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Abstract
Physics Education Research shows that active learning and interdisciplinary
strategies can enhance students’ engagement in physics. In primary school,
the implementation of active learning pedagogies such as Inquiry-Based
Science Education aims to encourage students’ autonomy and participation
in their learning process. Indeed, active learning promotes pupils’ creativity,
helping them develop the skills that increasingly determine their future
employability and personal development, introducing them to STEM. In this
regard, stories and storytelling can help improve teaching and students’
physics learning. Telling the Universe and its history can afford this job. The
Big Bang, the Cosmic Microwave Background, and the formation of stars
and planets are valuable tools for introducing primary school students to
physics and the scientific method while fostering their curiosity about
science. Moreover, it helps the instructors monitor the development of
peculiar misconceptions on these topics, preventing them from fully
understanding physics phenomena. In this paper, we present an innovative
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short-term program (one session of three hours) called ‘The Universe in a Box’ to
introduce primary school students (grades 4–5, ages 9–10) to cosmology. We illustrate our
design and the educational purposes of the program and present the outcomes from its
implementation in five different laboratories in Sardinia, Italy, from 2022 to 2024 (60
students involved). This work can furnish a theoretical and methodological guide for
primary school teachers and instructors on integrating formal curricula with contemporary
physics topics using interdisciplinary approaches, engaging their students in STEAM
(STEM plus Arts).

Keywords: active learning, inquiry-based science education, storytelling, cosmology, primary school

1. Introduction
Since the dawn of time, studying the cosmos has
driven humans’ interest and curiosity about under-
standing nature. The development of mythology
and cosmological models all over the centuries
was to understand where we come from, who we
are, and our life position in the broader picture of
the world. All cultures have developed systems
and models for understanding natural phenom-
ena, and cosmological ones are of broad interest.
For experts, cosmology is a science that tries to
explain the origin and evolution of the Universe
[1]. However, for people in general, cosmology
also deals with understanding the role and mean-
ing that human life has within the cosmos. As
such, dealing with this imagination of science and
preventing the emergence of wrong interpreta-
tions of cosmological phenomena since primary
school is a priority for Physics education research
(PER).

In a broader sense, cosmology relates to
the world views held by students. For example,
the ‘Big Bang’ metaphor used to imagine and
describe the unknown, i.e., the initial state of
our Universe according to the Standard Model of
Cosmology is always understood as an explosion
[2, 3]. However, this pictorial image is wrong,
since nothing could explode when space and time
did not exist yet. Preventing the development of
such wrong ideas since primary school not only
allows instructors to introduce students to phe-
nomena in our Universe and their conceptions
about them, but it also offers the possibility to
debate about what is science and what is not, what
can be measurable and what is not, thus foster-
ing pupils’ critical thinking and creativity [3–6].

It also acts as a tool to introduce students to the
scientific method, providing learning experiences
to engage them with fundamental questions about
the universe and related investigations [7–9].

Primary school students generally have a
great motivation to explore the world, show-
ing a little scientist’s attitude. However, curios-
ity for scientific phenomena is something differ-
ent from the acquisition of structured scientific
thought, which should be acquired during the
in-school time they will spend for many years
of their lives. In this context, a slow and pro-
gressive inquiry approach starting from the real
non-idealized world of the context in which the
child lives and studies can be of great help [10].
Hands-on and minds-on activities based on the
Inquiry-Based Science Education (IBSE) ped-
agogy seem promising in this direction [11]. The
IBSEmethodology is widely recognized as effect-
ive in developing students’ science and techno-
logy literacy, encouraging them to be directly
involved in inquiry [12–14].

In this regard, mixing it with narratives and
storytelling can help improve teaching and stu-
dents’ learning of physics [4]. Indeed, storytelling
is a helpful tool in education to engage, excite,
and emotionally involve students in science.
It fosters a sense of wonder, enthusiasm, and
interest in science. The use of nursery rhymes
and poetry based on cosmological metaphors can
also afford for this job. Indeed, when oppor-
tunely contextualized, metaphors are valuable
tools to foster pupils’ visual thinking skills, lead-
ing them to imagine the invisible world described
by contemporary physics [15–17]. By integrat-
ing structures from different conceptual spaces,
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from our everyday life experience (the metaphor
source) to something unknown and paradoxical
(the metaphor target, i.e. a contemporary physics
topic), we shape knowledge with new features that
did not exist in the original spaces. This process is
structural in physics when new knowledge is built
from previous using an analogical and metaphor-
ical conceptual understanding of phenomena [18–
20].

This work focuses on using active learning
and interdisciplinary strategies to introduce cos-
mology at primary schools and integrate this topic
with formal curricula. Our research question was:
How do we design an educational activity based
on this framework to promote physics aware-
ness and literacy and offer a methodology for
introducing and teaching contemporary physics
in class with real-life, low-cost experiments? The
goal was also to develop a tool to engage pupils
in hands-on activities, making them explore our
Universe with inquiry.

In this paper, we address our research ques-
tion by reporting on an innovative short-term pro-
gram (one session of three hours) called ‘The
Universe in a Box’ to introduce primary school
students (grades 4–5). We illustrate our design
and the educational purposes of the program and
present the outcomes from its implementation
in five different laboratories in Sardinia, Italy,
from 2022 to 2024 (52 students and ten teachers
involved). This work can furnish a theoretical and
methodological guide for primary school teach-
ers and instructors on integrating formal curricula
with contemporary physics topics using interdis-
ciplinary approaches, engaging their students in
STEAM (STEM plus Arts).

2. Methods
We introduce an innovative approach to teach-
ing cosmological concepts through a hands-on
activity designed for primary school students,
specifically targeting 4th and 5th grades (ages
9 and 10), the final two years of primary edu-
cation in Italy. According to the national cur-
riculum guidelines [21], by the end of primary
school, students should acquire mathematical, sci-
entific, and technological knowledge that enables
them to analyze real-world data, assess the valid-
ity of quantitative and statistical information, and

cultivate a rational approach to problem-solving.
They are expected to develop critical thinking
skills based on empirical evidence, while recog-
nizing the limitations of definitive conclusions on
complex issues. Furthermore, they should display
curiosity, seek meaning, and demonstrate the abil-
ity to observe and interpret environments, events,
phenomena, and artistic expressions. These com-
petencies are essential for engaging with both the
conceptual and practical challenges of our educa-
tional proposal.

The activity design is as a laboratory, with
both hands-on and minds-on activity. It lasts three
hours. Storytelling helps the instructor tell the
Universe’s history like a 13.7 billion years jour-
ney. Some of the main stages in the history of the
Universe according to the Standard Cosmological
Model [2, 22] are chosen to focus on peculiar
conceptual knots in cosmology and foster stu-
dents’ minds-on and inquiry processes. The use
of poetry and poems is also helpful to achieve
this goal. Indeed, each laboratory phase starts with
a poem concerning its physical contents. Poems
are taken from [23], where concepts and scientific
metaphors are in both Sardinian and Italian lan-
guages. The hands-on and the storytelling (minds-
on) phases go in parallel throughout the laborat-
ory. The phases of the lab and their duration are
shown in table 1.

To build the box, students use low-cost mater-
ials. The instructor involves teachers in explaining
which kind of material is needed (pencils, glue,
scissors, tape, and cardboard). Students can bring
the materials from home or use the class material.
The final product is theirs. Teachers can ask them
to leave it at school or bring it home. The activ-
ity of building the Universe in the box can also be
led in small groups to foster cooperative learning
skills.

The realization of the box involves using the
template in figure 2. To cut it, scissors should be
used. To close the box, glue or sticky tape can be
used according to the type of paper used (e.g. thin
cardboard or simple white paper). As a mandatory
part of the laboratory, the zeroth phase concerns
explaining the safety instructions and materials.

The physics elements to represent within the
Universe are as follows: the CMB, the darkness of
the Universe, stars, planets, and galaxies. These
elements cover five faces of the box. Pupils can
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Table 1. Laboratory phases.

Phase Topics Duration (minutes) Activity

0 Materials;
Safety rules

10 -Explanation of materials
-Precautions and safety
instructions

1 Cosmology; The Big
Bang

40 - Explanation of what
cosmology is and its
scientific topics
- Explanation of the birth
of the universe according
to the cosmological model

- Discussion on the ‘Big
Bang’ metaphor
- Building of the Box

2 The Cosmic Microwave
Background (CMB)

40 -Telling the history of the
first 380 000 years of the
universe
-Discussion on the
‘primordial soup’
metaphor
-Drawing the CMB inside
the box

3 Stars and planet formation 60 -Telling the physics of star
and planet formation;
-Telling and discussing
the physics of stars and
black holes
-Decorating the box with
stars, planet, and galaxies
- Closing the box

4 Final debate 40 -Students writing words,
texts, feeling about the lab
and physics
-Recap of the activities
-Discussion on students’
feelings and feedback

draw them or, using some figures printed by the
instructor, attach them to one of the faces with
some tape and a cotton thread. Each element cor-
responds to a specific cosmological stage and a
specific laboratory phase.

The sixth face is left for wording and cre-
ativity. Students can write the words to summar-
ize and describe the laboratory, briefly describe
the universe and its physics along the lines of the
laboratory, and express their feelings about the

laboratory and physics in general. In the follow-
ing, we illustrate and discuss the in-class phases
of the laboratory.

2.1. First phase

The first phase of the laboratory is the ‘Big Bang’
stage. The inquiry phase starts with a stimu-
lus question: ‘Big Bang. What comes to mind?’.
During this part, the instructor should annotate all
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Figure 1. The CMB as measured by the planck satel-
lite. Credits: ESA and the planck collaboration.

students’ suggestions, fostering a minds-on pro-
cess on the Universe’s initial state. After collect-
ing students’ ideas, the instructor explains what
cosmologists know about the initial state of the
Universe. To introduce them, s/he can use sci-
entific poems to stimulate their curiosity, guid-
ing them to think about the meaning of the meta-
phor. Then, s/he explains the ‘Big Bang’ meta-
phor to make pupils realize that there has been no
‘bang’ at all at the initial stage of the Universe, as
far as we know from the Standard Cosmological
Model [2, 22].

In the first phase, the instructor can focus
on students’ conception of the ‘Big Bang’ meta-
phor, investigating the role of metaphors and
images in building knowledge. Indeed, the exist-
ence of a ‘bang’ implies the need for a place
in space and a proper time where an explosion
has occurred, whereas the ‘Big Bang’ corres-
ponds to the birth of the concepts of space and
time themselves. Metaphors should be accurately
explained and discussed with the class to pre-
vent the development of misconceptions, although
leading students to counterintuitive and paradox-
ical situations.

2.2. Second phase

In the second phase, the class starts building the
box using the template the instructor gave. After
that, the third phase introduces the CMB [24],
see figure 1. In doing so, a brief recap on the
Universe’s first 380 000 years of history after the
Big Bang phase is made. The instructor intro-
duces another metaphor, the ‘Primordial Soup’,
corresponding to the initial state of matter and

Figure 2. The project to build the box. Cut the picture
along the dotted bold lines. To close the box, glue is
applied in the areas limited by the dotted clear lines.
External areas on the left and right should be bent and
glued with the previous ones.

energy mixed in plasma. This activity introduces
them to matter and its constituents and, although
roughly and qualitatively, to Einstein’s Special
Relativity equivalence between matter and energy
(the famous formula E=mc2). During this phase,
the instructor also uses exhibits to explain the
Universe’s accelerated expansion, trying to stim-
ulate class curiosity and inquiry towards this phe-
nomenon. It corresponds to the role played by the
dark energy in making the Universe expand over
the years, making it grow faster and faster. To
explain this concept, one can use a plastic balloon
with some galaxy drown on it. After inflating by
blowing air in it, one can observe galaxies moving
away far from each other, even if the relative dis-
tance between them does not change. This explan-
atory phase introduces the concept of CMB, the
oldest light memory of our Universe. Indeed,
while the Universe was expanding and particles
and light separated, the high-energy photons (the
particles of light) stopped interacting with mat-
ter (which, in turn, started forming atoms). It took
380 000 years for the light to rest alone, not inter-
acting with matter anymore. After this period,
the CMB remains the remnant of this primordial
light coming from the Big Bang. After the phys-
ics explanation, students start drawing the CMB
on five of the six internal faces of the box, see
figures.
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Figure 3. Two examples of CMB drawnings by
students.

2.3. Third phase

The third phase concerns what happens in the
Universe while it is expanding. First, the ‘dark
era,’ e.g. when matter has not collapsed to form
stars yet, is introduced. Second, the instructor
introduces stars, planets, and galaxy formation.

The third phase corresponds to the third stage
of the journey, placed ten billion years after
the Big Bang. Concerning physics, the instructor
focuses on stars and planets. S/he poses stimu-
lus questions about what stars and planets are.
The activity focuses on discovering the mechan-
ism of light production in stars. In stars’ nuc-
leus, matter reaches the state of plasma. The grav-
itational field inside stars is strong enough to
allow quantum particles, e.g. protons, to interact,
forming deuterium. This reaction releases a large
amount of thermal energy, which suddenly trans-
forms into photons, e.g. light, traveling from the
inner to the outer part of the star. After that, the
instructor guides pupils in discovering the evolu-
tion of stars according to the astrophysical mod-
els. If stars have Solar masses, they start inflat-
ing due to their energy production reaching the
state of a red giant. When the fuel inside them
ends, they collapse to form a white dwarf. Colors
refer to their external temperature. For stars with
more than one Solar mass, two possible evolutions
occur. At first, they start to expand, reaching the
Supernova state. If they reach 1.4 Solar masses
and their fuel ends (no more nuclear reactions
in the core), the Supernova collapses due to its
gravitational field, leading to a neutron star in its

core. A neutron star is a star with an external sur-
face made of neutrons with a diameter of ten kilo-
meters and a density of 1017 kilograms per cubic
meter. If they have more than 1.4 solar masses
when the fuel ends, the Supernova collapses due to
its gravitational field, leading to a black hole nuc-
leus. Black holes are regions of spacetime where
gravity is so intense that even light cannot escape
from there. However, this is another pictorially
metaphor [25] representing the idea of an obscure
region of spacetime where everything falls, and
objects cannot escape from there. Nevertheless,
even if we cannot observe them, we can study
them by the motion of stars and matter surround-
ing them [26, 27] or by detecting the gravit-
ational waves produced by the merger of two
black holes [28]. The storytelling phase ends by
mentioning future experiments that will allow
the scientific community to explore the Universe
up to cosmological distances, reaching the still
unknown dark era cited above. It is the case of
the Einstein Telescope (ET) experiment [29, 30], a
detector capable of observing the entire Universe
using gravitational waves aiming to increase a
factor of ten the sensitivity of previous generation
detectors [31].

During this phase, the instructor shows and
comments on the pictures of celestial bodies s/he
is dealing with, trying to engage pupils in phys-
ics. Some examples of stimulus questions are as
follows: the size of celestial bodies compared to
objects around us on the Earth; how far are they
from us; trying to figure out cosmological dis-
tances. Another conceptual knot concerns why
the cosmo is dark even if stars emit light. This
point introduces the finiteness of the speed of
light and how distances are measured in cos-
mology. During this phase, the instructor guides
pupils in measuring distances as a function of
time. For example, the Sun-Earth is 8 min times
the speed of light, e.g. light emitted by the Sun
takes 8 min to reach the Earth. Trying to make
the same exercise for bodies further away, such as
other stars or galaxies, or the CMB, the instructor
guides the class in discovering that by looking
at a star far away from our reference frame, we
are looking into the past. In this way, they should
become familiar with the standard approach to
cosmology.
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Moreover, this discussion aims to explain
why the cosmos appears dark, although the
Universe has plenty of stars (about a hundred bil-
lion) and galaxies (about a hundred billion). It is
too large (a length of about 1026 metres) for the
light to cover all its extension. Thus, it appears as
dark. For this reason, during the second phase, the
students cover the CMBwith a dark piece of tissue
paper. It also shows how difficult it is to discover
the content of the Universe only by using visible
light.

The third phase closes with a hands-on activ-
ity involving putting planets, stars, and galaxies
inside and closing the box. As described in the
previous section, the instructor prepares some pic-
tures in advance and lets pupils choose three or
four to decorate their Universe in a box.

2.4. Fourth phase

During the fourth phase, students write thoughts,
feelings, or brief texts about the Universe and
cosmology. They are free to choose the narrative
technique they prefer. The instructor collects the
texts and discusses them with the class.

3. Reflections and implications
In this section, we describe the implementation
of our design across five different laboratory
sessions in primary schools in Sardinia, Italy.
The project involved three schools from differ-
ent regions of Sardinia: two located in the central
area and one in the south. In two of the schools,
we were requested to organize separate laborat-
ory sessions for the two target groups: 4th and
5th grade students (ages 9–10). The schools had
reached out to the Physics Department of the
University of Cagliari, seeking innovative labs
centered on active learning methodologies and
hands-on activities. Prior to conducting the ses-
sions, we collaborated with the teachers to discuss
both the topics and the pedagogical approach. The
activities were then carried out in classrooms dur-
ing the students’ regular curricular hours.

The student sample is detailed in table 2. All
participants were from Sardinia and spoke Italian
as their first language. Students from the south-
ern region reported that they understood some
Sardinian words but were unable to speak the

Table 2. Students’ sample involved in the study. The
‘F’ stems for females and the ‘M’ for males.

Zone Class Gender N

Center 4th 4 F; 1 M 5
Center 4th 6 F; 5 M 11

5th 3 F; 8 M 11
South 4th 3 F; 8 M 11

5th 9 F; 5 M 14

language fluently. In one case, however, at a
school located in the central region of the island,
all students (N = 22) confirmed their fluency
in spoken Sardinian. This was further corrobor-
ated by the authors, as the lab session was con-
ducted predominantly in Sardinian, with Italian
translations provided for the technical physics ter-
minology. However, the students did not know
how to write in Sardinian, which was expec-
ted. In central Sardinia, where efforts to preserve
the language are more active, Sardinian remains
commonly spoken across generations. In con-
trast, in larger towns and cities, the language is
less commonly used, especially among younger
people. The details of conducting the laboratory in
Sardinian, along with studies on its cognitive and
emotional impact on learning, will be explored in
a forthcoming paper.

Ten teachers participated in the project, with
two assigned to each class, serving as representat-
ives for their respective schools. During informal
discussions held during the activity, only two
teachers (from the south) indicated familiarity
with cosmology, having introduced basic cos-
mological concepts such as the Universe and its
history to their 5th-grade students. These teach-
ers had also incorporated fundamental astrophys-
ical concepts, such as planets, stars, and galax-
ies, into their curriculum. However, despite this,
their knowledge of the topics covered during
the lab sessions appeared to be limited. When
asked where they had learned about cosmology,
they mentioned personal research on the internet
and YouTube videos. Regarding our pedagogical
approach, the two teachers stated they were famil-
iar with active learning strategies, particularly
IBSE, as this is required by their school adminis-
trator. In terms of physics, they only taught clas-
sical concepts, such as gravity and mechanics,
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and solely from a theoretical perspective. Practical
experiments were limited to biology (e.g. DNA
extraction from fruit), chemistry (e.g. pH testing
of liquids), and natural sciences (e.g. plant or seed
cultivation). We also observed that their schools
were well-equipped with science labs and a vari-
ety of experimental tools for educational pur-
poses. The remaining eight teachers admitted that
they did not teach physics in their science classes,
either theoretically or experimentally, and had not
included cosmology in their curricula. Their focus
was more on biology and natural sciences. Their
schools were not equipped with scientific educa-
tional laboratories or apparatus. Nonetheless, all
the teachers expressed interest in STEM activities
and, at the conclusion of the lab sessions, reques-
ted additional interventions related to STEAM
education. The teachers appreciated the use of
storytelling as a means to introduce cosmology
and related topics, as well as the task of designing
the box. They noted that constructing the box was
a creative activity for the students, encouraging
both their artistic and scientific creativity. The
artistic aspect was seen as closely connected to the
scientific, as students were tasked with express-
ing their own interpretation of the universe’s story
through this project.

Supporting teachers in developing design
practices that incorporate such approaches is a pri-
ority for researchers involved in teacher educa-
tion programs. It is recognized as a challenging
task, given the substantial knowledge, skills, and
values required for designing and implementing
inquiry-based practical work [32]. We suggested
that providing supportive frameworks and inter-
ventions, such as hands-on laboratory activities,
could significantly enhance teachers’ understand-
ing of science content and knowledge-building
practices, thereby promoting the teaching of phys-
ics in primary schools [33, 34]. As noted in [35],
incorporating the Arts into classroom practices
provides a well-rounded blend of disciplines that
fosters key skills and attitudes, such as creativ-
ity, critical thinking, and an innovative mindset
in students. Since the quality of teaching plays
a crucial role in the success of such pedagogical
approaches, teachers must develop the know-
ledge, skills, and confidence needed to effect-
ively implement these methods. This highlights

Figure 4. Two complete boxes representing the uni-
verse by two students (grade 5). The small black sheets
of paper create the darkness effect in their universe. On
the left, the celestial bodies are the Sun and the Earth,
both drawn by the student. On the right are the Earth,
some planets like Saturn and Jupiter, and the Sun. The
student used the pictures brought by the instructor.

Table 3. The most used words to describe the laborat-
ory collected during the in-class activities.

Words

Infinity Sun
Big Bang Milky Way
Physics Galaxies
Nucleus Universe
Light Planets
Life Gases
Stars Funny

the importance of expanding teacher development
and training programs that include STEAM prac-
tices, enabling both pre-service and in-service
teachers to build their expertise and experience.
Such programs would enhance their ability and
preparedness to teach subjects using integrated,
interdisciplinary approaches [36].

In figure 3, we show an example of students’
artistic representations of the CMB. The final ren-
dering of the ‘Universe in a Box’ by students
(grade 5, 5th year at primary school, 10 years old)
is in figure 4. Here, we focus on the final discus-
sion phase. Results are in tables 3 and 4.

Concerning the hands-on activity of our
laboratory, making the box fosters students’ cre-
ativity. In particular, we noticed that all of them
were trying to figure out and visualize the invisible
phenomena discussed, especially for the CMB.
About one-third of the sample exactly reproduced
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Table 4. Some of the sentences wrote by students con-
cerning the word ‘infinity’. English translation is by us.

Sentences

1. In the darkness, there is the Big Bang.
2. In every galaxy, there is an unexplored
point to discover.
3. There are unexplored things in the Universe.
4. The infinity does not exist because no
one knows what it is.
5. The infinity is not infinity. It stops in
front of the wall of ignorance.
6. Infinity exists if one does not give up.

the image of the CMB in figure 1. Most stu-
dents tried to draw their cosmic memory creat-
ively. In-class discussion showed that the sample
appreciated this creative part of the laboratory.
Unfortunately, we noticed that pupils need help
handling tools like scissors or glue. According to
their teachers, little attention is given to hands-on
activities in favor of an extensive use of smart-
phones in familiar contexts and classes. For this
reason, students cannot often connect what they
should do with proper practical action, and the
instructor’s intervention is mandatory to continue
with the activities.

Students appreciated the use of poems to
introduce them to physics. During the debate
phase, most students affirmed that poems stimu-
lated their imagination, making them visualize the
proposed phenomena. In particular, poems were
in Italian and the Sardinian language and taken
from a book [23] devoted to communicating high-
energy contemporary physics, general relativity,
and cosmology to primary school students.

Concerning the wording phases, in all of
the laboratories we organized, the debate phase
mainly focused on two concepts: the ‘Big Bang’
and ‘infinity’. Concerning the former, we star-
ted investigating it during the first phase of the
laboratory.What emerged is that all students knew
about the Big Bang. Indeed, when asked, ‘How
was the universe born?’ everyone said, ‘From the
Big Bang.’ However, when asked, ‘What is the
Big Bang?’ they did not know the answer and res-
ted silently. When asked, ‘What comes to your
mind with the term Big Bang?’ everyone said, ‘A

big explosion’. Investigating more, most of the
sample imagined this Big Bang in a way very
similar to Lemaitre’s hypothesis of the primeval
atom [37]. Indeed, they did imagine an explod-
ing atom that gave birth to the whole universe.
The role of the instructor was to make them aware
of the metaphorical meaning of the term, try-
ing to avoid the idea of an explosion. The same
happened in the history of physics, where the
metaphor was only used a few decades ago [3].
When asked, ‘From where did you learn about
the Big Bang?’ the answer was about document-
aries on TV shows and social networks. It reveals
that more educational programs devoted to con-
temporary physics should be implemented since
primary school to prevent these misconceptions
from arising.

Students related the concept of infinity to the
length of the Universe. They were fascinated by
this topic andwanted to knowmore about its shape
and its content. The first idea they consider is
that the Universe is infinite by definition. During
the laboratory, they discovered that the visible
Universe is 13.7 billion years old, corresponding
to a finite length of about 1026 metres. On the one
hand, they thought that it was impossible. On the
other, they were fascinated by this change of per-
spective. Indeed, after this discussion, they started
modulating their ideas of infinity, passing from
physical andmathematical perspectives (see items
1–3 in table 3) to a sociological one (items 4–
6 in table 3). Concerning mathematics, we noted
that students could handle the sum, subtraction,
and product between large numbers, even if they
needed to properly realize their physical meaning
when associated with spatial properties of bodies.
For example, they thought the distances between
celestial bodies to be more or less the same within
the Solar system. One reason can be pictures
they see in scholarly textbooks, where planets are
equally far away from each other [38, 39–41].

More laboratories and training activities for
primary school teachers devoted to exploring the
concept of measure are needed. Students should
explore the measure by hands-on activities, reas-
oning about the orders of magnitudes and differ-
ences between them. They should also learn the
scales and distances in the Universe since primary
school, training their abstraction and imagination
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according to the scientific method. Such kind
of hands-on activities should be integrated into
schools to promote active learning and the devel-
opment of STEAM skills [40]. They allow stu-
dents to move from conceptualizing an ideal pro-
ject to designing and realizing it. Indeed, as
noted in [41], incorporating the Arts into STEM
education (STEAM) equips students to tackle
global challenges by fostering innovation, cre-
ativity, critical thinking, effective communication,
collaboration, and the creation of new knowledge.
STEAM education plays a distinctive role in this
regard, as the inclusion of the Arts encourages
diverse problem-solving approaches and nurtures
an open, subjective form of knowledge based
on divergent thinking. This contrasts with the
objectivity and convergent thinking traditionally
associated with scientific methods [42].

4. Conclusions
In this work, we proposed a hands-on activity to
promote the learning of cosmology in primary
schools, specifically designed for 4th and 5th-
grade students (ages 9–10). The activity was
implemented five times in Sardinia, Italy. Our
approach builds on previous research aimed at
introducing contemporary physics topics, such
as astrophysics and particle physics, to primary
education, with a focus on the scientific method
and the nature of science [5, 39, 43–45]. The
core research question we addressed was how
to design an educational activity that enhances
physics awareness and literacy, while providing
a methodology to introduce modern physics con-
cepts through real-life, low-cost experiments.

To address this, we designed an educational
tool called ‘The Universe in a Box’, which
employs active learning strategies, specifically the
IBSE methodology. The project had two main
goals: first, to engage students in hands-on activ-
ities that encourage them to explore the Universe
through inquiry; and second, to introduce cos-
mology in an interdisciplinary context, blend-
ing techniques from various disciplines to enrich
the learning experience. Our educational program
is structured into various learning phases that

address both conceptual and practical aspects of
cosmology. The conceptual component covers
complex topics about the Universe, such as the
Big Bang, the formation of cosmic structures and
the CMB, as well as methods for measuring astro-
physical distances.

Our findings are encouraging. Introducing
such advanced topics through real-life, low-cost
experiments allowed us to achieve our research
goals. The overall student feedback was positive,
with the activity engaging them in physics and
promoting inquiry-based learning. Storytelling
played a central role in the design, engaging
students both cognitively and emotionally. The
inquiry process was sparked by stimulus ques-
tions about celestial phenomena, encouraging dis-
cussion using natural language (often through
metaphors) and hands-on activities. Our method-
ology can assist teachers in developing an integ-
rated STEAM curriculum, blending formal sci-
ence education with the history of science and the
arts [40]. Such approaches are highly effective in
motivating students to pursue STEM fields while
also fostering essential skills like solving interdis-
ciplinary real-world problems, critical thinking,
collaboration, and creativity [46, 47].

The qualitative findings from discussions
with teachers offer valuable insights into their
approaches to teaching physics and highlight the
need for specialized STEM and STEAM profes-
sional development programs. These programs
should provide explicit opportunities for crossing
disciplinary boundaries [34]. Despite the growing
emphasis on interdisciplinary approaches in pro-
fessional, academic, and societal contexts, STEM
education remains inadequately implemented in
formal curricula. It is often criticized for the dis-
connected teaching that reinforces rigid separa-
tions between disciplines [48].

One critical step is to re-evaluate pre-service
teacher education. Teachers and teacher educators
tend to focus on specific disciplines and are often
not trained for the kind of interdisciplinary dia-
logue needed to address emerging societal chal-
lenges. This underscores the importance of offer-
ing innovative educational tools and programs to
both in-service and pre-service teachers, with the
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research community playing a central role in this
endeavor [49]. Our design is a preliminary step
in this direction, focusing on introducing contem-
porary physics topics into the classroom.

The study, however, has some limitations
that future research should address. Our analysis
of students’ work is purely qualitative, meaning
we were unable to identify the specific cognit-
ive factors that contribute to the effectiveness
of our methodology. Conducting interviews with
students or developing formative evaluation meth-
ods for assessment could provide further insights
into this area. These lines of research are left for
future investigations.
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Barelli E, Aguada Bertea M, Barquero B,
Levrini O and Pipitone C 2022 Disciplinary
identities in interdisciplinary topics:
challenges and opportunities for teacher
education Proc. of ESERA 2021

[49] Kanli U 2014 A study on identifying the
misconceptions of pre-service and in-service
teachers about basic astronomy concepts
Eurasia J. Math. Sci. Technol. Educ.
10 471–9

Matteo Tuveri is a theoretical physi-
cist and a science communicator. He
is a researcher at the University of
Cagliari and the Cagliari Division of
INFN in Physics Education Research
and History of Contemporary Physics.
He develops communication and
teaching methodologies between
art, technology, history, philosophy,
and science to foster the learning of
physics and train schoolteachers. His

research also focuses on studying the cognitive mechanisms
of learning, linking natural and mathematical languages
to promote the conceptual understanding of physics. He
collaborates with schools and institutions in regional and
national contexts.

Arianna Steri is a chemical
engineer. She is a Ph.D. student
at the University of Cagliari and
a researcher at the Cagliari INFN
section. She studies the cryogenic
distillation of stable isotopes for
medical and high-energy physics
applications. In teaching, she studies
problem-solving and the effectiveness
of interdisciplinary methodologies
in engaging high school students in
STEM.

January 2025 13 Phys. Educ. 60 (2025) 015002

https://doi.org/10.1007/s10956-016-9602-z
https://doi.org/10.1007/s10956-016-9602-z
https://doi.org/10.3390/educsci13111139
https://doi.org/10.3390/educsci13111139
https://doi.org/10.33225/jbse/17.16.148
https://doi.org/10.33225/jbse/17.16.148
https://doi.org/10.1119/1.5131116
https://doi.org/10.1119/1.5131116
https://doi.org/10.2298/GEI2202129T
https://doi.org/10.2298/GEI2202129T
https://doi.org/10.1007/978-981-15-0768-7_1
https://doi.org/10.12973/eurasia.2014.1120a
https://doi.org/10.12973/eurasia.2014.1120a

	The `Universe in a Box': a hands-on activity to introduce primary school students to cosmology
	1. Introduction
	2. Methods
	2.1. First phase
	2.2. Second phase
	2.3. Third phase
	2.4. Fourth phase

	3. Reflections and implications
	4. Conclusions
	References


