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Abstract. This paper describes the developmental process of a machine learning-
based prediction system to evaluate autism Improvement level (MPredA), where
the concerned user (parents or clinical professionals) can evaluate their children’s
development through the web application. We have deployed our previous work
(mCARE) data from Bangladesh for prediction models. This system can predict
four major milestone parameter improvement levels of children with ASD. In this
four-broad category, we have classified into four sub-milestones parameters for
each of them to predict the detailed improvement level for each child with ASD.
This MPredA can predict 16 milestone parameters for every child with ASD. We
deployed four machine learning algorithms (Decision Tree, Logistic Regression,
K-Nearest Neighbor, and Artificial Neural Network) for each parameter with 1876
data of the children with ASD to develop 64 prediction models. Among the 64
models, we selected the most accurate 16 models (based on the model’s accuracy
and evaluation scores) to convert pickles file for the MPredA web-based appli-
cation. For the prediction system, we have determined the most ten important
demographic information of the children with ASD. Among the four-machine
learning algorithms, the decision tree showed the most significant result to build
the MPredA web-based application. We also test our MPredA -web application
by white box testing and get 97.5% of accuracy with real data.

Keywords: Autism Spectrum Disorder (ASD) - Milestone Parameter (MP) -
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Aberration

Autism Spectrum Disorder (ASD): Behavioral development disability among the
children at an early age

Milestone Parameter (MP): The list of early age children’s behavioral
achievement

1 Introduction

In 1943, Kanner first identified the disorder in the children’s behavior [1], and later this
neurodevelopmental disorder [2] is known as Autism Spectrum Disorder (ASD). Now,
this ASD is a global problem [3], and people of all societal levels suffer from ASD
[4]. About 1%—1.5% of children have been suffering from ASD in developed countries
[5]; for example, in the United States, 1 out of 54 children have ASD symptoms [6, 7].
Though in developed countries, we have a statistic of the ASD number, in developing
countries, especially in low-and-middle-income countries, this scenario is not as good
as than developed countries. In developing countries, sometimes they do not properly
understand the ASD, and there ASD number is largely unknown. [8] So, children with
ASD do not get the proper and early treatment in those countries. In the globe, about
46% of children with ASD do not get the proper diagnosis after identifying the ASD
symptoms. [8] Sometimes, parents think this is their curse from GOD. [9, 10] They
blame themselves for their previous sin and having a child with ASD. This superstitious
belief of the people makes this disorder more complex for children with ASD. [11] But
proper ASD knowledge of parents, early identification of ASD [12], and starting of the
treatment process, [13] developing attitude towards the children [14] help to develop the
children with ASD. And it is scientifically proved that the society’s positive point of view
towards the family with ASD children and demography of the children with ASD have
a significant impact on the children’s (with ASD) development.[15, 16] In this study,
based on this concept (demography’s impaction on children with ASD development), we
have developed a machine-learning-based web application that can predict the milestone
parameter (four major types) depending on children’s demography (ten demographical
data).

Currently, most of the innovative work (by deploying technology) and tools are for
early identification, recognition of ASD [12, 17, 18], or diagnosis in different phases of
the treatment process [2]. There is no such tool that can predict the improvement level
(milestone parameter) based on the children’s demography. This tool will be helpful for
both the clinical professional and the parents or primary caregiver to know earlier the
children’s developmental or improvement level based on their demography. However,
there has a little research-based work on proving the demographical importance on the
children (with ASD) [2]. This will be the first research-based (by machine learning mod-
els with real data set) web tool, where both caregiver or care-practitioner can give their
children’s baseline data and the demographic information to get the real-time predicted
improvement level of their children based on their provided data.

The main novelty of this work is that parents can update or develop their demography
if they learn earlier the improvement level of their children (with ASD) based on their
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current demography or which demography is the most important for their children’s
(with ASD) development. In this study, we broadly classify and predict the 16 different
milestones parameters level into four major categories of (i) daily living skills, (ii)
communication, (iii) motor skills, and (iv) socialization. Based on our previous work
(mCARE) [19] data, we have selected the most ten important demographical data types
to build robust machine learning models. Then we used these models to develop the web-
based MPredA. Therefore, MPredA can predict the milestone parameter improvement
level of children with ASD with minimal error. Since currently, we rarely have an accurate
system or state-of-the-art system that can predict this improvement level; for this reason,
we have a plan to deploy this system in our future project to observe the MPredA’s
scientific contribution.

The rest of the paper is organized as follows. Section 2 summarizes some related
works. Section 3 describes the methodology of MPredA for predicting the milestone
parameters. Section 4 illustrates the experimental studies. Finally, Sect. 5 concludes the

paper.

2 Related Works

Recently some research-based work has been developed to inform the demographical
importance of developing children with ASD. The approach proposed in [20] is machine
learning-based research work, where a set of demographical-based machine learning
models developed to predict the children’s (with ASD) development. In this work, four
machine learning algorithms have been deployed to build the models to predict the
children’s (with ASD) “Daily Living Skills” improvement level. They recommend ten
important demographical data, which are very significant to the children’s development.
Based on the findings in this study, we have extended the data set for four major milestone
parameters with 1876 data and built 64 machine learning models. Among these models,
we selected the best 16 models to develop our web-based MPredA system.

Another machine learning-basedwork has been developed by Tarik et al.[2] to mea-
sure the developmental delays of children with ASD by deploying the home videos in
Bangladesh. They used a 2-classification layer of Neural Network with 85% of accu-
racy to predict the “risk scores” for the children with ASD. This prediction-based work
is also helpful for the early detection of autism remotely. Though this work used the
Bangladeshi data, the authors’ used the US data to train the model. This makes the
model culturally divergent. Maenner et al. [21] evaluated the ADDM status of children
with ASD based on the machine learning model by deploying the word and phrases
during the children’s developmental evaluation period.

3 Machine Learning Based Prediction System for Autism Level
Improvement (MPredA)

MPredA has been proposed and developed a web-based application [22] that can easily
predict the developmental level based on the children’s demographic information. It
consists of several steps, which are described as follows. Figure 1 is the flow chart of
the steps of MPredA.
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Fig. 1. Outline of research design.

3.1 Select and Create Data Set

This study has deployed the mCARE (Mobile-based Care for children with Autism
Spectrum Disorder using Remote Experience Sampling Method) project [19] data. We
had approval from the Marquette University Institutional Review Broader (Protocol
number HR-1803022959) for deploying the data which had been collected from four
centers in Bangladesh. In this study, we have used the “test group” patients’ data, who
had been monitored and intervened by the clinical coordinators for one year. These data
had been collected by the mCARE system [23], and the patient distribution among the
four centers for the test group has been shown in Table 1.

Table 1. Test group patient distribution among the four centers.

Serial | Center name Patient distribution

Test group (n = 150)

1 The National Institute of Mental Health (NIMH) [24] 50
2 The Institute of Pediatric Neuro-disorder & Autism (IPNA) [25] | 50
3 Autism Welfare Foundation (AWF) [26] 25
4 Nishpap autism foundation [27] 25

Since MPredA’s machine learning models have been developed based on the
children’s demography, Table 2 shows the participants’ demography in the mCARE
project.

From Table 2, we can observe that in mCARE, there had a total of 45 demographic
information in 10 broader categories. From this 45 demography, in this study, we have
selected ten important demography (details selection process in step 2) for building
the machine learning-based training models. Besides the demographic information, we
need the specific milestone parameters’ baseline level (at the study’s starting point) and
improvement level (at the ending point) by the corresponding demographic information.



420

M. Rabbani et al.

Table 2. Test group participants (n = 150) demographic information.

Serial | Demographics Participant, n (%) | Serial | Demographics | Participant, n (%)
1 Patients’ age: 37 (24.7%) 6 Father’s 70 (46.7%)
2-6 113 (75%) occupation: 45 (30.0%)
6-9 Service 1(0.7%)
Business 7 (4.7%)
Cultivation 23 (15.3%)
Other
Unemployed
2 Gender: 124 (82.7%) 7 Mother’s 0.0 (0.0%)
Male 26 (17.3%) occupation: 0.0 (0.0%)
Female Student 124 (82.7%)
Unemployed 17 (11.3%)
Housewife 4 (2.7%)
Service 0 (0.0%)
Business 1(0.7%)
Cultivation 1(0.7%)
Maid 3 (2.0%)
Other
Not applied
3 Educational 34 (22.7%) 8 Family 19 (12.7%)
opportunity for the | 22 (14.7%) expenditure per |44 (29.3%)
patients: 4 (2.7%) month (in 31 (20.7%)
Never went to 12 (8.0%) thousand taka)?: | 56 (37.3%)
school 78 (52.0%) <15K
Went to usual 15-30 K
academic school 30-50 K
but failed to >50K
continue study
Went to specialized
school but failed to
continue study
Currently he/she is
going to usual
academic school
Currently he/she is
going to
specialized
academic school
4 Father’s 29 (19.3%) 9 Family size: 113 (75.3%)
educational Level: |23 (15.3%) Nuclear 37 (24.7%)
Primary 23 (15.3%) Extended
Secondary 29 (19.3%)
Undergraduate 46 (30.7%)
Graduate
Postgraduate

(continued)
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Table 2. (continued)

Serial | Demographics Participant, n (%) | Serial | Demographics | Participant, n (%)
5 Mother’s 19 (12.7%) 10 Living area: 120 (80.0%)
educational Level: | 37 (24.7%) Urban 15 (10.0%)
Primary 25 (16.7%) Semiurban 15 (10.0%)
Secondary 32 (21.3%) Rural 0.0 (0.0%)
Undergraduate 37 (24.7%) Slum
Graduate 0.0 (0.0%)
Postgraduate
Student

a. US $1 = 84.70 Taka (as of June 22, 2021).

For that reason, we have developed a total of 16 data sets (based on the milestone
parameters) in four main categories of (i) Daily Living Skill, (ii) Communications, (iii)
Motor Skills, and (iv) Socialization. For these 16 data sets, in MPredA, we have built
64 machine learning training models (four machine learning models for each data set).
We have deployed our 150 test group participants to build these data set, and in total,
we got in total 1875 instances (data) for the 16 data set. Table 3 shows the 16 data sets
(Four types of Milestone Parameters) with the data set size, n (participants number for
building each data set).

3.2 Data Set Preprocessing and Feature Selection

After creating the 16 data sets, in this step, we preprocessed the data set by the following
steps:

Data Cleaning: We have observed some noisy data (filled by negative value) in our
dataset, which had no impact on the machine learning models. We removed these noisy
data. After that, we found some missing, especially the age and family expenditure
columns. We deployed the most popular method, “the attribute mean value” [28, 29], to
handle these missing values.

Feature Extraction and Binarization: This is a very critical step in building our data
sets to deploy in machine learning algorithms. Initially, our data set had some non-
numeric columns (13 out of 19 columns) with more than one feature in one column
(for example, in father education, there had all educational level’s information of the
mothers in one column). In this step, we did the feature extraction and binarization
process simultaneously and covert data set on 45 (according to the Table 2 demographic
information) columns with an only numerical value (‘0’ for negative and ‘1’ for positive
value). Besides these, we also applied the MinMaxScaler [30] to convert all the features
in the range of 0 to 1; this conversion is very important to increase the machine learning
algorithms’ performance [31, 32].

Feature Selection: After getting the extraction features (total 45) from the previous
step, we deployed the “Filter Method” [33, 34] to select the most important features
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Table 3. MPredA data sets with participants number for building the predictive training models.

Serial | Milestone type Number of patient | Serial | Milestone type Number of patient
and parameter (n) and parameter (n)
Daily living skills Motor skills
1 Asks to use toilet | 105 9 Draws circle 136
freehand while
looking at
example
2 Brushes teeth 140 10 Glues or pastes 2 | 130
or more pieces
together
3 Buttons large 109 11 Jumps with both | 104
buttons in front, in feet off floor
correct
buttonholes
4 Urinates in toilet | 112 12 Runs smoothly 119
or potty without falling
Communication Socialization
5 Listens to a story | 100 13 Answers when 120
for at least 15 min familiar adults
make small talk
(eg. If asked ‘how
are you_’ says
‘fine”)
6 Modulates tone of | 100 14 Keeps 134
voice, volume, comfortable
and rhythm distance between
appropriately (eg. self and others in
Does not social situations
consistently speak
too loudly, too
softly orin a
monotone)
7 Points to at least 5 | 116 15 Talks with others | 126
body parts when about shared
asked interests (eg.
Sports, tv shows,
cartoons)
8 Says month and 116 16 Use words to 109
day of birthday express emotions
when asked (eg. ‘I am happy’,
‘I am scared’)

(continued)
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Table 3. (continued)

Serial | Milestone type Number of patient | Serial | Milestone type Number of patient
and parameter (n) and parameter (n)

Total 1876

from our extracted data sets. We have deployed four popular feature selection approaches
(univariate selection [35], feature important [35], correlation matrix with heatmap [36],
and information gain [37]) under the filter method. We selected the most ten important
features from the 45 features of our data sets based on the results of these four feature
selection approaches. Figure 2 shows the results of the most important features from
univariate selection [35], feature important [35] approaches.

Specs Score f graduate
3 family_expenditure 2.094832e+086 f business
45 score_at_start 2.28467%e+02 specialized s
27 never s 2.897760e+01 ¢ bom ¢ no
28 specialized s 1.257880e+01 8 never s |
1 father_age 9.745763e+00 § number of sbing
8 m_undergraduate 9.846455e+0@ g father_age -
6 m_gr‘aduate 8.0858115e+00 - family_expenditure
30 usual s 6.412382e+0@ mother_age
49 born_c_yes 4.149451e+0@ score_at start
34 rural 2.607987e+00 000 005 010 D015 020 025 030
Feature Score
(a) (b)

Fig. 2. Most ten important features of the data set are based on (a) Univariate selection and (b)
Feature important approaches.

We combine the result from the four feature selection methods and select the fol-
lowing features: (i) baseline data, (ii) family expenditure, (iii) father age, (iv) mother
age, (v) father occupation as a businessman, (vi) mother as a housewife, (vii) children’s
education in a specialized school, (viii) mother’s education level (undergraduate), (ix)
living in urban, and (x) number of siblings. We also have valid these selected features
by analyzing our data.

Data Set Quality Assurance: According to [38], the lower R-value (co-officiant value
between two columns) indicates the higher classification accuracy. We randomly selected
two columns from our data set (whole data set with 1876 instants) and got R = 0.01
which very much lower value (close to zero) that indicates an excellent data set quality
according to the categorical overlap evaluation method [38].

3.3 Build Machine Learning Models

For developing the web-based prediction application for predicting the milestone param-
eter of the children with ASD, we have deployed four supervised classification algorithms
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(Decision Tree (DT) [39], Logistic Regression (LR) [40], K-Nearest Neighbor (KNN)
[41], and Artificial Neural Network (ANN) [42]) to build the machine learning-based
prediction models. In this step, we developed 64 machine learning models for a total of
16 milestone parameters. We validated the models by determining the models’ accuracy
with the train-test split method [43], where we have used 80% data for the training data
set and 20% for the testing data set. Then we evaluated the models by two methods: (i)
R? value [44] and (ii) ROC-AUC value [45]. The summary of all models’ accuracy with
evaluation score has been shown in Table 4.

Table 4 shows all models’ accuracy with the evaluation scores. Here every row
represents every milestone parameter, and we show the four separate machine learning
models’ results in the same row. The accuracy of each model has been shown by percent-
age, and the evaluation scores (by 12 scores and ROC-AUC value) are also mentioned
with the accuracy.

3.4 Analyze the Models and Create Pickles

From the 64 prediction models, we have selected the best 16 models for 16 milestone
parameters based on the models’ accuracy and evaluation scores (Bold in Table 4).
Based on the accuracy and performance of the models, we have selected the best models
for each milestone parameter and created 16 pickles file [46]. These pickle files have
been deployed to build the web-based Prediction System to Evaluate the Autism Level
Improvement (MPredA).

3.5 Create and Test the Web Application

We have used the best 16 pickle files for developing the web application to predict the
milestone parameter improvement level based on the children’s (with Autism) demog-
raphy. These pickles have been run on the Amazon web Service (AWS) [47] server to
predict the 16 milestones parameters. The website front-end was designed and imple-
mented by Django [48]. We have used the SQLite3 database [49] to store the data in
this web application. The web application of MPredA is available on the web named as
“MPredA” [22]. After developing the web application, we have tested the web application
by “White Box” [50] testing. Our expert user and phycologist test the web application in
this testing phase. For the 16-milestone parameters, initially, we randomly selected 80
input sets (5 for each parameter) and separated them for testing purposes. We observed
our web application has 78 correct results from 80 sets of inputs in the testing phase,
which is 97.5% accuracy.

4 Experimental Analysis

4.1 Experimental Setup

MPredA has been developed under the environment on Apple M1 chip with 8-core CPU,
8-core GPU, and 16-core Neural Engine with 8.0 GBytes of RAM running on Big Sur
operating system. For developing the machine learning models, we have deployed four
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Table 4. Summary of the accuracy with evaluation scores of all prediction models based on the
demography for four milestone parameters.

Parameter types DT LR KNN ANN
Daily living Asks to use toilet | 86% 90% 90 % 84%
Skills RZ=021 |R?2=-11 |R2=0.53 |[RZ=-.09
Daily living roc_auc = |roc_auc = |roc_auc = |roc_auc =
Skills 0.77 0.68 0.84 0.622
aily Living Skill | gryshes teeth 96% 96% 96% 93%
R2=046 R2=-04 RZ=-04 R2=0.09
roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.75 0.51 0.91 0.81
Buttons large 91% 91% 82% 82%
buttons in front, in | R2=0.54 |R2=—10 |R2=027 R?2=-53
correct roc_auc = |roc_auc = |roc_auc = |roc_auc =
buttonholes 0.83 0.77 0.83 0.9
Urinates in toilet | 96% 1.0% 91% 86%
or potty RZ=062 |R2=10 |RZ=-.10 |R?2=0.03
roc_auc = | roc_auc = |roc_auc = | roc_auc =
0.98 1.0 0.51 0.60
Communication | Listens to a story | 85% 80% 76% 80%
for atleast 15min | R2=0.39 |R2=0.19 R?>=003 |R?=0.13
roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.86 0.35 0.77 0.74
Modulates tone of | 95% 80% 90% 55%
voice, volume, and | R2=0.78 'R2=0.17 R%Z=058 |[R2=0.11
rhythm roc_auc = |roc_auc = |roc_auc = |roc_auc =
appropriately (eg. | 0.93 0.88 0.90 0.67
Does not
consistently speak
too loudly, too
softly or in a
monotone)
Points to at least 5 | 83% 79% 92% 63%
body parts when | RZ=033 |R2=0.06 R2=0.67 R2=0.5
asked roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.83 0.78 0.94 0.66
Says month and 92 % 92% 92% 71%
day of birthday |R2=10.66 |RZ=—-.09 R2=040 |R%Z=0.13
when asked roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.91 0.73 1.0 0.68

(continued)
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Table 4. (continued)

Parameter types DT LR KNN ANN
Motor Skills Draws circle 85% 93% 71% 93%

freehand while RZ=038 | R2=058 RZ=—52 [R2=-25

looking at example | roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.8 091 0.70 0.87

Glues or pastes 2 | 92% 96 % 85% 81%

or more pieces RZ=0.57 |R2=046 RZ=038 |RZ=021

together roc_auc = | roc_auc = |roc_auc = |roc_auc =
0.95 0.98 0.83 0.78

Jumps with both | 1.0% 90% 91% 81%

feet off floor R2=10 |R?=022 |R2=039 [R2=0.10
roc_auc = |roc_auc = |roc_auc = |roc_auc =
1.0 0.65 0.67 0.81

Runs smoothly 98 % 96% 95% 92%

without falling R2=048 R2=-04 RZ=-04 RZ=-.11
roc_auc = |roc_auc = |roc_auc = |roc_auc =
0.75 0.26 0.41 0.32

Socialization Answers when 92% 79% 75% 67%

familiar adults R2=0.62 R2=006 |RZ=—03 RZ=0.10

make small talk roc_auc = |roc_auc = |roc_auc = |roc_auc =

(eg. If asked ‘how | 0.94 0.72 0.70 0.57

are you_’ says

‘fine’)

Keeps comfortable | 93% 81% 81% 81%

distance between |R2=0.71 RZ=-23 RZ2=004 R2=0.04

self and others in | roc_auc = |roc_auc = |roc_auc = |roc_auc =

social situations 0.92 0.65 0.78 0.63

Talks with others | 88% 92% 1.0% 73%

about shared RZ=051 |[R2=064 |[R2=10 |R2=020

interests (eg. roc_auc = |roc_auc = |roc_auc = |roc_auc =

Sports, tv shows, |0.89 0.86 1.0 0.79

cartoons)

Use words to 91% 1.0% 68% 86%

express emotions |[RZ=054 R2=10 |R2=-032R2=034

(eg. ‘T am happy’, |roc_auc = |roc_auc= |roc_auc= |roc_auc =

‘I am scared’) 0.83 1.0 0.61 0.76
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supervised classifiers ((i) tree.DecisionTreeClassifier [51], (ii) LogisticRegression class
[52], (iii) KneighborsClassifier [53], and (iv) keras.Sequential [54]) from the sklearn
library [55] of Python [56]. We have used the 6.2.0 Jupyter Notebook [57] in 4.10.1
Anaconda Navigator [58]. For developing the web application, we have deployed Django
3.2.4 [48] framework with Amazon Web Service (AWS) [47]. The web application of
MPredA is available on the web named as “MPredA” [22].

4.2 Experimental Result

For predicting the milestone parameters, the caregiver or care-practitioner has to give
two types of information the MPredA web application [22]. The first type of input is the
baseline data of the children (with ASD) in 16 milestone parameter fields (in four major
categories). Figure 3 shows the screenshot of an anonymous children’s (with ASD from
mCARE dataset) baseline data for four major milestone parameter categories.

@PAl insortinfo Rosults Logged in asR Logout Communication

e Listens to a story for at least 15 minutes
Insert Base Line Data

(0: Never, 1:50metimes) 0 v

Daily Living Skills

Asks to use tollet

Modulates tone of voice, volume, and rhythm appropriately

(eg. Does not consistently speak too loudly, too softly or in a
0 v

monotone)
Brushes teeth
1 v
1 v
Buttons large buttons In front, In correct buttonholes Points to at least 5 body parts when asked
¢ N 1 v
Urinates in toilet or potty
1 v Says month and day of birthday when asked
1 v
(a) (b)
Motor Skills Socialization

Answers when familiar adults make small talk (eg. If asked

Draws circle freehand while looking at example ‘how are you_* says ‘fine’)
1 v 0 v

Keeps comfortable distance between self and others in social

Glues or pastes 2 or more pieces together gituations

0 v 1 -

Talks with others about shared interests (eg. Sports, tv

Jumps with both feet off floor
shows, cartoons)

0 v o v

Runs smoothly without falling Use w?;ds to express emotions (eg. 'l am happy’, 'l am
scared

1 v 1 ~

© (d

Fig. 3. A screenshot from MPredA web application to input the children’s baseline data: (a) Daily
living skills, (b) Communication, (¢) Motor skills, and (d) Socialization.
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After proving the baseline data, the caregiver or care-practitioners must input the
selected (ten) demographical information into the system. Figure 4(a) shows the demo-
graphical input form of the MPredA web application. Then MPredA web application
parses these data to the pickles at the AWS server and shows the children’s predicted
milestone improvement level data by the result page. Figure 4(b) shows the result page
of MPredA web application based on the data provided by Fig. 3 and Fig. 4(a) children’s
data.

Insert Demography Information @) PAl  Insertinfo Results Logged in o« I cgout
(O: No, 1:Yes)
Results

Mother's Age (O:Will not improve, 1:Will improve)

28

Father's Age
Daily Living Skills
st - Asks to use toilet: 1
= Brushes teeth: 1
Number of siblings = Buttons large buttons in front, in correct buttonholes: 1
- Urinates in toilet or potty: 1

2
Communication
Family Expenditure - Listens to a story for at least 15 minutes: 1
60000 - Modulates tone of voice, volume, and rhythm
appropriately (eg. Does not consistently speak too
loudly, too softly or in a monotone): 1
- Points to at least 5 body parts when asked: 1
+ Says month and day of birthday when asked: 1

Mother education level (undergraduate)
1 -
Motor Skills

+ Draws circle freehand while looking at example: 0
1 - - Glues or pastes 2 or more pieces together: 1
+ Jumps with both feet off floor: 1
Father in business « Runs smoothly without falling: 1

Housewife-mother

° . Socialization
- Answers when familiar adults make small talk (eg. If
Going to specialized school asked "how are you" says "fine"): 1
+ Keeps comfortable distance between self and others in
1 ~ social situations: 1
+ Talks with others about shared interests (eg. Sports, tv
Living in urban shows, cartoons): 1
- Use words to express emotions (eg. "I am happy”, "l am
scared"): O

1 ~

(a) (b)

Fig. 4. A screenshot from MPredA web application (a) input page for the children’s demographic
information, (b) result page from MPredA web application.

4.3 Discussions

The experiment result presented in the above section shows how MPredA can predict
the improvement level of milestone parameters of children with ASD. This mHealth
research-based web application can be used by both the primary caregiver and also the
care practitioner. They can use this application at the starting of the treatment process to
know the development level (milestone parameter) based on the children’s demography.
And this web application can be used both in the home and in the clinical setting to
determine the children’s milestone parameter improvement level. However, the user of
this application can determine all 16 milestone parameters’ improvement level at a time
by giving all baseline data (showed as previous experience result), or they can determine
only one milestone parameter in one run by giving only the baseline data that they want
to determine the improvement level and leaving the other baseline data blank. Since we
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determine the improvement level of the milestone parameters by running separate pickle
files with a separate machine learning model, it will not have any impact if any user leaves
blank on the baseline data or wants to determine only one milestone improvement level
in one run of the application. The main advantage of this application is determining the
improvement level of a children’s (with ASD) milestone parameter without any clinical
intervention. It can be done at the starting point of the treatment process. And parents can
know their children’s improvement level based on their demography as early; they can
update or change their demography to develop their children’s milestone parameters. In
this study, we have worked on 16 milestone parameters in four major categories, which
are very common in children with ASD. This data set size is another challenging issue
in our work, as the real data in this area is very rare to collect. But in this study, we have
tried to give more focus on the data integrity and quality to get the more accurate result
to determine the milestone parameter improvement level.

5 Conclusion

In case to predict the milestone parameter improvement level, MPredA will be the first
web application based on the children’s (with ASD) demography. We have used four
robust machine learning algorithms with real patient data to build the prediction models
in this system. The model used for developing MPredA-web applications is the most
accurate and competitive (selected 16 models among the 64 models). Among the four
machine learning classifiers, we have observed a decision tree as an effective and accurate
classifier for this kind of data. As we have an excellent accuracy of all models and the
web application (97.5% accuracy with white box testing), this machine learning-based
application will be a mental health development tool for children with ASD. For the
web application, the caregiver can learn the importance of their demography for their
children’s development, and they can update or develop their demography based on their
children’s development; whereas the care-practitioners can know the improvement level
of children before starting the treatment process and they can take the proper treatment
or therapy based on the prediction result. Though this type of real data set is very rare,
we have the challenge of building the machine learning models with this limited data
set. It is expected that we will deploy this system with the same data set to build a
recommendation system for the development of children with ASD.

Acknowledgement. This study has been partially supported by an NIH grant (1IR21MH116726—
01). The authors are thankful to 4 specialist autism health care centers and institutions in
Bangladesh: The Institute of Pediatric Neuro-disorder & Autism (IPNA) Bangladesh, The National
Institute of Mental Health (NIMH), Autism Welfare Foundation (AWF), and Nishpap Autism
Foundation and their respective departments for their continuous support throughout this study.

Conflicts of Interest. None declared.

References

1. Kanner, L.: Autistic disturbances of affective contact. Acta Paedopsychiatr. 35(4), 100-136
(1968)



430

2.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

M. Rabbani et al.

Tariq, Q., et al.: Detecting developmental delay and autism through machine learning models
using home videos of Bangladeshi children: development and validation study. J. Med. Internet
Res. 21(4), 13822 (2019)

Wallace, G.L., et al.: Real-world executive functions in adults with autism spectrum disorder:
profiles of impairment and associations with adaptive functioning and co-morbid anxiety and
depression. J. Autism Dev. Disord. 46(3), 1071-1083 (2016)

W. H. Organization. Autism spectrum disorders. https://www.who.int/news-room/fact-sheets/
detail/autism-spectrum-disorders. Accessed 30 June 2021

Sealey, L., et al.: Environmental factors in the development of autism spectrum disorders.
Environ. Int. 88, 288-298 (2016)

DiGuiseppi, C.G., et al.: Demographic profile of families and children in the Study to Explore
Early Development (SEED): case-control study of autism spectrum disorder. Disabil. Health
J.9(3), 544-551 (2016)

S. A. Autism Statistics and Facts. autism speaks. https://www.autismspeaks.org/autism-statis
tics-asd. Accessed 9 June 2021

Happé, F.G., Mansour, H., Barrett, P., Brown, T., Abbott, P., Charlton, R.A.: Demographic and
cognitive profile of individuals seeking a diagnosis of autism spectrum disorder in adulthood.
J. Autism Deyv. Disord. 46(11), 3469-3480 (2016)

Gona, J.K., et al.: Parents’ and professionals’ perceptions on causes and treatment options for
autism spectrum disorders (ASD) in a multicultural context on the Kenyan coast. PLoS ONE
10(8), 0132729 (2015)

N. A. A. MOM. “Is Autism a Gift or a Curse?. https://notanautismmom.com/2018/12/20/per
spective/. Accessed 30 June 2021

Sommer, M., etal.: False belief reasoning in adults with and without autistic spectrum disorder:
Similarities and differences. Front. Psychol. 9, 183 (2018)

Zwaigenbaum, L., et al.: Early identification of autism spectrum disorder: recommendations
for practice and research. Pediatrics 136(Supplement 1), S10-S40 (2015)

C. f. D. Control and Prevention.Treatment and intervention services for autism spectrum
disorder (2019)

Liu, Y., etal.: Knowledge, attitudes, and perceptions of autism spectrum disorder in a stratified
sampling of preschool teachers in China. BMC Psychiatry 16(1), 1-12 (2016)

Liu, K., Zerubavel, N., Bearman, P.: Social demographic change and autism. Demography
47(2), 327-343 (2010)

King, M.D., Fountain, C., Dakhlallah, D., Bearman, P.S.: Estimated autism risk and older
reproductive age. Am. J. Public Health 99(9), 1673-1679 (2009)

. Zwaigenbaum, L., Bryson, S., Garon, N.: Early identification of autism spectrum disorders.

Behav. Brain Res. 251, 133-146 (2013)

Barbaro, J., Halder, S.: Early identification of autism spectrum disorder: current challenges
and future global directions. Curr. Dev. Disord. Rep. 3(1), 67-74 (2016)

Haque, M.M., et al.: Grant report on mCARE: mobile-based care for children with Autism
Spectrum Disorder (ASD) for Low-and Middle-Income Countries (LMICs). J. Psychiatry
Brain Sci. 6 (2021)

Haque, M.M., et al.: Informing developmental milestone achievement for children with
autism: machine learning approach. JMIR Med. Inf. 9(6), €29242 (2021)

Maenner, M.J., Yeargin-Allsopp, M., Van Naarden Braun, K., Christensen, D.L., Schieve,
L.A.: Development of a machine learning algorithm for the surveillance of autism spectrum
disorder. PLoS ONE 11(12), e0168224 (2016)

U. Lab. MPredA: A machine learning based prediction system to evaluate the autism level
improvement. http://mpreda.ubicomp.us/. Accessed 4 July 2021


https://www.who.int/news-room/fact-sheets/detail/autism-spectrum-disorders
https://www.autismspeaks.org/autism-statistics-asd
https://notanautismmom.com/2018/12/20/perspective/
http://mpreda.ubicomp.us/

23.

24.
25.
26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.
40.
41.
42.
43.

44.

45.

MPredA: A Machine Learning Based Prediction System 431

Haque, M.M,, et al.: Towards developing a mobile-based care for children with autism spec-
trum disorder (nCARE) in low and middle-income countries (LMICs) like Bangladesh. In:
2020 IEEE 44th Annual Computers, Software, and Applications Conference (COMPSAC),
pp. 746-753. IEEE (2020)

O Solution. National Institute of Mental Health (NIMH). The National Institute of Mental
Health. Accessed 29 June 2021

IPNA: The Institute of Pediatric Neuro-disorder and Autism. http://ipnabsmmu.edu.bd/.
Accessed 29 June 2021

Awfbd. Autism Welfare Foundation. https://awtbd.org/. Accessed 29 June 2021

Nishpap. Nishpap Autism Foundation. https://nishpap.org/. Accessed 29 June 2021

Acuiia, E., Rodriguez, C.: The treatment of missing values and its effect on classifier accuracy.
In: Banks, D., McMorris, F.R., Arabie, P., Gaul, W. (eds.) Classification, clustering, and data
mining applications, pp. 639—-647. Springer, Berlin, Heidelberg (2004). https://doi.org/10.
1007/978-3-642-17103-1_60

Zhu, X., Zhang, S., Jin, Z., Zhang, Z., Xu, Z.: Missing value estimation for mixed-attribute
data sets. IEEE Trans. Knowl. Data Eng. 23(1), 110-121 (2010)

s.-1. developers. MinMaxScaler. https://scikit-learn.org/stable/modules/generated/sklearn.pre
processing.MinMaxScaler.html. Accessed 29 June 2021

Singh, D., Singh, B.: Investigating the impact of data normalization on classification
performance. Appl. Soft Comput. 97, 105524 (2020)

Jo, J.-M.: Effectiveness of normalization pre-processing of big data to the machine learning
performance. J. Korea Inst. Electron. Commun. Sci. 14(3), 547-552 (2019)
Sanchez-Marofio, N., Alonso-Betanzos, A., Tombilla-Sanromén, M.: Filter methods for fea-
ture selection — a comparative study. In: Yin, H., Tino, P., Corchado, E., Byrne, W., Yao, X.
(eds.) IDEAL 2007. LNCS, vol. 4881, pp. 178-187. Springer, Heidelberg (2007). https://doi.
org/10.1007/978-3-540-77226-2_19

Shaikh, R.: Feature selection techniques in machine learning with Python. https://toward
sdatascience.com/feature-selection-techniques-in-machine-learning-with-python-f24e7d
a3f36e. Accessed 29 June 2021

Liang, R.: Feature selection using Python for classification problems. https://towardsda
tascience.com/feature-selection-using-python-for-classification-problem-b5f00alc7028.
Accessed 29 June 2021

Gu, Z., Eils, R., Schlesner, M.: Complex heatmaps reveal patterns and correlations in
multidimensional genomic data. Bioinformatics 32(18), 2847-2849 (2016)

Azhagusundari, B., Thanamani, A.S.: Feature selection based on information gain. Int. J.
Innovative Technol. Exploring Eng. (IJITEE) 2(2), 18-21 (2013)

Oh, S.: A new dataset evaluation method based on category overlap. Comput. Biol. Med.
41(2), 115-122 (2011)

Safavian, S.R., Landgrebe, D.: A survey of decision tree classifier methodology. IEEE Trans.
Syst. Man Cybern. 21(3), 660-674 (1991)

R.E. Wright: Logistic regression (1995)

Peterson, L.E.: K-nearest neighbor. Scholarpedia 4(2), 1883 (2009)

Wang, S.-C.: Artificial neural network. In: Interdisciplinary computing in java programming,
pp- 81-100. Springer, Boston (2003). https://doi.org/10.1007/978-3-662-44725-3_5
Vabalas, A., Gowen, E., Poliakoff, E., Casson, A.J.: Machine learning algorithm validation
with a limited sample size. PLoS ONE 14(11), €0224365 (2019)

Moriasi, D.N., Arnold, J.G., Van Liew, M.W.,, Bingner, R.L., Harmel, R.D., Veith, T.L.: Model
evaluation guidelines for systematic quantification of accuracy in watershed simulations.
Trans. ASABE 50(3), 885-900 (2007)

Peterson, A.T., Papes, M., Eaton, M.: Transferability and model evaluation in ecological niche
modeling: a comparison of GARP and Maxent. Ecography 30(4), 550-560 (2007)


http://ipnabsmmu.edu.bd/
https://awfbd.org/
https://nishpap.org/
https://doi.org/10.1007/978-3-642-17103-1_60
https://scikit-learn.org/stable/modules/generated/sklearn.preprocessing.MinMaxScaler.html
https://doi.org/10.1007/978-3-540-77226-2_19
https://towardsdatascience.com/feature-selection-techniques-in-machine-learning-with-python-f24e7da3f36e
https://towardsdatascience.com/feature-selection-using-python-for-classification-problem-b5f00a1c7028
https://doi.org/10.1007/978-3-662-44725-3_5

432

46.
47.
48.
49.
50.
51.

52.

53.

54.

55.

56.

57.
58.

M. Rabbani et al.

Brownlee, J.: Save and load machine learning models in Python with scikit-
learn. https://machinelearningmastery.com/save-load-machine-learning-models-python-sci
kit-learn/. Accessed 29 June 2021

AWS. Amazon web Service. https://aws.amazon.com/. Accessed 29 June 2021

Django. Django makes it easier to build better web apps more quickly and with less code.
https://www.djangoproject.com/. Accessed 29 June 2021

SQLite. What Is SQLite?. https://www.sqlite.org/index.html. Accessed 29 June 2021
Ostrand, T.: White-Box testing. Encycl. Softw. Eng. (2002)

s.-1. developers. A decision tree classifier. https://scikit-learn.org/stable/modules/generated/
sklearn.tree.DecisionTreeClassifier.html. Accessed 29 June 2021

s.-1. developers. Logistic Regression (aka logit, MaxEnt) classifier. https:/scikit-learn.org/
stable/modules/generated/sklearn.linear_model.LogisticRegression.html. Accessed 29 June
2021

s.-1. developers. Classifier implementing the k-nearest neighbors vote. https://scikit-learn.org/
stable/modules/generated/sklearn.neighbors. KNeighborsClassifier.html. Accessed 29 June
2021

fchollet. The Sequential model. https://keras.io/guides/sequential_model/. Accessed 29 June
2021

Varoquaux, G., Buitinck, L., Louppe, G., Grisel, O., Pedregosa, F., Mueller, A.: Scikit-learn:
Machine learning without learning the machinery. GetMobile: Mob. Comput. Commun. 19(1),
29-33 (2015)

P.S. Foundation. python. https://www.python.org/. Accessed June 2021

P. Jupyter, Jupyter. https://jupyter.org/. Accessed 29 June 2021

Anaconda, I.: Anaconda Navigator. https://docs.anaconda.com/anaconda/navigator/.
Accessed 29 June 2021


https://machinelearningmastery.com/save-load-machine-learning-models-python-scikit-learn/
https://aws.amazon.com/
https://www.djangoproject.com/
https://www.sqlite.org/index.html
https://scikit-learn.org/stable/modules/generated/sklearn.tree.DecisionTreeClassifier.html
https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html
https://scikit-learn.org/stable/modules/generated/sklearn.neighbors.KNeighborsClassifier.html
https://keras.io/guides/sequential_model/
https://www.python.org/
https://jupyter.org/
https://docs.anaconda.com/anaconda/navigator/

