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Comparative Analysis of Co-factors Used to Predict Autism
Spectrum Disorder

Abstract—Autism  Spectrum  Disorder(ASD) is a
neurodevelopmental disease that instills in parents a trepidation
and concern for their children. Hence, predicting if their child is
autistic or not would help them cope with the situation. To
identify the early symptoms of autism a number of co-factors of
various types are used. This paper explores these co-factors by
comparing them using several deep-learning algorithms. Each
co-factor has some kind of challenge attached to it. Improvising
and enhancing the data set using preprocessing techniques is a
major requirement before applying the algorithms. A
combination of all the co-factors would be an ideal data set, but
doing some may create a cumbersome data set that might
increase the complexity of the algorithm. Besides, each kind of
co-factor has specific and nuanced algorithms designed for their
data type. Hence by incorporating the required kind of
algorithm for each co-factor, a comparison has been drawn to
choose the most suitable co-factor to predict ASD. The two
kinds of data sets used are behavioral and facial image data sets.
The techniques used for the behavioral data set are feature
selection, optimization techniques and ANN(artificial neural
network), and the techniques used for the facial image data set
are VGG16, transfer learning, and CNN(Convolutional neural
network)

. INTRODUCTION

SD stands for Autism Spectrum Disorder[1] which is

neurodevelopmental disorder that affects social
interaction, communication and behaviour. The term
“spectrum” refers to the fact that the symptoms vary from
person to person and mild to severe.

People with ASD may have difficulty with social skills and
communication, such as understanding and using nonverbal
cues like eye contact, tone of voice, and facial expressions[2].
They may also have repetitive behaviors or narrow interests
and may struggle with sensory processing. ASD is typically
diagnosed in early childhood, but sometimes symptoms may
not become apparent until later. While there is no cure for
ASD, early intervention and support can help individuals with
ASD improve their communication, socialization, and
behavior, and lead fulfilling lives.

Although the clinical approach would be to detect ASD
using chromosomes[3], machine learning can also be used for
the detection of ASD in kids and adults by employing ML
algorithms on data sets. Machine learning algorithms can be

trained on large data sets to identify patterns and correlations
that may not be readily apparent to human observers. These
algorithms can analyze complex data and generate predictive
models that can help identify individuals at risk for autism or
provide support for clinical decision-making.

Machine learning can also be used to integrate multiple
sources of data, such as behavioral, physiological, and
neuroimaging data, to improve the accuracy and reliability of
autism detection. By combining data from different
modalities, machine learning algorithms can capture complex
interactions and relationships that may not be evident in
individual data sources alone[4].

However, it's important to note that machine learning for
autism detection[2] is still in the early stages of development
and further research is needed to validate its accuracy,
reliability, and ethical implications. It's also crucial to ensure
that supervised machine learning algorithms[5] are
transparent, interpretable, and adhere to ethical guidelines to
ensure this technology's fair and responsible use in autism
diagnosis and intervention. Nonetheless, machine learning
holds promise as a potential tool for the early detection of
autism, which can contribute to improved outcomes for
individuals with autism and their families.

One approach to detecting autism using machine learning
involves the analysis of behavioral data, such as speech, eye
gaze, facial expressions, and motor movements. For example,
machine learning algorithms can be trained to analyze speech
patterns or eye gaze data during social interactions to identify
characteristics that are indicative of autism[6].

Another approach involves using machine learning
algorithms to analyze neuroimaging data, such as functional
magnetic resonance imaging[7] (FMRI) or
electroencephalography (EEG) data[8]. These algorithms can
identify patterns of brain activity that are associated with
autism, providing insights into the neural mechanisms
underlying the disorder.

The kind of co-factors used can range from behavioral and
facial image data sets to EEG signals and MRI scans. All the
data sets have only a specific kind of information, hence an
ideal data set would be a combination of all the co-factors.
However, such a data set would increase the complexity and
bring about other challenges pertaining to the compatibility of
the data types of each co-factor.
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In this paper, the comparative analysis of co-factors for
ASD detection uses feature selection methods. Behavioral
data set is obtained from Kaggle which contains the
questionnaire, and other personal details such as age and
ethnicity. The facial image data set is also obtained from
Kaggle which contains 2450 train images, with 1225 images
each in autistic and non-autistic categories.

Il. RELATED WORKS

Michael Lombardo and Simon Baron-book Cohen's[8]
paper offers a thorough analysis of the many risk factors for
ASD. Another study, by Julie Daniels et al., explores different
risk factors for ASD based on a thorough analysis of the
literature already in existence. [10]A study about early autism
spectrum disorder detection by Costanzo.V et al looked at
home movies of children with ASD and younger siblings to
find early behavioral indicators that might indicate later ASD
development.

In a study paper by P.Kavya Sree et al.[11] it is suggested
that supervised learning algorithms be used to determine
whether a kid will have ASD. The research makes use of a
data set that includes behavioral and demographic data from
kids with and without ASD. The effectiveness of various
supervised learning techniques, such as logistic regression,
decision trees, random forests, and support vector machines
(SVM), in predicting ASD is evaluated by the authors. They
also look into how feature selection affects how accurate the
models are.

The paper by Vishal.V et al.[12] aims to compare the
performance of different machine learning algorithms in
predicting Autism Spectrum Disorder (ASD) using a data set
of behavioral features. The study suggests that machine
learning algorithms can be effective in predicting ASD using
behavioral features, with SVM being the most accurate
algorithm in this study. However, further research is needed
to validate these results and explore the potential of other
machine-learning techniques in ASD prediction.

The article [13] by Sadiq et al predicts the diagnosis of
ASD in kids between the ages of 4 and 6. This study used
machine learning algorithms to examine eye-tracking and
EEG data.

To understand the risk of ASD in infants, a study [14] was
conducted by Harel-Gadassi et al. The aim of the study was to
examine the risk of ASD in the long term in individuals who
are born preterm and full-term using both observational
instruments and parental reports. Neonatal risk factors and
developmental characteristics associated with ASD risk were
also examined.

Oller et al article [15] described how automated speech
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analysis was utilized to find vocal characteristics that could
help diagnose ASD in children between the ages of three and
five.

Another research using a different co-factor was the
paper[16] by M.Mishra et al. This paper explores the method
of using morphometric features of T1 weighted MRI to detect
Autism Spectrum Disorder.

In the study paper by Nafisa Sadaf Hriti et al[17], the use of
visual and behavioral data for autism classification is
examined. The study hopes to advance earlier research that
classified autism using only one piece of data.

I1l. ALGORITHMS AND METHODS

Two publicly available data sets containing information
about symptoms that can be used to detect autism are taken
for analysis. One data set contains information about
ethnicity, gender, answers to the screening questions, etc. In
contrast, the other data set contains images of autistic and
non-autistic children in two folders, one of which has been
categorized while the other is shuffled. A comparison is
drawn between the two data sets based on their performance
using machine learning models[4].The image data set
contains 2450 train images, with 1225 images each in autistic
and non-autistic categories.

A. For behavioral data set

1) Feature Selection: The Pearson Correlation method is
used to select features for behavioral data. The Pearson
correlation method is a statistical approach that evaluates the
linear association between two variables. By utilizing Pearson
correlation in feature selection[18], one can identify the most
robust attributes that are linked to the target variable. To
employ Pearson correlation for feature selection, an
individual would need to calculate the correlation coefficient
between each attribute and the target variable. The correlation
coefficient ranges from -1 to 1, where -1 indicates a perfect
negative correlation, 1 denotes a perfect positive correlation,
and 0 represents no correlation.

2) Artificial Neural Network: The Pearson Correlation
method is used to select features for behavioral data. The
Pearson correlation method is a statistical approach that
evaluates the linear association between two variables. By
utilizing Pearson correlation in feature selection[18], one can
identify the most robust attributes that are linked to the target
variable. To employ Pearson correlation for feature selection,
an individual would need to calculate the correlation
coefficient between each attribute and the target variable. The
correlation coefficient ranges from -1 to 1, where -1 indicates
a perfect negative correlation, 1 denotes a perfect positive
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correlation, and 0 represents no correlation.

3) Genetic Algorithm: In machine learning, genetic
optimization can be applied to feature selection[18] or to
determine the best hyperparameters for a particular model.
Hyperparameters are variables that are set before the model is
trained, such as the learning rate, regularization intensity, or
number of hidden levels in a neural network. Finding the ideal
hyperparameters can greatly enhance the model's efficiency.

B. For image data set

1) Convolutional  Neural  Network(CNN):  Machine
learning includes convolutional neural networks, also known
as convnets or CNNs. It is a subset of the several artificial
neural network models that are employed for diverse
purposes and data collection. [19]A CNN is a particular type
of network design for deep learning algorithms that are
utilized for tasks like image recognition and pixel data
processing.

Three layers make up the traditional CNN architecture: a
pooling layer, a convolutional layer, and a final fully
connected layer. One of the fundamental layers of CNN, the
convolutional layer performs the majority of the calculation
effort[2]. This layer's primary function is to filter and
convolution the initial data before passing it on to the final
result of the following layer. The appropriate features from
the entire input are then selected, and the filter is then applied
to the following layer to form a feature map. The spatial
reduction of the processing time and spatial representation is
accomplished by the pooling layer, which is placed between
the subsequent convolutions. To cut down on the
computational overhead, this layer pools each of the
separated inputs for the following convolutional layer. The
Convolutional and pooling layers only choose the pertinent
features from the input images. The final output, which is
equal to the number of classes, is provided by the completely
connected layer.[13]

2) Transfer Learning: Transfer learning is a machine
learning technique in which a model is trained on a large data
set and then reused on a smaller data set for a new task or
domain. The idea behind transfer learning is that the model's
knowledge accumulated on a large data set can be transferred
to a new task or domain, resulting in faster training and
improved performance.

3) Pretrained Model: The VGG16 model, which is a
convolutional neural network with 16 layers, is also referred
to as the VGG model.[19]. It has achieved exceptional
accuracy in the top-5 test of the ImageNet data set, which
contains almost thousand distinct categories and over
fourteen million images. At ILSVRC-2014, it was one of the
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most frequently used models. Rather than utilizing filters with
large kernel sizes, it employs a series of filters with kernel
sizes of 3x3. As previously stated, the VGG16 comprises 16
layers and can categorize images into thousand
classifications, including keyboards, pencils, and mice.

VGG16 is composed of 16 layers, in which 13 are
convoluted and three are completely connected. The input is
an image with dimensions of 224x224 and RGB color space.
The convolutional layers employ filters of 3x3 size using a
stride of one and padding of one. Meanwhile, the max pooling
layers utilize a window of 2x2 size with a stride of 2.The
quantity of filters increases as the model's depth increases,
from 64 in the first layer to 512 in the final. The fully linked
layers each have 4096 neurons, with a last output layer of
1000 neurons, matching the ImageNet data set's 1000
classifications.

4) T-SNE Visualization: The t-SNE technique is a
statistical approach that enables the visualization of data with
high dimensions by allocating a position to each data point in
a map consisting of two or three dimensions.This is
accomplished by using a Gaussian kernel assign a probability
to each data point that is proportional to how similar it is to
other points in the high-dimensional point.

For the application of t-SNE to image data, the first step is
to extract significant features from the images. This can be
achieved by using pre-trained CNNs like VGG, ResNet, or
Inception, which have undergone training on extensive data
sets like ImageNet and can extract a diverse range of image
features.

After extracting the features from the images, t-SNE can be
employed to represent these features in a lower-dimensional
space.The resulting representation will demonstrate the
similarities and distinctions between the images based on
their extracted features.

IV. IMPLEMENTATION

The Image data set consists of images of children with
autism and those without autism. The data set is split into the
train, valid, and test folders.[20] As part of preprocessing, the
images are resized uniformly and converted to a numpy array
before feeding them to the model. Following this, the T-SNE
visualization algorithm is applied to plot the distribution of
the images in those 2 classes. Then the same process is
applied to validation data.

For the task of image classification, a pre-existing CNN
model named VGG16, which has been trained on a vast
amount of image data, is employed by adopting a transfer
learning technique.[21] Next, the pre-existing model is linked
to a custom fully linked layer using the sigmoid activation
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function. The model is subsequently compiled by designating
the loss function, optimizer, and metrics for the model.

Furthermore, we use t-sne visualization to visualize the
output of the last layer in a low-dimensional space and map
the predicted labels to the t-sne visualization to see how the
CNN is making its predictions and to ensure that the results
are robust and reliable. The test data is resized and converted
into a numpy array. Model validation is done by checking the
prediction of the sample test images with the ones already
classified in the valid folder.[4]

The behavioral data set contains the screening
questionnaire consisting of 10 behavioral features along with
10 individual characteristics.[22] The preprocessing of this
data set is done by label encoding and checking for missing
values. Following this feature selection is done using Pearson
correlation to select features that are highly correlated with
the output. Next, the data set is split into training and testing
sets, with the training set used to train the ANN.

Then the model is built by adding the input layer and first
hidden layer and the activation function and fits into a
training set, then it is compiled using an Adam optimizer, loss
function, and evaluation metrics.[23] Next, the evaluation of
the model's performance is carried out using the test set.
Furthermore, we employed a genetic approach to reduce
overfitting and boost the model's adaptability. The fitness
function is created and combined with ANN and genetic
algorithms using the pygad library. The parent type is then
defined, after which the mutation, crossover for genetics, and
best fitness value are evaluated. Finally, the overall
performance of the model is evaluated.

V. DISCUSSION

To choose the best set of co-factors used to detect autism
using machine learning, just one algorithm on each data set
would not be sufficient.[24] A composition of all co-factors
there is- Image Data, Video Data, EGG Signals, Parental
Questionnaire, MRI, and Ultrasound scans would be ideal but
the complexity of the process and the time taken would be
extremely high. A well-detailed CSV file would suffice,
provided that it is balanced and contains all required
parameters to detect autism. Here, we have chosen two data
sets- image and behavioral to compare and pick which would
be better to detect autism[20]. The results of applying an
artificial neural network combined with a genetic
optimization algorithm are compared with existing models
SVM and random forest. ANN seems to have the highest
accuracy compared to the other two, with an accuracy of
98%.

Then the results of applying the VGG16 algorithm are
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compared with existing models GoogleNet and
MobileNet-224 algorithms[20]. The accuracy of the VGG16
model seems to be high compared to the other two at 80%,
still resulting less than the ANN model using behavioral data.
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Fig 1: Comparison of proposed model with existing models for behavioral
data.
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Fig 2: Comparison of the results of the proposed system against existing
models for Image data.

VI. CONCLUSION

The results of the study suggest that using behavioral data as
input for machine learning models would provide the most
significant results. Although EEG signals data provides a
closer accuracy, it is a difficult data set to obtain on top where
overfitting and robustness exist as problems.

Autism detection using images is a complex task, and
extracting features from them is difficult, but behavioral data
not only provides information about autism but also aids in
the early diagnosis of the disorder in children. And in
identifying the most important features that contribute to the
prediction. This could help to build trust in the model and
increase its clinical utility. We conclude that behavioral data
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is more significant in detecting autism and is valuable
information for both parents and doctors in early autism
identification and diagnosis.

Future work would focus on collecting more data from
various sources and on improving the proposed
machine-learning classifiers to enhance their accuracy.
Adding to that, building a web application for the proposed
model would make it feasible for future researchers to
understand and access information. Furthermore, pertaining
to the co-factors, the ASD prediction process can be
improved by integrating behavioral function and EEG
data-based analysis.
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