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Abstract—Today’s society is facing new challenges and opportunities that demand professional profiles specialized in problem
solving, with the ability to innovate and exploit the possibilities
offered by information and communication technologies (ICTs).
Far from being a novelty, the term STEM was coined in the mid1990s. From then until now, there are a multitude of initiatives
focusing on working STEM education with students. In recent
years, the use of the arts as an enhancer of the educational experience has been incorporated into STEM education. There has
also been a focus on involving the student in the educational process. Despite this, few experiences have been detected in which
parents are involved in the educational process. Throughout this
work, it is shown the pilot experience which has been developed
to motivate parents to be part of the learning process in science, technology, engineering, art, and mathematics (STEAM)
subjects.
Index Terms—Education, programming, robotics, science,
technology, engineering, art, and mathematics (STEAM).

I. I NTRODUCTION
HE TERM STEM was first coined by the National
Science Foundation (NSF) in the USA in the mid-1990s.
It was a response to the growing demand for training so that
the student body at that time could take advantage of a future
shaped by constant technological change and for which the
proliferation of a series of jobs that did not exist at that
moment was foreseen. Part of the educational community
demanded a greater concentration on practices and skills for
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learning and the construction of physical, biological, computational, and mathematical models that would serve as the basis
for a series of trainings and concrete conditions.
Today, the promotion of STEM initiatives has become one
of the fundamental objectives of educational planning not only
in countries, such as the United States, the United Kingdom,
or Finland but also in the European Union as a whole and
in various international bodies. Some examples are described
in [1].
Another important element to consider in this gap between
need and vocation arises when the gender of students is taken
into consideration, since this separation is more evident in the
case of women. This has led to the design of initiatives aimed
exclusively at promoting scientific and technological vocations
among female primary and secondary school students [2]–[4].
In this same sense, it is worth highlighting the increasingly
widespread interventions of researchers or professionals in
educational centers, whether through conferences, talks, advice
on research projects, etc. There has also been an increase of
experiences developed around the so-called citizen science,
where the individual himself contributes to generating scientific knowledge. All these dissemination activities help to
standardize the figure of the researcher among the public, and
therefore also among students.
However, in addition to this initial objective, some collateral
benefits that are gaining ground should not be forgotten. Thus,
it is becoming natural that teachers of these subjects timidly
begin to consider the use of didactic methodologies based on
project-based learning (PBL), as well as the treatment of content from situations close to the student. This implies avoiding
as much as possible excessively academic or abstract presentations, which tend to contribute to generating rejection and
disconnecting the subject from everyday reality.
There are a variety of examples where STEM and
robotics are combined in the classroom—see papers shown
in [5]–[9]. In addition, another skill often used in STEM
education is computational thinking—experiences described
in [10]–[13]. There are also examples of various activities where this relationship between art and STEM
subjects [14]–[20].
Therefore, through interdisciplinary joint work and its application to real problems, science, technology, engineering, art,
and mathematics (STEAM) aims to give a creative and artistic
perspective to STEM education, and thus to complement the
learning of scientific and technological contents with the development of divergent thinking and the increase of students’
creativity [21]–[24].
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In this way, children who learn under the STEAM model
do not only memorize formulas and mathematical operations,
but they build robots, program simple applications, print out
3-D objects and, in short, base their activities on experimentation, research, and real-life problem solving. If this is added to
the fact that parents could have enough knowledge and costefficient tools at their disposal to carry out experiments at
home, STEAM learning becomes integrated in a more natural
way [25]–[28].
From the studies during the last decades, it is known that
children’s academic success has a critical dependency on families. No matter what their salary or socioeconomic background
is. Furthermore, legal guardians and/or parents have the greatest influence on the educational and professional decisions of
children. The commitment of families plays an essential role
to strengthen STEM education, close the identified gap on
STEM, and help children reach their full potential in the field.
However, few STEM education programs currently involve
families in activities and experiences. As a result, many
families are not aware of the number of opportunities in
these settings and rely on their own experiences with STEM
issues to guide their children’s perceptions. Many are also
not equipped to support STEM education decisions or to
guide their children on STEM career paths. Families have
not been empowered to advocate for quality STEM programs
and education. This is especially true for families of women,
minorities, and low-income students who are not finding their
way in STEAM fields.
The following is a proposal that aims to empower parents in
the field of STEAM education to be able to develop STEAM
activities with their children, both from the perspective of
knowledge and from the economic point of view.
II. H ALLOWEEN E DUCATIONAL ROBOTICS W ORKSHOP
This workshop is framed in the famous holiday of
Halloween. It was decided to use this framework because of
the great variety of scenarios that can be developed by enhancing the creativity of both the teachers and the participants,
who will be encouraged to build their own STEAM scenarios.
The objectives of this workshop are threefold. First, it aims
to introduce parents to different types of tools for developing
STEAM educational experiences. In addition, this workshop
is designed with the aim of showing different educational scenarios that can be prepared with extraordinarily little budget.
Finally, this workshop is also designed to bring STEAM education closer to parents and to promote the inclusion of women
and girls. The methodology used and the resources employed
are described below.
A. Workshop Methodology and Resources
The learning experience was based on the active learning methodology (ALM). To this end, within the classroom,
students actively participate and are significantly involved
in activities designed by teachers to encourage their intrinsic motivation and positive attitude, such as experimental
work and problem solving. Among other reasons, it has been
decided to take advantage of the following.

Fig. 1.

Scratch-based scenario built as a maze-type game.

Fig. 2.

Pumpkin-like robot based on Crumble.

1) Increasing Interaction Between Teachers and Students:
Through this measure, teachers frequently and immediately provide information to students during active
learning activities.
2) Collaboration and Interaction Between Students: This
way students are more engaged with the context of the
course. In addition, students can develop their social
skills.
3) Fostering Inclusive Teaching: Different learning styles
are provided to students so that they can receive a more
personalized experience.
On the other hand, participants had laptops at their disposal.
These laptops were used both to make use of the Scratch
tool and to program the Crumble controller. Fig. 1 shows
the Scratch-based scenario for the activities related to the first
part of the workshop. This scenario is based on a maze-type
game through which attendees were able to experiment with
the Scratch tool. In a second stage of the workshop, attendees
were provided with a Crumble-based robotic construction.
As shown in Fig. 2, attendees were provided with
a pumpkin-like robot that was composed of the Crumble
controller, two dc motors, an infrared sensor for distance
measurement, and RGB LEDs.
The profile of the attendees and the knowledge they had
prior to the start of the workshop is described below.
B. Attendee Profiles
The group of participants was recruited from an annual
course of introduction to robotics. The children were students
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obtained for each of the groups. Within the parents’ group,
none of them had any experience or knowledge of programming. Nor did they have any knowledge of robotics, beyond
the general culture. In addition, the members of this group
neither knew or had used any of the Scratch and Crumble
tools. On the other hand, data showed that the group of children had no experience in programming, robotics, Scratch, and
Crumble.
The following section describes the structure of the workshop. Additionally, this section includes different activities
carried out by the attendees.
C. Workshop Structure

of this course and the parents were the fathers or mothers of
these children.
The group of participants consisted of 16 people. This group
was composed of father/mother and son pairs. For the most
part, they were mother–son pairs: five mother–son pairs and
three father–son pairs. The children ranged in age from 8 to
12 years old.
At the beginning of the workshop, a survey was carried
out in order to assess the starting situation in relation to the
knowledge of the tools used throughout the workshop and the
skills that are intended to be developed with this educational
experience. The survey’s first question is: Q1: “What do you
expect to get from this workshop?”. The responses are listed
as follows.
1) Have fun.
2) Make a maze.
3) Share with my son his experiences in this subject.
4) Learn.
5) Know what my child is learning.
6) Have a lot of fun.
7) Learn and have fun.
Additionally, Table I compiles responses from the other
questions asked to students. These questions are intended to
know their level on subjects, such as programming experience,
programming knowledge, robotics knowledge, Scratch experience and knowledge, and Crumble experience and knowledge.
The questions for this part of the pretest are listed as follows.
1) What is your experience with programming (1—None;
5—High)?
2) What is your programming knowledge (1—None; 5—
High)?
3) What is your robotics knowledge (1—None; 5—High)?
4) What is your experience with Scratch (1—None; 5—
High)?
5) What is your Scratch knowledge (1—None; 5—High)?
6) What is your experience with Crumble (1—None; 5—
High)?
7) What is your Crumble knowledge (1—None; 5—High)?
Table I has been constructed by separating the data obtained
from parents and children to be able to differentiate the results

This workshop is based on a highly practical approach. This
is achieved by using the ALM. Hence, the experiments are
conducted for students to work on trial-and-error activities.
This learning strategy leads students to self-discovery. In this
way, attendees take the initiative in the learning process in an
experimental way.
Two sections were established for the workshop. The first
section was intended for students to work in a virtual environment using Scratch. In the second part of the workshop,
students used a solution that allowed them to work with hardware elements using the Crumble tool. Therefore, the second
section was focused on a physical environment. The workshop
duration is 2 h. This workshop contains individual activities
and collaborative activities.
During the first section, for 1 h, students worked on programming aspects and were introduced to concepts related
to robotics using Scratch. During the second section, with
a duration of 1 h, attendees deepened their programming
knowledge. Furthermore, students were introduced to the use
of simple electrical and electronic components. The Crumble
tool was used for this section. Additionally, students began to
familiarize themselves with robotic wheeled platforms.
Theory and practice were combined during the design of
the contents. First, the theory was explained. After the theory,
practical work was carried out on problem solving. Problem
solving was performed by the application of the theoretical
concepts which were previously explained.
The first section includes the following objectives.
1) Obtaining knowledge about scratch.
2) Use of basic elements of scratch.
3) Use of basic elements of programming.
4) Use of image editing with scratch.
Table II lists the activities from the first part of the workshop. Table II also includes the topics that were intended to
be covered.
The contents for the activities shown in Table II are as
follows.
1) Scratch Environment: The first contact with Scratch is
made with this activity. Students are introduced to the
main features of this tool and the possibilities it offers.
Participants are also informed about the information
resources available. This activity was done individually.
2) Playing With Scratch: Before starting to program or use
the Scratch environment to create applications, attendees
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TABLE II
ACTIVITY T ITLES AND O BJECTIVES FOR THE F IRST PART

Fig. 3.

Images taken during the second part of the workshop.

TABLE III
ACTIVITY T ITLES AND O BJECTIVES FOR THE S ECOND PART

are encouraged to use the base example of the maze as
a game. In this activity, they use the game and compete
in pairs.
3) Modifying Behavior: Once attendees are familiar with
the programming environment and have interacted as
users, they are challenged to make a simple modification
to the game. For example, to make the characters move
faster, or to control the characters with other keys on
the keyboard. This activity was done in pairs and later
a peer-to-peer review was performed.
4) Improving the Appearance: At this point, attendees are
asked to make changes in the game’s appearance. They
can modify the appearance of the characters or even
create a new maze. This activity was done in pairs and
later a peer-to-peer review was performed.
5) Creating a New Functionality: As a last challenge,
attendees must add a new functionality. This new functionality can range from creating new levels of the game
to including characters not controlled by the users. This
activity was done in pairs and later a peer-to-peer review
was performed. Finally, the whole group worked on
including the functionalities developed by each pair in
the same game.
Once all the activities of the first part were carried out
by the attendees, they moved on to the part related to the
use of Crumble. The second section includes the following
objectives.
1) Obtaining knowledge about Crumble.
2) Use of basic elements of Crumble.
3) Use of basic elements of robotics.
4) Hardware and software integration.
Table III lists the activities from the second part of the workshop. Table III also includes the topics that were intended to
be covered.

The contents for the activities shown in Table III are as
follows.
1) Crumble Environment: In this first activity, students were
introduced to the Crumble controller and to several
hardware devices that can be contacted. The devices
explained are dc motors, infrared sensors, and RGB
LEDs. This activity was done individually.
2) Playing With Crumble: After the first activity, attendees interacted with the mobile pumpkin robot assembly.
The students could see how this robot was able to follow a line and to detect obstacles to avoid bumping
into them. In addition, they observed the set of lights
that this robot had programmed. This activity was done
individually too.
3) Modifying Behavior: To complete this activity, the challenge was to modify the programming of the robot,
so that, for example, it would be able to move faster
while following the line or to show different aspects
with the lights. This activity was done in pairs and later
a peer-to-peer review was performed.
4) Improving the Appearance: At this point, attendees had
a degree of knowledge of Crumble and of the possibilities that Crumble allows. Participants were challenged
to modify the appearance of the robot’s lights based
on the information received through the sensors. It was
possible to collect information from the sensors used to
track lines or information from the infrared sensor used
to detect obstacles. This activity was done in pairs and
later a peer-to-peer review was performed.
5) Creating a New Functionality: As a last step of the
workshop, attendees had to add a new functionality.
This new functionality could range from creating lighting effects similar to real cars to, including obstacle
detection and obstacle avoidance while the robot is following a line. This activity was done in pairs and later
a peer-to-peer review was performed. Finally, the whole
group worked on including the functionalities developed
by each pair in the same game.
Fig. 3 displays images collected during the second section of
the workshop. This figure shows in more detail the components
of the robot used in this part of the workshop. In addition, this
figure shows the robot’s behavior and some of the activities
developed by the participants.
The following section shows the results obtained from the
described experience and the data collected.
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TABLE VI
P OST-T EST R ESPONSES

TABLE V
S ECOND PART ACTIVITIES AND T EAMS W HO C OMPLETED T HEM

D. Workshop Results
As detailed above, attendees were challenged with different
types of activities. In addition, students were introduced to
tools with which STEAM education can be displayed using
simple activities and project-oriented tasks.
During the first section of the workshop, students were
introduced to the Scratch environment. The Scratch environment is very friendly to start working on computational
thinking and virtual educational scenarios. In a second step,
as part of the second section, students worked with the
Crumble environment. This stage includes simple electronic
elements. Crumble is a little bit more complex than Scratch.
Nevertheless, Crumble is not overly complex. Students were
guided by the instructor throughout the activities related to the
second part in order to cover the content completely. Thus, all
students completed the proposed tasks. Some students needed
some help on the activity objectives and on how to get to the
solution.
Table IV summarizes the number of students who completed
the corresponding activity during the first section of the workshop. Additionally, the table differentiates students who did
not need any help to complete the activity, from those who
needed some help or required supervision from the instructor
in order to complete the corresponding activity.
Table V lists similar information than Table IV, but with
data related to the second part of the workshop.
Finally, a post-test was conducted at the end of the workshop. This test was intended to obtain information on the
students’ outcomes from the workshop. First, a battery of questions was asked with the aim of gathering students’ opinions
on the workshop. Another set of questions was used to verify
that students had acquired the knowledge that was intended to

be transmitted throughout the workshop. Table VI lists the collected responses. The questions for this part of the post-test are
the same questions proposed for the pretest—see Section II-B.
As Table VI shows, most of the students increased their
level in all topics: programming, robotics, Scratch, and
Crumble.
Even though there were no girls present at this workshop,
the mothers who attended were able to see that they can
develop STEAM and educational robotics activities in a costefficient and simple way. Both fathers and mothers found that
these activities can be attractive to their daughters. These parents claimed that they would promote the use of these activities
with their daughters at home. This outcome probably contributes to reducing the gender gap in STEAM and educational
robotics.
III. C ONCLUSION
This study provides an educational experience framed in
educational robotics. Throughout this workshop, students were
challenged to work in teams composed of parents and children.
This workshop initiative emerges from activities conducted
over the last years regarding introductory robotics. These past
activities were carried out only with children. The aim of this
workshop was to introduce families to robotics concepts, and
to the Scratch and Crumble tools.
The results from each activity are summarized in Table IV
for the first section of the workshop. Most of the participants completed all the proposed activities except for the last
activity, titled “Creating a new functionality.” Some attendees
(32.5%) needed help to complete this challenge.
On the other hand, Table V shows the results for the second
section of the workshop. The results for the part related to the
Crumble tool were similar to those for the part related to the
Scratch tool, except for a slight difference. Some attendees
(25%) needed help to complete the last activity, titled Creating
a new functionality.
Students enjoyed the activities. This was clearly perceived
during the workshop by the instructor. Both parents and children learned significantly from the experience. Furthermore,

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.
6

IEEE TRANSACTIONS ON EDUCATION

they enhanced their STEAM-related skills. This can be easily
inferred by comparing the results detailed in Tables I and VI.
All levels for each question increased between values shown
in Table I (prior to the workshop) and Table VI (after the
workshop).
This educational content does not require large investments:
1) Scratch is a free software; 2) the Crumble software can be
used for free too; 3) the Crumble controller costs about e10;
and 4) electric and electronic components are also affordable.
The content described in this workshop can be easily scaled
by adding engines, servos, and sensors to make it more complex. For example, instead of addressing the maze for Scratch
or the line follower for Crumble, the instructor can propose
tasks that implement an escape room game for Scratch or
a maze navigator for Crumble as a next step.
After analyzing the results, several limitations have been
identified for this study. First, the number of attendees is quite
low, even though the results obtained are quite promising. In
addition, it is considered necessary to follow up with the attendees to check that the workshop has really been useful: if they
have continued to carry out activities with family or friends
and if they have created new scenarios in which to work on
STEAM education from home. That is why we have provided
as much detail as possible about the methodology and materials used, and the activities that have been carried out. All this
with the aim that other researchers can continue working in
this line to cover the limitations that we have identified and
described.
Another line of future work identified is to promote this
type of activity to bring women and girls closer to STEAM
and educational robotics activities. This line of future work
aims to reduce the gender gap.
ACKNOWLEDGMENT
The authors acknowledge the support provided by the
UNED Industrial School of Engineering, the project 2021IEQ13, the project “Techno-Museum: Discovering the ICTs
for Humanity” (IEEE Foundation Grant #2011-118LMF), and
to the International Doctoral School of UNED being this article considered as part of the requirements for the obtention of
the Doctoral degree of Antonio Menacho.
R EFERENCES
[1] J. R. Burbaitė, V. Drasutė,
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