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Abstract

This paper describes the construction and evaluation of a programming environment for
beginner programmers using drones to help them acquire computational thinking. In Japan,
the Ministry of Education, Culture, Sports, Science and Technology made programming
education mandatory in elementary schools in 2020, junior high schools in 2021, and high
schools in 2022. The aim of programming education is that students learn computational
thinking. For beginner programmers to learn computational thinking, it is important to pro-
vide an environment in which they can learn to program and visually check their results.
The present study thus constructs and evaluates a Japanese programming environment for
beginner programmers using a drone to acquire computational thinking. We held a hands-
on drone operation event using a smartphone and conducted a questionnaire survey of the
programming environment at a school festival. The results of the survey showed that even
though most of the participants were novice programmers with no experience in program-
ming or operating drones, the participants were willing to use an environment that allows
them to learn to program with a drone. The results also suggested that beginner students are
interested in using a drone-based programming environment to acquire programming skills.
A programming environment for beginner programmers using drones is thus effective.

Keywords: Toy drones, block-structured programming language, Japanese programming
environment

1 Introduction

In Japan, the Ministry of Education, Culture, Sports, Science and Technology (MEXT)
mandated programming education in elementary schools in 2020, junior high schools in
2021, and high schools in 2022. The aim of programming education is that students learn
computational thinking, which MEXT defines as the ability to think logically about what
combinations of actions are required, how to combine symbols corresponding to different
actions, and how to improve the combination of symbols to realize a series of activities
one intends or approximate the outcomes to one’s intention [2]. In addition, MEXT states

∗ Aichi University Graduate School, Aichi, Japan
† Aichi University, Aichi, Japan

IIAI Open Conference Publication Series 
IIAI Letters on Informatics and Interdisciplinary Research 
Vol. 004, LIIR0102 
DOI: https://doi.org/10.52731/liir.v004.102



that while it is conceivable that children will naturally learn programming languages and
acquire programming skills, this is not the goal in itself. In other words, the purpose of
programming education is for students to acquire not programming skills but computational
(logical) thinking skills.

For beginner programmers to learn computational thinking, it is important to provide
an environment in which they can learn to program and visually check their results. The
present study thus constructs and evaluates a programming environment for beginner pro-
grammers using a drone as a means for them to acquire computational thinking.

2 The Tello

2.1 The Tello Drone

This paper adopts the Tello drone (Figure 1). The Tello drone is man-
ufactured by Shenzhen Ryze Technology and features flight control
technology from DJI [6] and an Intel processor. The official specifi-
cations of the Tello drone are given in Table 1.

2.2 Reasons for Adoption

The Tello drone is adopted for three reasons.

1. The use of the Tello drone is not restricted by aviation laws.

2. Users can control the Tello drone through programming.

3. The sale price of the Tello drone is lower than that of other
programable drones.

Figure 1: Tello [5]

First, the Tello drone is a toy drone that weighs only 80 g and can be used without regis-
tration. The Civil Aeronautics Law was amended on June 20, 2022, making the registering
of drones weighing 100 g or more mandatory. The process of obtaining a registration code,
which includes payment and application processes, is time-consuming and requires effort.
The use of a toy drone dispenses with this process and the drone can thus be easily adopted
by schools.

Second, most toy drones are not programmable, whereas the Tello drone can be pro-
grammatically controlled like most general drones.

Third, the Tello drone is an affordable drone, priced at 12,980 yen, whereas other toy
drones that can be programmed and controlled cost around 30,000 yen. In addition, the
Tello drone has many features that distinguish it from other models, such as its camera and
its ability to fly in formation with other Tello drones. The low cost is even more advanta-
geous when multiple units are required, such as in schools.

2.3 Control Method

Programs connect to the Tello drone via Wi-Fi and communicate via the User Datagram
Protocol (UDP) to control the Tello drone (Figure 2). UDP [10] is a standard protocol of
the Internet and provides a procedure for application programs to send messages to other
programs with a minimum protocol mechanism. This mechanism emphasizes communica-
tion speed by sending data without checking whether a connection is established.
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Table 1: Tello Specifications [5]
Drone
Weight About 80 g（Including propeller and battery）
Size 98 × 92.5 × 41 mm
Propeller 3inch
Built-in apparatuses A distance meter, A barometer, LED,

Vision system (DJI’s flight control technology),
2.4GHz 802.11n Wi-Fi, 720p Live view

A port A micro USB charging port

Flight performance
Maximum flight distance 100 m
Maximum speed 8 m/s
Maximum flight time 13 minutes
Maximum flight altitude 30 m

Battery
Removable battery 1.1AH/3.8V

Camera
Photograph 5MP（2592x1936）
FOV (Field of View) 82.6◦

Video HD720p30
Format JPG (Photograph)

MP4 (Video)
EIS (Electric Image Stabilization) Support

Figure 2: Overall view of control method

The Tello drone adopts peer-to-peer communication with direct end-to-end connection
for communicating between a device and the Tello drone.

Programs send commands from a personal computer (PC) or other device to the pre-
defined port number 8898 of the Tello drone after connection. The available commands
include takeoff, movement, landing, turning, shooting, and shooting streamon commands
[11]. The Tello drone operates by receiving a series of these commands that starts with the
takeoff command and ends with the landing command.

A server with specific port numbers is set up to enable a PC or other device to receive
the Tello information and camera images. Figure 2 shows that the Tello drone continuously
sends information about itself to port number 8880 of a PC or other device through the
UDP and provides camera images to port 11111 of the PC or other device after receiving
the streamon command.
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3 Building the Programming Environment

3.1 Programming Environment

The gap between the Japanese and English languages is greater than the gaps between other
languages. This gap is a fundamental problem for Japanese people dealing with the English
language. Therefore, programming environments designed in the Japanese language are
advisable for Japanese beginner programmers. In addition, a block-structured programming
language is a better environment for beginners [8]. This paper thus implements a Japanese
block-structured programming language environment for Japanese beginner programmers.

Computational thinking is defined by MEXT as the ability to think logically about what
combinations of actions are required, how to combine symbols corresponding to different
actions, and how to improve the combination of symbols to realize a series of activities one
intends or approximate the outcomes to one’s intention.

The environment proposed in this paper provides blocks that indicate symbols, which
are easily understood by beginner programmers. The blocks thus cultivate computational
thinking efficiently.

The proposed environment is developed using Unity [9] and C#. Unity is a development
platform provided by Unity Technologies and supports a wide range of platforms including
Windows, Linux, and macOS, smartphone operating systems such as iOS and Android, and
home game consoles such as PS4 and PS5, Nintendo Switch, and Xbox One.

Some beginner programmers may have insufficient experience using a PC. The pro-
posed environment thus implements Unity and supports both smartphones and PCs such
that it is more accessible to beginner programmers.

3.2 Description of the Environment

Figure 3 is the screenshot of the proposed environment. The environment is roughly divided
into three parts, namely the black bar at the top, the bar containing blocks at the bottom left,
and the white canvas at the bottom right.

The general workflow in the environment is as follows.

1. Users select a block that they want to use as a command for Tello from the bar at the
bottom left.

2. Users add the selected block to the white canvas at the bottom right.

3. By repeating the above steps, users place a block of a series of actions that they want
the Tello drone to perform on the canvas.

4. Users turn on the Tello drone.

5. Users open the Wi-Fi screen on their PC or smartphone and access the Wi-Fi emitted
by the Tello drone.

6. Users press the run button on the black bar at the top.

7. The Tello drone moves according to the sequence of commands on the canvas.
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Figure 3: The screen of the application

Any series of blocks on the canvas must start with the takeoff block and end with the
landing block. Users send the corresponding commands to the Tello drone when clicking
the run button.

The bar at the bottom left calls up the blocks shown in Figures 4, 5, 6, and 7. In the
selection of a block, the block appears highlighted when selected and it is then placed on
the canvas by the user. The block is closed by clicking or tapping on the light background.
A block placed on the canvas is deleted by the user clicking or tapping on the block.

Figure 5 shows the selection of the landing block, Figure 6 shows the seven blocks that
appear for forward, backward, left, right, up, down, and stop commands in the navigation
selection, and Figure 7 shows that two camera blocks that appear for taking a photograph
and starting the recording of a video in the camera selection.

After placing the blocks of the sequence of actions that the Tello drone needs to perform
on the canvas, users turn on the Tello drone and connect a PC or smartphone to the Wi-Fi
emitted by the Tello drone. Having successfully connected to the Tello’s Wi-Fi, users press
the run button on the black bar at the top of the environment.

Figure 8 illustrates the sample program presented in Figure 9. The Tello drone performs
a series of actions, moving right, forward, left and back, to return to its original position.
Figure 9 shows the series of blocks for programming the above movement.

The programming of the Tello drone in the proposed environment allows beginner pro-
grammers to learn to program while visually confirming the results of what they have pro-
grammed. The environment thus enables the programmers to practice computational think-
ing efficiently.

4 Assessment of the Programming Environment

We held a hands-on drone operation event using a smartphone and conducted a question-
naire survey at a school festival. The questionnaire asked the following questions.

1. Do you have programming experience?

2. Have you ever operated a drone?

3. Rate your satisfaction in operating the drone with a smartphone.

4. Would you like to use a drone programming learning environment on a smartphone?

One-hundred and thirty attendees of the event completed the survey. The survey did not
restrict the participant age. There was no significant difference in responses between age
groups.
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Figure 4: The takeoff panel Figure 5: The landing panel

Figure 6: The navigation panel Figure 7: The camera panel

Figure 8: An image of the Issue

Figure 9: The application screen of the issue

Figure 10 shows that the majority of respondents were inexperienced in programming;
i.e., 80% of respondents (104 respondents) had no experience and 20% (26 respondents)
had experience.

Figure 11 shows that 11% of respondents (14 respondents) had experience in controlling
drones and 89% (116 respondents) had no experience. These results are thus similar to
those for programming experience, in that most respondents had no experience controlling
drones.

Figure 12 shows that 77% of respondents (100 respondents) were very satisfied in oper-
ating the drone with a smartphone, 20% (26 respondents) were satisfied, 3% (four respon-
dents) were neutral, 0% (no respondents) were dissatisfied, and 0% (no respondents) were
very dissatisfied. The participants thus expressed a level of satisfaction in using a smart-
phone to operate the drone, even though most respondents were inexperienced in operating
drones.

Figure 13 shows that 61% (79 respondents) of respondents agreed that they would like
to use a drone programming learning environment on a smartphone, 1% (two respondents)
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disagreed, and 38% (49 respondents) did not know. Most respondents thus expressed an
interest in using a drone programming learning environment.

The above results indicate that even though most of the participants were novice pro-
grammers with no experience in programming or flying drones, the participants would be
willing to use an environment that allows them to learn programming with a drone. In addi-
tion, the participants expressed their satisfaction in using a smartphone to control a drone.
The survey results thus indicate that many beginner students would be interested in using a
drone-based programming environment to acquire programming skills.

5 Summary

This paper described the construction and evaluation of a programming environment for be-
ginner programmers using drones to help them acquire computational thinking. The study
adopted a Tello drone to carry out the actions in the programs created in the environment
because the use of this drone is not restricted by aviation laws and the drone is programable
despite its low price.

The environment is a Japanese block-structured programming language environment.
The gap between the Japanese and English languages is large compared with gaps between
other languages, which is a fundamental problem for Japanese people dealing with the
English language. In addition, a block-structured programming language is a better option
for beginners. The environment thus helps Japanese people to learn to program. In addition,
the environment is developed using Unity and C# and can thus be used on a wide range of
platforms.

We held a hands-on drone operation event using a smartphone and conducted a ques-
tionnaire survey at a school festival. The results of the questionnaire survey showed that
even though most of the participants were novice programmers with no experience of pro-
gramming or flying drones, they would be willing to use an environment that allows them
to learn to program with a drone. In addition, the results revealed that beginner students are
interested in using a drone-based programming environment to acquire programming skills.
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Future tasks are to add more functions to the environment and investigate the usefulness
of the environment in terms of learning effectiveness.

References

[1] Whale Flight Desk, “The Compendium of Programming Languages,” Technical Re-
view Corporation, 2020 (In Japanese).

[2] Ministry of Education, Culture, Sports, Science and Technology, “Conference of
Experts on Programming Education and the Development of Logical Thinking,
Creativity, Problem-Solving Skills, etc. at the Elementary School Level,” April 19,
2016 (In Japanese).
https://www.mext.go.jp/b_menu/shingi/chousa/shotou/122/index.htm

[accessed 2023-1-8].

[3] Ministry of Education, Culture, Sports, Science and Technology, “Expert Group on
the Development of Logical Thinking, Creativity, Problem-Solving Skills, etc. and
Programming Education at the Elementary School Level: Agenda, Minutes, and
Handouts,” June 3, 2016 (In Japanese).
https://www.mext.go.jp/b_menu/shingi/chousa/shotou/122/giji_list/

index.htm [accessed 2023-1-8].

[4] ACE PRO, “Shock Fact,” February 22, 2022 (In Japanese).
https://www.ace-schools.co.jp [accessed 2023-1-8].

[5] RYZE, “Tello,” January 1, 2023 (In Japanese).
https://www.ryzerobotics.com/jp/tello [accessed 2023-1-8].

[6] DroneWiki, “Q. What is a vision positioning system and what models of DJI drones
have them?,” June 29, 2020 (In Japanese).
https://drone-wiki.net/qa/dji-vision-positioning-system/ [accessed
2023-1-8].

[7] hsgucci, “Tello-Python sample tello_state.py in motion,” October 2, 2019 (In
Japanese).
https://qiita.com/hsgucci/items/7067e356eda5ba2d8e73 [accessed 2023-
1-8].

[8] Hieda, et al, “Information Education from Flight Plan Modeling in Drones,” 84th
National Convention of Information Processing Society of Japan, 4-647 – 4-648, 2022
(In Japanese).

[9] Unity, “Programming and Scripting with Unity,” January 1, 2023 (In Japanese).
https://unity.com/ja/solutions/multiplatform [accessed 2023-1-8].

[10] UDP, “RCF768,” August, 1980
https://datatracker.ietf.org/doc/html/rfc768 [accessed 2023-4-28].

[11] RYZE, “Tello SDK 2.0 User Guide,” November, 2018 (In Japanese).
https://dl-cdn.ryzerobotics.com/downloads/Tello/Tello\%20SDK\

%202.0\%20User\%20Guide.pdf [accessed 2023-4-28].

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.

Y. Shimmura, K. Iwata8




