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ABSTRACT

The identification of ADHD is laden with a great number of challenges and obstacles. If a patient is incorrectly diagnosed, there is a possibility that 
this will have adverse impact on their health. ADHD is a neurodevelopmental condition characterized by persistent patterns of inattention, hyper-
activity, and impulsivity that often emerge in infancy. ADHD is a neurodevelopmental disorder characterized by difficulties in sustaining attention, 
concentrating, and regulating behavior. Therefore, using artificial intelligence approaches for early detection is very important for reducing the 
increase in disease. The goal of this research is to find out an accurate model that could differentiate between those who have ADHD and those who 
do not have it by making use of the method of pattern recognition. The research project was composed of a combination of event-related potential data 
from people who had been diagnosed with ADHD, in addition to a control group that was made up of people who did not have ADHD. This research 
presents novel machine learning models based on decision tree (DT), random forest (RF), support vector machine (SVM), and multilayer perceptron 
(MLP), using dataset collected from ADHD patients for the purpose of training. Significant performance outcomes have been seen in the context of 
the SVM which has achieved a high accuracy rate of 91%. MLP has demonstrated an accuracy rate of 89%. Furthermore, the RF model has shown an 
accuracy rate of 87%. Finally, the DT model revealed accurate results up to 78%. The aforementioned results highlight the effectiveness of the utilized 
methods and the ability of modern computational frameworks in attaining substantial levels of accuracy in the diagnosis and categorization of ADHD.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
ropsychiatric condition that frequently manifests itself 
throughout childhood and adolescence (Kieling and Rohde, 
2012). This condition is quite common. Insufficiencies in 
attention, abnormally high levels of activity, and impulsive 
behavior are the core manifestations of this condition (Thomas 
et al., 2015). Different subtypes may be distinguished by the 
extent of these symptoms. The inattentive subtype (ADD) 
and the combined subtype attention deficit hyperactivity dis-
order combined subtype (ADHD-C) are the two most promi-
nent subtypes of ADHD (Randall et al., 2009; Ahmadi et al., 
2014). Individuals who exhibit symptoms that fall under 
both diagnostic categories have significant deficiencies in 
attention. However, those who have been diagnosed with 
ADHD-C struggle not only with their ability to pay attention 

but also with their ability to control their impulses and their 
level of activity. In an effort to shed light on the variables that 
lie behind the surface, a number of ideas have been proposed, 
with the most prominent theories concentrating on the pro-
cessing of dopamine and alterations in the functioning of the 
prefrontal cortex (Kessler et al., 2007; Ziegler et al., 2016; 
Luo et al., 2019). The current standard method for diagnosing 
ADHD involves a battery of tests. Clinical interviews, symp-
tom questionnaires with multiple assessors, cognitive tests, 
and a methodical procedure for rolling out other potential 
causes of the reported symptoms are all part of the toolkit. 
These potential causes include comorbid mental problems, 
sensory impairments, thyroid dysfunction, and electroen-
cephalogram (EEG) abnormalities. This method has reached 
the level of conventional wisdom and is now the standard.
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ADHD has traditionally been considered to be a condition 
which primarily affects children, as it is believed that ADHD 
symptoms tend to ameliorate as children mature (De Graaf 
et al., 2008). However, many extensive investigations have 
shown that individuals who were diagnosed with ADHD 
during childhood continue to exhibit symptoms that align 
well with the diagnostic criteria into adulthood (Weiss et al., 
2002; Montes et al., 2007; Kessler et al., 2010; Montejano 
et al., 2011; Park et al., 2011). Adult ADHD often includes 
those who are in the late adolescence stage or older, namely 
those who are 17 years of age or older. ADHD is a psychi-
atric condition characterized by a confluence of symptoms, 
majorly inattention, hyperactivity, and impulsivity. These 
symptoms together contribute to a notable impairment in 
social functioning. The primary manifestations of ADHD 
in adult individuals are characterized by tendencies toward 
inattentiveness and impulsive behavior. Nonetheless, people 
with ADHD exhibit significant improvement in symptoms 
related to hyperactivity (Sibley et al., 2012).

People with ADHD may struggle to overcome a variety of 
challenges when it comes to starting and maintaining con-
versations with others. In addition, studies have shown that 
members of this group often have difficulties at work, espe-
cially in terms of their capability to correctly organize and 
complete activities (Ward et  al., 1993; Adler et  al., 2006). 
This is problematic because people who fall under this cate-
gory often struggle to adjust to new settings. This phenom-
enon has been identified as a major hurdle for the affected 
people. While medical experts have a lesser likelihood of 
accurately diagnosing ADHD in adults (Barkley, 1997), 
the general population is more likely to receive inaccurate 
diagnosis. This is because there are significant differences in 
the symptoms of ADHD in children and adults. Among the 
many diagnostic criteria for ADHD, carelessness and hyper-
activity/impulsivity are considered to be the most essential. 
In addition to this, in the context of adult ADHD, symp-
toms outside of the basic diagnostic criteria become more 
noticeable. Impairments in executive function, difficulty in 
attentiveness to inner feelings, self-concept and self-esteem 
disorders, and social difficulties are among the most com-
mon (Conners et al., 1999; Shaw-Zirt et al., 2005; Willcutt 
et al., 2005; Canu and Carlson, 2007; Faraone et al., 2010; 
Safren et  al., 2010; Brikell et  al., 2015; Corbisiero et  al., 
2017; Musser and Nigg, 2019; Yoo et  al., 2019; Faraone 
et al., 2021). In light of this, it is exceedingly challenging to 
conduct thorough ADHD screenings of adult patients solely 
using diagnostic criteria established in the Diagnostic and 
Statistical Manual of Mental Disorders or the International 
Classification of Diseases system. The aforementioned issue 
may be seen as a substantial barrier to improvement in terms 
of clinical practice. Therefore, it is of utmost importance 
to develop a valid screening instrument for adult ADHD 
(Freeman-Fobbs, 2003).

Presently, scientists in the academic community are 
actively engaged in efforts to identify the risk factors asso-
ciated with ADHD in order to reduce the prevalence of this 
condition in children and adolescents. A recent research 
(Stevens et al., 2005) has provided empirical data supporting 
a substantial link between genetic traits and ADHD, hence 
indicating a strong association between them. The etiology 

of ADHD in younger children is remarkably influenced by 
genetic predisposition, which contribute to about 75% of 
the overall risk (Bazar et al., 2006). ADHD has been associ-
ated with many risk factors, such as brain damage, prenatal 
exposure to alcohol and nicotine, and preterm birth (Stevens 
et  al., 2005). These risk factors are accompanied by the 
inherited traits that may potentially contribute. Several pre-
vious research (Agranat-Meged et al., 2005; Kollins et al., 
2005; Bramlett and Blumberg, 2007; Cortese et  al., 2008; 
Waring and Lapane, 2008; Choy et  al., 2018; Zhou et  al., 
2019; Ghaderzadeh et al., 2021) have shown high correla-
tion between ADHD in children and a range of factors, such 
as age, gender, asthma, race, anxiety, depression, obesity, 
smoking, and socioeconomic level. The primary objective 
of this research was to ascertain the risk variables associated 
with ADHD in individuals of pediatric and teenage age. The 
critical need to provide a predictive model has been demon-
strated, and other than relying on conventional prediction 
techniques, the existing situation provides a favorable option 
for the use of machine learning (ML) informed models. ML 
models have been widely used across several domains, 
including medical imaging (Alanazi et al., 2017; Battineni 
et al., 2020; Zea-Vera et al., 2021), healthcare (Dwyer et al., 
2018; Burke et al., 2019; Kessler et al., 2019), and mental 
health (Barry et al., 2003; Linthicum et al., 2019), to effec-
tively perform tasks related to identification and prediction.

ADHD is a neurodevelopmental illness that may mani-
fest in individuals of various age groups, characterized by 
symptoms such as inattention, hyperactivity, and impulsiv-
ity. Diagnosing ADHD may present challenges due to its 
reliance on subjective assessments, including self-reporting 
and observations provided by parents, teachers, and clini-
cians. The assessments are susceptible to bias, potentially 
leading to either an inaccurate diagnosis of the illness or an 
insufficient one.

The research gap highlights the need to conduct more 
investigations and develop artificial intelligence algorithms 
that are specifically tailored for the purpose of accurately 
identifying individuals with ADHD. By addressing this 
research gap, it is anticipated that artificial intelligence 
approaches may enhance the accuracy and objectivity of 
ADHD diagnosis, leading to improved treatment options and 
outcomes for individuals with ADHD. The primary contri-
butions of this research are
•	 Developing decision system based on machine leaning 

models that can detect ADHD patients.
•	 The proposed approach aims to enhance clinicians’ com-

prehension and assessment of the likelihood of a person 
being diagnosed with ADHD by using the existing data.

•	 The proposed system achieved 91% accuracy using a 
small standard dataset.

BACKGROUND

ML algorithms refer to a computational approach that auton-
omously identifies appropriate techniques and parameters 
in order to achieve an optimum solution to a given issue 
(Buchsbaum and Wender, 1973). Computer learning is a pro-
cess through which a computer obtains knowledge from data 
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that are recorded with little human interaction. It is capa-
ble of identifying patterns within the data and suggesting 
methods to enhance the accuracy of diagnosis and prognosis. 
This technique has significant use in the prediction of human 
behavior, particularly in relation to high-risk behavior. 
Moreover, its application holds potential for enhancing the 
efficacy and objectives of preventive programs and treat-
ments (Buchsbaum and Wender, 1973). When compared 
to traditional statistical methods, ML technology offers 
benefits in terms of prediction accuracy and scalability 
(Robaey et  al., 1992). Therefore, several recent research 
studies have used ML technology to distinguish individuals 
with ADHD from control groups. The aforementioned stud-
ies have shown a reasonable level of accuracy when using 
linear classifiers (Satterfield and Braley, 1977; Smith et al., 
2003; Riaz et al., 2020; Hang et al., 2022; Zhao et al., 2022). 
However, it is evident that a larger body of more rigorous 
research is required in order to effectively predict ADHD via 
ML techniques.

Diverse data gathering strategies and artificial intelligence 
algorithms have recently made substantial contributions to 
the field of ADHD diagnosis. Several groups of researchers 
have employed deep learning and ML algorithms to study 
ADHD diagnosis, with the Neuro Bureau attention-deficit/ 
hyperactivity disorder  dataset (ADHD-200) Dataset serving 
as a common resource. The ADHD-200 Dataset comprises a 
complete compilation of 776 instances of resting-state func-
tional magnetic resonance imaging and structural magnetic 
resonance imaging (MRI) data, as shown by the citations 
stated earlier (Liu et al., 2020; Luo et al., 2020; Riaz et al., 
2020; Sun et al., 2020; Zhang et al., 2022; Zhao et al., 2022).

Peng et al. (2021) introduced a convolutional neural net-
work framework for deep learning in their research. This 
approach has resulted in a diagnosis accuracy of 72.9% (Sun 
et al., 2020) while dealing with ADHD. It was Peng et al. that 
created the system. An ML approach using Support Vector 
Machines (SVMs) was also developed as a consequence 
of Chen et al.’s study. ADHD was establish to analyze the 
diagnosis accuracy of this method in a research conducted 
by the authors (Chen et  al., 2020), with a success rate of 
88.1%. Multiple research groups may benefit from using a 
high-quality public dataset to improve the reliability of their 
results using iterative algorithmic refinements. Researchers 
who are interested in experimenting the potential of using 
MRI data in the diagnosis of ADHD may find the offered 
dataset an excellent resource. The dataset is now accessible 
to anybody who wants to use it.

The research is a compilation of papers (Chen et al., 2019; 
Vahid et al., 2019; Dubreuil-Vall et al., 2020) that investi-
gate whether it is possible to diagnose ADHD by using EEG 
data or not. Tosun (2021) employed a deep learning system 
that includes long short-term memory in their study target-
ing precise diagnosis of ADHD. Their goal was to properly 
diagnose ADHD. It was shown that the system was 92.2% 
accurate regarding categorization. A total of 1088 partici-
pants who had been diagnosed with ADHD and the same 
number of people who acted as controls participated in the 
research study (Müller et al., 2019). In addition, Altınkaynak 
et al. (2020) carried out a research in which they analyzed 
the EEG data collected from a sample of 23 persons. The 

sample consisted of 23 people with ADHD and 23 people 
who did not have ADHD. In the course of this investigation, 
the ML strategy known as multilayer perceptron (MLP) was 
used. The findings of their investigation revealed an accu-
racy of 91.3% in the overall (Koh et al., 2022) index which 
was provided by the user.

Another approach that has potential for use in investigat-
ing the subject is one that is based on the data obtained from 
continuous performance tests (CPTs). The aforementioned 
test is used rather often in healthcare facilities as an axillary 
method in the process of ADHD diagnosis. The continuous 
performance test, often known as the CPT, is used as a pri-
mary source of data in a research that investigates the cate-
gorizations of ADHD (Slobodin et al., 2020; Yasumura et al., 
2020). The findings of the CPT were analyzed by Slobodin 
et al. (2020) in a sample population consisting of 213 indi-
viduals who had been diagnosed with ADHD and 245 indi-
viduals who did not have this condition. The individuals who 
were included in this sample were examined throughout a 
period of 5 years. The research was carried out in a total of 
213 participants. The use of random forests (RFs), a kind of 
ML, was one of the methods that the study team relied on to 
assure the precision of their ADHD diagnosis. As a result, 
they were able to achieve an extremely high degree of pre-
cision, as shown by the fact that their percentage of success 
was 87%. The latest investigation pertaining to this topic 
was conducted by the research team headed by O’Mahony 
et  al. (2014) and its results were recently published in a 
scholarly journal. The researchers relied on the administer-
ing a continuous performance test results as a foundation 
for their classification of individuals who were diagnosed 
with ADHD. Each participant in the research was equipped 
with two inertial measurement unit sensors, with one sen-
sor fastened around their waist and the other positioned on 
either their ankles or feet. By using the SVM approach, as 
described in Slobodin et al. (2020), a classification accuracy 
of 95.1% was attained.

MATERIALS AND METHODS

Framework of the proposed system

Figure 1 depicts the method that has been developed for the 
purpose of detecting and classifying ADHD.

Dataset

The dataset was a collection of the phenotypic characteris-
tics of children diagnosed with ADHD (Kieling and Rohde, 
2012). The present data set only encompasses the variables 
of interest, with a sample size of 221 people and a total of 
eight variables. The participants were selected from the 
outpatient population at the Peking University Institute of 
Mental Health. The study used a standardized diagnostic 
interview known as the Clinical Diagnostic Interviewing 
Scale. The sample consisted of 63 female participants and 
158 male participants. The dataset consisted of two classes, 
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namely control and ADHD. Figure 2 shows the numbers of 
classes in the dataset. The dataset is available in the follow-
ing link: https://github.com/rahmarid/dataset accessed date 
2-8-2023.

Preprocessing data

Scaling data

The procedure of min-max normalization, also known as 
feature scaling, entails the application of a linear trans-
formation to the initial dataset. The approach used in this 
study utilizes all the normalized data within the interval 
(0, 1). The formula necessary to achieve this target is as 
follows: the min-max normalization procedure is designed 
to preserve the relative relationships between the original 
data values. A significant limitation associated with using 
a narrow range leads to an evident decrease in standard 

Figure 2:  Classes of the dataset. Abbreviation: ADHD, 
attention-deficit/hyperactivity disorder.

Figure 1:  Framework for detecting and classifying ADHD. Abbreviation: ADHD, attention-deficit/hyperactivity disorder.

deviations, which may therefore diminish the influence of 
outliers.
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Balance data

Unbalanced dataset is characterized by a disparity in the 
number of instances between different class labels, with 
one class label being more prevalent than the other. In the 
context of classifying unbalanced data, it is important to 
note that ML algorithms tend to exhibit bias toward the 
majority class. In order to address this issue, we used two 
distinct approaches for data sampling oversampling and 
under sampling methods. Oversampling is a sampling 
approach where samples from the minority class are ran-
domly selected with replacement and then added to the 
training dataset. Consequently, the efficacy of ML-based 
classifiers will be enhanced. Under sampling is a sampling 
technique that involves the random selection of samples, 
without replacement, from the majority class until a bal-
anced distribution of class labels is achieved. The dataset 
indicates that the ADHD class exhibits a greater number of 
incidents in comparison to the control class. Consequently, 
in order to improve the precision of the ML approaches, 
imbalanced methods have been used. Figure 3 illustrates 
the presence of an unbalanced class within the dataset.

The synthetic minority over sampling (SMOTE) approach 
involves the random replication of minority data in order 
to balance the distribution of data. Despite its effectiveness 
in enhancing the categorization accuracy of minority data, 
SMOTE. However, one of the persisting issues is the inci-
dence of overgeneralization, among other challenges. The 
synthetic data generated by the SMOTE technique have 

https://github.com/rahmarid/dataset
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the potential to be distributed among both the minority and 
majority classes, thereby reducing the imbalance. The for-
mula for generating synthetic data using the SMOTE tech-
nique may be represented as follows:

	 � � � �ˆ( ) ,new i j iD D D D x 	 (2)

where D
new

 represents ADHD dataset, D
i
 represents samples 

from a minority group, and ˆ
jD  represents one of the k-nearest 

neighbors from D
i
. Let d be a randomly generated number 

within the range of 0 to 1. We have applied the  SMOTE 
method for improving the classification process.

Machine learning approaches

Support vector machine

The SVM: the aforementioned approach is extensively 
used in supervised ML for problems such as classification 
and regression. The basic objective of SVMs is to identify 
a hyperplane that effectively partitions the feature space 
into separate classes. The objective of the SVM technique 
in binary classification is to identify an optimal decision 
boundary that maximizes the separation between the two 
groups. The margin refers to the distance between the deci-
sion boundary and the support vectors, which are the clos-
est data points to the decision boundary for each class. The 
SVM algorithm is designed to find a decision boundary that 
effectively separates different classes and also performs well 
when applied to new, unknown data. Figure 4 illustrates how 
the support vector effectively separates the classes. In this 
study, the researcher employed Kernel functions to classify 
ADHD and control classes. Kernel functions are mathe-
matical functions that map the original data into a feature 
space with a higher dimensionality. This allows for the trans-
formed data to be linearly separable. ML commonly utilizes 
several Kernel functions, such as the polynomial Kernel, 
Gaussian [radial basis function kernel (RBF)] Kernel, and 
sigmoid Kernel.
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The X and y are used in the field of ML to denote a fea-
ture vector that is used for training an algorithm on a given 
ADHD dataset. The feature vector is further used for the 
assessment of the dataset. The variable ||X–y||2 represents the 
squared Euclidean difference between two feature inputs, 
and it has the capability of being modified.

Algorithm 1  RBF

function gaussian_kernel(x, y, sigma):

  distance_squared = squared_distance(x, y)

  exponent = -distance_squared / (2 * sigma * sigma)

  similarity = exp(exponent)

  return similarity

function squared_distance(x, y):

  sum = 0

  for i = 1 to length(x):

  sum += (x[i] - y[i])^2

  return sum

Random forest tree

The RF algorithm is well recognized in the field of ML and 
is classified as a member of the ensemble learning method-
ology. A forest is formed by combining many decision trees 
(DTs). The training process of a RF involves training each 
DT on a distinct random subset of the training data. The final 
prediction is then determined by combining the predictions 
provided by all the individual trees. RF, the technique of 
random sampling involves the random selection of subsets 
from the training data, with replacement. This process is 
used to generate distinct training sets for each DT within the 
ensemble. The aforementioned procedure is often referred 
to as bootstrapping or random sampling with replacement. 
Finally, the RF algorithm aggregates their individual fore-
casts in order to get the final prediction. In classification 
problems, the projected class is determined by selecting the 
class that receives the majority of votes from the trees. In 
regression tasks, the final prediction is obtained by averag-
ing the predictions of all the trees.

Figure 3:  Example of an imbalanced dataset.

Figure 4:  SVM machine algorithms. Abbreviation: SVM, 
support vector machine.
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Algorithm 2  Random forest

function random_forest_tree(dataset, max_depth, num_features):

  if max_depth == 0 or dataset is pure:

    return create_leaf_node(dataset)

  feature_subset = select_random_features(num_features)

 � best_feature, best_split_value = find_best_split(dataset, feature_subset)

  if best_feature is None:

    return create_leaf_node(dataset)

 � left_dataset, right_dataset = split_dataset(dataset, best_feature, best_split_value)

 � left_subtree = random_forest_tree(left_dataset, max_depth - 1, num_features)

 � right_subtree = random_forest_tree(right_dataset, max_depth - 1, num_features)

 � return create_decision_node(best_feature, best_split_value, left_subtree, right_subtree)

function create_leaf_node(dataset):

  label = majority_vote(dataset)

  return LeafNode(label)

function create_decision_node(feature_index, split_value, left_subtree, right_subtree):

  return DecisionNode(feature_index, split_value, left_subtree, right_subtree)

function select_random_features(num_features):

  // Randomly select a subset of features from the available features

  feature_subset = random.sample(available_features, num_features)

  return feature_subset

function find_best_split(dataset, feature_subset):

  best_feature = None

  best_split_value = None

  best_gini = infinity

    for feature in feature_subset:

    feature_values = get_feature_values(dataset, feature)

    unique_values = unique(feature_values)

    for value in unique_values:

    left_dataset, right_dataset = split_dataset(dataset, feature, value)

    gini = compute_gini(left_dataset, right_dataset)

    if gini < best_gini:

      best_gini = gini

      best_feature = feature

      best_split_value = value

  return best_feature, best_split_value

function split_dataset(dataset, feature_index, split_value):

  left_dataset = empty_dataset()

  right_dataset = empty_dataset()

    for instance in dataset:

    feature_value = instance[feature_index]

    if feature_value <= split_value:

      left_dataset.add(instance)

    else:

      right_dataset.add(instance)

    return left_dataset, right_dataset

function compute_gini(left_dataset, right_dataset):

  total_instances = len(left_dataset) + len(right_dataset)

  gini = 0

    for dataset in [left_dataset, right_dataset]:

    dataset_size = len(dataset)

    if dataset_size > 0:

      class_counts = count_classes(dataset)

      class_probabilities = class_counts / dataset_size

      gini += (1 - sum(class_probabilities ** 2)) * (dataset_size / total_instances)

  return gini
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A multilayer perceptron

A specific type of neural network is referred to as an MLP 
neural network. This network is also known as a feedforward 
neural network. The MLP is unique among neural networks 
due to its specific characteristics. It consists of a single implicit 
layer and connections that only go in one direction between 
neurons. Additionally, data can freely move within the net-
work across its three levels simultaneously. The quantity of 
input data attributes is directly proportional to the quantity 
of nodes present in the input, hidden, and output layers. The 
number of nodes in the output layer is directly proportional to 
the number of classes present in the final dataset. The afore-
mentioned statement applies to both the hidden and output 
layers, wherein each node in the input layer is connected to 
every node in the hidden layer, and vice versa. Figure 5 illus-
trates the structure, displayed below, consisting of 7 inputs, 
10 hidden layers, and 2 outputs. You can view the figure here.

Algorithm 3  Multilayer perceptron

Step 1: Initialize the network
Initialize weights and biases randomly

Step 2: Forward propagation
#Calculate the activation of the first layer
#Calculate the activation of each neuron in the hidden 
layers
For each hidden layer
# Calculate the weighted sum of inputs and biases
# Obtained the final output of network by apply the 
activation function to the weighted

Step 3: Backward propagation (updating weights and biases)
#Calculate the error at the output layer
# Update the weights and biases

Step 4: Continue to iterate steps 2 and 3 until either 
convergence is achieved or the maximum allowable 
number of iterations has been reached.

Step 5: Utilize the learned neural network for making predictions.

EXPERIMENT RESULTS

An efficient ML model was developed using several tech-
niques, including SVMs, DTs, RFs, and MLP. The model 
was produced using a database obtained from a well-estab-
lished dataset, as previously mentioned. The aforementioned 
algorithms were used in order to differentiate individuals 
diagnosed with ADHD from those who do not exhibit the 
disorder. The computational platform used in this study was 
a Python-based model, which served as a foundation for the 
modeling work conducted. The characteristics used as input 
for the detection and categorization of ADHD.

Configuration system

The experimental findings of our investigation were obtained 
using a laptop equipped with hardware specs that consisted 
of an eighth generation Intel Core i7 CPU and 8GB RAM. 
In contrast, the scikit-learn Python library was used for the 
development of our models. These criteria are used for the 
purpose of properly training and evaluating our ML models.

RESULTS OF MACHINE LEARNING

Performance of the models

The main objective of this section was to employ four 
ML-based classifiers in order to detect and classify children 
diagnosed with ADHD. Table 1 presents a comparison of 
the predictive capacities of ML classifiers in the identifi-
cation of children diagnosed with ADHD. The findings of 
the study revealed that the classifier based on SVM-search 
attained the highest level of classification accuracy, reach-
ing 91%. Additionally, the precision of the classifier was 
determined to be 92%, while the recall stood at 91%. In 
contrast, the DT classifier exhibited the lowest classification 
accuracy of 78%, accompanied by a precision of 78% and 
a recall of 91%. The research yielded an accuracy rate of 
85%, a precision rate of 85%, and a recall rate of 87% for 
the RF algorithm. Nevertheless, the MLP algorithm exhib-
ited remarkable levels of accuracy, reaching up to 89%. 
Additionally, it had a precision rate of 87% and a recall rate 

Figure 5:  Structure of MLP. Abbreviation: MLP, multilayer 
perceptron.

Table 1:  Results of the machine learning models.

  Accuracy (%)   Precision (%)   Recall (%)   F1-score (%)
Decision tree   78   78   78   73

Random forest   87   85   87   85

SVM   91   92   91   89

MLP   89   87   89   87

Abbreviations: MLP, multilayer perceptron; SVM, support vector machine.
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of 89%. The performance indicators of the ML models are 
shown in Figure 6.

Regarding the binary classification task involving 
two classes, it observed the classification accuracy for 

distinguishing between control and ADHD. Figure 7 shows 
the confusion metrics of ML algorithms. The reported accu-
racy of classifying patients with ADHD from healthy control 
persons in binary classification tasks is provided. During the 

Figure 6:  Accuracy performance of the machine learning model. Abbreviations: MLP, multilayer perceptron; SVM, support 
vector machine.

Figure 7:  Confusion metrics of machine leaning algorithms. Abbreviations: MLP, multilayer perceptron; SVM, support vector 
machine.
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testing phase, the SVM algorithm successfully categorized 39 
instances as belonging to the health class and 2 instances as 
belonging to the ADHD class. The DT approach has shown 
worst result as only 34 patients have been classified as control 
whereas 1 patient is classified as ADHD, and misclassification 
is more.

DISCUSSION

Diagnosing ADHD accurately is a challenging task. 
Receiving incorrect diagnosis significantly increases the 
risk of experiencing unfavorable medical outcomes. Due 
to the intricate nature of this ailment, there is currently no 
computerized expert diagnostic system accessible. The diffi-
culty in diagnosing this condition may be the reason for this 
dilemma. Using artificial intelligence techniques to automat-
ically diagnose ADHD by analyzing brain signals in recent 
years is one solution for the early detection of ADHD.

The objective of this study was to utilize ML techniques 
to predict and report symptoms of adult ADHD. Throughout 
four ML algorithms including SVM, DT, RF, and MLP were 
applied to distinguish between individuals with ADHD and 
control patients. The results demonstrated a notable level 
of precision, with scores varying between 78 and 91%. The 
accuracy of predicting ADHD symptoms in adults was very 
high, even though the different approaches used showed 
some variation. The use of the commonly used screening 
instrument, SVM, allows for the identification of risk fac-
tors associated with a shorter attention span, a symptom of 

adult ADHD. This is achieved through the application of ML 
algorithms. The task can be accomplished by utilizing the 
SVM algorithm. The classifier based on RF demonstrated 
the highest area under the curve (AUC) among the exam-
ined classifiers, with a value of 90%. The significance of this 
statistic much surpassed that of all other measures. A com-
parative analysis was conducted on four distinct ML classi-
fiers, using the receiver operating characteristic curve as a 
visual representation, as shown in Figure 8. The classifier 
constructed using a RF-based technique has shown notable 
efficacy in reliably discerning youngsters who have ADHD. 
The RF classifier produced a much higher AUC value of 
90% compared to the other classifiers.

This research primarily focuses on the detection of ADHD 
by using a dataset obtained from individuals who were spe-
cifically chosen from the outpatient population at the Peking 
University Institute of Mental Health. Future research has 
the potential to broaden the use of diverse datasets derived 
from electroencephalography (EEG) and MRI images. 
Notwithstanding these constraints, we posit that our study 
makes a valuable contribution to the expanding corpus of 
information regarding the precise discernment of ADHD 
using the utilization of ML approaches.

CONCLUSION

The prevalence of mental disorders on a worldwide scale is 
steadily increasing, leading to significant health implications 
as well as substantial social, human rights, and economic 

Figure 8:  ROC of the proposed machine learning algorithms. Abbreviations: MLP, multilayer perceptron; ROC, receiver 
operating characteristic; SVM, support vector machine.
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consequences across all nations. Hence, the objective of this 
study was to use ML methodologies for the purpose of cat-
egorizing ADHD, with the aim to contribute in providing 
significant findings which accelerate the progress toward the 
development of an automated diagnostic system. The dataset 
was obtained from the Institute of Mental Health at Peking 
University. The study sample included 63 female individuals 
and 158 male participants. The dataset consisted of two dis-
tinct classes, namely control and ADHD. The ML classifiers 
used in this study are SVM, DT, RF, and MLP ML algo-
rithms. It is observed that the SVM approach achieved high 
accuracy for detecting ADHD. The SVM technique achieved 
a maximum classification accuracy of 91%. Finally, detec-
tion of ADHD via the use of ML techniques exhibits encour-
aging outcomes. In addition to the pursuit of achieving high 

classification accuracy, using ML techniques to investigate 
ADHD may also ascertain the significance of features and 
the discriminative capabilities of modalities. This can pro-
vide valuable insights for both clinical and research pur-
poses. There is a strong need for future research endeavors 
that prioritize the enhancement of interpretability and gener-
alizability of models.

ACKNOWLEDGMENTS

The authors extend their appreciation to the King Salman 
Center for Disability Research for funding this work through 
Research Group no KSRG-2023-500.

REFERENCES
Adler L.A., Spencer T., Faraone S.V., Kessler R.C., Howes M.J., Biederman 

J., et al. (2006). Validity of pilot adult ADHD self-report scale (ASRS) 
to rate adult ADHD symptoms. Ann. Clin. Psychiatry, 18, 145-148.

Agranat-Meged A.N., Deitcher C., Goldzweig G., Leibenson L., Stein M. 
and Galili-Weisstub E. (2005). Childhood obesity and attention defi-
cit/hyperactivity disorder: a newly described comorbidity in obese 
hospitalized children. Int. J. Eat. Disord., 37, 357-359.

Ahmadi N., Mohammadi M.R., Araghi S.M. and Zarafshan H. (2014). Neu-
rocognitive profile of children with attention deficit hyperactivity dis-
orders (ADHD): a comparison between subtypes. Iran J. Psychiatry, 
9, 197-202.

Alanazi H.O., Abdullah A.H. and Qureshi K.N. (2017). A critical review for 
developing accurate and dynamic predictive models using machine 
learning methods in medicine and health care. J. Med. Syst., 41, 1-10.

Altınkaynak M., Dolu N., Güven A., Pektaş F., Özmen S., Demirci E., et al. 
(2020). Diagnosis of attention deficit hyperactivity disorder with 
combined time and frequency features. Biocybern. Biomed. Eng., 40, 
927-937.

Barkley R.A. (1997). Behavioral inhibition, sustained attention, and exec-
utive functions: Constructing a unifying theory of ADHD. Psychol. 
Bull., 121, 65-94.

Barry R.J., Clarke A.R. and Johnstone S.J. (2003). A review of electrophysiol-
ogy in attention-deficit/hyperactivity disorder: I. Qualitative and quan-
titative electroencephalography. Clin. Neurophysiol., 114, 171-183.

Battineni G., Sagaro G.G., Chinatalapudi N. and Amenta F. (2020). Appli-
cations of machine learning predictive models in the chronic disease 
diagnosis. J. Pers. Med., 10, 21.

Bazar K.A., Yun A.J., Lee P.Y., Daniel S.M. and Doux J.D. (2006). Obesity 
and ADHD may represent different manifestations of a common envi-
ronmental oversampling syndrome: a model for revealing mechanis-
tic overlap among cognitive, metabolic, and inflammatory disorders. 
Med. Hypotheses, 66, 263-269.

Bramlett M.D. and Blumberg S.J. (2007). Family structure and children’s 
physical and mental health. Health Aff., 26, 549-558.

Brikell I., Kuja-Halkola R. and Larsson H. (2015). Heritability of atten-
tion-deficit hyperactivity disorder in adults. Am. J. Med. Genet. B 
Neuropsychiatr. Genet., 168, 406-413.

Buchsbaum M. and Wender P. (1973). Average evoked responses in normal 
and minimally brain dysfunctioned children treated with ampheta-
mine: a preliminary report. Arch. Gen. Psychiatry, 29, 764-770.

Burke T.A., Ammerman B.A. and Jacobucci R. (2019). The use of machine 
learning in the study of suicidal and non-suicidal self-injurious thoughts 
and behaviors: a systematic review. J. Affect. Disord., 245, 869-884.

Canu W.H. and Carlson C.L. (2007). Rejection sensitivity and social out-
comes of young adult men with ADHD. J. Atten. Disord., 10, 261-275.

Chen H., Song Y. and Li X. (2019). Use of deep learning to detect per-
sonalized spatial-frequency abnormalities in EEGs of children with 
ADHD. J. Neural Eng., 16, 066046.

Chen Y., Tang Y., Wang C., Liu X., Zhao L. and Wang Z. (2020). ADHD 
classification by dual subspace learning using resting-state functional 
connectivity. Artif. Intell. Med., 103, 101786.

Choy G., Khalilzadeh O., Michalski M., Do S., Samir A.E., Pianykh O.S., 
et  al. (2018). Current applications and future impact of machine 
learning in radiology. Radiology, 288, 318-328.

Conners C.K., Erhardt D. and Sparrow E.P. (1999). Conners’ Adult ADHD 
Rating Scales (CAARS): Technical Manual, Multi-Health Systems: 
North Tonawanda, NY, USA.

Corbisiero S., Morstedt B., Bitto H. and Stieglitz R.D. (2017). Emotional dys-
regulation in adults with attention-deficit/hyperactivity disorder—valid-
ity, predictability, severity, and comorbidity. J. Clin. Psychol., 73, 99-112.

Cortese S., Angriman M., Maffeis C., Isnard P., Konofal E., Lecendreux 
M., et  al. (2008). Attention-deficit/hyperactivity disorder (ADHD) 
and obesity: a systematic review of the literature. Crit. Rev. Food Sci. 
Nutr., 48, 524-537.

De Graaf R., Kessler R.C., Fayyad J., ten Have M., Alonso J., Angermeyer 
M., et al. (2008). The prevalence and effects of adult attention-defi-
cit/hyperactivity disorder (ADHD) on the performance of workers: 
results from the WHO World Mental Health Survey Initiative. Occup. 
Environ. Med., 65, 835-842.

Dubreuil-Vall L., Ruffini G. and Camprodon J.A. (2020). Deep learn-
ing convolutional neural networks discriminate adult ADHD from 
healthy individuals on the basis of event-related spectral EEG. Front. 
Neurosci., 14, 251.

Dwyer D.B., Falkai P. and Koutsouleris N. (2018). Machine learning 
approaches for clinical psychology and psychiatry. Annu. Rev. Clin. 
Psychol., 14, 91-118.

Faraone S., Biederman J. and Spencer T. (2010). Diagnostic efficiency of symp-
tom items for identifying adult ADHD. J. Adhd. Relat. Disord., 1, 38-48.

Faraone S.V., Banaschewski T., Coghill D., Zheng Y., Biederman J., 
Bellgrove M.A., et  al. (2021). The World Federation of ADHD 
International Consensus Statement: 208 evidence-based conclusions 
about the disorder. Neurosci. Biobehav. Rev., 128, 789-818.

Freeman-Fobbs P. (2003). Feeding our children to death: the tragedy of 
childhood obesity in America. J. Natl. Med. Assoc., 95, 119.

Ghaderzadeh M., Asadi F., Hosseini A., Bashash D., Abolghasemi H. and 
Roshanpour A. (2021). Machine learning in detection and classifi-
cation of leukemia using smear blood images: a systematic review. 
Scient. Program., 2021, 1-14.

Hang C., Ma X. and Qin P. (2022). LiDAR-IMU-UWB-based collaborative 
localization. World Electr. Veh. J., 13, 32.

Kessler R.C., Adler L.A., Gruber M.J., Sarawate C.A., Spencer T. and Van 
Brunt D.L. (2007). Validity of the World Health Organization adult 
ADHD self-report scale (ASRS) screener in a representative sample 
of health plan members. Int. J. Methods Psychiatr. Res., 16, 52-65.

Kessler R.C., Green J.G., Adler L.A., Barkley R.A., Chatterji S., Faraone 
S.V., et  al. (2010). Structure and diagnosis of adult attention-deficit/



N. Alsharif et al.: Accurate Identification of ADHD Using ML Approaches� 11

Journal of Disability Research  2024

hyperactivity disorder: analysis of expanded symptom criteria from 
the adult ADHD clinical diagnostic scale. Arch. Gen. Psychiatry, 67, 
1168-1178.

Kessler R.C., Bernecker S.L., Bossarte R.M., Luedtke A.R., McCarthy J.F., 
Nock M.K., et al. (2019). The role of big data analytics in predicting 
suicide. In: Person. Psychiatry-Big Data Analytics in Mental Health, 
Springer Nature: New York, NY, USA.

Kieling R. and Rohde L.A. (2012). ADHD in children and adults: diagnosis 
and prognosis. Curr. Top. Behav. Neurosci., 9, 1-16.

Koh J.E., Ooi C.P., Lim-Ashworth N.S., Vicnesh J., Tor H.T., Lih O.S., 
et  al. (2022). Automated classification of attention deficit hyperac-
tivity disorder and conduct disorder using entropy features with ECG 
signals. Comput. Biol. Med., 140, 1

Kollins S.H., McClernon F.J. and Fuemmeler B.F. (2005). Association 
between smoking and attention-deficit/hyperactivity disorder symp-
toms in a population-based sample of young adults. Arch. Gen. Psy-
chiatry, 62, 1142-1147.

Linthicum K.P., Schafer K.M. and Ribeiro J.D. (2019). Machine learning in 
suicide science: applications and ethics. Behav. Sci. Law, 37, 214-222.

Liu S., Zhao L., Wang X., Xin Q., Zhao J., Guttery D.S., et al. (2020). Deep 
spatio-temporal representation and ensemble classification for atten-
tion deficit/hyperactivity disorder. IEEE Trans. Neural Syst. Rehabil. 
Eng., 29, 1-10.

Luo Y., Weibman D., Halperin J.M. and Li X. (2019). A review of heteroge-
neity in attention deficit/hyperactivity disorder (ADHD). Front. Hum. 
Neurosci., 13, 42.

Luo Y., Alvarez T.L., Halperin J.M. and Li X. (2020). Multimodal neu-
roimaging-based prediction of adult outcomes in childhood-onset 
ADHD using ensemble learning techniques. NeuroImage Clin., 26, 
102238.

Montejano L., Sasane R., Hodgkins P., Russo L. and Huse D. (2011). Adult 
ADHD: prevalence of diagnosis in a US population with employer 
health insurance. Curr. Med. Res. Opin., 27 (suppl 2), 5-11.

Montes L.G.A., García A.O.H. and Ricardo-Garcell J. (2007). ADHD prev-
alence in adult outpatients with nonpsychotic psychiatric illnesses. J. 
Atten. Disord., 11, 150-156.

Müller A., Vetsch S., Pershin I., Candrian G., Baschera G.-M., Kropotov 
J.D., et  al. (2019). EEG/ERP-based biomarker/neuroalgorithms in 
adults with ADHD: development, reliability, and application in clini-
cal practice. World J. Biol. Psychiatry, 21, 172-182.

Musser E.D. and Nigg J.T. (2019). Emotion dysregulation across emotion 
systems in attention deficit/hyperactivity disorder. J. Clin. Child Ado-
lesc. Psychol., 48, 153-165.

O’Mahony N., Florentino-Liano B., Carballo J.J., Baca-García E. and 
Rodríguez A.A. (2014). Objective diagnosis of ADHD using IMUs. 
Med. Eng. Phys., 36, 922-926.

Park S., Cho M.J., Chang S.M., Jeon H.J., Cho S.J., Kim B.S., et al. (2011). 
Prevalence, correlates, and comorbidities of adult ADHD symptoms 
in Korea: results of the Korean epidemiologic catchment area study. 
Psychiatry Res., 186, 378-383.

Peng J., Debnath M. and Biswas A.K. (2021). Efficacy of novel summa-
tion-based synergetic artificial neural network in ADHD diagnosis. 
Mach. Learn. Appl., 6, 100120.

Randall K.D., Brocki K.C. and Kerns K.A. (2009). Cognitive control in 
children with ADHD-C: how efficient are they? Child Neuropsychol., 
15, 163-178.

Riaz A., Asad M., Alonso E. and Slabaugh G. (2020). DeepFMRI: End-
to-end deep learning for functional connectivity and classification of 
ADHD using fMRI. J. Neurosci. Methods, 335, 108506.

Robaey P., Breton F., Dugas M. and Renault B. (1992). An event-related 
potential study of controlled and automatic processes in 6-8-year-old 
boys with attention deficit hyperactivity disorder. Electroencepha-
logr. Clin. Neurophysiol., 82, 330-340.

Safren S.A., Sprich S.E., Cooper-Vince C., Knouse L.E. and Lerner J.A. 
(2010). Life impairments in adults with medication-treated ADHD. J. 
Atten. Disord., 13, 524-531.

Satterfield J.H. and Braley B.W. (1977). Evoked potentials and brain matu-
ration in hyperactive and normal children. Electroencephalogr. Clin. 
Neurophysiol., 43, 43-51.

Shaw-Zirt B., Popali-Lehane L., Chaplin W. and Bergman A. (2005). 
Adjustment, social skills, and self-esteem in college students with 
symptoms of ADHD. J. Atten. Disord., 8, 109-120.

Sibley M.H., Pelham W.E., Molina B.S.G., Gnagy E.M., Waschbusch D.A., 
Garefino A.C., et  al. (2012). Diagnosing ADHD in adolescence. J. 
Consult. Clin. Psychol., 80, 139-150.

Slobodin O., Yahav I. and Berger I. (2020). A machine-based prediction 
model of ADHD using CPT data. Front. Hum. Neurosci., 14, 560021.

Smith J.L., Johnstone S.J. and Barry R.J. (2003). Aiding diagnosis of atten-
tion-deficit/hyperactivity disorder and its subtypes: discriminant 
function analysis of event-related potential data. J. Child Psychol. 
Psychiatry, 44, 1067-1075.

Stevens J., Harman J.S. and Kelleher K.J. (2005). Race/ethnicity and insur-
ance status as factors associated with ADHD treatment patterns. J. 
Child Adolesc. Psychopharmacol., 15, 88-96.

Sun Y., Zhao L., Lan Z., Jia X.-Z. and Xue S.-W. (2020). Differentiat-
ing boys with ADHD from those with typical development based 
on whole-brain functional connections using a machine learning 
approach. Neuropsychiatr. Dis. Treat., 16, 691.

Thomas R., Sanders S., Doust J., Beller E. and Glasziou P. (2015). Preva-
lence of attention-deficit/hyperactivity disorder: a systematic review 
and meta-analysis. Pediatrics, 135, e994-e1001.

Tosun M. (2021). Effects of spectral features of EEG signals recorded with 
different channels and recording statuses on ADHD classification 
with deep learning. Phys. Eng. Sci. Med., 44, 693-702.

Vahid A., Bluschke A., Roessner V., Stober S. and Beste C. (2019). Deep 
learning based on event-related EEG differentiates children with 
ADHD from healthy controls. J. Clin. Med., 8, 1055.

Ward M.F., Wender P.H. and Reimherr F.W. (1993). The Wender Utah rat-
ing scale: an aid in the retrospective diagnosis of childhood attention 
deficit hyperactivity disorder. Am. J. Psychiatry, 150, 885-890.

Waring M.E. and Lapane K.L. (2008). Overweight in children and adoles-
cents in relation to attention-deficit/hyperactivity disorder: results 
from a national sample. Pediatrics, 122, e1-e6.

Weiss M., Murray C. and Weiss G. (2002). Adults with attention-deficit/
hyperactivity disorder: current concepts. J. Psychiatr. Pract., 8, 99-111.

Willcutt E.G., Doyle A.E., Nigg J.T., Faraone S.V. and Pennington B.F. (2005). 
Validity of the executive function theory of attention-deficit/hyperactiv-
ity disorder: a meta-analytic review. Biol. Psychiatry, 57, 1336-1346.

Yasumura A., Omori M., Fukuda A., Takahashi J., Yasumura Y., Nakagawa 
E., et al. (2020). Applied machine learning method to predict children 
with ADHD using prefrontal cortex activity: a multicenter study in 
Japan. J. Atten. Disord., 24, 2012-2020.

Yoo A.K.E.-H.L., Sang S.J.S.-T.H. and Kim H.H.J.-H. (2019). Validation of 
the Korean Version of Barkley deficits in executive functioning scale 
short-form. Korean J. Clin. Psychol., 38, 247-256.

Zea-Vera R., Ryan C.T., Havelka J., Corr S.J., Nguyen T.C., Chatterjee S., 
et al. (2021). Machine learning to predict outcomes and cost by phase 
of care after coronary artery bypass grafting. Ann. Thorac. Surg., 112, 
S0003-4975.

Zhang C., Ma X. and Qin P. (2022). LiDAR-IMU-UWB-based collabora-
tive localization. World Electr. Veh. J., 13, 32.

Zhao K., Duka B., Xie H., Oathes D.J., Calhoun V. and Zhang Y. (2022). 
A dynamic graph convolutional neural network framework reveals 
new insights into connectome dysfunctions in ADHD. Neuroimage, 
246, 118774.

Zhou L.Q., Wang J.Y., Yu S.Y., Wu G.G., Wei Q., Deng Y.B., et al. (2019). 
Artificial intelligence in medical imaging of the liver. World J. Gas-
troenterol., 25, 672.

Ziegler S., Pedersen M.L., Mowinckel A.M. and Biele G. (2016). Model-
ling ADHD: a review of ADHD theories through their predictions for 
computational models of decision-making and reinforcement learn-
ing. Neurosci. Biobehav. Rev., 71, 633-656.




