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Abstract
This study investigates how different combinations of practice-based activities and 
visual representations affect students’ learning about seasonal changes. We adopted 
a pre-post 3 × 2 experimental design in which we first randomly assigned 12 intact 
9th-grade classes (N = 337 students) to either a “practice-based activity” or a “no 
practice-based activity” and then to one of the following conditions: “specially 
designed images”; “textbook images”; “no images”. We used a draw-and-explain 
task and a mixed multiple-choice true/false questionnaire, the Seasons Concepts 
Inventory (SCI), to assess students’ conceptual understanding of seasons before and 
after participating to one of the teaching conditions. Data were analyzed using a 
2-way between subjects factorial analysis of variance (ANOVA). The results indicate 
a significant interaction effect between the experimental conditions. Students in the 
“practice-based activity” condition outperformed students in the “no practice-based 
activity” condition, regardless of the type of image used. However, the students in 
the “specially designed images” condition performed significantly better than those 
in the “textbook images” and “no images” conditions in both the draw-and-explain 
task and the SCI instrument, regardless of the practice-based activity condition. Fur-
thermore, the students in the “no practice-based activity” condition who were taught 
with the specially designed images did not perform significantly different from the 
students in the “practice-based activity” condition who were taught with the same 
types of images. Our study has implications for astronomy education practice in that 
it shows advantages and limitations of combining two approaches that are usually 
implemented separately. This study has also broader educational implications in that 
it demonstrates that when combining two different teaching approaches, the effec-
tiveness of each approach may depend on the specific combination adopted.

 *	 Italo Testa 
	 italo.testa@unina.it

1	 Department of Physics “E. Pancini”, University Federico II, Complesso Monte S. Angelo, Via 
Cintia, 80126 Naples, Italy

http://orcid.org/0000-0002-8655-683X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10763-025-10549-8&domain=pdf


	 S. Galano, I. Testa 

Keywords  Visual representations · Practice-based activities · Seasonal changes

Introduction

The presence of astronomical topics in all school curricula has gradually increased 
in recent years for several reasons. First, research studies have shown that astronomy 
has a unique ability to capture students’ imagination and spark their curiosity about 
the universe, leading to greater interest in science, technology, engineering and 
mathematics (STEM) disciplines and careers, regardless of students’ age or cultural 
background (Salimpour et al., 2021). Second, understanding basic astronomical con-
cepts can help students develop an informed view of the Nature of Science (NOS) 
by providing an example that there is no single scientific method (Percy, 2005). In 
addition, learning about astronomical topics can improve students’ critical thinking 
skills and their ability to understand and interpret scientific information (Taasoob-
shirazi et al., 2006), helping them to see the connections between different areas of 
science and to understand the broader applications of scientific knowledge (Ward 
et al., 2007). Finally, teaching astronomy helps students to appreciate the historical 
and cultural contexts of scientific discoveries and the impact of astronomy on our 
understanding of the world (Salimpour & Fitzgerald, 2024).

The focus in school astronomy curricula, however, is generally limited to top-
ics related to celestial motion and the solar system, and specifically on well-known 
and familiar astronomical phenomena such as lunar phases, solar and lunar eclipses, 
and seasonal changes (Salimpour et  al., 2024a, b). Among these phenomena, sea-
sonal change allows students to meaningfully relate their everyday Earth-based 
observations of the apparent daily motion of the Sun to celestial motion (Plum-
mer & Krajcik, 2010). Understanding how seasons change involves visualising the 
Earth’s position relative to the Sun, which contributes to spatial thinking (Cole et al., 
2018; Plummer et al., 2016, 2022) and fosters three-dimensional extrapolation skills 
(Eriksson & Steffen, 2019). Recent studies indicate that learning about the seasons 
can help students develop critical thinking (Fleer, 2023), as well as recognize pat-
terns, observe changes, and make connections between celestial events and their 
effects on Earth (Eriksson, 2019; Eriksson et al., 2014). Other studies suggest that 
students engaged in learning activities about the seasons can develop skills related 
to obtaining, evaluating, and communicating information (Chen et al., 2007; Türk 
& Kalkan, 2015) and evaluating scientific models (Lee & Feldman, 2015). Finally, 
similar to other astronomical topics, seasonal changes can be a fruitful cross-cutting 
context to address content that is usually taught separately in different school curric-
ula, such as mathematics, earth science, physics and biology (Rodrigues et al., 2025 
; Salimpour et al., 2021; Sneider et al., 2011). In summary, teaching students about 
the seasons can help to connect students to broader scientific concepts and stimulate 
a lasting interest in and deeper awareness of the relevance of astronomy.

However, for more than thirty years, research studies in astronomy education have 
thoroughly shown that students’ alternative conceptions about seasonal changes 
are widespread and resistant to traditional teaching (Atwood & Atwood, 1996; 
Salimpour et al., 2024a, 2024b; Sharp, 1996; Slater, et al., 2018; Trumper, 2006). 
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Typically, most misconceptions about change of seasons are grounded on a distance-
based reasoning. For instance, students think that, as the Earth rotates around the 
Sun, it moves closer to the Sun in summer and further away from it in winter (Bax-
ter, 1989). Students may also think that the tilt of the Earth’s axis with respect to the 
orbit’s plane brings some parts of the Earth closer to the Sun than others, namely, in 
the regions that lean towards the Sun it is summer, while in those that are furthest 
from the Sun and closest to the Moon it is winter (Starakis & Halkia, 2014). Litera-
ture has also shown that teachers may be not aware of or hold the same alternative 
conceptions of their students, thus increasing the likelihood that students will main-
tain their incorrect ideas after formal instruction (Cox et al., 2016). Based on these 
results, different types of teaching approaches have been proposed to improve stu-
dents’ conceptions about the seasons (e.g., Bakas & Mikropoulos, 2003; Plummer & 
Maynard, 2014; Testa et al., 2015; Yu et al., 2015). In this study, we aim to investi-
gate the extent to which different combinations of two specific teaching approaches 
– one based on practice-based activities, the other on visual representations – may 
be helpful in teaching seasonal changes. In the following, we review previous work 
about the use of the two approaches to teach change of seasons.

Review of Literature

Use of Practice‑Based Activities to Teach Seasonal Changes

Practice-based approaches are defined as learning environments that promote mean-
ingful understanding of concepts through the active investigation of phenomena 
(Abrahams & Millar, 2008) and include activities such as measuring, classifying, 
experimenting, analysing data and drawing reasoned conclusions (Arnold et  al., 
2023). Practice-based approaches have been widely adopted in astronomy educa-
tion to let students use real astronomical data (Fitzgerald et al., 2015) and to pro-
mote achievement (Taasoobshirazi et  al., 2006), engagement (Chen et  al., 2016) 
and understanding of the process of knowledge generation by scientists (Cirkony, 
2023). In addition, practice-based approaches are often implemented in professional 
development courses on teaching astronomy at both primary and secondary levels 
(Fitzgerald, 2022; Fitzgerald et al., 2019; Plummer & Tanis Ozcelik, 2015). When 
used to teach about seasonal change, practice-based approaches often involve direct 
manipulation of concrete models of the Earth or the Sun to help students develop a 
qualitative explanation of seasonal change based on the Earth’s orbit and axial tilt 
(Covitt et al., 2015; Frede, 2008; Plummer & Maynard, 2014). For example, in the 
activities described in Plummer and Maynard (2014), students moved a polystyrene 
ball representing the Earth around a light bulb representing the Sun and measured 
the changes in the intensity of the incident light as the ball moved away from and 
towards or around the bulb. Practice-based approaches can also help students to 
develop, evaluate and revise competing models that account for seasonal changes. 
For instance, Covitt et  al. (2015) proposed a 9-step activity sequence to explore 
the shape of the Earth’s orbit, the impact of sunrays on the Earth, the relationship 
between the Sun’s daily altitude and the observer’s latitude and time of year and the 
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relationship between temperature and inclination of Sunrays. In the Türk and Kalkan 
(2018) study, three concrete models of the Sun-Earth system were constructed for 
use with middle school students: the experimental group used a model with a tilted 
Earth axis, the control group either used a model with an Earth without axial tilt or 
a simple Sun – Earth – Moon model. Students were instructed to use the models 
and observe how the illumination of the Earth changed while it orbited around a 
light source that simulated the Sun. The analysis of the students’ explanations and 
drawings revealed that the experimental group outperformed the control group in 
the post-test. Finally, Chastenay (2023) developed an activity sequence to help stu-
dents understand the apparent motion of the Sun in each hemisphere of the Earth 
and the effects of sunrays different inclination. This is achieved through observa-
tion data of the Sun’s path in two places at the same longitude and latitude, but in 
different hemispheres, while using also as concrete models a polystyrene ball and a 
lamp to represent the Earth and the Sun, respectively. At the end of the activities, 
students can understand that seasonal changes are related to the length of the day 
and the height of the sun in the sky. The activity sequence was implemented only 
with a small sample (N = 37) of prospective teachers and assessment was limited 
to the analysis of a pre- and post-test. Overall, it is apparent from the above review 
that although authors often place a strong emphasis on the proposed activities as a 
way to address students’ misconceptions about seasonal change, in most cases it is 
not clear how interaction with the concrete models helps students to understand the 
more general physical mechanism underlying seasonal changes.

Use of Visual Representations to Teach Seasonal Changes

Research has systematically shown that typical textbook representations of astro-
nomical phenomena are difficult to interpret (Lelliott & Rollnick, 2010; Ojala, 1992) 
and may even lead students to incorrect reasoning strategies (Testa et  al., 2014). 
According to semiotic theory, such difficulties are related to the interaction between 
different types of visual representational structures (Lemke, 1998a, 1998b). In other 
words, the difficulties in interpreting the message encoded in a visual representation 
are related to the meaning that the user gives to the graphical signs, such as sym-
bols, labels, lines, as well as their relative spatial position within the representation. 
For this reason, the mere presence of photographs, drawings and diagrams in text-
books does not guarantee greater effectiveness of visualizations in communicating 
scientific concepts (Guo et al., 2020; Lee & Feldman, 2015; Roth et al., 2005). Fur-
thermore, in the case of astronomical topics, the interpretation of visual representa-
tions is complicated by the fact that they often depict phenomena, such as seasonal 
changes, that always evolve over time in a 3-dimensional space (Galano et al., 2018). 
For example, in typical textbook representations of seasonal changes, the Earth’s 
orbit is shown with an exaggerated eccentricity, and the four positions of the Earth, 
which mark Equinoxes and Solstices, are shown together in the same diagram (Testa 
et al., 2014).

In view of these difficulties, teaching approaches based on innovative and visual 
representations have been developed, starting from research results, to better explain 
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the dynamics of the Sun-Moon-Earth system and to help students develop perspec-
tive-taking skills useful for explaining seasonal changes. Examples of innovative 
visual representations include specially designed static 2D images (Mason et  al., 
2017), computer-based animations (Küçüközer, 2008), and 3D simulations (Sun 
et al., 2010; Türk & Kalkan, 2015). Among the 2D static images, refutation images 
have been suggested as an effective support to help students overcome typical mis-
conceptions in science (Mason et al., 2017). A refutation image aims to address a 
given misconception by first explicitly acknowledging the misconception and then 
presenting the correct conception (Danielson et al., 2016). To address the distance 
misconception, Mason and colleagues used refutation graphics that included a vis-
ual representation with two-sided images of the Earth orbiting the Sun. The images 
included Earth tilted axis and explicit indications of the dates of solstices and equi-
noxes. A refutation mechanism was implemented graphically by labelling the image 
with a NO when the Sun is closer to the Earth at the summer solstice and labelling 
the image with a YES when the Sun is closer to the Earth at the winter solstice. In 
both studies reported in the paper, the authors found mixed evidence regarding the 
effectiveness of the refutation graphic in overcoming the distance misconception. 
Using a semiotic perspective, we argued that such mixed evidence was probably due 
to the refutation image still depicting a highly eccentric Earth’s orbit (Galano et al., 
2018). In other words, despite the presence of the refutation graphics, the eccentric 
Earth’s orbit interfered with the identification of the main mechanism underlying 
seasonal changes (Yu et al., 2010). Küçüközer and colleagues (2009) developed a 
series of 3D animations illustrating various astronomical phenomena, such as day 
and night, seasons, phases of the Moon, and stars. The activities employed a predict-
observe-explain approach, which allowed students to compare their initial explana-
tions with their observations made through the computer animations. However, the 
authors do not explain how the designed animations aided the students in enhancing 
their understanding of seasonal changes. In relation to planetariums, Yu et al. (2015) 
compared the understanding of seasons among three groups of students who were 
exposed to different teaching conditions: (i) lecture + immersive virtual representa-
tion in a planetarium; (ii) lecture + visualization projected onto a flat screen in the 
classroom; (iii) lecture + no visualization. All three groups used the same textbook. 
The study provides evidence for the effectiveness of using a 3D representation to 
teach seasonal changes. In particular, the authors discovered that the group exposed 
to immersive virtual representations of seasonal changes had a greater learning gain 
in both the post-test and the delayed test, while the other two groups showed smaller 
gains. However, the research design does not clarify whether the reported gains were 
solely due to the multi-modal immersive experience, the dynamical nature of the 
virtual representations, or their superior quality in fully representing a three-dimen-
sional representation of the Earth-Sun system. Recently, De Paor et al. (2017) devel-
oped an interactive computer model using the Google Earth app to demonstrate the 
role of the Earth’s fixed axis inclination with respect to the ecliptic plane, the alti-
tude of the Sun, and the length of the day on season’s change. The students are also 
guided to distinguish between the daily rotation of the Earth around its axis and its 
orbit around the Sun and to recognize that events such as solstices and equinoxes 
correspond to different locations of the Earth around its orbit. Although the authors 
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extensively discuss how interacting with the computer model can help students 
understand the role of factors affecting seasonal changes, they do not provide an 
explicit reference to an activity sequence that can scaffold students’ understanding 
of the physical mechanism underlying seasonal changes.

Aims of the Study

The above literature review shows that the teaching of seasonal change often follows 
a single approach, either practice-based with concrete models or centered around 
visual representations of the Earth-Sun system. However, if, in the controlled envi-
ronment of a practice-based activity, students only manipulate the concrete ana-
logues of the relevant factors underlying seasonal change (such as the Earth’s tilt, its 
rotation around the Sun, and the Earth-Sun distance), they are rarely guided to link 
how these factors can be framed in terms of a space observer’s view of the Earth-
Sun system. Therefore, these activities alone are unlikely to sufficiently help stu-
dents construct a scientific explanation of the dynamics of the Sun-Moon-Earth sys-
tem and develop the appropriate perspective-taking skills needed to understand the 
phenomenon of seasonal change (Plummer et  al., 2016). Similarly, when students 
are only exposed to visual representations, such as those found in typical textbooks, 
the graphical signs used, such as symbols, labels, lines and colours, are not explicitly 
linked to the physical properties of the Earth-Sun system. Therefore, this approach 
is unlikely to allow students to build a working model of the phenomenon of sea-
sonal change (Vosniadou, 2010). Although previous studies have provided evidence 
that the use of different types of teaching approaches can lead to improvements in 
students’ understanding of astronomical phenomena (Chubko et al., 2019; Rule & 
Webb, 2015), the literature has not yet adequately explored whether the interaction 
between the two approaches reviewed – practice-based activities and visual repre-
sentations – could improve or hinder students’ understanding, which is crucial for 
advancing research in astronomy education. This gap is significant from a classroom 
perspective, as understanding how these approaches complement or compete with 
each other could provide valuable insights for designing astronomy curricula and 
enhancing teaching practices. On this basis, in this study we aimed to investigate to 
what extent students exposed to both types of approaches show a better understand-
ing of seasonal change compared to those exposed to neither or only one approach. 
Therefore, the study was guided by the following research question:

RQ: How do teaching conditions that use different combinations of practice-
based activities and types of images influence students’ conceptions of seasonal 
changes?

Specifically, the present study aims to investigate how different types of static 
visual representations contribute to the learning of seasonal changes with and with-
out practice-based activities. The reason for focusing on static visual representations 
is that, while to understand why seasonal changes occur can be difficult because it 
is an inherently dynamic phenomenon that requires an understanding of how the 
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geometry of the Earth’s orientation relative to the Sun changes over time, the prac-
tice of teaching astronomy is generally still based on textbook, with an emphasis on 
static visual representations. Therefore, among the different types of visual represen-
tations, it is still worth investigating those that are most commonly used in teaching 
practice, namely the static ones.

Methods

Sample

We recruited the participants for this study through an open call for research col-
laboration for high schools (9th – 13th grade) published on the authors’ university 
website and sent by e-mail to the Regional School Office to the school district. The 
reason for limiting the call to high schools was that the topic of seasonal changes 
is included, as for other introductory astronomy topics, in the national curricu-
lum indications for this type of school at 9th grade. Three high schools, which had 
already participated in research-based curriculum innovations in previous years, 
responded on a voluntary basis and sent to us the formal authorization of the head-
master to carry out the study with their students. We then sent to the three schools 
an informed consent document in agreement with the Italian Privacy and Data Pro-
tection Act (196/2003) and with the European General Data Protection Regulation 
(2016/679), to be signed by the students’ parents in order to obtain the permission 
to use the collected responses for research purposes. The first author organized a 4-h 
workshop at the university with the participating schools’ teachers to briefly explain 
the purpose of the study and to show the practice-based activity that the students 
would have carried out during the intervention. The booklets that the students would 
have used were also presented and discussed. All the participating teachers taught 
the Natural Sciences subject since seasonal changes are included in this subject’s 
syllabus at 9th grade. The teachers assigned an identification number to the students 
in order to submit a pre-test two weeks before the beginning of the activities and a 
post-test about two weeks after the end of the intervention. We involved only the 
students who had not yet received the curricular instruction about seasonal changes 
and whose parents gave the authorization to use their responses for research, result-
ing in a sample size of N = 337 9th grade students (average age = 14 years old) from 
12 intact classrooms.

Experimental Design

To answer our research question, we adopted a 2 × 3 between-subjects factorial 
experimental design. A power analysis carried out with G*Power (Faul et  al., 
2007) revealed that to detect a small to moderate effect size (0.2) for the main 
effects and interactions between two variables at α = 0.05 significance level with 
a power of 0.90, a sample size of 320 subjects would be needed. Therefore, given 
the collected parents’ authorizations, we deemed as feasible the chosen research 
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design. We then randomly assigned the recruited classes to a “practice-based 
activity” (6 classes, total number of students in this condition, N = 170) and a 
“no practice-based activity” (6 classes, total number of students in this condi-
tion, N = 167) condition using the Microsoft Excel functions rand (), index () and 
rank.eq ().

In the “practice-based activity” condition, the module called “Cause of seasons” 
was implemented (Testa et  al., 2015; see Supplemental Material). The aim of the 
module is to help students understand the physical mechanisms behind seasonal 
changes through experiments and quantitative measurements. Specifically, students 
first discuss the possible factors underlying seasonal changes and then design an 
experiment to demonstrate the relevance of the identified factors. During the experi-
mental phase, the students measure the power output of a photovoltaic panel illu-
minated by a light bulb and vary the distance between the source and the panel and 
the inclination of the panel. Students are then guided to derive from the experimen-
tal data two competing mathematical models – a distance model and an inclination 
model – to estimate the solar radiation flux at different locations on Earth at a given 
time of year and at a given location over the year. Based on the evidence collected 
and the actual distances and quantities (e.g., Sun-Earth distance, inclination of the 
sun’s rays on the Earth’s surface), students are asked to argue which of the two com-
peting models can better explain the seasonal changes.

In the “no practice-based activity” condition, the first activity was the same as 
that of the “practice-based activity” condition and was aimed at discussing the pos-
sible factors underlying the change of seasons. Then, after a class discussion aimed 
at comparing the relevance of the factors identified, the students were taught the 
same physical laws introduced in the “practice-based activity”. Differently from the 
“practice-based activity”, in the “no practice-based activity” the mathematical mod-
els were not derived by the students from actual measurements but explained by the 
teacher. The last activity was the same as that of the “practice-based activity” condi-
tion. Peer interaction was also encouraged to facilitate the comparison between the 
two groups.

Then, each of the 12 classes was randomly assigned again using Micro-
soft Excel functions to one of the three further conditions: “specially designed 
images” (4 classes, N = 55 in the “practice-based activity” condition and N = 54 
in the “no practice-based activity” condition, respectively, total number of stu-
dents = 109); “textbook images” (4 classes, N = 56 and N = 60, respectively, 
total = 106); “no images” (4 classes, N = 59 and N = 53, respectively, total = 102). 
The “specially designed images” condition was based on the teaching module 
called “Images of Seasons” (Galano et  al., 2018; see Supplemental material). 
In order to better control for interaction effects, students in all conditions were 
first given a teaching booklet with different types of text and images, and then, 
after reading the booklet, were instructed to relate the features of the images 
studied to the mechanism underlying seasonal changes. In particular, in the “spe-
cially designed images” condition, students were given images designed by us to 
address several specific misconceptions that students often have about astronomi-
cal phenomena. For example, to address the distance misconception, we designed 
an image that used a circular orbit to avoid emphasizing distance. Similarly, to 
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address the tilt misconception, the idea that the Earth’s axis tilts back and forth, 
we showed the tilt of the Earth’s axis from different perspectives in the images, 
emphasizing its constant direction in space.

The “textbook images” condition followed the same reading session – guided 
discussion sequence as that of the “specially designed images” condition, except 
that the students used an adapted text and the images from their textbook (see 
Supplemental material). For the “no images” condition, the students used a dif-
ferent booklet in which we reproduced textbook parts excluding the images (see 
Supplemental material).

Overall, for each condition, the intervention lasted 6 curricular hours. All the 
activities were jointly carried out by the first author and by the classroom teacher 
during regular curriculum hours. The reason for letting the first author join the 
teacher was to ensure similarities across the conditions. The sample distribution 
in the six conditions is summarized in Table 1.

Instrument

We used as research instruments a draw-and-explain task and the Seasons Con-
cept Inventory (SCI), which features two multiple-choice and six true/false items 
(see Appendix for the complete instruments). In the draw-and-explain task, 
the students were asked to represent the mechanism causing the change of sea-
sons through a drawing and to explain with few written sentences why seasonal 
changes occur. The prompt was: Please explain with a drawing and in words 
why the phenomenon of the changing seasons occurs in Italy. Draw-and-explain 
tasks have been widely used to examine students’ conceptions about astronomical 
topics (e.g., Galano et al., 2018; Neofotistos et al., 2024; Oh, 2014; Testa et al., 
2023). The SCI instrument used in this study was adapted from previous instru-
ments developed in astronomy education research (Danaia & McKinnon, 2007; 
Trumper, 2001a).

The draw-and-explain task and the SCI were submitted as post-test at the end 
of the activities. Participants completed the SCI after completing the draw-and-
explain task. The SCI was given also as pre-test to inform a baseline comparison 
between the six groups.

Table 1   Distribution of the 
students (n) in the six teaching 
conditions

Practice-based activity condi-
tion

Image condition “Cause of 
seasons”

No practice-
based 
activity

“Specially designed images” 55 54
“Textbook images” 56 60
“No images” 59 53
Total number of students 170 167



	 S. Galano, I. Testa 

Data analysis

Drawings Analysis

Students’ drawings were analyzed as follows. First, we coded the drawings 
according to a list of graphical elements (e.g. circles, lines, labels, arrows, 
numbers, words etc..). The list was generated in a previous study, where, using 
an innovative method based on categorical factorial analysis, we grouped the 
graphical elements in distinct latent categories of drawings representing differ-
ent models of the represented phenomenon (Testa et al., 2023). Then, we catego-
rized each drawing in the present study using the coding scheme and the models 
emerged from that previous study. The described procedure lead to the identifi-
cation of three categories: 1) drawings that represent the personal and sensorial 
experience of the student about the seasonal changes, with no mechanism rep-
resented (“naïve”); 2) drawings featuring some visual reference to the changing 
distance between Sun and Earth to explain seasonal changes is included (“dis-
tance-based”); 3) drawings relating the change of seasons to the changing incli-
nation of sun’s rays during the year, with an indication also to the Earth’s orbital 
motion and axis’ tilt (“inclination-based”). The drawings were analyzed by the 
two authors through the constant comparison (Strauss & Corbin, 1998) between 
the original categories and the students’ produced representations collected 
for this study. Inter-rater reliability was evaluated through Cohen’s κ obtain-
ing a satisfactory value, κ  = 0.85. Examples of student drawings for each of the 
emerging categories are reported in Fig. 1a-c. Further examples of drawings and 
corresponding categories are reported in the Supplemental Material.

Written Explanations Analysis

As for the drawings, we analyzed students’ explanations using the rubric devel-
oped and refined in our previous studies (Galano et al., 2018; Testa et al., 2023). 
The rubric features 5 categories: i) unclear (e.g., non-relevant or vague expla-
nations); ii) distance-based (e.g., explanations in which seasons are due to the 
changing Sun-Earth distance); iii) mixed incorrect (e.g., explanations in which 
seasons are due to the changing inclination of the Earth’s axis); iv) partial (e.g., 
explanations that refer only to observable consequences of the seasonal changes, 
or to only one of the factors that cause seasonal changes); v) correct (e.g., expla-
nations that refer to factors and to a sort of causal mechanism underlying sea-
sonal changes). After a refinement that collapsed the unclear, distance-based 
and mixed incorrect categories we arrived at the following macro-categoriza-
tion: incorrect; partial; correct. The analysis was carried out by the two authors 
through the constant comparison between the categories and the students’ expla-
nations with a resulting Cohen’s κ  = 0.85. Examples of students’ explanations 
and more details on the categorization adopted are reported in the Supplemental 
material.
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Combined Analysis of Drawings and Written Explanations

To quantitatively compare how the students under the different experimental con-
ditions visually represented and explained the phenomenon of seasonal changes, 
we had to calculate a score that could take into account both drawings and written 
explanations. To this aim, we chose as statistical method the Multiple Correspond-
ence Analysis (MCA). MCA is an extension of principal component analysis to cat-
egorical variables and is aimed to identify patterns of associations and oppositions 
between the different modalities of categorical responses (Blasius & Greenacre, 
2014). Specifically, MCA translates such associations and oppositions into distances 
within a space. Such a process works by transforming categorical data into a form of 

Fig. 1   Examples of students’ drawings (a) naïve (b) distance-based (c) inclination-based. Translation of 
Italian text: b) Earth near the sun = summer; Earth away from the sun = winter; c) from left to right: win-
ter, autumn, summer, spring
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binary data matrix, where each category is represented by a binary variable (present/
absent). The result of this analysis is a set of factors, also known as dimensions, 
which represent the data in a reduced number of dimensions while preserving the 
relationships in the original data. Starting from the extracted factors, MCA analysis 
allows for calculations of the factorial scores for each category and for each subject. 
These scores can be used to visualize the data in a lower-dimensional space, often 
with the help of a biplot, which can reveal the associations between categories and 
the similarities between individual data points. In practical terms, the association 
between the modalities of the categories and the positive or negative values of the 
factorial scores allows the interpretation of the extracted factors (Di Franco, 2016). 
In our case, the categorical data were the student’s responses to the draw-and-
explain task, which were coded as described above with one out of the three drawing 
categories – naïve; distance-based; inclination-based; – and one out of the three 
explanations categories – incorrect, partial, correct, respectively. Being the modali-
ties only three for both types of categorical data – drawings and explanations – in 
this study, we used only the first factor extracted from the MCA, which explained 
74% of the variance in the data. After obtaining the corresponding factorial scores 
for each student, we checked through a 1-way analysis of variance (ANOVA) the 
association between the scores and the categories of drawings and explanations 
to collect validation evidence of the draw-and-explain task through method trian-
gulation (Santiago-Delefosse et  al., 2016). We found that positive factorial scores 
were significantly associated with both an “inclination-based” drawing and a cor-
rect explanation, while negative factorial scores were associated with both a “naïve” 
drawing and an “incorrect” explanation. More details on the relationships between 
the MCA factorial scores and categories of drawings and explanations are reported 
in the Supplemental material.

SCI Analysis

We scored the instrument as follows: true/false items were given 0.5 point for a 
correct response, while for multiple-choice items, 2 points were given for a cor-
rect answer choice. For both types of items, an incorrect answer was given 0 point. 
Maximum score was 7. Due to the different types of items used in the instrument, 
we report here the reliability of only the 6 true/false items. Reliability was 0.37 for 
the pre-test and 0.42 for the post-test. Such low values of reliability are expected 
for short instruments (less than 10 items) with only two answer choices due to the 
guessing contribution to error variance (Zimmerman & Williams, 2003).

Comparison of Students’ Performances Across the Different Teaching Conditions

To answer our research question, we first performed a one-way ANOVA of the SCI 
scores in the pre-test to explore whether the students in the six teaching conditions 
had similar initial knowledge about the seasons. We limited the pre-instruction 
assessment to the SCI instrument since all the students in the sample had not been 
taught about seasonal changes before participating in the study, so we were not able 
to collect a sufficient number of drawings and explanations for the pre-test. Then, we 
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compared through a series of independent samples t-test the scores in the first factor 
extracted from the MCA and the scores in the SCI instrument of the two groups in 
the “practice-based activity” and “no “practice-based activity”, respectively. Then, 
we compared through an ANOVA the scores in the first factor extracted from the 
MCA and the scores in the SCI instrument of the three groups, “specially designed 
images”, “textbook images” and “no images”, respectively. Finally, we inspected 
the effects of the interaction between the two approaches – practice-based activity 
and images by performing a series of 2-way between-subjects ANOVAs using, as 
dependent variables, the scores in the first factor extracted from the MCA and the 
scores in SCI instrument, while the six teaching conditions were used as independ-
ent variables.

Results

Pre‑Instruction Knowledge about Seasonal Changes

Mean scores of the pre-test SCI are reported in Table 2. After checking for outliers 
through inspection of boxplot and homogeneity of the variances through a Levene’ 
test (p = 0.403), we performed an ANOVA, which showed no significant differences 
between the six groups, F5,331 = 0.573, p = 0.721, η2 = 0.009.

Post‑Instruction Knowledge about Seasonal Changes

The distribution of explanations and drawings categories in the post-test is reported 
in Table 2. The majority of the students (76%) in the “practice-based activity” con-
dition produced an inclination-based drawing independently of the image condi-
tion whereas, for the “no practice-based activity” condition, only in the “specially 
designed images” group the majority of students produced an inclination-based 
drawing (63% vs. 35% and 19%, respectively).

Concerning explanations, the majority of students (59%) in the “practice-based 
activity” + “no images” condition gave a correct justification of seasonal changes. 
Conversely, the majority of the students in the “no practice-based activity” + “text-
book images” and “no images” conditions (47% and 64%, respectively) gave an 
incorrect explanation. From the analysis of the MCA factorial scores, we note that 
the students in the “practice-based activity” + “no images” condition have the high-
est positive factorial score (0.48), in agreement with a higher frequency of “incli-
nation-based” drawings (83%) and correct explanations (59%). The students in the 
“no practice-based activity” + “no images” condition have the lowest factorial score 
(–0.75), in agreement with a higher frequency of “distance-based” drawings (70%) 
and incorrect explanations (64%).

Then, after having performed a normality check through inspection of asymmetry 
and kurtosis of the scores’ distribution (–0.597 and –0.815, respectively) and veri-
fied homogeneity of variances through Levene’s test (p = 0.106), we calculated the 
differences between the mean factorial scores of the students in the “practice-based 
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activity” and “no practice-based activity” conditions. Differences are statistically 
significant (see Fig. 2a), with the students in “practice-based activity” condition out-
performing the students in the “no practice-based activity” condition, t331 = 7.327, 
p < 0.001.

Similarly, mean factorial score of students in the “specially designed images” 
condition is significantly higher than the score of the students in the other two 
images conditions (see Fig.  2b), t331 = 2.693, p < 0.01. In Table  2, we report also 
the post-test mean scores of the SCI. All groups increased their scores with respect 
to the pre-test, from an average of 4.65 points to an average of 5.88. Such result 
suggests the effectiveness of the activities in improving students’ understanding of 
seasonal changes. However, the students in the “practice-based activity” condition 
performed slightly better than the students in the “no practice-based activity” (see 
Fig.  3a), t331 = 2.228, p < 0.05. Similarly, the students in the “specially designed 
images” condition scored higher than the students in the other two images con-
ditions (see Fig.  3b), t331 = 2.208, p < 0.05. Notably, the mean scores of the post-
test SCI are positively correlated with the mean MCA factorial scores, Pearson’s 
r = 0.39, p < 0.001, thus suggesting an overall validity of our results.

Interaction Between Practice‑Based Activities and Specially Designed Images

Before performing the 2-way between subjects ANOVA on the MCA factorial score, 
we verified that there were no outliers in our sample through a boxplot. Then, we 

Fig. 2   a Mean post-instruction MCA factorial scores for the “practice-based activity” vs. “no practice-
based activity” conditions. b Mean post-instruction MCA factorial scores for the “specially designed 
images” vs. “textbook images” and “no images” conditions. **p < .01; ***p < .001

Fig. 3   a Mean post-instruction SCI score for the “practice-based activity” vs. “no practice-based activ-
ity” condition. b Mean post-instruction SCI score for the “specially designed images” vs. “textbook 
images” and “no images” conditions. *p < .05



	 S. Galano, I. Testa 

checked for violation of homoscedasticity of error variances obtaining a non-signif-
icant result, F1, 335 = 0.467, p = 0.495. Levene’s test for equal error variance was also 
not significant, F5, 331 = 1.832, p = 0.106.

Overall, for the MCA factorial score (Fig. 4a), we found a significant main effect 
of the “practice-based activity” condition, F1, 331 = 53.685, p < 0.001, η2 = 0.140; 
of the “image condition”, F2, 331 = 3.747, p < 0.05, η2 = 0.022; and of the interac-
tion between the two conditions, F2, 331 = 6.789, p < 0.01, η2 = 0.039. Simple effects 
analysis shows that students in the “practice-based activity” condition outperformed 
students in the “no practice-based activity” condition in both the “textbook images” 
and “no images” conditions, F1,331 = 13.005, p < 0.001, η2 = 0.038; F1,331 = 50.562, 
p < 0.001, η2 = 0.133, respectively, while the difference in the “specially designed 
images” condition is only slightly significant and with a small effect size, 
F1,331 = 3.963, p = 0.047, η2 = 0.012. Note that in the “practice-based activity” condi-
tion, the effect of the image condition is not statistically significant, F2, 331 = 1.039, 
p = 0.355, while for the “no practice-based activity” condition, the differences 
between the three groups who used different kind of images are statistically signifi-
cant, F2, 331 = 9.224, p < 0.001. A post-hoc analysis show that this result is due to 
the statistically significant higher score of the students in the “specially designed 
images” condition with respect to the “no images” condition (p < 0.001).

Concerning the post-test SCI, the assumptions of the 2-way ANOVA were also 
met with no outliers, homoscedasticity of error variances, F1, 335 = 1.070, p = 0.302 
and equal error variance, F5, 331 = 1.608, p = 0.157. Figure  4b summarizes our 
findings for the post-test SCI. We found a significant main effect of the “practice-
based activity” condition, F1, 331 = 4.964, p < 0.05, η2 = 0.015 and of the interaction 
between the two conditions, F2, 331 = 6.128, p < 0.01, η2 = 0.036. The image condi-
tion does not have a significant main effect on the post-test SCI score, F2, 331 = 2.466, 
p = 0.086, η2 = 0.015. However, simple effects analysis reveals that, for the “textbook 
images” condition and for the “no images” condition, the differences between the 
post-test SCI scores of the students who performed the practice-based activity and 
of the students who did not performed the practice-based activity are statistically 
significant, with students in the “practice-based activity” condition outperforming 
the students in the “no practice-based activity” condition, F1, 331 = 6.786, p < 0.05, 

Fig. 4   a Mean post-instruction MCA factorial scores for the three images conditions and for the two 
practice-based activity conditions. b Post-test SCI mean score for the three image conditions and for the 
two practice-based activity conditions. Solid brackets indicate simple effects of the practice-based activ-
ity condition for each image condition, dotted brackets indicate simple effects of the different image con-
dition for each practice-based condition. *p < .05; **p < .01; ***p < .001; ns: not significant
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η2 = 0.020; F1, 331 = 8.289, p < 0.01, η2 = 0.024, respectively. Contrarily, for the stu-
dents in the “specially designed images” condition, such difference is not statisti-
cally significant, F1, 331 = 2.452, p = 0.118, η2 = 0.007. Notably, students who were 
exposed to the “specially designed images” and were in the “no practice-based activ-
ity” condition performed better than students who were exposed to the same type of 
images but were involved in the “practice-based activity” condition, although such 
a difference is not statistically different. Overall, for the “practice-based activity” 
condition, simple effects analysis shows no differences between the groups who 
used different types of images, F2,331 = 0.418, p = 0.659, η2 = 0.003, while for the “no 
practice-based activity” condition, the differences across the groups are statistically 
significant, F2,331 = 8.076, p < 0.001, η2 = 0.047. Post-hoc analysis shows that this 
result is due to the statistically significant higher score of the students in the “spe-
cially designed images” condition with respect to both “textbook images” and “no 
images” conditions (p < 0.01).

Discussion and Conclusions

In this paper, we investigated the combined effect of two approaches to address sea-
sonal changes, one based on practice-based activities and the other on the use of 
specially designed images. While previous studies were limited to a direct compari-
son of the effects of either practice-based or software-based activities on students’ 
conceptual understanding (e.g., Kiroğlu et al., 2021), to the best of our knowledge, 
this is the first study that measures the effect of the interaction between two differ-
ent approaches to teach seasonal changes. In the following, we discuss our results in 
relation to literature in astronomy education research.

First, collected evidence supports the conclusion that the students in the “prac-
tice-based activity” condition outperformed students in the “no practice-based activ-
ity” condition, independently of the type of image condition (“specially designed 
images”; “textbook images”; “no images”). While students in all the six conditions 
showed many alternative conceptions in the pre-test, in agreement with previous 
studies (Trumper, 2001b), the great majority of the students in the “practice-based 
activity” produced a drawing that featured the change of inclination of sunrays dur-
ing the year and Earth’s orbital motion and axis tilt as possible reason. Moreover, 
on average, about 46% of these students gave a correct written explanation of sea-
sonal changes after the activities, thus suggesting a greater effectiveness of the pro-
posed practice-based activities with respect to the other condition (22% on average 
of correct explanation). Our results align with findings obtained in previous studies 
that used practice-based approaches (e.g., Covitt et al., 2015; Plummer & Maynard, 
2014; Türk & Kalkan, 2018). More generally, our findings support that contrasting 
different explanation of seasonal changes – the distance-based and the inclination-
based – in a practice-based activities environment may favor students’ modeling 
skills (Schwichow et al., 2020). Moreover, throughout such modelling process, the 
students can also learn how to identify the variables that describe the phenomenon, 
and how to apply the relationships between the variables of the model to different 
situations (Schalk et al., 2019).
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Second, results show that the students in the “specially designed images” condi-
tion performed consistently better than the students in the “textbook images” and 
“no images” conditions in both the draw-and-explain task and the SCI questionnaire. 
This evidence confirms two general results: first, suitable graphical features (e.g., 
circular orbit, Earth’s axis pointing in a constant direction) may help students to cor-
rectly connect the changing inclination of the sunrays from the Earth’s viewpoint 
to the orbital motion and the tilted axis from a space observer’s viewpoint (Sneider 
et  al., 2011); second, combining different but related representations of the same 
phenomenon may help students understand how astronomical phenomena can be 
described in different frames of reference (Bekaert et al., 2022; De Paor et al., 2017). 
We will further discuss possible interpretations of this evidence below.

Third, we found a significant interaction of the two approaches on students’ per-
formance. Namely, while for the students in the “practice-based activity” condition 
the different images used did not significantly affect their performance, for the stu-
dents in the “no practice-based activity” condition, the differences due to the use of 
different kind of images were statistically significant. Hence, the role of a teaching 
resource depends on the context in which it is used. In particular, the students in the 
“specially designed images” condition outperformed the students in the “textbook 
images” and “no images” conditions. We also found that when students in the “no 
practice-based activity” condition were taught with the specially designed images, 
their performance in the SCI questionnaire did not significantly differ from that of 
the students in the “practice-based activity” condition who were taught with the 
same images condition. Furthermore, in the draw-and-explain task, the difference in 
the factorial score between the students in the “practice-based activity” and “no prac-
tice-based activity” conditions who were taught with the specially designed images 
was lower than for the other two conditions. This evidence suggests that the special 
designed images helped the students in the “no practice-based activity” condition 
more than the textbook images or the simple text with no images at all. Therefore, to 
a certain extent, the specially designed images had the same effect as the practice-
based activity in helping students contrast the distance model and the inclination 
model. Besides the different modality itself (practice-based activity vs. frontal les-
son), some indications on why students in the “specially designed images” condition 
were not significantly disadvantaged by the lack of the practice-based activity may 
be put forth. First, in agreement with the semiotic theory, the graphical features of 
the used images, as the circular Earth’s orbit and the two-panel structure were likely 
to provide students with clues that enabled them to understand why orbital motion 
and axis tilt affect seasonal changes. Specifically, these clues are likely to create a 
link between abstract concepts and visual elements (Schnotz, 2002) that may facili-
tate students in correctly modeling the represented phenomenon (Friedman et  al., 
2018). Second, the specially designed images used in this study are likely to pro-
mote cognitive processing to make sense of the relationships among and between 
celestial objects and reference frames in explaining seasonal changes (Mayer, 2017; 
Plummer, 2024). Finally, our findings also suggest that, independently on the “prac-
tice-based activity” condition, students in the “textbook images” condition did not 
perform significantly better than students in the “no images” condition, except in 
the draw-and-explain task, where there was a slight benefit to using any images over 
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no images. This result confirms previous findings according to which visual repre-
sentations in scientific texts may add comprehension challenges and lead to cogni-
tive overload (McTigue & Flowers, 2011). This study also replicates the findings of 
studies about virtual representations to teach seasonal changes (Yu et al., 2015) and 
those of our previous studies (Galano et al., 2018; Testa et al., 2014).

Overall, the results of the present study suggest that teaching approaches that 
integrate practice-based activities with well-designed visual materials have the 
potential to further enhance students’ understanding of introductory astronomy top-
ics at middle and high school level considering both concept learning and reasoning 
aspects (Kim & Jin, 2022). As future steps, further research is needed to explore 
how these approaches can be adapted and implemented at different educational lev-
els, e.g., primary schools, and how they can be combined with activities in out-of-
school settings, e.g., planetarium, to develop students’ understanding of astronomi-
cal phenomena. Secondly, future qualitative studies could provide valuable insights 
into students’ understanding of seasonal change by exploring which specific visual 
materials or teaching approaches students prefer when studying this phenomenon. 
Similarly, further research is warranted to explore how students with different spa-
tial reasoning skills, such as mental rotation, respond to the proposed approaches 
and, conversely, whether and how the proposed approaches might enhance such 
skills. Finally, future studies might also investigate how the combination of practice-
based activities and specially designed images can foster students’ understanding of 
other familiar astronomical phenomena, such as day/night cycle, lunar phases, and 
eclipses.

Limitations of the Study

The present study has the following limitations. First, the students in the “practice-
based activity” could have been advantaged by a greater peer interaction during the 
measurements with the solar panel. Second, we tried to maximize the control on the 
six different conditions by letting the first author leading the 6-h activities, albeit 
with an active support by the teachers in their classes, in order to not substitute them 
for the topics that they usually teach. Admittedly, this design has also a limitation 
because it reduces the ecological validity of the study in that different teachers could 
have enacted the same resources differently (Fazio & Gallagher, 2019; Lin et  al., 
2022). Third, external validity of the results of our study is limited by the fact that 
the three schools that answered to the call are usually involved in implementing 
research-based curriculum innovations and regularly participate in university out-
reach programs. The generalizability of our findings is also limited by the fact that 
only students with parental consent participated in the study and by the organiza-
tion of the schools, which allowed us to perform the randomization of the different 
experimental conditions only at the class level. Fourth, to assess students’ knowl-
edge of the seasons, we used a concept inventory with only eight items, six of which 
were in a true/false format. While this format was advantageous to reduce the impact 
on school organization, it limits the generalizability of the findings due to the low 
reliability of the probe. We are currently validating a new two-tier multiple-choice 
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instrument to address this issue. Finally, while the a-priori power analysis supported 
that our sample was sufficiently large to detect a moderate effect size of the main 
effects and of the interaction between the “practice-based activity” and the “images” 
condition, a larger sample could have revealed also smaller effects not detected in 
the present study.

Appendix

Seasons Concept Inventory (SCI)

The main factor for which summer and winter alternate is:

(a)	 the distance between Sun and Earth changes during the year, so the incidence of 
solar rays on the Earth’s surface varies

(b)	 the inclination of the Earth’s axis with respect to the orbit plane changes during 
the year, therefore the incidence of the solar rays on the Earth surface varies

(c)	 Earth’s axis direction in space changes during the year therefore the incidence 
of the solar rays on the Earth’s surface varies

(d)	 Earth’s position along its orbit changes during the year, therefore the incidence 
of the solar rays on the Earth’s surface varies

The reason for which in Italy during summer is hotter than in winter is that dur-
ing summer

(a)	 the Earth is closer to the Sun and day lasts more than in winter
(b)	 the inclination of Earth’s axis changes
(c)	 solar rays are less inclined and the day is longer
(d)	 the Sun produces more energy

Indicate whether the following statements are true or false.

1.	 The Sun produces more energy in summer than in winter.
2.	 The energy absorbed by a surface illuminated by a light source is maximum when 

the light strikes the surface perpendicularly.
3.	 The incidence of the Sun’s rays on the earth’s surface varies over the year.
4.	 The Earth’s surface absorbs energy from the Sun.
5.	 The Earth’s axis of rotation is tilted with respect to the plane of the Earth’s orbit.
6.	 Earth’s axis of rotation throughout the year remains parallel to itself.
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