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SERVICE-LEARNING PROJECT: MUSEUM OF TOYS AND PHYSICS

B. M. BUSTILLO, J. GARCÍA-FERRERO, R.P. MERCHÁN, M.J. SANTOS SÁNCHEZ

Abstract. A double Service-Learning project was implemented in this work. It is the final
master’s project of a student of the Master’s Degree in Secondary Education, Baccalaureate,
Vocational Training, and Language Teaching (MUPES) at the University of Salamanca. The
project consisted of B. M. Bustillo, the student in charge, selecting four toys to explain their
physical principles to Compulsory Secondary Education students (aged between 16 to 17) at
the Colegio Marista Champagnat (Salamanca, Spain). The final aim is to start the creation of
a permanent toy museum to explain Physics in this Educational Center. Students contributed
to this initiative by choosing additional toys, producing explanatory sheets and videos related
to their operation, and donating them to the museum. This project was designed to motivate
students, promote cooperative work and provide a sustainable didactic resource for teaching
Physics in the Center. This last aspect is what makes it a dual Service-Learning project: first,
the MUPES student implemented all the steps necessary to start a Toy and Physics Museum at
the school (providing a service to Colegio Maristas in this case); and second, Colegio Maristas
students themselves create materials for the museum, donate them, and share the physics that
explains their behavior with their classmates.
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1. Introduction

The motivation of Compulsory Secondary Education (ESO, Educación Secundaria Obliga-
toria, in Spanish) students in relation to Science, Technology, Engineering and Mathematics
(STEM) subjects is generally low, largely influenced by the abstract and complex nature that
scientific and technological subjects represent to students [1]. To alleviate this situation, it is
necessary to employ resources that motivate students and to implement active learning method-
ologies. The use of toys as teaching resources can serve as an introduction to many topics related
to Physics. By taking advantage of the initial curiosity that toys arouse in students and the
familiarity they represent for them, they can help to motivate students towards these topics,
allowing them to see that the knowledge learned in the classroom is related to their everyday
environment [2].
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One of the active methodologies used is Service-Learning (SL). It is a pedagogical method that
seeks to promote exchange between students and their community through the implementation
of a project that benefits both parts. Students use and deepen the knowledge acquired in a
given subject, in accordance with the academic objectives established in the project, to perform
a service to the community, bringing them closer to their everyday reality [3]. Furthermore, the
introduction of cooperative work in SL increases students’ sense of belonging to the group due
to greater interaction with their peers, and also improves their academic performance [4].

Taking into account the theoretical and pedagogical basis mentioned above, this “Service-
Learning Project: Museum of Toys and Physics” was carried out. It was a double Service-
Learning project in which a permanent toy museum was created in an Educational Center to
explain Physics. It took place in the Colegio Marista Champagnat in Salamanca (Spain) and the
students who collaborated with the project were in their fourth year of Secondary Education.
This activity was designed to be applied in the Physics and Chemistry subject, specifically to
reinforce, develop, and expand the explanation of Physics, although it could also be connected
to other STEM subjects.

The objective of this project was twofold. Firstly, it aimed to motivate students to learn
Physics and Chemistry through a SL experience in which they contributed to the creation of
the museum. Secondly, it was hoped that this museum would serve as a teaching aid to explain
Physics to other classes and academic years, expecting that it would continue to grow and be
sustainable over time. Thus, it can be considered a double SL project.

There exist other activities of a similar nature that have been carried out in Spain, such as toy
exhibitions in museums outside of high schools [5], science fairs where students explained how
different experiments worked [6], and the construction of temporary interactive museums within
high schools [2]. However, to the author’s knowledge, there is no project like the one described
here, which proposes the creation of a permanent museum within the Educational Center itself,
developed in collaboration with students, where toys are exhibited alongside explanatory sheets
of the underlying working physical principles. Therefore, the project presented here is considered
innovative.

2. Motivation and Context

As previously mentioned, a double SL project was carried out. The teacher, in this case a
student of the Master in Teacher Training (MUPES, Máster Universitario de Profesorado de
Educación Secundaria, Bachillerato, Formación Profesional y Enseñanza de Idiomas, in Span-
ish) [7], in an introductory session presented four toys to the 4th year ESO students at the
Colegio Marista Champagnat as a manipulative resources to explain the physics related to their
working principle. The selected toys were: the Energy Stick, which emits light and sound when
hands are placed on each end of the stick; the jumping doll, which appears to jump when it
is compressed and released; the thermal pinwheel, whose blades begin to spin when its candles
are lit; and the ludion, whose figure descends when pressure is applied to the walls of the water
bottle that contains it. These toys were donated to the Center to begin the creation of the per-
manent museum, along with an explanatory sheet of the physical principles of their operation.
Section 6 details each of these toys and the physical principles that explain how they work.

The Master’s student B.M. Bustillo carried out a SL by using and developing the academic
skills acquired in the MUPES to design a collaborative project with Colegio Maristas Center,
which was sustainable over time and useful for the educational community to which it was
intended. On the other hand, Secondary School students were proposed, working cooperatively
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in groups, to contribute to the museum by carrying out a SL too. To do that, they had to choose
a toy based on the examples seen in the teaching session and, from the point of view of Physics,
to complete an explanatory sheet with its working principles. Besides, they had to create a
short video showing the toy in action and giving a brief explanation of why it worked that way.
The video was included in the explanatory sheet through a QR code. Next, if possible, students
were asked to donate the toy to the Center’s museum, or it was considered that the Center itself
would acquire it. Thus, this exhibition could grow and serve as an additional teaching resource
in the Center, for other teachers of the same subjects and for different academic courses. That
justified the double nature of this SL project.

The beneficiaries of this project were, first of all, the students enrolled in the Physics and
Chemistry course in the 4th year of ESO at the Colegio Marista Champagnat in Salamanca, a
partner in the GIRLS project [8] together with the University of Salamanca. The Center itself
also benefited from the project, as it hosts the exhibition of toys and Physics. And, of course, the
Master’s student who implemented the initiative, putting into practice the knowledge acquired
during the Master’s program.

The subject most closely related to this project, and for which it was intended to be carried
out, was Physics and Chemistry, specifically Physics. At the same time, this subject was strongly
connected to the content of subjects such as Mathematics and Technology.

3. Objectives

The project objectives, presented below, were divided into learning objectives for Secondary
School students and for the SL project itself. These objectives were related to the Sustainable
Development Goals (SDGs) [9] and the learning outcomes regulated by current educational
legislation [10].

Student learning objectives:

� To uderstand the physical phenomena involved in the working principles of some toys.
� To communicate using scientific language, either orally or in writing.
� To develop cooperative work skills.

Objectives of the double SL project:

� To start a permanent exhibition in the Center with toys and information of how they
work from a Physics point of view.
� To connect the knowledge of Physics and Chemistry of 4th year ESO students with
a social dimension, in this case, working together to create the Museum of Toys and
Physics.

4. Methodology

The methodology followed in the project included cooperative work within Service-Learning.
Currently, SL is a pedagogical method that seeks to exchange students’ knowledge with com-
munity service. This method allows students not only to apply and increase their knowledge
of a specific subject associated with academic objectives, but also to relate it to real life, while
acquiring community values and skills that enable them to grow personally. In this way, the
objective of this pedagogy is to bring students closer to their reality, promoting their individual
performance, avoiding the mechanised acquisition of knowledge and competitive evaluation that
can occur in the traditional classroom [11].
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This project proposed the use of cooperative work among students. There were different
types of roles that each student could play within the group, depending on the tasks they were
responsible for. Specifically, in this project, the roles of the students in each group are shown
below.

� Writer: Fills in the explanatory sheet, details the physical working principle of the chosen
toy and writes the video script.
� Spokesperson: Ensures that all members carry out their tasks, narrates the video and
summarises the group’s work.
� Researcher: Searches for information about the chosen toy, investigates how it works
and the related physical principles, and shares the information found with the group.
� Technician: Reviews the video script, is responsible for recording and editing the video,
and supervises that the work is carried out according to the established deadlines.

Within the SL methodology, along with the cooperative work proposed in the project, toys
were used as a teaching resource. They enable the teacher to capture the students’ attention
from the very beginning. They motivate the students to learn how those toys work, based on
their previous knowledge and experience, and promote meaningful learning by bringing class
work closer to everyday life. Moreover, in economic terms, these toys are much more affordable
than the laboratory equipment that can be used to explain the same laws or principles of Physics
[12].

5. Curricular and regulatory basis

Currently, LOMLOE, or Ley Orgánica 3/2020, published in the BOE (Bolet́ın Oficial del
Estado, in Spanish), is in force in Spain [13]. More precisely, Real Decreto 217/2022, published
in the BOE, establishes the organisation and minimum teaching requirements for Compulsory
Secondary Education at the state level for all Autonomous Communities. In the specific case of
this project, for the Autonomous Community of Castilla y León, the Decreto 39/2022, published
in the BOCYL (Bolet́ın Oficial de Castilla y León, in Spanish), establishes the organisation and
curriculum of Compulsory Secondary Education in the aforementioned Autonomous Commu-
nity [10].

The curriculum for each academic stage consists of objectives, key and specific competencies,
content, teaching methods and assessment criteria, all of which are geared towards enabling
students to achieve the so-called “leaving profile” at the end of Compulsory Secondary Education.
Specifically, the academic elements most extensively covered in this project are shown below,
aligned with the regulations governing the Physics and Chemistry subject in the 4th year of
ESO, consulted in Decreto 39/2022.

� Key competencies: linguistic, STEM, digital, personal, social and learning to learn.
� Operational descriptors related to the key competences: CCL1, STEM2, CD3 and CP-
SAA3.
� Content that was worked on with the different toys is included in the blocks “Basic
scientific skills”, “Interaction” and “Energy”.
� Assessment criteria related to specific competencies: 1.1 and 5.1. The first refers to the
understanding and explanation of physical-chemical phenomena from a scientific point
of view, arguing appropriately and using various means of communication. The second
allows for the assessment of students’ collaborative interactions within the cooperative
work they were asked to do.
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� Cross-curricular content: oral and written expression, mutual respect and cooperation
among peers.

Moreover, this project aimed to contribute to the achievement of the SDGs, especially Quality
education (SDG 4) and Partnerships for the goals (SDG 17).

6. Development of the educational project

In this section, the different stages followed to develop the whole project are exposed. The
first ones summarise the previous and organisational work the teacher (in this case, the Master’s
student, responsible for the project) should perform, while the last paragraphs are devoted to
the sessions carried out with the secondary school students on site.

Starting with the previous work, before choosing the toys that were shown to students in
class to introduce them to the project, it was necessary to know the content taught to students
in Physics and Chemistry, whether acquired in that course or in previous ones, and also the
content covered in other subjects, such as Mathematics or Technology.

Secondly, once the content of the subject corresponding to the selected students’ course had
been analysed, the toys that would be presented to them as a reference were chosen. Thus, they
could start from an initial experience similar to what they will later be required as part of the
project. As it was previously indicated, the toys chosen to be shown to the students in class
and to start the museum were: the Energy Stick, the jumping doll, the thermal pinwheel and
the ludion.

� Energy Stick. The Energy Stick (Fig. 1) is a toy consisting of a transparent plastic
tube with aluminium caps at each end. Inside, it contains an electrical circuit powered
by two batteries connected in series to LEDs and to a sound emitter [14].

Initially, the circuit is open until a conductive element is connected to both electrodes,
allowing the circuit to close. When this occurs, the flow of electrons through the con-
ductor allows the conversion of electrical energy into light energy (via the LEDs) and
sound energy (via the emitter).

Figure 1. Energy Stick toy.

Based on Ohm’s law, since the current is zero when the circuit is open, it is obtained:

(6.1) V = IopenRopen = 0

where V is the circuit voltage, Iopen is the electric current intensity, which is zero when
the circuit is open, and Ropen is the resistance of the open circuit.

Using Ohm’s Law for the case of a closed circuit, in which the current flowing through
it is no longer zero, the following expression is obtained:
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(6.2) V = IclosedRclosed 6= 0

where V is the circuit voltage, Iclosed is the electric current intensity, which is not zero
when the circuit is closed, and Rclosed is the resistance of the closed circuit.

The purpose of this toy was for students to understand that humans are conductors,
that the toy’s circuit was initially open and that, once closed, the energy flowing through
it could be used to produce sound and light. In addition, this toy was intended to enable
students, through inquiry and experimentation, to deduce the reasons for its operation.
To this end, they were provided with a guide to follow in order to help them deducing
its working principle.

� Jumping doll. The jumping doll (Fig. 2) is a toy whose suit or dress is made of a
plastic fabric weave that acts like a spring, so that when the doll is squeezed, the dress is
compressed and when released, the doll jumps higher than might initially be expected.

The purpose of this toy was for students to learn about the forces that influence
the toy’s movement and understand the principle of energy conservation based on how
it worked. In addition, they could observe, in a very simple way, how energy was
transformed from elastic potential to kinetic and gravitational potential, completely to
gravitational potential, and back to gravitational and kinetic potential again.

Figure 2. Images of the Jumping doll toy in the resting (left), compression
(center), and jumping (right) phases.

Therefore, according to the principle of conservation of energy and considering the
absence of friction forces, it can be seen how energy transformations occur in the phases
of the toy’s jump:

– The toy is compressed

(6.3) ET = Ep.elastic =
1

2
k(∆z)2

where ET refers to the total energy of the toy, Ep.elastic corresponds to the elastic
potential energy accumulated by the doll when compressed, k is the spring constant,
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and ∆z is the displacement from the equilibrium position experienced by the spring
during compression.

– The toy is released and ascends

(6.4) Ep.elastic = Ep.gravitational + Ek =
1

2
k(∆z)2 = mgh +

1

2
mv2

where Ep.elastic refers to the elastic potential energy accumulated by the toy,
Ep.gravitational corresponds to the gravitational potential energy of the toy as it rises,
Ek is the kinetic energy due to the movement of the toy, m is the mass of the toy,
g is the constant of terrestrial gravity, h is the height of the toy at each moment of
the ascent, and v is the speed of the doll at each height.

– The toy reaches its maximum height

(6.5) Ep.gravitational + Ek = Emax. gravitational energy = mgh +
1

2
mv2 = mghmax.

where Ep.gravitational is the gravitational potential energy of the toy during its ascent,
Ek is its kinetic energy, and Emax.gravitational energy is the potential energy of the toy
at the highest point of the jump, where the speed of the doll becomes zero. The
variable hmax. refers to the maximum height reached by the toy during the jump.

– The toy descends

(6.6) Emax. gravitational energy = Ep.gravitational + Ek = mghmax. = mgh +
1

2
mv2

where Emax.gravitational energy is the gravitational potential energy possessed by the
toy at the maximum height of the jump, Ep.gravitational is the gravitational potential
energy associated with the height of the toy during its fall, and Ek is its kinetic
energy associated with its downward movement. Moreover, hmax. is the maximum
height reached by the toy during the jump, h is the height of the toy at a given
moment during its descent, and v is its velocity at that moment.

� Thermal pinwheel. This toy (Fig. 3) consists of a glass candle holder with a curved
metal support that has blades at the top, on which metal figures can be hung. The
purpose of the thermal windmill was to allow students to visualise how the transfer of
energy in the form of heat from the candle to the air, generates convection currents that
cause a force to be exerted on the inclined blades of the windmill, producing mechanical
work of rotation on them.

In this toy, the lit candles are considered to transfer heat according to an isobaric
process to the surrounding air (ideal gas):

(6.7) Q = mCp(Thot � Tinitial)

where Q is the heat absorbed by the air near the candles, m is the mass of heated air,
Cp is the specific heat of air at constant pressure, Thot is the temperature acquired by
the heated air, and Tinitial is the temperature of the air prior to heating.

According to the Ideal Gas Law, when the temperature of the air near the candles
increases, it expands at constant pressure, reducing its density:
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Figure 3. Thermal pinwheel toy.

(6.8) pV = nRT =
m

M
RT) pM

RT
=

m

V
= �

where p is the air pressure, M is its molar mass, R is the ideal gas constant, n is the
number of moles of gas, T is the temperature of the gas, m is its mass, V is its volume,
and � is its density.

The heated air rises and the ambient air (at a lower temperature) descends to take
its place, generating a continuous flow of air (convection current). The rising hot air
current generates a force on the blades according with drag equation:

(6.9) Feach blade =
1

2
�hotv

2
hotSblade application

where Feach blade is the force generated by each blade, �hot is the density of the hot air,
vhot is the speed at which the hot air hits the blade, and Sblade application is the area of
application of the air on the blade.

The pressure force exerted by the hot air on the blades causes mechanical rotational
work that makes them turn.

(6.10) Wrotation = NbladesrbladeFeach.blade(Θfinal �Θinitial)

where Wrotation is the rotational work done on the blades, Nblades is the number of
blades on the windmill propeller, rblade indicates the radius of the blade from the axis
of rotation, Feach.blade is the pressure force of the hot air on each of the blades, and
(Θfinal �Θinitial) is the angular displacement of the propeller when rotating.

� Ludion. The ludion (Fig. 4), described by Raffaello Magiotti, a disciple of Galileo [15],
is a toy based on the principles of Archimedes and Pascal that became popular in the
mid-17th century. To see how it works, a container is needed (a bottle with a capacity
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