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Teaching and learning astronomy behind the camera: A case study of
astronomical phenomena throughout earth’s orbit and rotation

A. da C. Nobre, L. A. de Souza, O. Fdado de Oliveira, and M. L. das Chagas

Universidade Federal do Sul e Sudeste do&P&aculdade de Sica,
68507-590, Marah, Para, Brasil.

M. das G. D. da Silva,

Universidade do Estado do Rio Grande do Norte, Departamentdsliess
59.610-210, Moss@r, RN, Brasil.

S. de Lima Cardoso, J. L. de Luna, S. S. @arNeto, C. S. Lopes Gongalves, and T. R. da Silva Moura

Universidade Federal do Par Faculdade de 1sica,
68721-000, Salibpolis, Paa, Brasil,
*e-mail: trsmoura@ufpa.br

Received 27 March 2025; accepted 6 September 2025

Effective strategies for teaching and learning Astronomy are spreading worldwide. Astronomy is a subject of interest in both formal and
informal education programs. This study aimed to map students’ interest, prior knowledge, sources of information, and perceptions of
astronomy'’s relevance. Additionally, we evaluated the impact of using a model in students’ learning. A structured, anonymous questionnaire
was administered to 77 high school students to assess the benefits and challenges of incorporating the model into the teaching-learnin
process. The results highlight astronomy’s strong potential for student development, as its interdisciplinary nature fosters critical thinking
and a deeper understanding of natural phenomena. Furthermore, integrating astronomy with other disciplines proved to be an effective
practice, significantly enhancing students’ learning experiences.
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1. Introduction focused on education and the promotion of astronomy, such
as ESAs Space Science Education, which provides educa-
Effective strategies for educators and students in teaching arional materials on astronomy, as well as workshops and com-
learning Astronomy are spreading worldwide. Astronomy ispetitions to engage students and educators. Cosmos for All
a subject of interest in both formal and informal educationis a set of ESA educational initiatives aimed at increasing ac-
programs. The International Astronomical Union (IAU), a cess to resources on space sciences and astronomy [5]. The
union of professional astronomers, offers a wide range of acJnited Nations Educational, Scientific and Cultural Organi-
tivities, covering topics from beginners to doctoral and postzation (UNESCO) has been involved in promoting astronomy
doctoral students. Among the initiatives of the IAU, the fol- education through programs such as the International Year
lowing stand out: (i) The IAU Office for Astronomy Develop- of Light and Light-based Technologies and Astronomy and
ment (OAD), which promotes the use of astronomy for sociaMWorld Heritage. The latter is an initiative to preserve and
development, encompassing education, culture, and health.promote sites of astronomical significance, which includes
also provides financial support for astronomy education angéducational programs to raise awareness about the cultural
outreach in developing countries. (ii) The IAU’s Astronomy and scientific importance of these sites [6]. The International
for Development (AfD), a program focused on integrated ed-Dark-Sky Association (IDA) is a global organization that
ucational strategies and sustainability [1-3]. The Nationaruns education and awareness programs about astronomy and
Aeronautics and Space Administration (NASA) Educationthe importance of a dark night sky for astronomical observa-
Programs offer various programs and resources for educatotion [7]. The Global Astronomy Month (GAM), organized by
and students. NASAs Astrobiology Institute (NAI) promotes Astronomers Without Borders, is an annual event that brings
education in astrobiology. NASA's Universe of Learning pro- together sky observation activities, workshops, and scientific
vides a variety of educational resources and tools, includeutreach events worldwide [8]. The International Space Uni-
ing interactive websites and applications, to teach astronomyersity (ISU) organizes courses and workshops in various
and space sciences to students of all ages. NASAs Nighparts of the world for students and professionals interested in
Sky Network connects astronomy clubs and educators witlspace studies [9]. As presented above, astronomy is a science
resources and activities to promote astronomy education lgf global interest. It studies the universe and its celestial bod-
cally [4]. The European Space Agency (ESA) has programées, such as planets, stars, and galaxies. It involves a broad
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range of scientific disciplines, including physics, chemistry,students to assess the potentially favorable and antagonistic
biology, and geography [10-12]. Itis also an essential subjedictors of using the model in the teaching-learning process.
in national curricula worldwide, both for early education and

teacher training [13—20]. Teachers and researchers are dev@l-l. Research methodology

oping various educational materials to bring astronomy into ] ] o .
primary and secondary school classrooms [21]. These effortshe mef[hodologmal steps |n.cludeq proplem deﬂmyon, I|_tera—
aim to integrate astronomy content into the classroom usin§"e review, and data collection, primarily through interviews
diverse didactic tools that combine theory and practice to faWith the target audience [28]. The literature review encom-
cilitate the teaching of topics such as Earth’s rotation [22], th?@Ssed relevant books, journals, scientific articles, and disser-
Solar System [23], geodesy, geographic location, astronomf—'c_lt"ms- Alth_ough the !nltlal plan antlc_lpated_ln-person inter-
cal instruments, astronomical events, celestial coordinate sy¥ews and direct practical demonstrations with the model, the
tems, the Moon, and more [24]. Another important aspecEMergence of the COVID-19 pandemic necessitated the full
of astronomy education is its multilingual approach in class-2daptation of actlyltles to a virtual enwronment. Interwews'
rooms. Its use in teaching serves as a medium for students Y§¢re conducted via Google Forms, and online classes, specif-
learn a second language [25]. Inclusivity is another relevanically designed for remote teaching, were held using Google
term associated with astronomy. The lack of scientific vocabMeet. To optimize leaming, the activities were structured
ulary in sign languages is becoming increasingly evident aihto three progressive stages. The first phase involved the
more deaf students are included in formal and informal educ®llaborative construction of the model representing the sea-
cation spaces. This presents a new opportunity for the devefons solstices, and equinoxes, utilizing brainstorming tech-

opment of an astronomy-related vocabulary in sign languagBidues [29]. The model was crafted from 20 mm thick sty-
that respects the visual culture of the deaf community [13]rofoam, set on a 500 mm wide by 100 mm high square base,

Astronomy careers are of multicultural interest. Simultane-2nd incorporated a dark background to optimize visualiza-
ous research conducted in multiple countries on studentdion- Figure 1 displays the final version of the Sun-Earth sys-
career aspirations suggests that many students consider 48M model. Subsequently, students watched a demonstrative
tronomy as a potential scientific and professional path [16]Vide0 illustrating the model's functionality, with a focus on
Astronomy and teacher training are also topics of debate i€ Earth’s rotation and revolution movements [30]. The fi-

scientific and academic communities. Discussions advocat@@l Phase involved a virtual discussion to clarify doubts and
for its inclusion in initial and continuing teacher education stimulate critical reflection, culminating in the application of

programs, as part of teaching praxis, and tailored to the red guestionnaire to assess students’ comprehension of the phe-
needs of teacher training [14, 15, 26, 27]. This study was confomena presented. _ o

ducted with high school students from a public school located ~ The model demonstrations, as shown in Fig. 1, were con-
in Marakf, Pad, Brazil. The region, part of the Brazilian duqe_d u_nder_two_ experimental cor_l(_jltlons: with and without
Eastern Amazon, faces social and infrastructural challengedtificial illumination.  These conditions were employed to
that significantly impact science education, especially due t§imulate the following astronomical events:

limited access to laboratory resources. This reality under-
scores the need for innovative, low-cost, and highly accessi-
ble didactic approaches. With this in mind, we constructed
a physical model to simulate the Earth’s rotation and revolu-

i. The summer solstice in the Southern Hemisphere and
the winter solstice in the Northern Hemisphere, occur-
ring approximately on December 22;

tion. Our method integrated artificial lighting mechanisms, ii. The autumnal equinox in the Southern Hemisphere and
physical representations of the Sun and Earth, and the ex-  the vernal equinox in the Northern Hemisphere, with
ploration of relative distances and positions. This didactic an estimated date of March 23;

strategy was employed to illustrate the dynamics of solar il- _ o _

lumination, the Sun as a star, planet Earth, and their distance il The winter solstice in the Southern Hemisphere and the
and positional relationships, facilitating the comprehension summer solstice in the Northern Hemisphere, around
of phenomena such as seasons, solstices, and equinoxes. The June 21;

study’s objectives were achieved and structured as follows: iv. The vernal equinox in the Southern Hemisphere and

. . iv.
(ngnFéﬁjsst?s;Ch Problem, (3) Results, (4) Discussion, and (5) the autumnal equinox in the Northern Hemisphere, oc-
' curring around September 23.

2. Research problem Demonstrations with the model (Fig. 1) were conducted
under two conditions: without (left) and with (right) artificial

The objective of this research was to map students’ intereslighting.

prior knowledge, sources of information, and the relevance of The model’s top view (Fig. 2) shows the same Sun-Earth

astronomy. Additionally, we aimed to observe the impact ofsystem model but from a different perspective. It displays

using a model in students’ learning. A structured, anonymoughe model as a whole, highlighting the positional relationship

guestionnaire was administered to a sample of 77 high schobtletween the Sun and the Earth. In this view, the model is
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shows the Sun (represented by a luminous sphere) and the
Earth (a globe), with the tilt clearly visible. This inclination is
crucial for understanding how the incidence of sunlight varies
across different parts of the planet throughout its orbit.

3. Results

Following the didactic application, an anonymous question-
naire comprising 15 questions was administered to a sam-
ple of 77 high school students from the first, second, and
third years in Maral, Pag, northern Brazil. This question-
naire aimed to ascertain students’ interest in astronomy, their
prior knowledge, primary sources of information, perceived
relevance of astronomy, and their evaluation of the model's
impact on their learning. Analysis of student responses re-
garding their interest in astronomy, specifically the question:
“Are you interested in learning about astronomy?” (Fig. 4),
revealed that the majority of students (80.5%) expressed in-
terest in studying the subject. A Chi-Square Test(0.001)

FIGURE 1. Model of the Sun-Earth system: without (left) and with
(right) artificial lighting.

£ 19.5%
;/
/
If
|
|
\\
FIGURE 2. Model of the Sun-Earth system: Top view. \\ 80.5%
\\\ ; ‘:laos
- =
EARTH’S FIGURE 4. Students’ interest in learning about astronomy. The ma-
|NCL|NAT|ON jority of students (80.5%) expressed interest in studying the subject.

I 46.8%

| 53.2%
FIGURE 3. lllustration of the Earth’s axial tilt 0£3.44° degrees. \\\

b

“unlit”, which could represent a demonstration condition or a \\ > Yes
moment when the artificial lighting is not active, contrasting - J/ No
with the first image where the focus is on the light from the R
Sun. FIGURE 5. Students’ prior access to astronomy materials. Most

The Fig. 3, illustrates the Earth’s axial tilt &3.44°  participants (53.2%) reported not having had access to astronomy-
degrees, which is the main cause of the seasons. The modetlated materials before the study.
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FIGURE 6. Means through which students accessed astronomyFIGURE 8. Students’ opinions on integrating other disciplines with
topics. The internet was the primary source (79.2%), followed by astronomy. More than half (57.1%) consider this practice benefi-
other sources such as magazines (2.3%), books (4.7%), televisionial, while 37.7% were undecided, and 5.2% disagreed.

(4.7%), and other means (9.1%).
Student perceptions of the didactic application’s impact

confirmed that a significant majority of students are indeedn learning performance are presented in Fig. 7. A substan-
interested in learning astronomy. tial majority (64.9%) believed that the applied methodology
Regarding prior exposure to astronomy-related materiimproved their learning performance, while 31.2% were un-
als, responses to the question: “Have you had access to asyre and 3.9% did not perceive a contribution. A Chi-Square
astronomy-related material?” (Fig. 5) indicated a balancedest p < 0.001) affirmed that the majority of students con-
distribution, with 53.2% reporting no prior access. The nearsider the didactic application beneficial to their performance.
equal distribution of “Yes” and “No” responses suggests this  Figure 8 shows student opinions on the integration of
variable may be due to random reasons, as confirmed by @ther disciplines with astronomy to enhance understanding.
Chi-Square Tesi(= 0.57) showing no significant difference Over half of the students (57.1%) considered this practice
between those with and without prior access. beneficial, 37.7% were undecided, and 5.2% disagreed. A
Figure 6 illustrates the means through which students acchi-Square Testp( < 0.001) indicated that students gen-
cessed astronomy topics. The internet emerged as the prerally recognize the benefits of integrating other disciplines
dominant source, utilized by 79.2% of students, followed bywith astronomy.
“Others” (9.1%), books (4.7%), television (4.7%), and mag-  Regarding students’ interest in understanding the impor-
azines (2.3%). A Chi-Square Tegt £ 0.001) indicated that  tance of studying the seasons, Fig. 9 demonstrates that 92.2%
this distribution is not random, confirming the internet as theexpressed interest, while 7.8% showed no motivation. This
primary medium for accessing astronomy content. Discusstrong interest was further confirmed by a Chi-Square Test
sions with students further highlighted that lessons incorpofp < 0.001).
rating experiments or activities, such as those involving the The results in Fig. 9 show that the majority of students
model, significantly facilitate learning and understanding ofare interested in understanding why they need to study the
topics like seasons.

y. 7.8%
J,/
y /
/ 31.2% /
I'\\ 64.9% 3.9% \\
\
o
\ — \ 92.2%
Yes
\ > " No \\ 7
. : ///’ Maybe \‘“‘*x // ho

FIGURE 7. Students’ perception of the applied didactic approach. FIGURE 9. Students’ interest in understanding the importance of
Most students (64.9%) believe that the methodology adopted constudying the seasons. The majority (92.2%) expressed interest in
tributed to improved learning. learning more about the topic.
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topic of seasons. A Chi-Square Tegt{ 0.001) confirms [
this result.
The Earth’s rotational axis has an obliquity of approxi-
mately 23.44 with respect to the plane of the ecliptic hat is,
the plane in which the Earth orbits the Sun. This axial tilt y
gives rise to seasonal variations in insolation (solar energy
per unit area) received by each hemisphere, as follows: At \//
the June Solstice (circa 21 June). ‘
With the Northern Hemisphere tilted towards the Sun, so-
lar rays strike at an angle closer to perpendicular, increasing \

mean daily insolatio¥m? and prolonging daylight hours. \
Conversely, the Southern Hemisphere, tilted away from the N A=
Sun, experiences reduced insolation and shorter days [31,32)]. & - AP D ST S

We have the December solstice (circa 21 December) The sit-
uation is reversed: the Southern Hemisphere is inclined toE'GURE 11. Students’ knowledge of the four seasons of the year.
wards the Sun, receiving greater insolation and longer dayd, "¢ majority (93.5%) provided correct answers, while 6.5% pre-
while the Northern Hemisphere undergoes a correspondinaenteOI Incorrect responses.
reduction in energy input and daylight duration [33]. In
March and September we experience the equinoxeQ(q
March and~ 22 September). At these times, Earth’s rota-
tional axis lies approximately perpendicular to the Sun’s rays, y. 0.0%
yielding almost identical insolation in both hemispheres and /
equal durations of day and night [34]. [ 403%
Figure 10 presents students’ responses to the question:
“What is the cause of the seasons?” \ 59.7%
Figure 10 presents students’ knowledge about the causes \
of the seasons. Only 40.3% correctly identified Earth’s tilt as \ i
the primary cause, while 18.2% correctly mentioned both tilt Revolution
and revolution. A notable 22.1% mistakenly attributed it to \\/ //" Precession
Earth’s rotation, and 19.5% associated the phenomenon with natation
climatic patterns. FIGURE 12. Identification of Earth’s movement around the Sun.
Figure 11 presents students’ responses to the questiowhile 59.7% correctly identified revolution, 40.3% confused it
“What are the four seasons?” with rotation.
These findings indicate existing conceptual gaps regard-
ing this astronomical phenomenon, as supported by a Chplution was observed, with 40.3% of responses indicating ro-
Square Testd — 00203) In contrast, a h|gh percentage tation and 59.7% indicating revolution. A Chi—Square Test
of students (93.5%) were able to correctly identify the four(p < 0.0001) confirmed that students often confuse these two
seasons (Fig. 11). When asked about the Earth’s movemef@ncepts.
around the Sun (Fig. 12), confusion between rotation and rev- The integration of astronomy and geography knowledge
was assessed in Fig. 13. While 42.9% of students found the
experience constructive for their learning, 50.6% were unde-
cided, and 6.5% did not consider it beneficial. A Chi-Square
Test p < 0.0001) indicated that students generally perceive
, this integration as positive.
[0 Regarding the perceived relevance of the model for class-
“' room application (Fig. 14), the majority of students (75.3%)
\ 22 1% considered the activity relevant, with 23.4% responding
\ “maybe” and only 1.3% stating “no”. A Chi-Square Test
\\ 18.2% Earth's tit (p < 0.0001) corroborated that most students consider ac-

/ 19.5%

Tilt & Revolution

e tivities with the model relevant for the classroom.
~— e Figure 15 illustrates the perceived impact of integrating
FIGURE 10. Students’ knowledge about the cause of the seasons!'€0TY and practice on teacher-student communication. A
Only 40.3% correctly identified Earth’s tilt as the determining fac- Srong consensus emerged, with 96.1% of students believ-
tor, while 18.2% correctly mentioned both tilt and revolution. An- iNg this approach enhanced interaction and learning, while
other 22.1% mistakenly attributed it to Earth’s rotation, and 19.5% 3.9% did not consider it advantageous. A Chi-Square Test

associated the phenomenon with climatic patterns. (p < 0.0001) indicated that students view the integration of

Rev. Mex. Fis. E23020207
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A ¢ " 0
f// /
/ / 36.4%
/ 42.9% |
| 50.6% y
\ \ 57.1%
5 \ Excellent
\“\ A Good
% 6.5% , Regular
\ Yes Bad
\\ > No
- | Maybi . .
o vbe FIGURE 16. Students’ evaluation of the model presentation.

FIGURE 13. Students’ assessment of the integration between as-V0st classified the presentation as “good” (57.1%) or “excellent”

tronomy and geography. For 42.9%, the experience was construc(36.4%), whilg 6.5% rated it as “regular”. No students considered
tive, while 50.6% were undecided, and 6.5% did not consider it the Presentation “poor”.

beneficial.
16.9%
y
/ 23.4%
H 0,
{ 1.3% 23.4% 59.7%
H\.
N 75.3% =
\\__\ 4 /,/ No
% Yes . = Maybe
\\ // No i
o _ Maybe FIGURE 17. Students’ perception of their ability to construct a

similar model. Most students (59.7%) responded “maybe”, while

FIGURE 14. Students’ perception of the relevance of the model for 16.9% stated they would be capable, and 23.4% considered them-
teaching astronomy. Most students (75.3%) consider the activityselves unable to do so.

relevant for classroom application.

The evaluation of the model presentation (Fig. 16)
yielded predominantly positive responses. Most students
classified the presentation as “good” (57.1%) or “excellent”

y 3.9% (36.4%), with (_)nly_ 6.5% rating i_t as “regular” and no stu-
dents considering it “poor”. A Chi-Square Tegt< 0.0001)
/ confirmed that the majority of responses rated the model pre-
[ sentation positively.
| Finally, regarding students’ perceived ability to construct
a similar model (Fig. 17), hesitation was evident. While
\ 59.7% responded “maybe”, 23.4% stated they would be un-
\ able, and only 16.9% believed they would be capable. A Chi-
\ 96.1% Squqre Test( < 0.0001) indicateq that Qespitg belli(.eving itis _
\ E possible, students showed hesitation in their ability to repli-
-

N No cate the model.
&>

FIGURE 15. Impact of integrating theory and practice on teacher- 4. Discussions

student communication. For 96.1% of students, this approach en- o _
hanced interaction and learning. The students who participated in the study do not have as-

tronomy as part of their high school curriculum. Addition-
theory and practice positively for improving teacher-studentlly, they have no prior education or experience in astron-
communication. omy, either in formal or informal settings. This teaching ap-
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proach, which combined the use of cameras in formal onlinéronomy, their prior knowledge of the subject, the sources of
classes, models, and digital technologies, represented the sinformation used, and the perceived relevance of astronomy
dents’ first formal educational experience in astronomy. Then their education. Additionally, the study sought to analyze
following aspects related to astronomy and the use of th¢he impact of using the model on learning. The results indi-
model were explored: interest in astronomy, access to mazate that students show interest in astronomy. However, their
terials, means of access, didactic application for improvingprior knowledge of the subject does not stem from strate-
learning, interest in the subject, causes of observed phenorgic actions by governmental, private institutions, NGOs, or
ena, the Earth’s translational movement, as well as the corschools, but rather from casual everyday situations. In this
struction and application of the model and its relevance forcontext, the internet stands out as the primary source of as-
learning. The results show that, regarding interest, most stitronomical knowledge. Students perceive astronomy as a rel-
dents expressed an interest in astronomy (80.5% vs. 19.5%vant subject for their education, assigning it an interdisci-
of students who are not interested in learning astronomy) (sgalinary character by considering its integration with other ar-
Fig. 14). Regarding prior access to materials related to theas such as geography to be positive. Moreover, they view
subject, the proportion of students who had access (53.2%f) as a practical science, capable of incorporating technology
and those who did not (46.8%) is statistically balanced, sugand models into teaching, and critical, as it encourages re-
gesting that this variable may be due to purely random reaflection through questions such as those related to the seasons
sons (see Fig. 5). Concerning the means of access to aand Earth’s movements.

tronomical knowledge, the internet is predominant at 79.2%,
followed by “Others” (9.1%), books (4.7%), TV (4.7%), and
magazines (2.3%) (see Fig. 6). In terms of the didactic appli-

cation of the model, 64.9% of students believe that this apThe goal of this study was to map the students’ interest in
proach improves learning, while 31.2% are unsure and 3.9%stronomy, their prior knowledge of the subject, the sources
think it does not contribute (see Fig. 7). The integration ofof information used, and the perceived relevance of astron-
astronomy with other disciplines, such as geography, is seesmy in their education. Furthermore, it sought to analyze
as positive by 57.1% of students, 37.7% are unsure, and 5.2¥4e impact of using models on learning. To achieve this goal,
do not consider this practice beneficial (see Fig. 8). Regardye conducted an exploratory survey in a virtual environment,
ing the interest in understanding the reasons for studying asollowed by a bibliographic review of the seasons. Subse-
tronomy, 92.2% of students expressed interest, while 7.8%uently, we interviewed students from the 1st, 2nd, and 3rd
showed no motivation (see Fig. 9). Regarding the studentsjears of high school at a public school in MazalBrazil,
knowledge about the causes of the seasons, 40.3% correctiging an anonymous questionnaire. The results confirm the
identified the Earth’s tilt, 22.1% believed it was caused bygreat potential of astronomy in student development. The in-
the Earth's rotation, 19.5% pointed to climatic factors, andterdisciplinary approach broadens critical thinking, promot-
18.2% mentioned a combination of tilt and Earth’s transla-ing a deeper understanding of nature and the knowledge nec-
tion. These results indicate conceptual gaps about this agssary for our survival. The study, both qualitative and quan-
tronomical phenomenon (see Fig. 10). On the other handitative, highlighted the effectiveness of the tools used in the
93.5% of students were able to correctly identify the seaclassroom, as pointed out by the literature. Activities of this
sons (see Fig. 11). When asked about the movement of th§pe, when adapted to the reality of Brazilian education, offer
Earth around the Sun, confusion was observed between thesimple, accessible, and enriching methodology. The data
concepts of rotation and translation, with 40.3% and 59.7%how that students have significant interest in astronomy. De-
of responses, respectively (see Fig. 12). The integration ofpite the lack of access to formal and informal programs that
geography and astronomy knowledge was perceived as pogromote knowledge of the subject, most were able to access
itive for learning by 42.9% of students, while 50.6% were content primarily through the internet, which may indicate a
undecided, and 6.5% did not consider the practice benefiscarcity of physical materials, such as books and magazines,
cial (see Fig. 13). Regarding the use of the model as a relnd a lack of encouragement for reading. When exposed to
evant activity in the classroom, 75.3% of students said yesastronomy through didactic practices, students considered the
23.4% answered “maybe”, and 1.3% said no (see Fig. 14)pproach effective for learning. The integration of astronomy
The integration of theory and practice was perceived as posyith other disciplines was considered a successful practice,
itive for learning by 96.1% of students, while 3.9% did not put students showed uncertainty about the impact of this in-
consider this approach advantageous. When asked to evakgration on their learning process. We also observed that,
uate the model, the responses were predominantly positiveithough students can identify the seasons, there is confu-
57.1% rated it as “Good”, 36.4% as “Excellent”, 6.5% assjon regarding the causes of their formation, as well as the
“Fair”, and 0% as “Poor” (see Fig. 16). Finally, regarding Earth’s rotational and translational movements. In summary,
the ability to construct the model, students showed hesitastudents perceive astronomy as a relevant subject for their ed-
tion: 59.7% answered “Maybe”, 23.4% said “No”, and only ycation. The integration with other areas of knowledge, the
16.9% stated they would be able to construct the model. Thgse of technology and models in teaching, and the stimulation
aim of this study was to map the students’ interest in asof critical and reflective thinking are aspects that enrich their

Conclusions
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learning. However, the implementation of these practicegnd use of models, to ensure that students feel secure and
requires adjustments, especially concerning the constructiotonfident in their ability to replicate them.
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