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Abstract
This paper focuses on the results obtained by developing an experiential learning activity (ELA) using
DOBOTs (learning robots based on Arduino cores). In contrast to traditional teaching-learning
procedures, ELAs permits students to experience real-world applications and more fully internalise
basic concepts. Using scaffolding strategies, this ELA allowed the students to learn about robot arm
positioning, tolerancing while positioning, sensor positioning and hysteresis understanding. A TICTAC-TOE game is an easy but powerful way to develop this knowledge. In additional to the basic
board game, some new features were included in the ELA, developing other concepts concerning
sensorics. Motivation, teamwork and application were also highlighted in the ELA, as well as other
transversal competences.
This paper also shows the additional tools created for this activity, the main concerns and the
overcome of some difficult challenges. Finally, outcomes from the activity are analysed and
commented.
Keywords: experiential learning activities, robot, DOBOT, transversal competences.

1

INTRODUCTION

The evolution of industry towards automation is greatly influencing the development of education at
medium and high levels. While the study of robotics was once a niche subject reserved for higher
education and available to few, the augmenting presence of robots and automated machines in our
industry increasingly requires students to learn these technologies. In fact, it is no longer reserved only
for universities. High school and, especially, vocational training are leading the study of automatisms
and robotics.
The problem hitherto has been the availability of material. Many schools are not able to afford the
money necessary to build a robotic unit. The use of virtualisation has often been used in the
development of higher education [1]. Robotics training has always been based on mounting small
devices [2]. Johnson [3] recommended the study of robotics from early ages, since it is a
multidisciplinary task that crosses knowledge barriers. However, robotics training in schools is not
common [4]. Nevertheless, the emergence of new low-cost material, such as Arduino-based and lowcost robots, allows for the development of new forms of robotics learning.
In our opinion, one of the most efficient methods for this teaching-learning process is the use of
experiential learning activities (ELA). Kolb [5] defines learning as a transformation of experiences. He
develops a four-step cycle to achieve learning: experience (based on feeling), reflexive observation
(based on watching), conceptualisation or abstract thinking, and active experimentation. Subsequent
studies of this methodology ensure that the assimilation of concepts is much greater than with
traditional teaching methodology, where there is a master class where students listen, repeat and
memorise, but do not deepen their knowledge [6–8]. But surely, one of the greatest achievements
obtained by ELA-based training is to clear the fears of failure and blockages due to the insecurity
caused by a misunderstanding of the concepts. Through ELA, students acquire knowledge by
experimenting, and the teacher guides them on their way [9]. In addition, ELA activities allow the
critical development of teaching [10]. Of course, teaching must be supported by previous knowledge
already acquired [11]. Our experience with other activities based on ELA [12–17] indicates that
learning obtained with ELA is a much more positive experience than traditional learning.
In this paper, we develop the activity carried out with vocational students in a secondary school for the
training of students in basic robotics concepts applying an ELA in conjunction with a typical table game:
Tic-Tac-Toe.
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The article is organised as follows: In Section 2, we establish the work methodology, objectives and
development. In Section 3, we analyse the results of the activity, and in Section 4, we show our
conclusions.

2

METHODOLOGY

The main purpose of this study is aimed at students of non-compulsory education and, above all,
technical training, but it is open to other levels. Robotics teaching jobs are generally oriented to higher
levels [18] or basic levels, in which the material is based on LEGO or similar games [19–20]. This way
of working does not always make the most of the students’ implicit initial motivation for working with
new technologies and often breaks an opportunity to acquire new knowledge.
In this study, the use of a simple tic-tac-toe game has been chosen to develop basic robotics concepts
while students develop an experiential activity.
The realisation of experiential activities (ELA) requires a complete and exhaustive analysis of the
concepts to be developed and the students to whom it is addressed. Laforge and Bushing [21]
highlight the process necessary to plan an ELA effectively. Thus, it must be organised according to the
scheme: planning, introduction, development and execution, and feedback.

2.1

Objectives

The initial step of all experiential activity is to determine the learning objectives. In this way, it is possible
to establish the basic principles for the development of an ELA, as well as to place it in a work context. In
our case, conceptual objectives are developed through experience, such as the concept of tolerance and
the concept of hysteresis, in addition to knowing the components of a robot. Likewise, work procedures
are developed for the management and programming of a simple robot, DOBOT Magician. The use of
robot software is another highlight. Depending on the level of the student body, one of the two
alternatives offered by the robot can be used: Scratch or C++. Last but not least, transversal
competencies such as teamwork, negotiation and problem solving are developed.
The organisation of the activity is carried out following the usual structure of an ELA. First, a detailed
planning of the activities is carried out, so that the teacher can establish a logical sequence of learning
based on the main concepts to be developed. The learning process must also be summative and
continuous, deepening the basic concepts before increasing the level [22], and always following the
principles of scaffolding [23, 24]. Subsequently, the activity is developed, starting with an introduction of
the problem to the student, a guided development and its execution, and, finally, a debate and
discussion on the topic developed.

2.2

Planning

The planning phase must be elaborated in great detail in order to obtain positive results. The level of the
students or the number of students can be decisive for the correct execution of the planned activities,
since students have different learning styles [9, 25], although some authors think that this difference is
not the case [26]. In any case, the planning process must have the possible casuistry of the classes, etc.
This activity is divided into three sessions of about three hours each. In the first session, the students’
perspectives about their possibilities and the results they hope to obtain must be incorporated into the
study, considering the job they want. Thus, following [27], we can establish the learning style to
develop. The anticipation of material needs is important. In this article, we suggest a series of
minimum conditions for the correct development of the activity. Table 1 shows the minimal material
requirements.
Table 1. Minimal material requirements for the correct activity development.
Activity 1 Activity 2 Activity 3
DOBOT Magician

1

2

1

Computer

1

2

1

Tic-Tac-Toe board

1

1

1

Initial survey

1

0

0

Feedback survey

0

0

1
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2.3

Introduction

The introduction phase is essential to captivate students’ attention. A correct presentation is important
to motivate students [28] As this is an activity with high digital content, it can be lost in wandering by
students [29, 30] so it is necessary to establish a work plan with them and make them aware that the
work has a limited and sufficient time. At this time, an initial questionnaire is provided to measure
capacity before performing the work.
The activity is carried out in groups, since there is no material available for each student. The first
activity is to organise in groups. The teacher organises them according to an objective criterion.
Groups of four participants are suggested.
It provides the first bases of how to position the robot, how to manage its movement, and how to get
pieces and drop them. The use of a Magician DOBOT for this task makes the activity extremely easy.
The positioning of the arm, as well as memorising the positions and subsequently managing it from a
specific software, is very simple, and as it is a small educational robot, it poses no threat to students’
safety.
After the first explanations, the tasks to be carried out in the next three activities are available. From
here, the teacher should serve as a facilitator of ideas and should guide the students, who must find
their own solutions to the problems that arise during the development of the activity.

2.4

Development and execution

The activity takes place in three sessions, which require knowledge of the previous activity for its
realisation. It is not necessary to finish the activity to move on to the next stage, since conceptual
knowledge is acquired throughout the activity itself.

2.4.1

Session 1

In the first session, contact is made with the DOBOT Magician. The robot is placed on the worktable,
along with the game board. The students save the positions of the board and try to take the pieces
from a certain buffer and leave them in certain positions. In this first phase, they check the needs of
position tolerance of the robot at the time of placing the pieces, as well as the difficulties involved in
the use of suction cups to be able to take the pieces. The nature of the material of the pieces to be
taken may be fundamental, but it is considered by the authors that a simple demonstration is sufficient
to acquire this concept.
For that reason, the robot must be placed within a set of marks in which the distance in the Y axis of
the board is determined (it is essential in order to be able to place the board within the robot’s working
range). Figure 1 shows this initial positioning. The robot is placed in the dashed line interchangeably,
so that the students work with this tolerance.

200mm

Figure 1. Robot and gameboard positioning.

At the programming level, learning is managed by understanding a pre-existing program. This program
can be displayed in Scratch format or in C ++ format depending on the students’ level of knowledge.
Each level of programming is complemented by the previous one. A checklist allows students to guide
their work.
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To compile the training results, a series of templates is prepared for each group to fill out. Figure 2
shows the students’ work templates. Once filled out, they are delivered to the teacher, who will
evaluate them before the next session.
SYSTEM INTEGRATIONS

SYSTEM INTEGRATIONS

ROBOT TIC-TAC-TOE GAME

ROBOT TIC-TAC-TOE GAME

PHASE 1: POSITIONING AND TOLERANCING ANALYSIS
GROUP
NAME

PHASE 2: PROGRAMMING

DATE

GROUP

DATE

NAME

Session 1
P1

Session 1

P2

Start

P1

P2

P3

P4

Start

End
P3

P4

End

POSITIONING
Z
Hold
Rel

Position

1
2
3

4
5
6

X

Y

Programming checklist

1
2
3
4
5
6
7
8
9

7
8
9

YES 50%

STACK TOL:

Average Tolerance:

X:
Y:
Z:

1

4

7

2

5

8

3

6

9

1
2
3
4
5
6
7
8

Historical

Keys are read
Positioning according key
Selects noughts or crosses
Screen shows turn
Screen shows gameboard
Historical is fed
Splash on wining
New match

Press a key to put the piece on that
position. Now turn for:
Noughts Crosses
↑

Figure 2. Students' work templates. Session 1.

2.4.2

Session 2

This session is aimed at collaboration and communication between different elements. They face two
robots (one for each group), so that they communicate with each other and a game between players
can take place. Prior knowledge is essential for this session, although even if students have not
acquired 100% of the knowledge conveyed through this activity, it is possible to improve and reinforce
it. New knowledge about communication allows both groups to communicate.
In the new situation, the parameters must be adjusted again, taking into account that the rival group
also needs to do so. This allows the development of transversal elements, such as negotiation and
understanding.
In this way, and following the theory of learning, previous knowledge is reinforced, and new knowledge
is added. To assess the correct development of the situation, students have the template shown in
Figure 3. This template is functionally similar to the previous one, but they must restore the
parameters obtained in session 1.
In the case that some groups were not able to reach this level, the teacher can assemble the groups
according to levels. The third session is individualised by groups, so that if there are groups that do
not reach the minimum for this development, several levels can be established, so that some acquire
new knowledge and others reinforce what has been seen so far.
SYSTEM INTEGRATIONS

ROBOT TIC-TAC-TOE GAME
PHASE 3 : INTERACTING
DATE

GROUP
NAME

Session 2
P1

P2

Start
End
P3

P4

Programming checklist
YES 50%
1
2
3
4
5
6
7
8
9
10

Figure 3. Work template for session 2.
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Keys are read
Positioning according key
Selects noughts or crosses
Screen shows turn
Screen shows gameboard
Historical is fed
Splash on wining
New match
Communications between robots.
Match is able to play

2.4.3

Session 3

The third session seeks to fulfill the objective of learning and motivation by introducing a basic artificial
intelligence. Although it is not about intelligence as such, it is intended that the robot will respond by
itself to the moves made by a player. Each board layout must contain a response according to the
play. The evaluation of the session is carried out using the template shown in Figure 4.
In addition, at this time, the robot must recognise at all times whether the card on which it is analysing
is its own card or that of the opponent. To do this it is necessary to resort to the use of colour sensors.
When working on this facet, students can observe how the different shades of the pieces can mark a
critical point in the development of the activity.
SYSTEM INTEGRATIONS

ROBOT TIC-TAC-TOE GAME
PHASE 4: ARTIFICIAL INTELLIGENCE
GROUP

DATE

NAME
Session 3
P1

P2

Start
End
P3

P4

Programming checklist
YES 50%

1

4

7

2

5

8

3

6

9

Historical

Press a key to put the piece on that
position. Now turn for:
Noughts Crosses
↑

1
2
3
4
5
6
7
8
9
10
11
12

Keys are read
Positioning according key
Selects noughts or crosses
Screen shows turn
Screen shows gameboard
Historical is fed
Splash on wining
New match
Robot knows his turn
Pieces are not overlapped
Robot answerd quickly
Robot could win

Figure 4. Work template for session 3.

2.4.4

Debate

The final session must reserve at least 15 minutes to discuss the knowledge acquired and the
assessment of the activity itself for student learning. This phase is important to get the students to
think critically about their learning [31–32].

3

RESULTS

The activity was carried out with eight students with professional training in the specialty of Senior
Technician in Industrial Mechatronics. The students were aware at all times that the analysis of the
conclusions would be useful for the future development of activities. This situation made the effort
carried out by them superior to normal conditions. First, a questionnaire on technical skills was
designed according to [27]. Twelve sets of three 5-point-scale questions were defined. The results are
shown in Table 2.
From this table, we can consider that the students did not answer convinced of their skills on robotics.
Confidence in their own skills is very low initially.
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Table 2. Scale obtained on questionnaire
Position

Scale

Mean

SD

1

Helping and delegating

10.1

0.5

2

Adapting

6.3

0.8

3

Information gathering

8.4

1.2

4

Information analysis

5.6

1.4

5

Planning

6.5

1.2

6

Quantitative analysis

5.6

1.1

7

Technology management

8.4

2.2

8

Setting/managing to goals

8.6

2.1

9

Taking action

9

2.4

10

Entrepreneurship

9.1

1.2

11

Leadership

12.2

0.3

12

Relationship building

14.1

0.5

On Figure 5 we show two students during the experience learning activity. Motivation is a fundamental
aspect in this teaching-learning methodology. Students find activities fun and learn through
experimentation.

Figure 5. Two students learning robot positioning.

We also had a 5-point Likert scale form to assess the student's perception of the activity. Level 1 of
the scale means ‘disagree’, while level 5 means ‘totally agree’. The results are summarised in Table 3.
Table 3. Questionnaire and evaluation results of the activity.
Questions
Does this activity help you in understanding robotics basics, such as movements and positions?
Did you learn about programming a robot?

Average
4.2
4

Did you feel motivated to learn about the concepts developed in this activity?

4.8

To which extent do you find applicable the experience obtained in your future work?

4.6

Do you think the activity helped the group act as a team?

4.6

The results of the evaluation show that the teaching of robotics through ELA is possible, in addition to
providing additional motivation to students. However, students’ lack of knowledge in robotics and
programming makes the results obtained difficult. Although they are students with the ability to
program in C++, they did not choose this option, and decided to use Scratch.
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4

CONCLUSIONS

In this document, we have presented an experiential learning activity (ELA) aimed at learning basic
elements in robotics, such as positioning, interaction and communication. This is done by using a
DOBOT Magician robot. A simple game like tic-tac-toe allows students to deal with positions and
tolerances, as well as other movements. Although the activity is simple and has a game as a
backbone, the acquired concepts are transferred directly to the industrial process.
Because the practice has been carried out in groups, transversal skills have been acquired without the
student having the need to work on them.
The highly positive results of motivation shown in the feedback indicate that the activity has been
perceived by the students in a positive way, although the students were not confident with their own
skills and capabilities.
However, the activity needs to be enhanced and needs adjustments. Further developments on this
activity are planned for the future.
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