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Abstract. Autism is a developmental disorder that hinders the life of an autis-
tic child with poor communication and a lack of social skills to carry out their
day-to-day work. Detecting autism is very important at an early stage to help the
child overcome their learning disabilities. Generally, Autism is diagnosed by spe-
cialists in hospitals or therapy centers using procedures that are expensive and
time-consuming. Research has been carried out to use various machine learning
algorithms to develop intelligent classifiers for autismwhich can improve accuracy
and reduce time. In this paper, we propose a Rule based classifier that generates
rules that are combined with machine learning algorithms to detect autism in chil-
dren by using the QCHAT screening tool. It is the first time Rule based machine
learning has been used on a QCHAT screening tool that detects autism during
18–30 months of age. The dataset of QCHAT with rule based classifier has been
used for detecting autism and achieved an accuracy of 97.37%. This would be
helpful for the doctors and parents to diagnose the child with autism and initiate
necessary therapies which can help the child to develop to the fullest.

Keywords: Autism Diagnosis · classification · machine learning · Rule based
model

1 Introduction

Autism is a mental disability that hinders the development of a child in various aspects
such as communication, gross motor skills, and personal skills. The exact cause of it is
not known but it is assumed to be caused due to chemical disturbances in the brain [1].
There is no proper medicine available for it and only intervention helps to develop the
necessary skills. As per the Centers for disease control and Prevention (CDC) report on
autism, 2020,1 in 54 children has autism [2]. The rest of the paper is organized as follows:
Literature Survey, Proposed Rule based classifier model, Results, and Conclusion.

2 Literature Survey

There are various ways of detecting autism and the most common method is to use
autism screening and diagnostic tools. The other methods used are functional magnetic
resonance imaging (f-MRI) scanning, electroencephalogram (EEG) signals, and Eye
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gaze. A lot of research has been done to detect autism using f-MRI scanning, EEG
signals, and Eye gaze and the accuracy achieved is also good but they cannot be used
to identify all the aspects of autism. In this paper, we concentrate on various autism
screening tools onwhich variousmachine learning algorithms have been used to improve
accuracy and reduce the time for identifying children with autism.

Various Screening tools available are:

• Ages and Stages Questionnaires (ASQ) (1 month-5.6 years): It is a questionnaire to
be filled out by the parents and has 19 questions related to gross and fine motor skills,
communication, and personal adaptive skills [3].

• Communication and Symbolic Behavior Scales (CSBS) (up to 24 months): It is a
questionnaire to befilled out by the parent related to communication and other abilities
[4].

• Parents’ Evaluation of Developmental Status (PEDS) (birth-8 years): It is used for
identifying the milestones of the children. It is to be filled by the parents [5]

• Modified Checklist for Autism in Toddlers (MCHAT) (16–30 months): It is a ques-
tionnaire to be filled out by the parents and is used to identify children with autism
[6].

• Quantitative Checklist for Autism in Toddlers (QCHAT) (18–24 months): It is a
questionnaire to be filled out by the parents to identify children with autism [20]

• Screening Tool for Autism in Toddlers and Young Children (STAT) (24–36 months):
It is an activity-based assessment to test for various milestones of the children like
communication, playing and imitating others [7].

Once the screening is done, if there is any problem in the child’s development, they
will be directed to diagnostic tools to identify the autism and its severity.Various diagnos-
tic tools available are Autism Diagnosis Interview [8], Autism Diagnostic Observation
Schedule [9], Childhood Autism Rating Scale (CARS) [10] and Gilliam Autism Rating
Scale [11].

The Literature survey of machine learning algorithms applied to various screening
tools is as follows:

1. Kazi ShahrukhOmar and others have developed amobile application using 2 different
datasets. One is anAQ-10 dataset and the other is a real dataset collected frompersons.
It was able to predict autism with an accuracy of 92.26%, 93.78%, and 97.10% for
child, adolescent, and adult respectively for the AQ-10 dataset and 77% to 85% for
the real dataset. A combination of random forest CART and random forest ID3 has
been used [12].

2. Suman Raj and others have used various machine learning algorithms such as Naïve
Bayes, KNN, support vector machine, neural network, logistic regression, and con-
volutional neural networks on 3 different datasets of ASD screening data for adults,
children and adolescents. CNN has the best accuracy on all the datasets compared
to other algorithms with an accuracy of 99.53% for adults, 98.30% for children and
96.88% for adolescents [13].

3. Fadi Thabtah and others used logistic regression on QCHAT-10 and AQ-10 datasets
of adolescents and adults collected from the ASD test app. Information gain and the
Chi-square test for feature analysis have been applied and were able to detect autism
and the necessary features to detect autism [14]
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4. Fadi Thabtah and others have used the Rules Machine learning algorithm on the AQ-
10 dataset which helped to detect autism and also provide various rules which ensure
whether the individual is autistic or not [15]

5. Tania and others have applied Adaboost, FDA, C5.0, GLMBOOST, LDA, MDA,
PDA,SVM, andCARTonQCHAT-10 for toddlers andAQ-10datasets for adolescents
and adults and SVM performed better for the toddler dataset. Before using classifiers
various feature transformation techniques such as sine, log, and Z-score have been
applied. After classification, feature selection techniques were used which helped to
find the important features to detect autism [16]

6. Gennaro and others used various classification algorithms such as random forest (RF),
naïve Bayes (NB), support vector machine (SVM), logistic regression (LR), and K-
nearest neighbors (KNN) on QCHAT and QCHAT-10 and achieved an accuracy of
95% for SVM [17].

7. Mujeeb Rahman KK and others have used deep neural networks on QCHAT and
QCHAT-10 datasets and achieved an accuracy of 97.50% and 100% respectively [18]

The above papers have used various machine learning algorithms to classify the
child or adolescent as autistic or not. Fadi Thabtah [15] has used rules-based machine
learning to generate an intelligent classifier for autismwhich is applicable only to adults.
In this paper, we propose a rule based classifier model which generates rules used by
the screening tool that are combined with machine learning algorithms to detect autism
in children of the age group 18–30 months.

3 Proposed Rule Based Classifier Model

The diagram in Fig. 1 shows the architecture of the proposed Rule based Classifiermodel
for detection.

The QCHAT dataset has been collected from the Mendeley data website [19] which
is publicly available. The QCHAT dataset is based on the QCHAT screening tool and
consists of 25 questions that corresponds to the child’s various developmental areas
such as speech and language, sensory issues, Eye contact, social communication, lack of

Fig. 1. Rule Based Classifier for the Detection of Autism in Children



82 K. Karre and Dr. Y. Ramadevi

Fig. 2: Correlation matrix of the QCHAT dataset used for feature selection

attention, and concentration. The dataset has 252 records of the childrenwho participated
in the screening test with 36 attributes which include personal information of the child
such as child_id, age, number of siblings, birth weight, and so on. Once the data is
collected,Data Pre Processing is done on the dataset to check for empty values, duplicates
or invalid data.

Feature selection is used to find the highly correlated features. The correlationmatrix
of the dataset is shown in Fig. 2. Based on the correlation matrix we have selected all 25
attributes which represent the questionnaire of QCHAT and other attributes which are
highly correlated.

The correlation coefficient of the two variables is obtained by

ρxy = Cov(x, y)/σxσy (1)

where Cov(x,y) is the covariance of the variables x,y
And σxσy are the products of the standard deviation of the variables.
The cleansed data obtained after data preprocessing is sent to rule based model

to generate the rules which are then combined with machine learning models for the
detection of autism in children. The outcome of the Rule based model is the set of rules
generated which when combined with machine learning algorithms classify the new
instance as autistic or not autistic.

The algorithm to generate rules is as follows:

Algorithm: Rule Based Classifier for the Detection of Autism in children
Input: QCHAT dataset with n users, min_val,min_strength //
Rule_strength=min_strength and minimum frequency=min_value

Output: Set of Rules
1. S_f_R← {}
2. ri ←{}
3. Temp ← n
4. DO {
5. If p(Ai,Vi) ∀Ai/ Vi ≥ min_val
{6.if p(Ai,Vi) ∀ i /

∑
Vi ≥ min_strength

{7.ri={Ai,Vi}
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}
8. Repeat steps 5-7 till no instances of Ai,Vi are found
}
}
9.S_f_R=ri
10. Exit when n has no more instances OR all p(Ai,Vi) instances, have been covered
11. Generate S_f_R
12. Classify Test(Test,S_f_R)
The above algorithm takes QCHAT dataset as an input and the output is the set of

rules(S_f_R) generated which when combined with machine learning algorithms can be
used to classify ASD or NO ASD. It has n number of users and each user has m number
of attributes A1, A2, A3,__,Am. Each attribute has a value Vi associated with it. The
algorithm uses two threshold values min_value and min_strength. The Rule is written
as (A1,V1)and (A2,V2) and (A3,V3)and …(Ak,Vk)->Cn where the antecedent is the
conjunction of an attribute and its value and the consequent is a class label. Here class
labels areASDorNOASD. For every user, only if each attribute value is> =min_value,
then it can be part of the rule. When the total of all the values is > = min_strength, then
it can be added to the set of rules(S_f_R). Initially, S_f_R is empty. As the instances
satisfy the conditions, the rules will be generated as shown in steps 5–8.The generated
rules will be added to S_f_R in step 9 and this will be repeated for all the instances as
shown in step 10. Final S_f_R will be generated in step 11 which are combined with
machine learning algorithms to classify the children as ASD or NO ASD.

4 Results

Autism is a Neurodevelopment disorder that affects the child’s growth in various aspects
such as communication, social skills, eye contact, interpersonal skills, language, and
sensory issues. In the proposed system autism is detected using Rule based classifier.
QCHAT dataset which is publicly available is used for this purpose. It consists of 252
records with 36 columns. The metrics used for detection are accuracy, precision, and
recall.

Accuracy is a measure of how well a machine learning algorithm can make correct
predictions.

Accuracy = Number of correct predictions/Total number of predictions (2)

Precision is a measure of the number of true positives to the total number of
predictions.

Precision = True Positives/(True positives + False Positives) (3)

Recall is a measure of number of the true positives to the total number of positive
predictions.

Recall = True Positives/(True positives False Negatives) (4)
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Table 1. Confusion matrix and ROC curve for Random forest classifier

Table 2. Metrics of Random forest on train and test dataset

Data Accuracy Precision Recall

Training Data 96.6% 98.5% 93.2%

Testing Data 97.37% 100% 93.5%

The model was developed by using Google Colaboratory provided by Google which
facilitates research using machine learning. It has a Jupiter notebook which is cloud-
based and can be accessedwithout any setup needed.Upon generation of rules, aRandom
forest algorithm has been applied to it. The dataset is divided into training and testing
with a 70:30 ratio respectively and 10-fold cross-validation is used. The confusionmatrix
and the ROC curve are shown in Table 1.

The output of random forest classifier is a dataset that consists of only autistic
children which are around 76 rows and 37 columns where rows indicates the number
of children who are autistic and columns indicate the attributes of the QCHAT dataset
with an additional attribute of autistic. The autistic attribute has a value of 1 if the child
is autistic and a 0 if not autistic.

The Accuracy, Precision, and Recall for the training data and testing data are as
shown in Table 2.

5 Conclusion

Autism is a developmental disorder that affects the child’s growth in various aspects
and early detection helps to develop the necessary skills. Early detection can help the
child to develop to their fullest. Evaluation of screening tools is carried out manually
by the doctors. Using machine learning approaches in the detection helps doctors to
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detect autism in less time and with better accuracy avoiding human errors. Our proposed
system of Rule based classifier is the first of its kind to combine rules which are used by
the screening tool and machine learning algorithms to detect autism effectively with an
accuracy of 97.37%.

One of the limitations is the size of the dataset. The proposed method can achieve
higher accuracy if more data can be collected. Our future scope is to combine machine
learning algorithms for diagnostic tools of autism to increase their performance and
reduce evaluation time.
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