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Abstract—Machine learning (ML), a branch of artificial
intelligence (Al), is a method that enables systems to learn
from data for the purpose of recognizing patterns and
making decisions without being explicitly programmed. In
the past decade machine learning has been growing rapidly,
and ML technologies such as speech recognition, spam
filters, smart email reply, online recommendations, face
recognition, fake news detection, and self-driving cars have
become pivotal in modern daily life. However, computer
science education has not yet fully adjusted to the
tremendous growth in the sub-field of Al. This paper
describes an approach of introducing K-12 students to ML
through an on-line summer camp. The students are
introduced to the concept of ML by hands-on activities of
developing applications for recognizing text, numbers,
sounds, images, and video data using a web-based cloud
service tool "Machine Learning for Kids" and Scratch 3
programming language combined with Lego Mindstorms
EV3 robots. The results show that the tools and technologies
used in the camp are suitable for K-12 students, also when
used in the form of online training. Pre and post surveys
show that students express basic knowledge in ML and
higher interest in coding and STEM after being exposed to
the proposed training.

Index Terms—artificial intelligence, computational thinking,
computer science education, k-12 STEM education, online
learning, machine learning, robots, scratch coding

I.  INTRODUCTION

Computer Science (CS), Computational Thinking (CT),
and coding skills are gradually becoming part of the K-12
school curricula worldwide [1]. According to the
Brookings Institute, out of 219 countries, 44 (around 20
percent) mandate that schools offer it as an elective or
required course, 15 (around 7 percent) offer CS in select
schools and some subnational jurisdictions (states,
provinces, etc.) [2]. Multiple studies suggest that CS and
CT education can help students beyond just computing,
and CS education has been linked with improved
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problem-solving skills [3] and higher rates of college
enrollments [4].

In the past decade, Al, and in particular machine
learning, have been expanding very rapidly, and became
one of the fastest growing sub-fields of computer science,
with direct impact on billions of people [5]. Although Al
and ML are mature fields of study, the relatively sudden
and sharp increase in their impact on CS and society has
been introducing new gaps in all levels of computer
science education [6], [7].

While substantial attention has been given to
undergraduate and graduate education in Al [7], the
pivotal nature of Al in computer science and society
introduces the need to also expose K-12 students to Al
[8]. Exposing K-12 students to Al can provide them with
Al literacy, and potentially attract them to academic
education and consequently a career in Al. Therefore, it
has been proposed that Al should be studied at an early
age [9], [10].

An early example of efforts to develop educational
experiences in Al was based on the development of
expert systems [11]. More recent attempts were based on
Google Teachable Machine [8], the Snap! block
programming language [6], or simple programming
environment such as HTML and JavaScript suitable for
high school students [12].

Here we propose an online machine learning K-12
educational experience based on Machine Learning for
Kids (ML4K) [13] to introduce K-12 students to Al/ML,
as well as CS, CT, and coding skills with robots [14].

Il. EDUCATIONAL OUTCOMES

The proposed educational experience makes use of
multimedia data analysis to engage K-12 students in ML.
The design is driven by the assumption that the use of
multimedia data such as video can provide a broader
variety of options for hands-on projects that can be of
interest to K-12 students.

The primary expected outcome of the educational
experience is providing K-12 students with ML and Al
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literacy. Additionally, it also provides the students with
training in basic programming through the activities
involved in implementing the ML tasks. The
development activities involve basic practicing of logic
and problem-solving skills. Other educational outcomes
include collaboration among the students, implemented
through data collection, verification, and testing.

A primary goal of the activities is to enhance the self-
efficacy of the students, and increase their interest in CS,
and particularly in ML/AL. Such experience can
encourage more students to expand their CS education
through academic studies, consequently leading to careers
in CS, ML, Al, or other STEM fields.

IIl. RESEARCH METHODOLOGY

The research methodology aims at providing new
knowledge regarding the following questions:

(1) How feasible is the “ML for Kids” environment as a
tool for providing online-based training in data
collection, training ML models, and using the models
to create apps in Scratch.

(2) Whether the introduction of ML with robots leads
students to have more positive view of CS and STEM
subjects.

(3) Whether the experience of ML with robots increases
students’ interest in CS and STEM careers.

(4) Whether the hands-on experience of ML with robots
improves students’ learning in CS and STEM.

(5) What technical and pedagogical issues must be
considered when designing CS curriculum with ML
tools such as ML4K?

A. Tools

Tools considered for the camp were “Teachable
Machine" [15] introduced by Google Creative Labs in
2018 and web-based Machine Learning for Kids (ML4K)
cloud service [13] built using IBM Watson APIs in 2017.
The latter was selected for this experiment due to its
ability to provide an easy-to-use guided environment with
Scratch 3 coding platform. Scratch 3 provides multiple
extensions for robotics such as Lego Mindstorms EV3,
Lego WeDo 2.0, and micro:bit.

Scratch [16], [17] is a visual programming
environment that allows users to learn computer
programming while working on media-rich projects such
as interactive stories, games, and animations. Scratch is
designed especially for ages eight to 16, but is used by
people of all ages. A key design goal of Scratch is to
support self-directed learning through tinkering and
collaboration with peers. Images and sounds can be
imported or created in Scratch using a built-in paint tool,
webcam, and sound recorder. Programming is done by
snapping together colorful command blocks to control 2D
graphical objects called “sprites”, moving on a
background called the “stage". Any tablets or mobile
devices can also be used to program in Scratch 3 through
the device’s web browser.
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The camp was delivered using Zoom, the online
conferencing software. Before the camp, instructions to
prepare things such as robot sensors and motors before
the meeting were sent to adults (teachers, robotics team
coach, or parents) who registered K-12 students online.
User accounts and passwords for the ML4K were also
sent to the adults before the meeting day. In the beginning
of the camp, presentation slides were provided to the
participants. After the camp, recorded presentations were
sent to the participants.

B. Research Participants

We offered two identical introductory level camps for
three online contact hours on July 10 and July 24, 2020.
The second workshop took place August 14th, lasted two
hour and 15 minutes, and was focused on video image
data applications.

We recruited students using the Robofest network.
Robofest is an autonomous robotics competition
primarily for 4th through 12 grade students focusing on
learning computer science and programming. Any
robotics kits were allowed in the construction of robots.
Robots can be programmed with any programming
language in Robofest [18], [19].

Twenty-four students were enrolled for the 1st camp
on July 10th. Average grade was 7.7. 20 students were
registered for the July 24 camp, where average grade was
7.6. 29 students were enrolled for Aug 10th camp, where
average grade was 7.7. As a whole the total of 73 students
were registered and the average school grade was7.7.
However, 10 students did not show up to the Zoom
meetings, and therefore the actual number of students
who participated in the camps was 63.

C. Data Collection Methods

Q1. llike Coding, Science, Technology. Engineering, and Math related classes. *
Q strongly disagree

QO nDisagree

QO Neutral

QO Agree

QO strongly Agree

Q2. Are you interested in a career involving Coding, Science, Technology.
Engineering, or Math? *

O Notatall interested

Q3. Select one answer which is NOT true. If you do not know the answer, you
may skip this question.

(O Machine Learning (ML) is a subfield of Artificial Intelligence

ined by using sample data to output

O Becaus: he iques, we do not need to code any more.

Q4. In general, what will help machines learn better? If you do not know the
answer, you may skip this question.

Figure 1. Pre-survey questions
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A pre-survey link was included in the preparation
instruction file sent prior to the camp meeting day to
coaches. The anonymous pre-survey had four questions
as shown in Fig. 1.

A post-survey link was sent directly to the students at
the end of each camp day using the Zoom chat function.
The anonymous post survey had exactly the same four
questions as the pre-survey, as well as one additional new
question as shown in Fig. 2.

Q5. Machine Learning for EV3 with Scratch Camp helped me learn more about
Coding, Science, Technology, Engineering, or Math. *

Q strongly disagree
QO Disagree

QO Neutral

O Agree

(O strongly Agree

Figure 2. Post-survey questions

IV. INCLASS HANDS-ON AND MINDS-ON PROJECTS

Fig. 3 shows the Lego robot setup requested to prepare
the camp. One color sensor, one distance sensor, and a
Lego EV3 motor were used. EV3 intelligent brick is
connected to the computer via Bluetooth connection.

During the camp, after explaining concepts and
showing sample solutions for the following projects, the
instructor allowed some time to complete the project
during the session. Students reported completion through
the Zoom Chat.

A. Types of Projects

The projects included a variety of tasks that involve
different types of data, demonstrating a relatively broad
range of options that can engage a variety of students.
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Figure 3.  EV3 robot setup for the camp

Recognizing numbers. The purpose of the project is
to create a simple model to recognize whether a number
representing the value from an ambient light sensor is
dark or bright. If dark, the color of the Scratch stage
backdrop should be changed to yellow.

Text recognition. The students need to train a model
with possible texts that can be used to turn on/off fans
such as “Turn on the fan”, “It is hot here”, “Can we turn
off the fan?”, ‘“Please turn the fan off”, and “It’s cold”.
The students are asked to write a Scratch code to turn on
the Lego motor based on keyboard text entered using the
trained model.

Recognizing sounds. In this project the students are
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asked to collect recordings of your own voice when you
say “on” and “off” and train a model to recognize them.
For sound projects, students are also required to collect
examples of background noise to help the computer to
learn to recognize your sounds. Then, the students write a
code to turn the Lego motor fan on or off according to
voice command using the trained model.

Recognizing images. The students collect images of
“Rock” and “Paper” by showing their hand to the
webcam. Then, the students train them to recognize when
their hand makes either “Rock” or “Paper”. The students
then create costumes of the sprite to use as the image
inputs of the model by showing their hands to the
webcam.

Recognizing two Lego sensor data. This project
involves the recognition of two number values problem to
turn on the Lego motor fan only when the light sensor
detects dark and the distance sensor detects a near object.
A Scratch code must collect data through a light sensor
and a distance sensor to train a model.

Color your nose red. The students use a pre-trained
machine learning model to detect a face on a live webcam
video, and code animated effects on their nose.

Alarm if no mask detected. The students first collect
images of people wearing face masks, as well as images
of people not wearing masks. The students then use the
images to train a model to recognize whether a person on
an image wears a mask or not. No code was required.

Alarm if the user is not wearing a mask. The
students collect images of themselves wearing face masks,
as well as images of themselves when not wearing a mask
using the webcam function in ML4K. After training the
model, the code should recognize whether the student is
wearing a mask or not in real-time. Fig. 4 describes
blocks and process of this project.
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Figure 4. Project to alarm if no mask is detected
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Figure 5. Project to detect wright wrist is up or down
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Pose detection — Wrist Up or Down. The students use
a pre-trained ML model provided by ML4K to detect the
location of the right-hand wrist. Students then create and
train their own ML model to recognize whether their
wrist position is up or down. The app should make a
special sound only when the right hand is up. Fig. 5
shows the high-level blocks of the project for training and
inference processes. Fig. 6 shows two scripts that collects
Wrist-up images and wrist-down images.

Figure 6. Scratch scripts to collect wrist up and down images

Fig. 7 shows the code that trains the model, get (x, y)
positions of the wrist on the current image, move the
Sprite to that location, and then ask the local trained
model if the wrist is up by sending the current (x, y)
position. If that is true, you will hear a pop sound.

[

train new machine leaming model
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[14[L]
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Figure 7. Scratch code to inference if the wrist is up

B. Mini Project Competition

Robofest defines a “camp” as “hands-on workshops +
Mini project competitions” [18]. It is a teaching method
for STEM+CS education in the context of constructivist
learning theory [20]. The camp was delivered in an online
format, and the students were asked to submit source
code files as well as video links of their own mini
projects for prizes within 60 hours, after the meeting.

V. RESULTS

According to the Zoom chat log, approximately 40%
of the students completed the in-class projects. Students
who did not complete their projects were asked to
complete their projects after the camp. However, because
the ML4K account only saves training data and trained
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models, code for projects completed after the sessions
could not be collected.

A total of 41 students participated in the pre-survey
and 45 students participated in the post-survey. The
survey had two questions directly related to basic
knowledge in ML concepts. For Question 3 in Fig. 1,
91% of students answered immediately after taking the
camp. Fifty eight percent of the students answered
correctly the same question in the pre-survey. For
Question 4 in Fig. 1, 78% of the students answered
correctly in the pre-survey, while 99% answered correctly
in the post survey.

The percentage of students indicating that they like
STEM/Coding increased from 80.5% in the pre-survey to
91.1% in the post-survey. Fig. 8 shows the result of pre
and post surveys for Question 1. Using t-test statistics, the
probability to have such difference by mere chance is
(P=0.016).

Average value for Q1

1

Pre-survey Post-survey

Figure 8. The result of pre and post surveys for Question 1. The error
bars are the standard error of the means.

In the post survey, 100% of the students also expressed
that they would consider a career involving Coding,
Science, Technology, Engineering, or Math. The change
was from 95.1%. Fig. 9 shows the result of pre and post
survey for Question 2 about STEM career plan. The
probability of such difference to occur by chance is (P
0.043).

Average value of Q2

I
l

35
34
33
3.2

31

Pre survey Post survey

Figure 9. The result of pre and post surveys for Question 2.

A majority (44.4+37.8=82.2%) of students indicated
that the ML camp experience helped them learn more
about Coding, Science, Technology, Engineering, or
Math as in Fig. 10.

Regarding the home work mini projects, a total of 9
projects were submitted. Selected projects for prizes are
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as follows:

e Smart Mask Detector:
https://youtu.be/kkpFaDUhX8

e Smart Shopper: https://youtu.be/CmnwfPzY XIE

e Recognizing handwriting to turn on/off a Lego
robot fan: https://youtu.be/UEgeDiKJ6rc

e Mood Recognition:
https://youtu.be/LH5pInLapMo

e Counting the number of sit-ups:
https://youtu.be/RVTMIQs_MWI

e Flappy bird game: https://youtu.be/kviSJuzONsk

e Wear a mask: https://youtu.be/-bedMApwKAS8

@ Strongly disagree
44.4% @ Disagree
Neutral
@ Agree
@ Strongly Agree

Q-

Figure 10. The result of post survey for Q5: This camp helped me learn
more about Coding/STEM.

VI. CONCLUSION

Al and ML technologies have been growing
significantly over the past decade, impacting billions of
people in virtually all aspects of modern lives, and the
trend of increasing impact of Al is bound to continue.
The growing importance of Al and ML in computer
science and society reinforces the introduction of Al and
ML concepts to students at an early stage.

Here we described an online educational experience
designed for K-12 students, based on Machine Learning
for Kids (ML4K)” system with Scratch and Lego EV3
robots. The preliminary results show that using ML4K in
combination with Lego EV3 is feasible, engages K-12
students, and leads to positive attitude of the participants
towards ML, Al, CS, and STEM in general.

Based on the surveys, projects completed, and account
data, it is clear that the use of ML4K environment is
suitable for teaching the concept of ML so that students
can create apps using the models they created and trained.
Also, it is shown that the introduction of ML with robots
improves students’ likeness in CS and STEM subjects.
The experience of ML with robots also increases
students’ interest in CS and STEM careers, and the
hands-on experience of ML with robots improves
students’ learning.

Observations of communication with the students
suggested that students working on projects related to
multimedia content such as video, images, sound, and
natural language data were more motivated compared to
the other students.

The ML4K environment allows students to collect and
verify training data examples through collaboration with
each other. Future work will include design that better
enables collaboration between students through an online
platform.
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