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Figure 1: Overview of SorToio. (a) Appearance of a user to learn sort algorithm using SorToio. (b) Comparing/Exchanging
elements. (c) The user can also manually exchange elements and obtain feedback.

ABSTRACT

Recently, various programming teaching materials have been devel-
oped in line with the early introduction of programming education.
Among them, many use tangible objects. However, there are few
tangible systems for learning sorting and search algorithms. There-
fore, we propose “SorToio,” a system that supports users to learn
data structures and algorithms by physically moving small swarm
robots. By assigning a number to each robot and treating the ar-
rangement of robots as an array, the comparisons/exchanges of
elements can be expressed by the movement of the robots. This
allows users to observe the flow of algorithms through the phys-
ical movements of the robots. In addition, the user controls the
movement state (e.g., play, pause, or reverse) by tapping or flipping
the robot. Furthermore, the system includes a quiz mode that en-
ables users to manually exchange robots while proceeding with
the algorithm step-by-step. In this paper, we introduce two algo-
rithms (bubble sort and heap sort) and two data structures (stack
and queue) using SorToio.
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1 INTRODUCTION

Therefore, in the field of human-computer interaction (HCI), pro-
gramming methods using tangible objects that can be handled
manually have been proposed [3][7]. These methods offer several
advantages, including the abilities to explicitly demonstrate pro-
gramming rules based on the shape of objects, learn by physically
handling objects such as building blocks, and operate objects using
both hands. However, there are few examples of support systems
for sorting algorithms that use tangible objects. Algorithms are also
an important component of information education, and there is a
growing need to help children understand them through hands-on
experience. There are algorithm learning methods that do not use
electronic devices, such as CS Unplugged [1], but they face issues,
such as the need to memorize rules and play with multiple people
on certain topics. Therefore, we propose SorToio, a system that sup-
ports learning algorithms and data structures by physically moving
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Figure 2: Process of using SorToio.

small swarm robots (toio by Sony). Various examples of learning
support systems using small robots have been applied not only to
programming education [4] but also to physics [6][5], art [8], and
medical education [2]. SorToio is unique because of its focus on
algorithms and data structures.

2 SORTOIO

In this study, we developed SorToio, an algorithm learning support
system that uses small swarm robots. Each robot is assigned an
arbitrary number, allowing it to be treated as an array. By express-
ing the comparison and exchange of elements in an array through
robot movements, sorting algorithms and data structures can be
visualized. The process of using SorToio is illustrated in Figure 2.
Users can observe the flow of algorithms through physical move-
ments and learn while interacting with the robots. The following
explains SorToio’s movements and interactive design.

Movement. The following movements are examples of characteristic
features of sort algorithms:

Comparison of array elements: swaying from side to side.
Comparison result: rotating once.

exchanging of array elements: exchanging positions.
Start and end of sorting: taking a bow in order.

Interaction. This section explains the basic interactions provided
by SorToio. Most operations can be performed using only toio:

e Play/stop algorithm: tapping the toio.
o Reverse algorithm: double-tapping the toio.
e Launch quiz mode: Lift the toio.

In quiz mode, the user must manually exchange the correct
robots. If the operation is correct, the robots move around joyfully.
If failed, the robots return to their original positions. Because the
robot is lightweight and has low torque, users can easily interrupt
movements.

2.1 HARDWARE

We used Sony’s “toio” as our small robot. toio has two wheels and
can be controlled from a PC. In addition, the included mat has a

special pattern printed on it, which allows the reading sensor built
into the bottom of toio to detect its absolute position in real time.
Furthermore, it has built-in buttons and various sensors that allow
unified input and output mechanisms. We attached parts printed
with numbers using a 3D printer to the top of the toio. Each toio
was controlled via BLE from a Python program on the host PC.

3 EXAMPLES OF ALGORITHMS

As examples of algorithms, we implemented “bubble sort,” “heap
sort,” and “stack / queue”” The algorithm can be changed by pushing
down the robot itself. This action is detected by the push-button
below the toio, which changes the color of the embedded LED.

3.1 BUBBLE SORT

Bubble sort is a method of sorting by repeatedly comparing and
exchanging adjacent values in an array from one end to the other.
Bubble sort is a relatively simple sorting algorithm that is often
taught first in classes; therefore, we thought it would be suitable for
teaching algorithms to beginners. When the user taps the robots
in any order, all robots line up in a row, and the visualization of
bubble sort begins(Figure 2).

3.2 HEAP SORT

Heap sort is a fast sorting method that treats an array as a binary
tree. It compares the parent and child elements and repeats ex-
changes such that the smaller value becomes the parent element.
This sorting method treats the array as a tree structure, which is
generally difficult for beginners to understand. Using SorToio, both
array and tree structures can be smoothly represented using robot
movements. When the user taps the robots in any order, all robots
move to a configuration that mimics a tree structure. Subsequently,
visualization of heap sort begins(Figure 2).

3.3 STACK/QUEUE

Stack and Queue are data structures, with LIFO (Last-In-First-Out)
and FIFO (First-In-First-Out). We implemented stack and queue,
which are simple data structures suitable for beginners. In this
system, the mat is divided into upper, middle, and lower sections.
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When the user taps the robots in any order, all robots line up and
move into the upper space (waiting area). When the user taps a
robot in the waiting area, the element on the far left moves to the
middle space (data structure area). When the user taps a robot in
the data structure area, the robots move one-by-one to the lower
space (used area) according to the stack/queue structure.

4 FUTURE WORK

In future research, we plan to develop additional algorithms, im-
prove usability, and create learning support materials. We will then
conduct user evaluation experiments using these materials to con-
firm their effectiveness.
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