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Mental models are internal representations or conceptions that students con-
struct as they make sense of their everyday interactions with the natural world. 
The layers of the Earth are topics covered in the Chilean national curriculum 
for primary and middle school education. Studies have shown that primary and 
middle school students hold many preconceptions about earthquakes, mountain 
formation, and volcanoes. In this study, we analyzed 785 drawings by students 
from six Chilean schools at six school levels. We developed and validated a rubric 
to analyze the students’ drawings of the Earth’s internal layers and identify the 
location of magma within the Earth. Among the main results, most students were 
found to draw concentric layers without distinguishing their thickness, number, 
or name. Fifth-grade and eleven-grade students were the most likely to create 
drawings that reflected the internal structures, albeit without differentiating the 
thickness of the layers. Most students placed magma in the center or core of the 
Earth. The study concludes that a possible learning progression begins with a 
framework theory in which students recognize aspects of their daily lives within 
the Earth, then continues with a mixed model in which scientific knowledge of 
concentric layers within the Earth is combined with the location of magma at the 
center, and ends with a model similar to that proposed by scientists.
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1 Introduction

In the field of science education, Earth science education is less well represented in research 
(e.g., Odden et al., 2022; O’Toole et al., 2018; Skamp, 2020) and has a lower presence in science 
curricula worldwide than other disciplines, such as biology, chemistry, or physics (e.g., King et 
al., 2021; Orion and Libarkin, 2023). Furthermore, secondary and elementary school teachers 
feel less confident in their ability to teach Earth sciences, and much evidence indicates that 
teachers who teach these subjects at both the primary and secondary levels are often not spe-
cialists in Earth sciences (e.g., Cofré et al., 2012; King et al., 2021; Orion and Libarkin, 2023). 
This may help explain why many students globally, from elementary to college levels, hold 
many alternative conceptions about various Earth science topics (Dove, 1998; Francek, 2013; 
King, 2000, 2008), including climate change (e.g., Libarkin et al., 2018; Rousell and Cutter-
Mackenzie-Knowles, 2020), plate tectonics (e.g., Vergara-Diaz et al., 2020; McLure et al., 2021, 
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2022), earthquakes and tsunamis (e.g., Vergara-Diaz et al., 2020; 
Cabello et al., 2021; Cabello, 2022; Kurdziel et al., 2003), and the layers 
of the Earth (e.g., Vergara-Diaz et al., 2020; Cardoso et al., 2018; 
Kurdziel et al., 2003; McAllister, 2015; Steer et al., 2005; Vosniadou et 
al., 2008). Similarly, alternative conceptions have been identified 
among science teachers (e.g., Dahl et al., 2005; Francek, 2013; King, 
2000), and many science textbooks contain conceptual errors related 
to plate tectonics and other Earth science topics (e.g., King, 
2008, 2010).

On the other hand, empirical studies in the fields of cognitive sci-
ences, science education, and educational psychology have demon-
strated that intuitive ideas are not isolated elements but rather complex 
structures that often coexist with scientific theories (Cofré et al., 2023; 
Parraguez et al., 2023; Nehm, 2018; Vosniadou and Brewer, 1992; 
Vosniadou and Skopeliti, 2017). In their classic work, Vosniadou and 
Brewer (1992) distinguish between fragmented conceptions, which 
consist of a combination of alternative conceptions and scientific 
knowledge that are pieced together without regard for explanatory 
power or coherence, and synthetic conceptions, which, although sci-
entifically incorrect, exhibit internal consistency and some explana-
tory power (see also Vosniadou et al., 2008; Vosniadou, 2019).

These alternative conceptions and mental models that students 
generate to explain natural phenomena have historically been studied 
using drawings (e.g., Andersson et al., 2020; Cabello et al., 2021; 
Cabello, 2022; Chang et al., 2020; McLure et al., 2021, 2022; Reiss and 
Tunniclife, 2001; Rivera et al., 2025; Vosniadou and Brewer, 1992; 
Vosniadou and Skopeliti, 2017). Chang et al. (2020) reviewed 76 jour-
nal articles and concluded that drawings have been used to assess 
students’ mental models and conceptual understanding in four main 
science topics: chemical reactions (e.g., Chang et al., 2014), the human 
body (e.g., Reiss and Tunniclife, 2001), astronomy (Vosniadou and 
Skopeliti, 2017), and geology (e.g., Jee et al., 2014).

With respect to understanding the interior of the Earth and the 
layers that compose it according to scientific knowledge, few studies 
have been carried out over several decades (e.g., Capps et al., 2013; 
Cardoso et al., 2018; Dove, 1998; Gobert and Clement, 1999; Libarkin 
et al., 2003; Steer et al., 2005; Vosniadou et al., 2008). For example, in 
one of the earliest reviews about mental models and alternative con-
ceptions in Earth science, Dove (1998) described alternative concep-
tions such as “Magma flows from the center of the Earth” and “A 
magnet is found at the center of the Earth”. Citing a previous study 
with Spanish students between 11 and 15 years of age, Dove (1998) 
reported that although most students correctly portrayed the internal 
structure of the Earth as a series of concentric layers, some children 
depicted a hot, melted center from which magma flowed out to volca-
noes on the surface. Dove (1998) also described results from another 
study with younger students (9–10 years old) who believed that the 
center of the earth was colder than the surface because the sun’s rays 
could not warm it up. In a contemporary study, Gobert and Clement 
(1999) described the conceptual understanding of the structure and 
dynamics of the Earth through diagrams and summaries. In a work 
that included fifty-eight Grade 5 students (10–11 years old), the 
researchers reported that the diagram group outperformed both the 
summary and text-only groups in terms of understanding both the 
spatial/static (layers of the earth) and causal/dynamic aspects (move-
ment in layers producing mountain formation and volcanic eruption) 
of Earth science topics. At the beginning of this century, some studies 
focused on describing the mental models of university students before 
and after teaching (e.g., Libarkin et al., 2003; Steer et al., 2005). For 

example, Libarkin et al. (2003) applied both open-ended question-
naires (including drawings) and interviews to study the comprehen-
sion of 265 students. This study revealed that most responses about 
the Earth’s interior involved a drawing or description of spherical 
layers, with a few students who conceived of flat layers, as Dove (1998) 
reviewed. Although many students used scientific terms, such as core, 
mantle, or magma, the answers show confusion between the two 
models of the Earth’s interior (static and dynamic). In another study 
including 97 university students, Steer et al. (2005) reported that, 
using a model-based, conceptual change approach to teaching earth 
science, students improved their knowledge about the interior struc-
ture of the earth after instruction. In analyzing the drawings made by 
the students, the researchers recognized 5 levels of complexity: 1) stu-
dents with an alternative conception of the interior of the earth; 2) 
students who recognized only that the earth interior consists of mul-
tiple concentric spheres; 3) students who drew only three or four con-
centric spheres indicating that they held either the chemical or 
physical view; 4) students who drew multiple concentric spheres and 
boundaries were correctly labeled; 5) students whose diagram showed 
correctly labeled concentric spheres and indicated that the crust was 
much thinner than other boundaries; and 6) students who met all 
previous criteria and designated the line marked the outer circle as 
the crust.

With respect to school-level students, Vosniadou et al. (2008) 
reported that, in a sample of 72 students from the first, sixth and elev-
enth grades, most first grade students believed that the earth interior 
contains only solid materials arranged in flat layers. The study also 
revealed that the drawings of sixth-grade and eleventh-grade students 
appeared in circular layers, with the magma placed in the center of the 
spherical earth; even the eleventh-grade students believed that the 
magma is located very deep in the center of the earth rather than rela-
tively close to its surface. This study reported students present seven 
mental models of the layer and composition of the earth. The three 
simplest models were more frequent among first-grade students; in 
sixth grade, some students present the flat layer model, and others 
present the spherical layer model with magma in the center, while 
most 11th-grade students present the last spherical model. In a similar 
study, Capps et al. (2013) studied drawings made by 105 fifth and 
sixth-grade students in Honduras (ages 9–14 years). The researchers 
categorized the drawings into one of five levels of conceptual under-
standing: Level 1 displayed major alternative conceptions (e.g., mythi-
cal creatures inside the Earth); Level 2 displayed only concentric 
layers; Level 3 displayed concentric layers including zones such as the 
core, mantle, and crust; Level 4 displayed concentric layers and 
included materials such as lava and rock and included zones such as 
the core, mantle, and crust or demonstrated that the Earth’s interior 
was not static; and Level 5 displayed all the previous correct elements. 
In the results, 50% of the students were scored at level 1, while only 
30% reached levels 2 and 3. Only 20% of the drawings were catego-
rized as level 4. Finally, in a recent study, Cardoso et al. (2018) studied 
the drawings of 67 schoolchildren from elementary schools, with ages 
ranging from 6 to 11 years (average = 7.9 years). Some elements pres-
ent in the internal composition of the earth according to the drawings 
were magma/lava, metals, rocks, water, soil, astronomical elements, 
and life.

Although these studies have generated a good diagnosis of what 
mental models are most frequently met with among students, espe-
cially among younger students and those who are in college, there is 
still no clear learning progression concerning how students generate 

https://doi.org/10.3389/feduc.2026.1737386
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Vergara-Diaz et al.� 10.3389/feduc.2026.1737386

Frontiers in Education 03 frontiersin.org

their representations over time. There have been no more in-depth 
studies where mental models of the layers of the earth are studied in 
a larger sample (500 or more) or where more grades within the range 
of grade 1 through grade 12 are included (3 >). The purpose of this 
study was to fill this gap by characterizing the mental models that 
elementary and middle school students have about what the Earth is 
like inside and where they believe magma is located.

2 Materials and methods

2.1 Context and participants

Compulsory schooling in Chile comprises 8 years of basic or 
elementary education (ages 6–13 years) and 4 years of secondary edu-
cation (ages 14–17) delivered in three types of institutions: public 
schools (51%), privately owned but publicly subsidized schools (41%) 
and wholly private schools (8%) (Cofré et al., 2015). In the Chilean 
national curriculum, Earth science is incorporated into both the 4th 
and 7th grades. In this context, we have worked with students from 
the 4th to 11th grades (128 from the 4th; 151 from the 5th; 242 from 
the 6th; 213 from the 7th, and 51 from the 11th, for a total of 785 
students) from six state-subsidized private schools in urban areas and 
serving middle-income families. On average, the schools have 35 stu-
dents per class (four from Santiago and two from Valparaíso).

The whole sample of students belong to the Gen Z, who have been 
exposed a lot with digital information. The student sample that par-
ticipated in this study was non-probabilistic and based on conve-
nience sampling. The questionnaire was administered to the students 
of science teachers who participated in a professional development 
program focused on pedagogical content knowledge in Earth science. 
Only those teachers who taught Earth science were subsequently 
observed in their classrooms. All of these teachers worked in state-
subsidized private schools. Therefore, the sample does not include 
students from public schools or wholly private schools. All the stu-
dents participated voluntarily, and they and their parents signed an 
informed consent form approved by the ethics committee of the 
University of the Researcher responsible for the project.

2.2 Data collection

As in previous studies (e.g., Cabello et al., 2021; Cabello, 2022; 
Libarkin et al., 2003; McLure et al., 2021, 2022; Reiss and Tunniclife, 
2001; Rivera et al., 2025; Vosniadou et al., 2008; Vosniadou and 
Skopeliti, 2017), in this research, the drawings and explanations of 
students constitute a window into their mental models about the 
natural world. The students responded to a previously validated 
instrument on knowledge in the Earth sciences (Vergara-Diaz et al., 
2020), whose first question explicitly asks them to draw the layers of 
the Earth and indicate the location of the magma, as has been done 
in previous studies (e.g., Capps et al., 2013; Libarkin et al., 2003; Steer 
et al., 2005). With respect to the youngest students (4th grade), we 
also supplemented the students’ drawings with an interview used to 
encourage them to explain their responses, as in prior studies (e.g., 
Capps et al., 2013; Libarkin et al., 2003). The interviews generally 
consisted of open-ended questions based on the students’ drawings 
and lasted between 5 and 10 min. The interviewees were selected on 
the basis of their drawings. The drawings were randomly selected 

from the codes represented by the youngest students (4th grade, 
N = 36; codes present: 6, 5, 4, 3, and 1). The interviews helped us 
better understand the characteristics of the students’ drawings, as they 
gave the students the opportunity to use their own words to explain 
the ideas represented in the drawings and identify the possible origins 
of those ideas. All the student interviews were conducted by two 
researchers (KN and CP) and were audio-recorded, transcribed, and 
analyzed.

2.3 Data analysis

For the analysis of the drawings, a rubric was developed on the 
basis of the work of Vosniadou et al. (2004, 2008) and Capps et al. 
(2013), which allows for the identification of the different mental 
models that students have about what the layers of the Earth are and 
how and where it is located (Table 1) and where students locate 
magma in the Earth’s interior (Table 2). With respect to the location 
of the earth layers, 7 mental models were recognized, from the most 
sophisticated to the least scientific (scored from 7 to 1). For the loca-
tion of the magma, 4 mental models were recognized, from the most 
correct to the least correct (scored from 3 to 0). This rubric was vali-
dated by three researchers in science education working in the Earth 
sciences and one geologist. For the analysis, each drawing was ana-
lyzed with rubric by two researchers independently, and the differ-
ences in the coding were settled by a third researcher. For the first 
question about the Earth’s layers, the kappa was 0.85 (p < 0.05), and 
for the second question about the magma location on Earth, the kappa 
was 0.88 (p < 0.05).

The interview data were compared with the original tentative cat-
egorization of the students’ drawings to verify the validity of the clas-
sification and indexing systems using the rubrics. The construct 
validity of the rubric was determined by the consistency observed 
between a student’s interview and their drawing. To this end, once the 
students completed the questionnaire, which asked them to highlight 
a drawing of what they believed the Earth looked like inside, identify 
its parts, and indicate the location of the magma, the drawings were 
analyzed by two researchers separately. Later, during the interview, the 
student was asked to explain the drawing in their own words, along 
with where they obtained those ideas. These data were compared with 
the classified data, verifying consistency in 100% of the cases.

2.4 Statistical analysis

With respect to the statistical analyses, the following tests were 
conducted to compare mental models of earth science among stu-
dents. First, the distribution of the data was evaluated using the 
Shapiro–Wilk test, which indicated a no normal distribution for all 
the data groups. A comparison of the degree of sophistication in 
mental models for Earth layers across the five grades was subsequently 
conducted using the Kruskall–Wallis test (Field, 2009). After that, post 
hoc tests were conducted to verify the difference between pairs of 
groups (Bonferroni correction). With respect to the analysis of mental 
models related to the location of the magma, a Pearson chi-square 
statistical analysis was conducted to determine whether the distribu-
tion of the level of sophistication was the same across grade levels. 
Finally, a Spearman correlation test was performed between the two 
variables. For all analyses, differences for which p < 0.05 were consid-
ered significant (Field, 2009). All the statistical tests were conducted 
using SPSS software, version 22.0.
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TABLE 1  Rubric for mental models of the layers and composition of the Earth, based on previous research (Capps et al., 2013, Torres et al., 2013, Vosniadou et al., 2008).

Explanation Example of drawing Coding Explanation Example of drawing Coding

Draw the concentric layers within a spherical structure. 

Draw the layers in proportion to their density (thinner 

crust). Indicate the order and correct names. Core 

(inner-outer)—mantle—crust.

7 Draws the layers concentrically, within 

a spherical structure. Does not draw 

them proportionally (no thinner crust). 

Does not identify any layer.

4

Draws the concentric layers, within a spherical 

structure. Does not draw them proportionally (no 

thinner crust). Does not differentiate between inner 

core and outer core. Identify correctly core–mantle–

crust. Identify at least two correct concentric layers.

6 Fictional models (unreal). Draws a 

spherical structure, but with structures 

inside that do not correspond to reality.

3

Draws the concentric layers, within a spherical 

structure. Does not draw them proportionally (no 

thinner crust). Does not differentiate between inner 

core and outer core (confuses some of the names of 

these layers or does not include at most 1 of the 

corresponding layers). Only identifies 1 layer correctly.

5 Draws a concentric structure with 

structures outside (e.g., buildings, 

continents).

2

Nonconcentric layers 1
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3 Results

The analysis of a mental model drawings of the Earth’s layers reveals 
that eleventh grade students have the highest percentage (31%) of the 
most scientifically accurate model (7); that is, these students drew con-
centric layers within a spherical structure and recognized the order and 
correct names of the core (inner–outer), mantle, and crust, and their 
drawings also show the layers proportional to their density, with the 
crust being thinner than the mantle. The percentage of students who 
produce this type of drawing was similar in the seventh, sixth, and fifth 
grades (near 10%), followed by the fourth grade, which had the lowest 
value (2.3%) (Figure 1). An opposite pattern to that shown by level 7 is 
presented by level 4, as it decreases from the fourth grade (36.7%) to the 

eleventh grade (17.6%), passing through intermediate values in the fifth, 
sixth, and seventh grades (Figure 1). These visual patterns of differences 
were corroborated by the results of the Kruskal–Wallis test, which com-
pared the sophistication values of the drawings between grades 
[H(4) = 22.63, p < 0.001]. When the degree of sophistication of fourth 
grade was compared with the degree of sophistication of all other grades, 
a significant difference arises according to a post hoc test. However, no 
differences were found between the rest of the grades and each other.

On the other hand, the analysis of mental model drawings of the 
Magma locations revealed that they place it in the core or in the center 
of the Earth most of the time, regardless of their grade level (Figure 2). 
However, similar to the previous analysis, students’ drawings from 
fourth grade have more simples’ mental models than the other grades 

TABLE 2  Rubric about the location of magma within Earth, including drawings.

Magma location description Example drawing Coding

Locates the magma in the mantle. 3

Locates the magma in the crust. 2

Locates the magma in the core or in the center. 1

No magma location at all. 0

FIGURE 1

Percentages of students’ drawings in each mental model of layers of Earth by grade.
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do (x2 = 33.635, p < 0.001). In a final quantitative analysis, we found a 
positive and statistically significant correlation between the earth layer 
and magma models (r = 0.34; p < 0.01); therefore, students with more 
sophisticated models of earth layers tended to perform better with 
respect to the location of the magma.

Table 3 shows examples of drawings and the explanations given 
by the students who made them. In general, students provided 
descriptions of their drawings that were consistent with the categories 
established in the rubric for both the layers of the Earth and the loca-
tion of the magma. For example, in the case of the drawings in code 
6, students recognized concentric layers, identifying the core and 
mantle (students 4,511 and 4,526), but they confused the crust with 
the earth. Representing students whose drawings were rated at code 
3, student 4,064, said, “these little black things what is it is the interior 
sharp rocks, as far as they go They go as far as the center in the core I 
think there is lava in the center which is magma it is a black thing it is 
in the center.” Students whose drawings were rated code 1 drew, for 
example, a spherical structure, with a seed in the center whose roots 
extend to the surface; student 4,051 said, “I think they have a seed 
inside and roots were created and at the center of the earth there is a 
large seed and roots were generated the water would be a little on the 
outside but more on the inside the magma would be something like 
balls I would place it where the seed is on the outside in the whole 
earth”. Others asserted that below the surface there is earth, then more 
earth, water, and earth. Finally, it is also evident that most students 
could not identify the magma, regardless of their classification of the 
Earth’s layers. Usually, they considered that magma is lava with rocks, 
and when they did identify it, they placed it at the center of the Earth 
or beneath volcanoes (Table 3).

4 Discussion

In the present study, we recorded a low level of understanding of the 
interior structure of the Earth, as has been frequently described in 

previous studies in Chile (Vergara-Diaz et al., 2020; Davis and Cabello, 
2024), as well as in different countries around the globe, including 
Greece (Vosniadou et al., 2008), Honduras (Capps et al., 2013), Portugal 
(Cardoso et al., 2018), and the USA (Libarkin et al., 2003; Steer et al., 
2005) and even among older students, such as those in their first years 
of university or people in general (Cardoso et al., 2018). Numerous alter-
native conceptions were identified regarding the composition and struc-
ture of the interior of the Earth and the location of magma. Elements 
that only exist on the surface of the Earth were usually included in the 
drawings, which may be explained by an analogy with what students 
observe in the world in their daily lives (Cardoso et al., 2018).

This study also reports for the first time on mental models of the 
Earth’s interior at five different educational levels in a similar educational 
context and with a sample of students several times larger than those 
previously studied. This allows us to have a more holistic view of how 
students can acquire and develop their knowledge about these aspects 
of nature that are foreign to our daily lives (Orion and Libarkin, 2023). 
This study reveals that one-third of fourth-grade students hold very 
simple views of the Earth’s interior, including for example, horizontal 
layers of soil or living organisms, perhaps alluding to a view of an Earth 
like a hollow sphere, as described above (Vosniadou and Brewer, 1992; 
Vosniadou et al., 2008). Common alternative conceptions of the contents 
of the interior of the Earth, such as water, fire, lava, living organisms (e.g., 
trees or animals), and even people have been described (Dahl et al., 2005; 
King et al., 2021; Capps et al., 2013; Cardoso et al., 2018). Some students 
also include mystical elements such as hell and the underworld related 
to biblical representations (Cardoso et al., 2018). This proportion of stu-
dents with simple views coincides with those reported by Vosniadou et 
al. (2008) (approximately 60% in first grade and 50% in sixth grade) and 
Capps et al. (2013) (approximately 50% in fifth and sixth grade), but in 
our case, these simple mental models decrease in representation when 
the drawings of fifth and sixth-grade students are analyzed (only 
between 10% and 20%).

On the other hand, the proportions of drawings with different 
levels of sophistication at the eleventh-grade level found in our study 
also coincide with those reported by Vosniadou et al. (2008) at the 

FIGURE 2

Percentage of students in each mental model of magma locations by grade.
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TABLE 3  Examples of student drawings of and explanations from interviews about different layers of the earth and magma locations.

Student’ drawing explanation Drawing Number of 
students 

interviewed

Coding

Here I drew how the earth is split in half and its layers 

are indicated with arrows. What I labeled as earth is the 

surface of the Earth. The core and magma are in the 

center, meaning that magma is in the core. In Minecraft, 

it appears at the bottom of locations (student 4,511).

2 Earth’s layers at 

level = 6 Location 

of magma = 1

I drew the layers in circles, because the Earth is round. I 

thought that, in this part, this green one, it’s like the 

surface, where the trees and all that are. Inside the Earth, 

there are circles, and one of them is the core and magma 

(student 4,052).

6 Earth’s layers at 

level 5 Location 

of magma at level 

1

So, I’m going to describe what was inside the Earth. It’s 

like when we split the Earth in two and want to see what’s 

inside it. I wanted to represent what the Earth looks like 

inside. This is supposed to be the center of the Earth. in 

the center, when you see that yellow color, it’s like lava. I 

do not remember the other names. The colors represent 

the layers of the Earth, and each of these colors is a 

different layer. So, if we remove all the other three layers, 

we’ll be left with just lava. I do not know where magma 

is, and I do not know what it is (student 4,538).

12 Layers at level 4 

location of 

magma 0.

The black bits are like the interior, like sharp rocks. The 

person at the top is digging downward and in the center 

is the core, which is orange because I think there is lava 

there. And the magma is like a black thing in the center 

mixed with the lava (orange color). and there is a 

connection between one end and the other (student 

4,064).

9 Layers at level 3 

location of 

magma 1

I drew. layers that are like lines in the earth itself. I tell 

you they are lines, like earth, earth, and then earth. In the 

end, underneath it all. magma (student 4,050).

7 Layers at level 1 

location of 

magma 1
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same educational level and partially by Steer et al. (2005) for university 
students. However, although these students develop a mental model 
that includes concentric layers and some scientific concepts such as 
the core, mantle, and crust, there is a preconception that seems to arise 
from teaching, namely, the persistent location of magma at the center 
of the Earth (Vosniadou et al., 2008; Capps et al., 2013; Cardoso et al., 
2018; Libarkin et al., 2003; Steer et al., 2005). It is interesting to note 
that this preconception, according to the historical review of the 
development of scientific models created to explain the interior of the 
Earth carried out by Cardoso et al. (2018), matches the Kircher model, 
which proposed in 1665 that because the Earth had been a sun that 
had cooled down in the meantime, large fires that blew in its interior 
escaped to the surface through several channels and originated as 
volcanoes.

On the basis of these results and previous literature (e.g., 
Vosniadou et al., 2008; Steer et al., 2005; Capps et al., 2013), a possible 
learning progression can be recognized (Vosniadou, 2019), in which 
synthetic models regarding the internal structure of planet Earth 
evolve. Thus, before being explicitly taught the subject at school (in 
Chile, this occurs in fourth grade), students seem to maintain the 
belief that earth contains solid materials or even life inside without 
recognizing an organization or the presence of different layers with 
several components, and only flat layering is assumed to exist in 
Earth’s interior (framework theory sensu Vosniadou, 2019). Once the 
first learning opportunity and teaching strategies are introduced, 
many students incorporate the knowledge that the Earth’s interior is 
not homogeneous but contains layers that are not suitable for life. 
However, it is only after a new learning opportunity (which in Chile 
occurs in seventh grade) that students retain slightly more of the 
names and characteristics of these layers, with the correct location of 
magma being the greatest challenge to achieve, with most students 
thinking that the magma is placed at the bottom or the center of the 
spherical earth (coexistence of intuitive understandings and scientific 
concepts sensu Vosniadou, 2019). According to the results, it is likely 
that a scientifically accurate mental model of the Earth’s interior can 
be achieved only at the end of school or even during university 
education.

On the other hand, this study also confirms that drawings provide 
a useful window into human cognition, not only because of the inher-
ent opportunity to build connections between concepts without 
potential verbal barriers but also because of the opportunity to blend 
scientific and nonscientific aspects of students’ mental models 
(Libarkin et al., 2003, 2018; Chan et al., 2020). The interviews con-
ducted show how accurately the drawings reflect the students’ mental 
models and provide us with information about the possible origin of 
certain alternative conceptions. In summary, when comparing the 
findings for younger students with those for older students, we identi-
fied some similarities, such as both groups locating magma at the 
center of the Earth. However, we also observed several differences, 
most notably a more scientifically accurate layered model of the Earth 
among students in higher grade levels.

5 Limitations, further direction and 
conclusions

As with any study conducted with student participants, several 
limitations must be considered when the results are analyzed. This 

study is pseudo-longitudinal, meaning that we do not know if this 
learning trajectory actually occurs for each student; thus, studies with 
this type of follow-up would be very important in the future. 
Interviews were not conducted at each of the educational levels stud-
ied; therefore, conclusions drawn from drawings made by older stu-
dents should be treated with caution (Chan et al., 2020).

Our results have implications for teaching the internal structure 
of the Earth and are consistent with previous findings (Steer et al., 
2005). For example, a model-based conceptual change approach to 
teaching Earth’s interior could be useful for improving students’ 
understanding of earth structure (Steer et al., 2005; Vergara-Diaz et 
al., 2020), especially when the focus is on the location of magma in 
Earth’s interior. Another possibly effective strategy for working on the 
preconception of magma located at the center of the Earth may be to 
review historical models of the Earth’s interior so that students can 
realize the relationship between their mental model and the scientific 
model (mostly the Kircher model, 1,665) proposed in the past (e.g., 
Rudge and Howe, 2009; Cardoso et al., 2018).

Therefore, future research should focus on conducting true longi-
tudinal studies, as well as testing interventions that take into account 
the different preconceptions identified in this study. Additionally, 
more research should examine how science teachers, who are respon-
sible for teaching these topics, develop strategies and create opportu-
nities for students to better understand these core concepts. In other 
words, further work is needed on pedagogical content knowledge 
related to Earth’s dynamics.

In conclusion, although they live in a country with high geological 
risk, the mental representations of the younger Chilean students ana-
lyzed are similar to those reported in other international studies. A 
possible learning progression based on the drawings begins with a 
framework theory in which students recognize aspects of their daily 
lives within the Earth. A mixed model in which scientific knowledge 
of concentric layers within the Earth is combined with the location of 
magma at the center and ends with a model similar to that proposed 
by scientists is proposed. Finally, the large sample size and the devel-
opment of clear rubrics in English (the original study by Vosniadou et 
al., 2008, is in Greek) are also methodological contributions of 
this study.
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