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Abstract: The shape of the Earth is a fundamental concept that students need to learn in astronomy
education. This paper reports the findings of a study that confirms the effectiveness of an intervention
involving the construction of a model of the Earth prior to the introduction of the globe as a codified
artefact. The educational intervention had been preceded by the EARTH2 test, which was used to
check how well students participating in the study mastered the concept of the Earth’s shape. The
study included forty-seven primary school students (grades I and II). Effectiveness was measured by
comparing the answers chosen by Polish children in a test as mental models. The study confirmed
(A) that the intervention was effective: 49% of progressive changes, 30% of regressive changes, and
21% of changes within the same mental model were observed; (B) that there was an increase in the
children’s interest in space, revealed by an increased number of questions going far beyond the school
astronomy curriculum; and (C) that students’ concerns about the dangers of space were revealed.
Key findings include the following: (a) Educational effectiveness regarding the concept of the shape
of the Earth is achieved in activities that involve building a spherical Earth model before introducing
a globe as a ready-made model. (b) The topics addressed in astronomy classes must be far broader
than what the current curricula provide. They should take into account current issues reported by the
media and deal with astronomical discoveries and space technology. (c) When organising activities,
children’s concerns about the dangers of space should be borne in mind.

Keywords: astronomy; Earth’s shape; educational intervention; effectiveness; EARTH?2 test

1. Introduction

When viewed in everyday life, the Earth appears flat. This impression has an enormous
impact on the formation of the Earth’s shape concept [1,2]. Since children are confronted
with this image from the beginning of their lives, it becomes strongly embedded in their
psyche, and they resort to it to explain natural phenomena [3,4]. The concept of the Earth’s
shape has a strong influence on the development of higher astronomical concepts, such as
the day-and-night phenomenon [5,6]. Such concepts are referred to as threshold concepts
because they are the gateway to a deeper understanding of science [7].

Research shows that it takes a long time before children start applying the concept of a
spherical Earth to explain cosmic phenomena [8]. Such a long persistence of a misconception
regarding the Earth is influenced, among other things, by cultural factors [9]. Appropriate
educational support, on the other hand, causes children to adopt a spherical image of
the Earth earlier. The effectiveness of educational interventions is confirmed as early as
preschool [10-17].

Educational effectiveness is measured by establishing the difference between children’s
prior knowledge and their knowledge after the intervention. In the case of threshold
concepts [7] (such as the Earth’s shape concept), which serve as a lens for explaining natural
phenomena [18], it is the degree to which a particular concept is embedded in a child’s
conceptual structure that can serve as a measure of educational effectiveness. The degree to
which a concept is embedded in said structure can be established by checking whether the
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child applies the concept to explain natural phenomena. At the lowest level of grasping a
concept, i.e.,, when integration in the structure is poor, a child simply replicates the response
pattern. This is revealed when, when asked directly what shape the Earth is, the child directly
answers spherical. However, when asked to explain other phenomena, they no longer refer
to the Earth as a sphere. A higher degree of the concept’s integration in the knowledge
structure (also referred to as structuring) is revealed by those children who constantly refer
to the spherical Earth when solving problems (e.g., in order to answer how people move
on Earth). This issue is crucial when we talk about the contextualised use of the concept.

When examining the degree of structuring, we find that even many older students
(10 years old) do not have a well-embedded concept of a spherical Earth [19]. To explain
natural phenomena (the location and movement of people, the location of trees and clouds,
the movement of a kicked ball, and the location of the sun at night), they abandon the
concept of a spherical Earth. If the concept of a spherical Earth is not properly embedded,
it can lead to difficulties in adopting more advanced astronomical concepts, such as the
phenomenon of day and night [20-22]. For this reason, it is suggested that the concept of
the Earth’s shape should be supported at the beginning of the educational path [16].

This assumption is employed in the Polish preschool education and early school
education systems. Despite these assumptions, the scope of science education (including
astronomy) is severely limited. At the level of preschool education, children learn about
the phenomena of day and night, the seasons, the phases of the Moon, and the Polish
astronomer Nicolaus Copernicus. In the early grades of primary school (I-III), these
contents of astronomy education are repeated. The concept of the Earth’s shape, despite
being a key concept [7], is only marginally present in the Polish education system. Teachers
devote too little time to explaining the image of the spherical planet to children. Currently,
the curriculum is being re-examined, and efforts are being made to modify it [19].

Forming the notion of a spherical Earth is difficult because it requires one to accept
information that contradicts everyday observations. Hence, appropriate intervention is
key [2,11-13,15,16,23]. Research shows that a teacher who introduces a globe to children
without any prior explanation does not achieve the intended goal [4]. Children who are
convinced that the Earth is flat have difficulty accepting a globe as a cosmological model of
the Earth.

Research into the development of the Earth’s shape concept suggests that a significant
change in the conceptual structure is required. Such a change is referred to as reconstruc-
tion (accommodation, [24]), and it causes one to explain phenomena through a new lens
(frame, [18,22,25-27]). When the spherical shape of the Earth is assimilated, it also forces a
change in perceptions as to the location of people living on Earth and the way they move.
Indeed, in their everyday experience, children live their lives “on a flat Earth”. Accepting
the notion that the Earth is a sphere forces them to address the question of whether people
can live on the curvature of the planet and whether they can live on the other side of it.
The same is true of the phenomenon of people moving across the sphere. These questions
do not arise spontaneously but are the result of deeper reflection and do not necessarily
reveal themselves in all children [3,9]. The realisation that people walking for days in one
direction would arrive at the place where they started (a characteristic of the sphere) and
that they would not fall off the Earth (gravity) is a nearly scientific explanation that requires
a change in perspective and proper knowledge.

Conceptual change, broadly speaking, involves the gradual transfer of objects and
phenomena visible on a daily basis, from a “flat” Earth to a “spherical” one. This mental
“relocation” is a way of solving cognitive problems [2,19]. The shift is possible once the
right information has been acquired and the right level of cognitive skills has been achieved
to construct the right ideas [18,23]. Similarly, the phenomenon is elucidated by proponents
of the precursor model theory [25]. They contend that for a child to comprehend a phe-
nomenon, it is essential to construct appropriate cognitive frameworks [26]. The specific
type of cognitive development required for a child to understand the Earth’s spherical
shape involves (a) recognising that the ground observed daily is part of a larger whole
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and (b) understanding that viewing the entire Earth necessitates a change in perspective
(significant distancing from its surface).

1.1. Development of the Earth’s Shape Concept

The process of integrating the Earth’s shape concept into one’s mental structure is
described by the mental models theory by Stella Vosniadou and William Brewer [3,27].
The concept of mental models implies that children construct coherent ways of explaining
phenomena. Ranging from initial models through synthetic models to scientific models,
they chart a developmental pathway [19]. Regarding the Earth’s shape, mental models are
usually invoked in the context of secondary problems, such as the location and movement
of people on Earth. Children coherently reveal their beliefs through statements, drawings,
and plasticine creations. Due to their coherent nature, well-structured childlike logic, and
their explanatory and predictive nature, such statements are considered to be close to
theories. Initially, children locate people on a flat Earth [3,28]. In their drawings, they
depict the Earth as a line of infinite length with the ground beneath it and draw people
standing on that line. From the children’s explanations and opinions, it appears that they
are recounting a personal experience, i.e., the sight of people walking on the Earth. When
given a lump of plasticine, they form a cuboid and stick human figurines in it as if they
were standing on the Earth [19,29].

Children in whom the process of constructing the notion of a spherical Earth has
already begun start explaining that people only live at the top of the planet and add
that they cannot go any lower because they would fall off the Earth [3,30]. However, the
imaginary edge of the Earth is not necessarily physical. In their explanations, they refer to
psychological barriers, such as speaking another language [29]. Sometimes they further
flatten the part of the sphere where people live [28]. On a piece of paper, they draw a circle
representing the part of the Earth where people live seen from above. Using plasticine,
they make a sphere, flatten it on one side, and stick a figurine there to mark the location of
people [19].

Sometimes, when constructing the concept of sphericity, children explain that people
live inside a hollow Earth (hollow sphere model, [3]). This representation confirms the
spherical shape of the Earth and agrees with the statement that it is impossible to fall from
the Earth (people are surrounded by Earth on all sides). They draw a circle on a piece of
paper and locate people inside at the bottom of the circle. With a lump of plasticine, they
try to create a sphere and, pointing to a hole, explain that people live inside it.

There are also children who depict two types of Earth in their drawings—one spherical
and the other flat. They explain that the flat one represents what they see every day, while
the other refers to what the teacher says when showing a globe (dual Earth model, [3]).
Similar behaviour is observed in studies using plasticine. After building a globe, children
claim that it is the Earth but different from the one they live on [29].

The development of the Earth’s shape concept is linked to the concept of the location
of clouds and the direction of rainfall. Research shows that before children adopt the idea
that the clouds are located around the spherical Earth, they place them just above the flat
Earth [3]. In drawings, they mark their location parallel to the line of the ground. As
they start imagining the Earth as a sphere, they explain that clouds—like people—are only
located at the top. The direction of rainfall seemed to correspond with their ideas about the
direction of gravity.

1.2. Effective Structure of Interventions

Research on the effectiveness of educational interventions in changing children’s
beliefs about the shape of the Earth shows that they can be effective as early as preschool.
A study of Greek children by Maria Kampeza and Konstantinos Ravanis [2] indicated that
even a two-day educational activity that allowed children to experience the shape of the
Earth can influence the formation of children’s perceptions. The authors concluded that,
already, preschool children are ready to accept the scientific idea of the shape of the Earth
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if only the activities are organised in an appropriate way. Based on the precursor model,
they hypothesised that by understanding children’s learning processes and cognitive
development, it is possible to design appropriate activities during which engaged children
would discover changes and, guided by the teacher, formulate conclusions similar to
scientific ones [25,31-33].

The effectiveness of the intervention was confirmed in those activities where children
were appropriately engaged in conversation [34], children were allowed to express their
opinions and confront them with each other [35], a globe and plasticine balls were used
to simulate cosmic phenomena [15], inquiry-based games were used [11], multimedia
programmes were used [23], there was regular switching between the map and globe [36],
and geographical characteristics were taken into account [2,10]. Previous research focused
on establishing the effectiveness of single forms of educational interventions. This paper
presents the results of a study in which most of these forms were used: conversations
and discussions, building a model of a spherical Earth and using it in simulations, and
supplementing the resulting experience by watching computer animations.

Studies have shown that without a proper introduction and the right sequence, the
educational materials may even hinder the learning process [4]; moreover, they may pro-
mote the development of non-scientific concepts [21]. For this reason, the present study
focused on analysing a structure of interventions that would maximally support children in
forming the concept of a spherical Earth. Children’s visuo-spatial reasoning abilities were
adopted as a starting point, which may be particularly important in the formation of astro-
nomical concepts [23]. The author invoked the concept of Nikolai N. Poddyakov [37], who
explains how to support children in their transition from concrete-motor thinking, which
requires performing operations on objects, to concrete-pictorial thinking allowing the use
of operations in the mind. Due to the lack of an English translation of the publication, the
following paragraph presents the essence of Poddyakov’s explanation as it was published
in Polish [37].

As children develop concrete-pictorial thinking, actions previously performed on real
objects begin to be reproduced in the imaginary plane without the help of actual objects.
A particular detachment of actions from reality takes place. 1t is more effective when it
does not occur immediately, but goes through intermediate stages, i.e., a child reproduces
these actions not on real objects, but on substitute objects, i.e., models. Initially, the model
may appear as an exact copy of the object. Then, too, fundamental changes in the child’s
activity are already taking place. The child operates on the model of the object and, with
the help of an adult, comes to an understanding of what a model is, compares the actions
performed on it with the original. In other words, children realise quite quickly that their
actions relate to the original, although they are performed on the model. This is a crucial
moment in the formation of pictorial thinking, in which models and actions performed on
them play an important role.

Poddyakov’s concept, briefly presented here, indicates that when teaching children
about the shape of the Earth, one should construct a model of the planet before introducing
a globe. According to Poddyakov, by operating on such a model, children will more easily
assimilate the phenomena associated with the Earth model. It was recognised that for
astronomical topics, the application of Poddyakov’s didactic model has practical relevance
within the precursor model concept, which has traditionally been used to explain physical
phenomena [25].

The starting point for organising effective learning situations according to the precur-
sor model is to have a good understanding of the children’s learning process [31,33]. The
way children learn and the changes that occur in the way they think are already known.
Therefore, appropriate activities can be prepared. Poddyakov hints that by using a ball, we
can create a three-dimensional model of the Earth and, by performing activities on it, help
children move to the globe. Nowadays, using computer animations can further support
this learning process. With the help of animation, we can smoothly change perspective,
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e.g., move from the surrounding flatness to the sphericity of the Earth. The effectiveness of
such activities is described in the article.

1.3. Testing Effectiveness of the Intervention

Educational effectiveness is measured by means of pedagogical experiments in which
effectiveness is measured by comparing pretest and posttest results [16,38]. Comparisons
to a non-intervention control group are not used. Knowledge testing usually takes the form
of an interview [17], sometimes supplemented by an analysis of children’s drawings [21].
Tests are used far less frequently to assess children’s knowledge [11,39]. Despite its limi-
tations (no possibility to trigger internal models, [40]), a test economically establishes the
embeddedness of a concept in the knowledge structure. An example of such a tool is the
EARTH?2 forced-choice test [40]. It checks whether children use the concept of the Earth’s
shape to explain other phenomena (e.g., movement of people on Earth).

A posttest conducted in order to assess the effectiveness is usually carried out shortly
after the end of the intervention, i.e., two weeks. A certain postponement of the posttest
serves to assess knowledge that is well established rather than fresh. In studies conducted
with a very short postponement, children have shown to be able to still recall the scientific
explanations given during the intervention [15,17]. If the postponement was longer, chil-
dren gave fewer details and more often tended to return to initial explanations based on
everyday experiences [20]. In studies where children’s knowledge was tested after several
years, it was found that students referred back to everyday experiences [38]. These findings
are consistent with the shape of the learning curve and suggest that in the case of concepts
that contradict everyday experiences, more frequent repetition is needed. However, there
is a concern that the longer the intervention process continues, the more other factors may
be affecting the final educational effect, i.e., it becomes more difficult to determine the
effectiveness of the intervention as such. Under such conditions, a postponed posttest may
lose relevance.

2. Materials and Methods

The aim of the study was to determine the effectiveness of an educational intervention
in helping children construct the concept of the Earth’s shape through the process of
building a cosmological model of the Earth prior to the introduction of a globe. The main
method used to achieve the study objective was a pedagogical experiment. It consisted of
carrying out an educational intervention among the children and seeing how their views
changed, following a series of activities.

The educational intervention was implemented based on an astronomy education
programme designed by the author. The programme had been created on the basis of the
model of development of basic astronomical concepts [19], precursor model concept [31],
and Poddyakov’s ideas on constructing a didactic model [37]. According to the devel-
opmental model, the concept of the Earth’s shape forms the basis for understanding the
phenomena seen in the sky (space), the location of people on Earth, the phenomenon of
day and night, the phases of the Moon, and the structure of the Solar System.

The main objective of the programme was to support the children in constructing the
concept of the Earth’s shape and then use this as a starting point for discussing further
astronomical topics. The programme was divided into five stages. The first three involved
a gradual transition from observing the sky to building a model of a spherical Earth and
then replacing it with a globe. The next two stages used the globe to explain more advanced
cosmic phenomena. The focus below is on discussing the first three stages as the subject of
the research discussed in the article.

The first stage involved a series of activities devoted to sky observation. During these
activities, pupils observed the solar eclipse phenomenon. The structure of the sky was
discussed with the children, and its movement was simulated with the help of computer
programmes (e.g., Celestia, NASA Eyes). Attention was drawn to the regularity of celestial
phenomena. The second stage focused on forming a concept of the Earth’s shape by creating
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a spherical Earth model. For this purpose, a huge inflatable ball with the continents marked
on it was placed in front of the children. A small card with a hand-drawn person, clouds,
and a car was stuck to its surface. It was explained that this is where we live and the person
is you. The Google Street app was displayed on a large screen, and the place where we
were currently located was found. The view of the immediate surroundings was shown
(Figure 1a). It was pointed out that the same place was schematically represented by the
drawing attached to the ball (Figure 1b). In the app, the “camera” was lifted to show the
street from above and then zoomed out to a view of the city and the continent. An image of
a sphere appeared on the screen. The name of a distant location (e.g., New York) was given
along with the following suggestion: Let’s see how people live there. The animation shifted
the view of the planet to show a new area. Then, it zoomed in on the city until the image
was magnified to a street view. When asked by the teacher, the children again established
how people walk on the street as we do, drive cars as we do, and there are clouds above them. The
teacher showed the children a second piece of paper with a drawing of a person, clouds,
and a car and asked if it was the same on this piece of paper. He stuck it on the ball roughly
where New York is, i.e., on the other side of the ball. The lives of people in Australia, Japan,
South Africa, Greenland, etc., were analysed in a similar way. During each visit, cards
with pictures of people would be attached to the ball. When there were many pictures
(Figure 1c), a generalisation was made by pointing out the difference in perspectives in
relation to people, cars, and clouds. The following was said: See, people live on all sides of the
planet. Some—rvelative to us—move upside down. Similarly, we noted the following: Cars drive
from all sides of the Earth and clouds move over the surface of the whole Earth.

(a)

(d)

(e) ()

Figure 1. (a) Schematic drawings presented to children; (b) drawing attached onto a large ball to
mark current location on Earth; (c) drawings attached to each side of the Earth. Analysis of the
location of people, cars, and clouds; (d) simulation using a self-made model of the Earth to illustrate
day-and-night phenomena; (e) replacing the self-made model with a ball to illustrate the actual
distance between the Earth and the Moon; and (f) replacing the ball with a globe and drawing
attention to the lack of visible elements of the Earth.

During the following class, the model of the Earth with cards stuck on was revisited
to explain the phenomenon of day and night. The room was dark, and a torch was used
to draw attention to the illuminated and unilluminated surface of the ball (planet), as
well as pictures of people for whom it was day or night (Figure 1d). Then, the teacher



Educ. Sci. 2024, 14, 761

7 of 14

ran an app demonstrating the position of the planet relative to the sun and showing its
current illumination.

In the third stage, the self-made model was replaced by a globe. It was explained
that with such a huge ball (Earth), the Moon would have to be several hundred metres
away. In order to reduce the distance, the Earth should be reduced to the size of a small ball
(Figure le). A small ball was then presented to the children, and it was explained that at
this distance, the Moon would be the size of a ping-pong ball. The ball was then replaced
with a globe of similar size, and it was explained that the globe is already so small that you
cannot see all of the people, houses, and even cities on it (Figure 1f). However, we know
they are there. Using the app, they practised finding out where they lived and marked it on
the globe.

The above three stages contain a practical reference to N.N Poddyakov’s concept and
the concept of precursor models. A series of activities devoted to the concept of the Earth’s
sphericity was carried out over seven school classes. The classes took place, implemented
once a week (on average) for a period of three months from October to December. The
programme was carried out with a group of 47 first- and second-grade primary school
students (7 and 8 years old) comprising 24 boys and 23 girls. The selection of students for the
study was based on the school’s designation by the foundation organising the astronomy
education project. The students participating in the project had not previously engaged in
astronomy education activities beyond those included in the standard curriculum.

In order to determine the effectiveness of the intervention (experimental factor), a
single-group technique was adopted as the experimental method because it allows one to
focus on determining the effect of an educational intervention.

The pictorial forced-choice test EARTH?2, Earth Representation Test for Children (Ap-
pendix A), was chosen as a tool to evaluate the educational effectiveness of the programme.
Its answers (pictures) are based on the mental models of Vosniadou and Brewer [3,27]. The
assumption was that a child marking a picture would at the same time reveal its mental
model. By analysing the marked pictures, it is possible to check to what extent children
adhere to the spherical image of the Earth to explain problems such as the location of
people, trees, and clouds; the way people move on Earth; and the phenomenon of day and
night. The test had been translated into Polish and checked for the possibility that Polish
children might reveal other beliefs than those included in the test [19].

The EARTH2 test was used twice during the study. The first was in October, just
before the start of the intervention (pretest), and the next was in January, one month after
completion of the first three stages of programme implementation (posttest), during which
the children were supported in constructing an image of the spherical shape of the Earth.
The EARTH?2 test is a screening tool that allows one to establish pupils’ competencies in a
short period of time. This tool has been used to assess the effectiveness of an educational
intervention among children in the past [11,39].

3. Results

Previous studies did not usually involve building cosmological models but merely
used ready-made ones (e.g., a globe) or referred to objects as substitutes (a ball is the
Moon). The study followed Poddiakov’s concept and the concept of precursor models,
which involve gradually building a model of a spherical Earth and transferring actual
locations to the Earth model in stages (computer programmes were used for this purpose).
The effectiveness of such an organisation of the study was demonstrated by the difference
between the pretest and posttest.

A pretest to assess students’ knowledge prior to the intervention was used to determine
whether students already had a well-structuralised idea of the shape of the Earth prior
to the activity. The detailed results of the pretest are presented in Appendix B (Table Al).
Before the results are presented, it should be noted that a spherical image of the Earth, in
addition to scientific answers, was also included in some answers referring to synthetic
models (e.g., people only live in the northern hemisphere); therefore, in the presentation
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of the results, we make a distinction and separately report about the answers referring to
the scientific model and those that simply indicate illustrations (models) that represent a
spherical Earth. The study found that, prior to the intervention, one in three students tested
(30%, 14 out of 47) consistently adhered to the Earth as a sphere when answering all of the
questions without necessarily indicating the scientific answer. In contrast, one in five (19%,
9 students) indicated the correct answers to all questions in the test.

Apart from a few photographs (Figure 2a,b), the activities were not recorded, but after
each session, a brief note was written about the children’s statements and behaviour.

(b)

Figure 2. (a) Lesson on the way people live in different parts of the world and attaching pictures to
each side of the ball-Earth; (b) the self-made model is replaced by a globe.

Fears around the dangers of asteroids and comets passing close to Earth were evident
in the children’s questions and behaviour. During the class, each of the dangers was
explained using rational evidence, e.g., examples of space projects that have so far been
developed to defend against space rocks (e.g., the DART programme).

After completing the series of classes (three stages of the educational programme), the
test was repeated. Detailed results of the posttest are included in Table A2 in Appendix B.
After the astronomy classes, almost twice as many students as during the pretest (43%,
20 out of 47 students) consistently adhered to the image of the Earth as a sphere and
indicated the scientific answers (38%, 18 students). These results confirm the effectiveness
of the educational intervention undertaken.

The comparison of pretest and posttest results also took into account the distinction
between initial, synthetic, and scientific models (following the classification of Vosniadou
and Brewer [3]). All answers (pictures) that represent the Earth as a flat disk were classified
as initial models, and those that represented the Earth as a sphere were classified as scientific
models. All answers in between were classified as synthetic models (cf. Appendix A).

No change in the children’s answers to the test (regarding their correctness) was
observed in the case of five children. Further, five children (11%) pointed to the scientific
model in all questions in the pretest and posttest. This means that by the time the educa-
tional activities started, the pupils already knew the correct answer to the questions in the
test. For the remaining 37 children, 142 changes were noted. They were divided according
to the direction in which the changes occurred:

e  Most changes were progressive (49%, 69 cases). They involved moving from an initial
to a synthetic model (9 students). As a consequence, students no longer marked a disk-
shaped Earth, whereas moving from a synthetic model to a scientific one (36 students)
and from an initial model to a scientific one (24 students) entailed adopting information
about the spherical shape of the Earth but also the location of objects or phenomena.
All progressive changes consisted of the gradual abandonment of answers derived
from everyday observation and the adoption of scientific information;
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e  Regression was noted in 30 cases (21%). Reverting to previous beliefs was evident in
three types of change: (a) regressive changes involving abandoning the scientific model
and indicating the synthetic model (21 students), (b) regressive changes involving
abandoning synthetic models and indicating initial models (3 students), (b) regressive
changes involving abandoning the scientific model selected in the pretest and indicat-
ing the initial model in the posttest (6 students). Such changes consisted of a return to
a strong impression treating the Earth as a disk as the concept of the Earth’s shape is
still forming in the conceptual structure;

e  No change or a change within the same non-scientific model (from initial to another
initial and from synthetic to another synthetic) was present in one in every three cases
(30%). This shows that the formation of the Earth’s shape concept is still ongoing.

The above results indicate that the procedure used during the intervention was suc-
cessful. The transition from the flat Earth seen in everyday life to the view of a spherical
Earth and building a model of it involved showing two different perspectives. Thanks to
the computer animations used, it was possible to show the transition between the two. In
turn, the gradual reduction in the self-made model of the Earth, ending with its replacement
by a globe, was aimed at supporting the process of abstraction. The children learned that
the information that was encoded during the activities on the Earth model (people, clouds,
and cars depicted in the pictures) is located on the Earth but is too small to be represented.
This form of placing information on the surface of the Earth model (which is close to coding
it) was an important part of the transition from flatness to sphericity of the Earth.

During the intervention, no detailed analysis of the children’s behaviour was carried
out, but a brief note of the activities was written after each meeting. The children’s
statements and behaviour were recorded in this form. The children brought books about the
cosmos and posed difficult questions written down in advance on cards. These questions
went far beyond the subject matter of the class and came from media messages. Most
often, they concerned space objects flying close to Earth, but there were also questions
on preparations for the landing of man on Mars, space missions, and black holes. The
particularly challenging questions the children presented were as follows:

o Isit true that the James Webb telescope has discovered constellations older than the Big Bang,
stars formed by the Sagittarius A and B black holes, galaxies that formed some 371,000 years
after the Big Bang?

o Is there an infinite black hole? One that has infinite mass?

Asking such questions suggests that first-grade students are curious about topics that
are much more distant from what has been planned for them in the curriculum. It was
observed that the increased interest in space topics was also related to greater attention
to media reports. Many of the questions were about threats from space. During the class,
the post-activities undertaken by adults to avoid dangers (such as the DART programme)
were explained. All of this indicates that the topics of children’s interest go far beyond
the curriculum.

4. Conclusions and Discussion

The study has shown that half of all observed changes between the pretest and posttest
were progressive, demonstrating the effectiveness of the assumption made regarding the
construction of Earth models prior to the introduction of a globe. One in three changes
involved the selection of a different synthetic model. In contrast, one in five changes were
regressive in nature and involved selecting those images that were closer to everyday
experiences. Results of the study confirm the effectiveness of structured educational
interventions and demonstrate that appropriately organised educational activities can be
effective in supporting children in forming the concept of a spherical Earth [10-12,23].
The findings indicate that constructing a concept is a process related to incorporation
into the knowledge structure. All of the changes revealed in the study (progression and
regression) are evidence of the child’s mind working to align the new concept with its
mental structure [31].



Educ. Sci. 2024, 14, 761

10 of 14

Multiple forms of impact were used in the intervention. Coding the figures using
pictures on the ball-Earth was an activity that helped the children identify with their place
on the ball, whereas sticking more cards on the ball enabled the children to see that both
people and vehicles are all around the Earth and do not fall off the Earth. Clouds, on
the other hand, form the layer of atmosphere that surrounds the Earth. These issues are
important for building further concepts, not only astronomical ones. With a ball as a model
of the Earth, a simulation of the day-and-night phenomenon was carried out to better
explain this complex phenomenon. The ball model was then replaced by a globe, which
was used as a model of the Earth in subsequent activities. Computer animations were
also used during the intervention as a form of learning support. Zooming in and out
of the image of the Earth on the screen helped to explain what a change in perspective
was. Thus, the effectiveness of employing conversations with children [33,34], didactic
models, and simulations [11,15], as well as programmes that allow one to switch between
the map (visible on the screen) and the globe [2,10,23,35], was confirmed. This list of
effective influences can be supplemented by a procedure of constructing a spherical Earth
model before introducing a globe as a ready-made model containing a lot of codified data
(e.g., inclination of the Earth’s axis and distances between cities).

The constructivist approach, which is the pillar of the study described here, is based on
the assumption that, during organised activities, children can take the elements they need
to build their knowledge of the world. Each of the children, operating at a different stage in
the formation of the spherical Earth concept, drew those elements from the activities that
were important to them. The fact that not all children have yet grasped the concept and
that some of them revealed a regression in the posttest confirms that the integration of the
concept of the Earth’s shape into the mental structure is a long-term process that requires
restructuring (accommodation). The difficulty in mastering this concept confirms previous
research findings [18,21].

Research also confirms that changes in the conceptual structure related to the shape of
the Earth do not happen suddenly [18]. Rather, they are a gradual process that requires
appropriate educational support. When support is lacking, concept development stalls or
even regresses, and children resort to the strong image of a flat Earth again [20,38]. Studies
conducted among 9- and 10-year-old children who were not taught the shape of the Earth
show that half of the respondents gave up the spherical Earth explanation when asked
to explain cosmic phenomena [19]. The study also confirms that the development of key
concepts (including the shape of the Earth) needs to be addressed quickly to avoid the
development of coherent non-scientific models [21].

The intervention triggers children’s interest in the topic of space [12]. This, in turn,
generates the need to ask questions and sometimes seek answers on their own [11]. Children
started to pay more attention to media reports, which, in turn, gave rise to further questions.
Their content significantly exceeded the scope of curricular contents intended for the first
grade. This, therefore, confirms the need to extend the scope of astronomy education [13].
However, the extension should include issues currently appearing in media messages—
space discoveries and space technology. Such an extension of astronomy classes would
enliven them and bring them up to date with what is often emphasised in astronomy
education [16].

Conversations with the children revealed their fears about space. It seems that for some
children, these classes were the first opportunity to think about the existence of dangers
from space. During the activities, fears were discussed at length, and actions taken by adults
to avoid dangers were explained. This confirms previous research observations [13] and
points to the need for a deeper understanding of this area as well as for the development of
educational activities that should include alleviating children’s fears.
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Appendix A

Earth Representation Test for children, version 2 (EARTH?2) [40]. In presenting the
following questions, the trial question “mark the cat” was omitted; this question was
available in the original and online versions.
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7. What happens when you walk along a
straight line for a very long time?

8. Which picture resembles the earth

best?

9. Which picture shows best how night
falls?

o

i
@i

Appendix B
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Table A1l. Distribution of responses in the test before the educational intervention (pretest).

Initial Model Synthetic Model Scentific
Question ode
Flat Earth Hollow  Dual Flattened  No Gravity Scientific
. 1 3
? - %
1. What does the earth look like? 0 0 (2.1%) (6.4%) 43 (91.5%)
2. Which picture shows best where the 4 4 4 o
people live on the earth? (8.5%) (8.5%) ) 0 (8.5%) 35 (74.5%)
3. Which picture shows best where the 7 3 5 o
clouds are? (14.9%) (6.4%) - 0 (10.6%) 52 681%)
. 1(2.1%) 6 (12.8%)
& Which picture shows best what happens  palisoffthe  Does not fall u . ;- o Lo ) (271;’0/ o 2(6L1%)
when a giant kicks a ball real hard? Earth off the Earth 3% 1% 7%
5. Which picture shows best where the trees 3 4 B 0 7 33
are on the earth? (6.4%) (8.5%) (14.9%) (70.2%)
. . 1(2.1%) 11 (23.4%) 1 3 31
? - -
6. Where is the sun at night? Cloud Sundown  (21%) (6.4%) (66.0%)
7. What happens when you walk along a 2 (4.3%) 6 (12.8%) 1 2 36
straight line for a very long time? Does not fall Falls off the (2.1%) . 0 (4.3%) (76.6%)
& ylong ’ off the Earth Earth ’ ’ )
. . 47
? -
8. Which picture resembles the earth best? 0 0 0 0 (100%)
o . 1(2.1%) 21 (44.7%) 17
? - -
9. Which picture shows best how night falls? Cloud Sundown 0 8 (36.2%)

Table A2. Distribution of responses in the posttest of the Earth shape education intervention se-
ries (posttest).

Initial Model Synthetic Model S;:J[er:itlfllc
Question ode
Flat Earth Hollow  Dual Flattened  No Gravity Scientific
. 1 3 3 40
? -
1. What does the earth look like? 2.1%) 0 (6.4%) (6.4%) (85.1%)
2. Which picture shows best where the 3 2 ) 0 1 41
people live on the earth? (6.4%) (4.3%) (2.1%) (87.2%)
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Table A2. Cont.
Initial Model Synthetic Model Sclentific
Question ode
Flat Earth Hollow  Dual Flattened  No Gravity Scientific
3. Which picture shows best where the 4 2 ) 0 3 38
clouds are? (8.5%) (4.3%) (6.4%) (80.9%)
S 1(2.1%) 4 (8.5%)
4'}:Nh 1Ch.p1Ctt11geks ho‘{)vsllb eStl‘ﬁha:l? appens Falls off the Does not fall a 056"/ ) - 0 0 (783;"/ )
when a giant kicks a ball real hard? Earth off the Earth 6% 7%
5. Which picture shows best where the trees 4 1 B 0 3 39
are on the earth? (8.5%) (2.1%) (6.4%) (83.0%)
) ) 1(2.1%) 5 (10.6%) 1 38
? - -
6. Where is the sun at night? Cloud Sundown (2.1%) 2 (80.9%)
0 4
Zérz\i[hﬁtt Ei}e)}f)(f? . :;Ve};enl(})’r?u t‘;vrlraiek? ong Fallsoffthe  Doesnotfall 2%) - 0 @ 11%) (8333%)
& ylong ’ Earth off the Earth ’ ’ )
8. Which picture resembles the earth best? 0 0 ! 0 - 46
‘ ’ (2.1%) (97.9%)
. . . 2 (4.3%) 9 (19.1%) 2 12 22
? - -
9. Which picture shows best how night falls? Cloud Sundown (4.3%) (25.5%) (46.8%)
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