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ABSTRACT

In the United States, approximately 1 out of every 44 infants born fall under the autism
spectrum, leading them through a life of hardship in the future [7]. Their parents or guardians
must pay extra attention to them, as they are not the best at communication and voicing their
opinions. As they grow up, their education can fall behind as they struggle in school. Our
program allows students to stay on task since a teacher or an adult is always watching over
them and guiding them into the right direction. Developed using Python, Thunkable, and
Firebase, this program includes 3 major components. The Ul component is responsible for the
various interactive buttons and boxes [8]. The recording component does the bulk of the job by
sending off the data gathered on the student’s movements down to the third component, the
database which stores all of their information under each individual user ID.
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1. INTRODUCTION

With the number of students who require extra assistance in order to achieve what others around
them are able to achieve, the utilization of assistive technology has increased [1]. Parents of these
children have spent hours guiding their young ones to the right direction in succeeding in school,
however, the burden that is growing upon their shoulders may eventually be too much to bear. It
has been scientifically proven that parents of those whose children may be on the autism
spectrum have suffered significantly larger amounts of stress in their everyday lives [2]. The
management of family affairs added onto the time spent caring for the child would be the culprits
of this additional stress. They must stay attentive to their child in order to correctly teach them
the ways of life and success as they see fit. Since the COVID-19 pandemic outbreak in early
2020, many previous classroom based help such as additional teachers have not been able to
assist these students in ways that they had before [3]. Their academic progressions have been put
on pause since remote learning has proven to be a struggle amongst all students, not just ones
who struggle with learning disabilities. Students tend to stray off track and let their mind wander
while their teachers make an attempt to educate them through a device screen. In the long run,
these COVID-19 students will be faced with difficulties when applying to higher education or
landing jobs since they weren’t taught the necessary academic skills.
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The first methodology aimed to encompass all possible forms of various ways of learning into
one physical sensory device to allow students to learn in the best way that they see fit. Some
children may prefer audio over tangible, while others may enjoy sensory over visuals. This
solution is extremely beneficial in in-person school, however, it may pose a struggle during
online school.

Our proposed method of properly providing these struggling students with a means of focus
during class is real time updating data of the student’s keystrokes and mouse movements. This
would allow teachers to check up on their students and what they’re doing in order to ensure
maximum participation and concentration. When a student is pressing keys or moving their
mouse when they’re not supposed to, the teacher or tutor can gently remind them to stay on task
to learn the material. We believe that this is the beginning of an extremely effective solution as it
allows the teacher to follow up on the child’s interactions due to the rapidly updating data
collection and the precision of the location of the mouse and the clicks. Due to the nature of those
children who fall under the autism spectrum or struggle with school due to a learning disability,
they can quickly become distracted or disengage in the lessons. Thus, the accuracy and feedback
that the program delivers back to the teacher would reduce the time spent on nonacademic
thinking [9]. We’ve also created a notes section to allow teachers to leave notes of where the
child left off on their lesson or if any parents would like to check in on their student’s
engagement. Not only would this would prove to be efficient in advancing online education, but
it would also significantly reduce the stress that would be placed on the parents’ shoulders as they
have one less thing to worry about. This ensures that students receive proper care and attention
without needing to place additional pressure on their guardians.

2. CHALLENGES
In order to build the project, a few challenges have been identified as follows.
2.1. The Child’s Device Privacy After the Class Ends

A component that might pose as a challenge is the child’s device privacy after the class ends. If
the program continues to record private information outside of classroom hours, it would cause
heavy conflict between the two parties. | could use a function that would allow the student to
control when the program would be running, thus protecting their privacy. This function would
include a pause button as well, incase emergencies or breaks might occur during classtime. This
function could also be implemented on the teacher’s side of the app in case a student accidentally
turns it off during classtime.

2.2. Sorting the Students

Another component that would cause problems is sorting the students. Two students might have
the same name or be born on the same day and so if we were to just use simple names or
birthdays to identify and track each student, it would cause heavy confusion as one student may
be able to login into another’s database. Due to this, | could assign each student a unique, long
user ID that would be unable to result in duplicates. This user ID would be assigned to them
through the child’s email and would show up on the teacher’s side with their first and last name.

2.3. A Possible Error when Signing Up

The third challenge that would result from this program is a possible error when signing up. For
example, if a student were to not enter an email or enter a password that they typed wrong, it
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would be difficult to go back into the system and change their information as a user 1D would
already have been created [6]. Therefore, | could use a method of double checking. For example,
I could implement a second “confirm password” box or I could make the code fail to run if the
email box is left blank. Both of these features, if applied to the program, would help reduce the
number of struggles when using this app.

3. SOLUTION

The program is split into 3 major components that all link together. The Ul component, recording
component, and the database. When the teacher first downloads the app, they will be met with
various buttons and textboxes. They are able to create an account or log into an existing one
through the first screen. Once logged in, they are able to add students or view ones that they had
previously had and through each student, they will be able to see everything update in real time if
the student is running the program. For the authentication component, we decided to use Firebase
[10]. Each adding each student, they are linked with a unique user 1D and that would be how each
student is identified in the database. The database consists of each teacher that has created an
account in the app along with each of their student’s names, emails, and last known collected
positions or keys pressed.
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Figure 1. Overview of the solution

The Ul component is what the user first sees when they download the application. They are met
with a screen that has two buttons, one prompting the user to sign up and the other allows the
user to sign in if they are already an existing user. We decided to use Thunkable to approach the
Ul component.
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Password

Figure 2. Screenshot of main page

Backto Login button - | Click

Figure 3. Screenshot of Thunkable page

Since we decided to use Thunkable for the creation of the Ul component aspect of our program,
the set up is quite simple [15]. At the very beginning of the program, the user is prompted to sign
up or sign in. In the signup screen, the code makes sure that the user enters an email and that their
entered passwords match. This takes them to the next screen which is their student screen. The
buttons allow for the teachers or users to easily access each component for a smoother
experience. In the login screen, each of the text boxes are matched with the proper login
information in the database so the program can swiftly check if the entered information exists. If
there is any mistake, there will be an error popping up on the screen. The verification is for
security purposes and allows each teacher to manage each of their students separately and
privately.

The recording component is the bulk of the program. We used Python to code the program out.
This code tracks the student’s movements and presses which then sends the data into the database
for the teacher to view. There is a recording stop and start button on the student’s end of the
program that allows the program to stop tracking their movements once class ends.
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"s@example.com”

online: 1672429844735

last_key: "a"

x: 323.28125

y: 68.4296875
name: “billy bob"
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Figure 4. Screenshot of tracking movements 1

def key_press(key):
upload_data
now - str(int(time()-100@))
k = str(key)
upload_data["live"] ["last_key"] - k
upload_data["live"] ["keystrokes"] [now] - k
print("you pressed {8}".format
key

)

f key_release(key):
print("you released {8}".format
key
)

ef on_mouse_click(x, y,
upload_data

now - str(int(time 000) )
clickdata - {"x": x, "y": y}
upload_data["live licks"] [now] - clickdata
print("you {8} at .format

"pressed" ed “released",

X, ¥)))

ef on_mouse_scroll(x, y
print("you scrolled {¢
"up!' dy 0

upload_data["live"] ["y"] - y
print('you moved the mouse to {0}".format(x, y)')

Figure 5. Screenshot of code

We used various functions to track the keyboard and mouse movements. Once the Start
Recording button is pressed, all of these functions run simultaneously. The key press function not
only identifies if a key was pressed or not, but it also reports what key was pressed. The key
release function lists when the key previously pressed was released and what key was released.

The mouse click function constantly updates when and where the mouse clicks and when it gets
released. The fourth function allows the program to report back when the user scrolls and the
direction and placement of the scroll. The last function that the recording would deal with is the
mouse direction movement. This would continuously update where the mouse moved until the
user decides to stop the recording. All of these functions can be quickly stopped by pressing the
enter key if the stop recording button fails.
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The last major component of my program is the database aspect. After we made sure everything
previously had worked, we needed a place to store all the data in order to ensure the users would
be able to track the students using the program. Without a place to store the information, the
movements and tracking would not be able to be written down. We decided to use Firebase to
store all the information for not only the teacher accounts, but also the student accounts and each
individual’s movements.

last class: december 8, 2022

Update note

User is online

Figure 6. Screenshot of update note

4 student_usernames

v students

» 8TcrQRvSgOZRAPem@bcZPQnG8S33
4 Ic3GjAJ7AaMh6KJT1b5gmKsbW1DG3
» TiR3Nf2iIpdY6Lt2Nj7K8rEZQCP2
» e5G563bowv T jkQXQoR44JGrx0qD2
» 0Z2HISPtg1h7uFaH2TCo8AFNidx2
» unuzkyrOLeUjm1Y7jdgbKwxAEwp1

Figure 7. Screenshot of tracking movements 2

The code above tells the program that the data collected should update in to the firebase. The
firebase would then show the results in the app that the teacher would use. The database stores all
of the student’s information so that the teacher can reflect on what the student has done
throughout the duration of the class. This also prevents users from losing their information or
students needing to create a new account as each user is registered into the database upon signing
up. The students and teachers are each uniquely classified by their user ID and upon clicking the
drop down arrow, we are able to see all the details that the student or teacher has. Firebase keeps
all the data precise so we don’t need to worry about error, as long as the program is functioning
as expected. Then, the firebase would update the information into the app, allowing teachers to
view it from their mobile devices.
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4. EXPERIMENT

4.1. Experiment 1

An issue we face with this app is latency [11]. We want our app to be able to see what students
are typing in real time. Lag can affect this so we want to minimize it.

We devised a test to measure latency. The test works by creating timestamps measured in
milliseconds of when a keystroke is registered on the students' application. That timestamped is
uploaded to our database hosted by Firebase [12]. On the instructor's application add code to
record the current time again in milliseconds when the data is retrieved from Firebase. We
subtract the time recorded on Firebase from the time recorded in the instructor's application to
calculate the latency [13]. This process is repeated multiple times and we take the average of the
latencies.

Trial Time Data Uploaded | Time Data Retrieved Latency (ms)
(ms) (ms)
1 1670097143283 1670097144175 892
2 1670097550420 1670097551078 658
3 1670098731909 1670098732288 379
4 1670099004928 1670099006090 1162
5 1670099465699 1670099466577 878
Average 793.8

Figure 8. Table of experiment

Having a latency time of less than 1 second allows us to accurately measure the students'
interactions with the application in real-time. This is important for providing feedback to the
students on their typing and attention to the task at hand. This also ensures that the instructor has
access to up-to-date information on the students' progress, allowing them to make adjustments to
the instruction if necessary. Overall, the results of our experiment are encouraging, and we are
confident that our application will provide valuable insights into students' focus.

To truly measure the effectiveness of our app, we need to see if students use it and if it can be a
useful tool for instructors.

For this experiment, we gathered students and instructors to test our app to test our app. The
experiment simply asked the student on a scale of 1-10 how easy the app was to set up and if they
noticed the app while it was in use. For the instructor's side we asked how on a scale of 1-10 how
useful information provided was and how likely they were to use the app again.
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Students involved in the trial: 10
Instructors involved in the trial: 8

Student Experiment Data:
Ease of set up: average score 8

App distraction:
e 3 students noted a difference
e 7 students noted no difference

Instructors Experiment Data:
Useful information provided: average score 9
Likelihood of using app again: 7

Figure 9. Result of experiment

From the preliminary results, we can conclude our app is on the correct path of being effective
for monitoring students’ focus. We realize we have a small sample size but we are positive in
expanding our app and trials to more users to further gather and compile more data on the
effectiveness of this type of student monitoring.

5. RELATED WORK

Raja, S. K. S., & Balaji, V. developed a sensory learning based device that would help children
with learning disabilities. It allows for the child to intake learning information in different forms
as some may prefer audio over visual and vice versa [4]. This is quite different from our
application since it relies on the child to be present in person to be able to access this sensory
device. This solution is a great approach, however, due to the state of the environment as of now,
it’s not in our best interest to expose these children to any more viruses than necessary which is
why our believe my program covers the online aspect.

Purnama, Y., Herman, F. A., et al created an application that is meant to be installed and used
from a tablet. It incorporates different activities such as identifying opposite words or matching
images given a set example, with various difficulties to the student’s liking [5]. We believe that
this solution can be quite effective for the younger students, however it would pose a challenge to
create such interactive activities for the older students who are learning more advanced things.

Our program is different as it monitors the movement of the students instead of providing the
problems that the student would be completing.

6. CONCLUSIONS

We believe that a limitation to our project is the mouse trail. Hypothetically, if the mouse was
moved from point A to point B, our program as of now, has no record of whether or not the
mouse moved directly from point A to point B or if the mouse circled around before stopping.
We would implement a mouse tracer that would map out the route that the mouse took before it
landed in a specific spot. This would ensure that the teachers would be able to see exactly what
their student is drawing or writing. Another limitation to my project would be the attention span
of the student. If we had more resources and time, we would consider implementing a software
that would report to the teachers if the student was paying attention to the screen or not. A camera
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would be able to track the pupils and attention focus point and would allow for even higher rates
of engagement.

The future of the children who lie the autism spectrum is always slightly improved every time
someone believes that they are able to help those who need it [14]. Although our program has
many aspects that can be improved for the future good of it, it strives to better these children’s
academic careers.
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