROC curve it can be said that both the results from training set and testing set is
satisfying and the performance was good.

23
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CHAPTERS
Conclusion

5.1 Summary of The Study & Conclusion

ASD diagnosis is very important and proper diagnosis is very important. But without any
clinical or genetic tests ASD diagnosis is possible based solely on behavioral attributes. In
this study it was tried to predict ASD in adults using Random Forest classifier. The data was
collected from UCI machine learning repository which were collected from the results of a
test that included effective screening methods. As most ASD dataset are genetic in nature,
this dataset was exceptional because of having behavioral features.

The purpose of the study was the betterment of prediction of ASD in adults based on
behavioral attributes. Random Forest algorithm was used for building the prediction model
and the model was quite efficient as the scores of Sensitivity, Specificity & Accuracy were
good.

5.2 Future Implementations

Accuracy, sensitivity, specificity were calculated from the values of TP, TN, FP and NP
which were used for evaluating the model’s performance. Both training and testing dataset’s
performance was evaluated. From the performance measures, it can be said that the
classification model’s performance was good. So applications for diagnosis of ASD can be
developed based on this study and it can be helpful in diagnosis of ASD affected patients.
Without doing any clinical tests this applications can be helpful for patients as they can find
out whether they have ASD or not only by answering some questions.

24
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