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ABSTRACT 

The current research is focused on the teaching students about a complex astronomy 

concept of seasons. This study included the development and implementation of a 

methodical (step by step) spatial curriculum for 6-12 grade students that requires 

minimum material and is easy to implement. The curriculum uses spatial components like 

2D and 3D drawings, videos, and simulation. The aim of this study was to implement a 

spatial curriculum and measure its impact on students’ spatial thinking, reasoning, and 

conceptual understanding about seasons. The students participated in spatial activities, 

writing answers and group discussion throughout this curriculum. The present study took 

place in a 6th grade, STEM classroom and gathered data in the form of written and verbal 

answers given by students. The results demonstrated that the activities had a positive 

impact on students’ conceptual understating about seasons. The study also showed link 

between students’ spatial thinking and reasoning and conceptual understanding. Students 

who demonstrated a correct diagram of season with all the labels and necessary spatial 

component showed a correct conceptual understanding about seasons. Interactive 

simulation demonstrated significant impact on learning about tilt and its relation to the 

concept of seasons. Students enjoyed participating in creating drawings and diagrams. 

Students also demonstrated positive experience towards using spatial activities as 

learning tool for astronomy.  
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CHAPTER 1 

INTRODUCTION 

Spatial thinking and reasoning are a part of our day-to-day tasks. More spatial 

abilities are developed as one participates in these daily spatial activities (Newcombe, 

2010). Human cognition is profoundly influenced by spatial thinking, which is also 

apparent in our daily use of language. For example, the conceptualization of time is 

primarily in terms of space, e.g., a long time back. Such phrases show the extent of 

spatial cognition's involvement in our daily life and learning (Núñez & Cooperrider, 

2013). Spatial intelligence or cognition has evolutionary and adaptive importance and is 

critically important in STEM learning (Newcombe, 2010; Newcombe & Frick, 2010). 

Newcombe et al. (2010) made a case that students can develop and improve their spatial 

thinking and reasoning by participating in well-scaffolded spatial activities from an early 

age. Spatial thinking is defined as a cognition that connects objects' space, shape, and 

reference frames (Newcombe, 2010; Newcombe & Shipley, 2015) and approaches the 

process of problem-solving via the coordinated use of space, representation, and 

reasoning (National Research Council [NRC], 2006). Spatial reasoning is further defined 

as a cognitive process that involves using spatial relations between objects or spaces to 

reason, understand, or explain a concept of a phenomenon (Burte et al., 2017). A spatial 

curriculum is an intervention that will help students develop spatial thinking and 

reasoning (Cole et al., 2018; Liben, 2007; Newcombe & Shipley, 2015).  
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Significance of Spatial Curriculum 

STEM Disciplines 

Spatial thinking and reasoning are fundamental cognitive skills in STEM 

(Science, Technology, Engineering, Mathematics) disciplines (Cole et al., 2018; Janelle 

et al., 2014; Newcombe, 2010; Wai et al., 2009). STEM disciplines require reading 

graphs, understanding 2D and 3D diagrams, recognizing patterns, reading number lines, 

and reading cardinal directions. These components become a tool for thinking in their 

capacity to display the distribution of variables (Newcombe & Frick, 2010). Spatial 

thinking includes developing cognitive skills like visualization, mental rotation, and 

perspective-taking (Liben, 2007; Newcombe, 2010; Newcombe & Frick, 2010). These 

are all considered spatial abilities; hence the inclusion of spatial components in curricula 

helps learners better understand STEM concepts. 

Many research studies have shown that spatial thinking is a foundation for 

participation and success in a STEM discipline (Janelle et al., 2014; Newcombe, 2010; 

Wai et al., 2009). Including spatial activities becomes essential as it improves STEM 

educational outcomes by increasing interest and self-efficacy in STEM fields (Miller & 

Halpern, 2013). Research has shown that undergraduate students with higher spatial 

thinking skills were more successful in learning scientific concepts (Janelle et al., 2014; 

Miller & Halpern, 2013). STEM learning is improved when we include specifically 

designed spatial activities to facilitate topical conceptual understanding in the curriculum 

(Plummer & Maynard, 2014; Plummer et al., 2016).  
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Astronomy 

Astronomy is a spatially demanding subject, as the majority of the concepts 

require the ability to imagine objects from various perspectives, create and manipulate 

accurate mental models, 2D to 3D conversion, connect two different reference frames, 

mentally travel through time-space, and comprehend maps, diagrams, and graphs (Cole et 

al., 2019; Núñez & Cooperrider, 2013; Plummer et al., 2016). Most fundamental concepts 

are connected in astronomy and set a foundation of skills required for a more complex 

phenomenon (the NGSS Lead States, 2013; Plummer & Maynard, 2014). For example, 

celestial motion is central to many fundamental astronomical concepts like the day/night 

cycle, lunar phases, eclipses, planetary motion, constellation motion, and seasons 

(Plummer, 2014). Learning about celestial motion requires spatial perspective across 

frames of reference. This shift between reference frames makes astronomy a spatially 

demanding field (Albanese et al., 1997) and gaining scientific understanding can be 

improved by adding a spatial activity to the curriculum (Plummer & Maynard, 2014; 

Plummer et al., 2016).  

Spatial thinking skills vary in dimensions and have a specific use for different 

subjects. Different spatial thinking facilitates learning in specific science content areas, 

such as mathematics, organic chemistry, geology, engineering, physics, or astronomy 

(Burte et al., 2017; Liben et al., 2011; Plummer, 2014). A domain-specific approach, 

where spatial activities designed for learning a specific subject or topic are implemented, 

is necessary, beneficial, and favored by many researchers for significant impact (DeSutter 

& Stieff, 2017; Newcombe, 2010). The astronomy field lacks a spatial component in the 
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curriculum; hence research studies advocated a domain-specific approach in astronomy to 

facilitate students’ spatial abilities toward conceptual understandings of astronomy 

phenomena (Baxter, 1989; Cole et al., 2018).  

A recent literature review in astronomy addressed a lack of interventional studies 

that included spatial curriculum (Cole et al., 2018). A study looking at students’ learning 

progression addressed a lack of spatial curriculum to teach celestial motion (Plummer & 

Maynard, 2014). This has led to a lack of conceptual understanding of astronomy 

concepts. Many research studies have shown that K-12 students, highly educated 

graduate students, and college professors have held misconceptions about fundamental 

astronomy concepts (Agan & Sneider, 2003; Kavanagh et al., 2005; Schnepps & Sadler, 

1989). Students have demonstrated difficulty forming a scientific explanation for 

astronomical phenomena that include spatial thinking and reasoning (Huttenlocher & 

Presson, 1973), especially students in K-12 (Kikas, 2006; Mant & Summers, 1993; 

Plummer et al., 2010, 2014). As per the National Research Council (NRC, 2012) 

recommendations, connecting reference frames is central to learning about celestial 

object motions for K-12 students. Newcombe (2010) showed that spatial thinking could 

be learned from an early age, and it is highly recommended that spatial curricula be 

included in early education. The NRC (2006) deemed it necessary to include spatial 

activities that promote spatial thinking in K-12 curricula. The recommended K-12 science 

education reformation concentrates on organizing big ideas with broad explanatory power 

for multiple phenomena (NRC, 2012).  
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 Theoretical Framework: Spatial Thinking Typology  

According to Newcombe and Shipley (2015), the typology of spatial thinking 

framework first divides spatial thinking based on location or reference frame: where does 

spatial thinking take place (extrinsic or intrinsic)? Moreover, further categories include 

the movement of the included objects, i.e., static or dynamic. The four categories are 

intrinsic-static, intrinsic-dynamic, extrinsic-static, and extrinsic-dynamic. These 

typologies include necessary spatial skills that can help with creating spatial activities to 

teach astronomy concepts. The theoretical framework for the current study is to create 

spatial activities to develop specific spatial skills based on the typologies of spatial 

thinking and reasoning. Intrinsic-static skill codes object by their shape, size, and 

distances, whereas intrinsic-dynamic skill transforms the spatial coding of the objects in a 

way that can be rotated and manipulated. For example, a mental representation of Earth is 

intrinsic-static, while Earth spinning is intrinsic-dynamic. The extrinsic factor compares 

two objects' location and movements relative to one another or a reference frame from an 

onlooker's point of view. Extrinsic-static skill codes the location of two or more objects 

relative to each other and extrinsic-dynamic transforms extrinsic-static coding to the 

movement of one object or all the objects with respect to each other and/or the observer. 

An example of extrinsic-static would be a mental representation of the Sun and Earth 

with respect to each other, while extrinsic-dynamic is a mental representation of Earth 

orbiting around the Sun. This typological framework is used to do literature review to see 

how many components are used by researcher in the field of astronomy by Cole et al. 

(2018). The framework is proven to be useful to look at different spatial component 
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involved in learning or teaching astronomy topics as well analyzing different spatial 

skills.   

Why Should We Focus on Seasons? 

The topic of seasons is a combination of multiple fundamental concepts that 

include basic scientific skills. We can teach students the ability to connect observation, 

evidence, and explanation through the concept of seasons, which is the essence of 

science. Students can observe the changing path of the Sun throughout the year, gather 

evidence, and understand why the weather changes (Sneider et al., 2011). Students will 

also learn spatial skills: perspective-taking, imagination, and switching between reference 

frames. This makes the seasons a spatially demanding concept. Hence learning seasons 

will help aid/facilitate knowledge in conceptual learning of other astronomy concepts 

with similar fundamental phenomena and scientific skills.  

Learning about seasons will allow students to learn and grasp multiple spatial 

skills, which can help them further learn other concepts. The concept of seasons 

combines a few fundamental concepts (Sneider et al., 2011). The four key concepts in 

learning seasons are Earth's axial tilt, Earth's orbit around the Sun, the Sunray's angle, 

and the shape of Earth. Each of these concepts requires a variety of spatial skills which 

are intertwined with one another. As mentioned in the previous section, the mental 

representation of Earth's shape is an intrinsic-static spatial skill. The Sun-Earth 

movement is extrinsic-dynamic. Earth's axial tilt and orbit are intrinsic-dynamic spatial 

skills. Overall, a complete understanding of the concept of seasons requires students to 

scaffold these skills together in proper chronological order. 
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One spatial skill involved in learning about seasons is perspective-taking, which is 

extremely helpful in gaining a conceptual understanding of other astronomy topics. 

Learning about seasons includes learning about celestial motion from a space-based 

perspective. The celestial motion involved in seasons requires a perspective from a space-

based reference frame. A space-based perspective is commonly known as looking at 

astronomical objects and their relationship from a distance (as an onlooker) without 

considering your own movements. Since we are an observer from Earth, students first 

learn Earth-based perspective, which is to be an observer from Earth-based moving 

reference frames. 

Shifting between reference frames is another spatial skill that is essential for the 

conceptual understanding of seasons. This spatial skill is extrinsic-dynamic. Most 

astronomy fundamental concepts require the understanding of switching between two 

reference frames. Earth is spinning on its axis on a fixed tilt and most phenomena require 

the observer to take a space-based perspective. Therefore, the conceptual understanding 

of celestial objects' movements comes from Earth-based observation. Learners must be 

able to switch between Earth-based reference frames and space-based reference frames as 

needed to grasp the conceptual understanding of the topic of seasons. Learning about 

seasons will provide students the necessary opportunity to learn this spatial skill. 

Learning about seasons is essential as it is one of the fundamental astronomy topics with 

the most shared knowledge. However, the scientifically accepted explanation of how 

seasons change poses difficulty even for many scientifically literate adults (Sherin et al., 

2011). Students come out of college without understanding concepts like the moon's 
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phases, seasons, and celestial motion (Pasachoff, 2002), which genuinely demands us to 

reach out to the audience at an early age with improved teaching methods. Apart from the 

concept being a shared knowledge, learning the concept theoretically by reading an 

explanation from a textbook is not impactful in the longer term (Kikas, 1998). Teachers 

showed knowledge about the tilt of Earth's axis in seasonal changes but failed to 

understand how (Kikas, 2004). Other teachers also pointed out that Earth's orbit is more 

elliptical to cause seasons (Kikas, 2004). Students are more likely to develop a 

misconception or accept an alternate explanation for the seasonal phenomenon on a 

longer-term basis (Kikas, 2004; Sneider et al., 2011). Growing concern over the years 

about the lack of conceptual understanding during undergraduate class about astronomy 

concepts deems necessary that early education must focus on students' conceptual 

understanding and spatial skills (Baxter, 1989; Janelle et al., 2014; NRC, 2006; 

Pasachoff, 2002).  

Personal Impetus for the Study 

Coming from a village in Gujarat, India, I never had the opportunity to learn 

much about Astronomy in my early education years. I started my astronomy education 

with an ASTRO 101 class during my undergraduate coursework. As a student of 

astronomy, I always felt something was missing and I could not grasp concepts 

effortlessly compared to other subjects.  

During my Master’s in astrophysics, I met Dr. Coble, who was conducting 

research in astronomy education. This allowed me to see the behind-the-scenes in 

astronomy education. I started working with Dr. Coble as a research assistant, where I 
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discovered a lot missing from the astronomy education field. It was also an eye-opener 

for me to know the lack of connection I was feeling with learning topics in astronomy. I 

was able to see how I could make a difference in the field using my personal experience 

as a student of astronomy by joining the educational research world. During my Ph.D. 

program at Temple in my second year, Dr. Lombardi’s class discovered Dr. Newcombe’s 

work on spatial thinking and reasoning which was instrumental in creating my 

dissertation study. 

Based on my experience, we lack introductory teaching about astronomy with 

proper teaching techniques in early education. This leads to students’ low self-efficacy 

about astronomy. Lack of conceptual understanding increases cognitive load later in the 

education field as students will be required to unlearn the old concepts, relearn the basic 

astronomy topics, and keep up with learning advanced topics during their undergraduate 

years. I wanted to create a teaching method that could help students form a correct 

conceptual understanding without incurring an unnecessary cognitive load. I participated 

in creating an astronomy spatial curriculum that teaches K-12 students about seasons. 

Purpose and Objective 

The purpose of this project was to develop and implement a spatial curriculum 

that facilitates middle school students’ spatial thinking and reasoning in the context of 

seasons in the field of astronomy. The project aimed to study how students learn and gain 

conceptual understanding using spatial activities. Spatial activities are scaffolded to lead 

students’ thinking from forming a mental model to forming a scientific explanation. 

These activities are designed based on the claim that students use spatial thinking to form 
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a verbal and written scientific explanation (Newcombe & Frick, 2010; Plummer & 

Maynard, 2014).  

There were three main objectives of this study. The first objective was to study 

the impact of spatial activities on students' spatial thinking and reasoning development. 

The second objective was to study students' conceptual understanding of seasons. The 

third objective was to examine students' personal experiences studying astronomy using 

spatial activities. This project involved creating a scaffolded curriculum to help students 

form a mental representation and step-by-step questions to help convert the mental 

representation into a 2D drawing. The curriculum also provided spatial activities to 

strengthen participants' spatial thinking and reasoning about the concept. The possible 

findings from this curriculum are that participants’ conceptual understanding will have a 

positive impact. Students' spatial thinking and reasoning skills will also have a positive 

impact with respect to the concept of season. Students will also have a pleasant 

experience participating in the curriculum.  
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CHAPTER 2 

LITERATURE REVIEW 

The review motivated by previous studies and recommendations was done using 

an organized method of categorizing each study based on the topics, frameworks, and 

spatial components. The literature review provides a topical discussion about the use of 

spatial activities and its impact on spatial thinking to explain a complex astronomical 

phenomenon. I searched articles using keywords like seasons, spatial learning, astronomy 

concepts, changes in seasons, moon phases, and celestial motion. The articles are mainly 

divided by the use of spatial components into their curriculum. This organization is 

helpful in finding the gap in previous research studies. The aim of the literature review is 

to find connections between spatial activities and spatial thinking and reasoning and find 

gaps in the study for teaching seasons. 

Role of Spatial Activities in Learning Astronomy Concepts 

Several studies have taken a domain-specific approach to teaching spatial skills 

within astronomy concepts. The spatial skills usually involved in these studies are mental 

rotation, spatial perception, and spatial visualization. The spatial activities related to the 

spatial skills are use of 2D or 3D drawings, use of planetarium, simulations, creating 

models and imagination (Cole et al., 2018). Interventional and non-interventional studies 

help develop spatial skills that are very useful in astronomy education and conceptual 

learning. A non-interventional study done with a large group of preservice teachers, that 

included a wide range of general conceptualization of astronomy phenomena which used 

various test and Astronomy Attitude Scale (AAS), Astronomy Achievement Test (AAT) 



 

 12 

and Purdue Spatial Visualization Test Rotation (PVS: R) to see the relation between 

spatial skills and conceptual understanding (Türk & Demir, 2016). Türk & Demir’s 

(2016) non-interventional study revealed a high positive correlation between the AAT 

and PSVT: R and low positive correlation between AAT and AAS. This shows the 

relation between spatial skills and spatial thinking and reasoning and participants’ ability 

to understand astronomy concepts. Looking at various research studies based on spatial 

activities and spatial skills can help better understand the relation with astronomy 

learning. 

What Does Each Research Study Show About Spatial Activities? 

Role of Visuospatial Skills in Spatial Thinking and Conceptual Understanding 

Visuospatial skills refer to abilities to imagine objects and identify visual and 

spatial relations between objects (Gilbert, 2005; Subramaniam & Padalkar, 2009). 

Visuospatial reasoning is defined as using visuospatial skills to understand a concept or 

resolve a problem. Researchers have called for paying attention to the development of 

visuospatial skills (Gilbert, 2005). Visuospatial reasoning is beneficial in science 

learning; hence focusing on developing visuospatial skills, specifically the process of 

visualization, is essential to science teaching and learning (Subramaniam & Padalkar, 

2009). Students have shown a definite link between visuospatial skills and general 

explanation about various phenomena, including general knowledge about the causes of 

seasons (Kikas, 2006). The visuospatial component includes watching and participating 
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in a 3D simulation (videos, computer programs, and animated computer simulations), 

using 3D models, and virtual environment.  

Visuospatial skills are important in astronomy education as it leads to improved 

explanation, better conceptual understanding of the concept. Students with higher 

visuospatial abilities showed significant improvement in their verbal abilities to explain 

the scientific concepts related to Earth and space (Kikas, 2006). Being able to recall from 

visual imagination can help students refine their explanation about a concept. In a non-

interventional study by Subramaniam and Padalkar (2009) participants used external 

visualization in order to provide an explanation, which included hand gestures and 

diagrams to explain the concept of lunar phases. In this study, college students were 

asked to imagine a moving illuminated ball at a distance to develop students' visuospatial 

abilities and to support students' conceptual understanding of the change in Sun-Earth-

Moon (SEM) orientation (Subramaniam & Padalkar, 2009). Similarly, Rudman's (2002) 

non-interventional study revealed a positive correlation between spatial skill and students' 

problem-solving abilities in astronomy using astronomy-based geometry test (AGT) and 

structured interviews. In this study control groups were not allowed to use any external 

spatial tools (i.e., hand gestures, colored balls) and students in experimental group were 

allowed to use colored balls. Students showed positive influence of spatial ability on 

problem solving performance when using colored balls and did well in AGT. 
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Role of 2D And 3D Diagrams in Spatial Thinking and Reasoning in Astronomy 

One of the most common spatial activities emerging from the literature is use of 

2D and 3D drawings and diagrams as learning tools in STEM, especially in astronomy. 

The two ways we can incorporate diagrams in astronomy education: assessment tool and 

teaching tool. A study by Sherrod and Wilhelm (2009) demonstrated that 2D drawings 

can be helpful in measuring students’ conceptual understanding. This study included 

students observing and taking notes in the form of sketches for the Moon and Sun and 

creating SEM diagrams to demonstrate their conceptual understanding about the SEM 

system from a space-based perspective. The study is mainly designed to see how well 

group discussion helps their understanding and uses drawings of SEM as a tool to 

measure their understanding. The study shows improvement in students' overall 

understanding about the phases of the moon using the Lunar Phases Concept Inventory 

(LPCI) test. 

2D diagrams can be a good teaching tool in learning basic shapes of astronomy 

objects or phenomena and has the ability to demonstrate it using space-based perspective 

(Plummer et al., 2016). A study by Lee (2010) emphasized the importance of learning 

about the shape of Earth’s orbit by introducing students to six variants of 2D diagrams 

depicting various orbit shapes. In this study students’ written responses showed no effect 

of elongation of orbit on seasons. The 2D diagram is also used as a tool to correct 

misconceptions. Presenting students with alternate conceptions using a 2D diagram is a 

good tactic that induces scientific thinking (Hsu et al., 2008; Tsai & Chang, 2005). 
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Overall if used according to the nature of a teaching concept 2D diagrams can be a 

helpful tool for students to grasp a solid conceptual understanding of space-based 

perspective. 

Role of 3D Simulation in Spatial Thinking and Reasoning in Astronomy 

Providing students with a proper virtual experience using a 3D model simulation 

that trains them to create a mental model can help their conceptual understanding. For 

example, only a few older students were able to create a mental model of the SEM 

system to describe day/night cycle despite providing students with physical supplies 

(Vosniadou & Brewer, 1994). On the other hand, students who participated in a virtual 

environment (3D visualization) supported the educational environment to learn about the 

day/night cycle and lunar phases (Bakas & Mikropoulos, 2003). Similarly, in an 

interactive simulation teaching method, about 72.5% of students showed a clear 

understanding of celestial movements, and about 82.5% of students understood the 

concept of the heliocentric model (Bakas & Mikropoulos, 2003). This shows that an 

interventional approach works better than a non-interventional one. 

Using simulation to help students transfer their Earth-based perspective to Space-

based perspective is very important. Learning to take perspective from a different 

reference frame requires visuospatial skills and they can be developed using the proper 

tools. The use of a planetarium to show 3D simulation is one such activity where students 

can experience the change of Space-based perspective and transfer their knowledge 

between various reference frames. A study by Plummer et al. (2016) focused on apparent 
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motions of astronomy objects in the sky (i.e., Sun, stars, constellations) showed that 

students could be trained to develop perspective-taking thinking by using a planetarium. 

During their early undergraduate years, students participated in a planetarium session to 

learn about seasons (Yu et al., 2015). After the planetarium instruction session, students 

showed a significant improvement in their regular quiz performance. These studies 

showed that visualization skills could improve their spatial perspective-taking skills with 

the help of correct activities and tools that decrease the cognitive load and students can 

form explanations and learn. 

There is a positive relationship between participating in a 3D simulation and 

scientific conceptual understanding of a learned topic. Using a 3D simulation program on 

a computer can help students develop visuospatial skills and students show improved 

cognitive abilities. Hsu et al. (2008) designed a technology-enhanced learning study to 

engage students in five cognitive phases: contextualization, sensemaking, exploration, 

modeling, and application using a topic of seasons. This study used videos and animation 

of scenes during different seasonal times from around the world. This was intended to 

help students visualize the scientific explanation of the phenomenon. The second part 

was using simulations, where students can manipulate variables: latitude, longitude, 

Earth's axial tilt, and eccentricity to see the influence of solar radiation on Earth's surface 

temperature. Students showed improved cognitive abilities in the final task, where they 

formed concept maps about reasons for seasons using all the variables, videos, and 

animations data. About 5% of the students went from partial to complete conceptual 
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understanding of the reasons for seasons. Overall, about 13% of students held a complete 

scientific explanation. Interactive 3D simulation also helps students with the ability to 

think scientifically. Students' showed ability to think scientifically with the use of a 

simulation of the SEM system to construct and evaluate the explanation of seasons by 

understanding the temperature change during different seasons (Friedman et al., 2011; 

Sherin et al., 2012). Similarly, a study by Bakas and Mikropoulos (2003) showed about 

52% of secondary school students attributed the explanation of the day/night 

phenomenon, and 58.8% attributed the changes in temperature during different seasons to 

the angle of sun rays. 

Role of 3D Models in Spatial Thinking and Reasoning in Astronomy 

Demonstrating and creating 3D models of astronomy objects are a positive 

influence on students’ spatial skills and conceptual understanding as it represents a 

physical space-based perspective. 3D models are easier to help compare Earth-based 

perspective to a space-based reference frame. For example, student showed significant 

improvement in spatial thinking by showing relations between Earth-based phase 

observation and the Sun and the Moon's relative positions to understand the concept of 

lunar phases (Wilhelm, 2009). This study was an inquiry-based curriculum by to analyze 

students' development of spatial thinking skills that included observing, creating 2D and 

3D modeling of the phases of the Moon.  Using 3D models as a physical representation 

helps students with their visuo-spatial skills. For example, a study addressing the 

pedagogical challenge used model-based reasoning where pre-service teachers used 
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models to construct explanations about Sun’s apparent motion and day/night cycle 

(Heywood et al., 2013). The authors used models to support participants' learning by 

improving their visuospatial thinking. The findings mainly revealed that each participant 

possesses as well as perceives different levels of visuospatial reasoning, hence there were 

four models of the concepts. 

Constructing complex understanding that includes two different reference frames 

and various physics concepts are challenging for the learning and teaching end. In such 

cases, activities using a 3D representation of astronomy objects and physics phenomena, 

where students can observe, touch, and manipulate, are helpful as they help develop an 

accurate mental representation. Students participated in a lab-style experiment using a 

lamp as the source of the Sun to try to figure out the temperature change on Earth (Testa 

et al., 2015a; Testa et al., 2015b). This study specifically focused on teaching students the 

physical laws by having them measure the changes in sunray flow on Earth's surface 

using photovoltaic panels (Testa et al., 2015a). Studies done in such lab settings showed 

that spatial reasoning is a key cognitive factor for building an explanatory framework for 

celestial motions (Testa et al., 2015b). These lab-style studies focus on how students can 

validate and give reasoning using physics mechanics (i.e., light flux laws, energy 

transfers) underlying the phenomenon and not just the spatial location or development of 

spatial skills. However, a quasi-experimental study examined the effects of three different 

hands-on models—Sun-Earth model with axial tilt, Sun-Earth model without axial tilt, 

and Sun-Earth-Moon model with axial tilt—on students' understanding of the concept of 
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seasons (Türk & Kalkan, 2018). Türk and Kalkan's (2018) intervention revealed that 

students showed improved understanding and provided the most amount of scientific 

explanation about seasons. 

Impact of Spatial Activities on Students’ Personal Experience 

Learning astronomy using visualization teaching methods engages students more 

in the activity and enhances learning. Students participating in such a virtual environment 

showed enjoyment and interest in being able to use such visualization software and 

learning complex concepts (Bakas & Mikropoulos, 2003; Küçüközer, 2008). Instructors 

also said that they enjoyed teaching and noted that students are more interested in 

learning challenging astronomical concepts in a virtual environment using software 

simulations (Küçüközer, 2008). Students in primary school with higher visuospatial 

abilities pay more attention to drawings in popular science books and ask questions to 

better understand the concepts related to Earth and Space science (Kikas, 2006). Students 

significantly improved their verbal abilities in explaining scientific concepts as well 

(Kikas, 2006). 

Literature Summary 

In astronomy, students should be able to shift between two different perspectives. 

One of the important gaps that emerged from the literature review is that the teaching 

focuses on space-based or Earth-based perspectives without drawing any specific 

attention to shifting between the two. Teaching students to change reference frames 

related to perspective (from space to Earth and Earth to space) is extrinsic and intrinsic. 

The few studies that have the potential to teach students about different perspectives and 
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being able to shift between them include studies using physical models or planetarium 

simulation. For example, these studies used a space-based perspective to teach about the 

SEM system and, in turn, about the concept of seasons from an onlooker’s point of view 

(Baxter 1989; Hsu, 2008; Hsu et al., 2008). The curriculum at least includes a 

combination of these spatial elements to teach students. Based on the literature review 

done by Cole et al. (2018), the number of interventional studies that included such a 

combination of (extrinsic-intrinsic) is only four. 

The notable gap that emerged from the literature review is studies that use proper 

spatial assessment tools. Most studies suggested spatial perception, mental rotation, and 

spatial visualizations for learning astronomy (Black, 2005; Plummer et al., 2016; 

Wilhelm, 2009). Studies with a spatial component are usually in the form of non-

intervention, and the studies with spatial intervention have written assessments or 

standardized non-topic-specific or non-domain-specific assessments. For example, a 

study by Wilhelm et al. (2013) focused on conceptual understanding of the lunar phases, 

using a quasi-experimental design to know the impact of group discussion on students’ 

learning. The study used pre- and post-instruction inquiry spatial assessment tools: the 

Geometric Spatial Assessment (GSA) and the Lunar Phases Concept Inventory (LPCI). 

However, the curriculum included students participating in observing, journaling, 

modeling, sketching, and group discussion about the moon and other astronomy objects. 

The spatial curriculum activities do not match the spatial assessment tool as the spatial 

assessment tools are in the form of standardized tests. 
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The gap that strongly emerges is the lack of interventional studies that include 

extrinsic-intrinsic spatial components, including lunar phases, daily celestial motion, and 

the SEM system (Cole et al. 2018). Looking at students' learning progression and 

understanding of reasons for seasons, Plummer and Maynard (2014) noted that 

perspective-taking spatial skill (being able to imagine from different viewpoints) is 

central to understanding the astronomical phenomenon. Plummer and Maynard (2014) 

suggested that instruction on celestial motion needs to intentionally address the spatially 

complex connection between Earth-based observations and space-based perspectives. 

The instruction used in Plummer and Maynard’s (2014) study was hands-on, in which 

students acted as Earth and moved around the Sun (a light bulb) to draw Earth's orbit. A 

construct map from their study shows that the progression of ideas about celestial motion 

is consistent with the NGSS (2013). Findings also showed that making the connection 

between Earth-based and space-based perspectives is a significant challenge for students 

learning to explain celestial motion. 

Despite seasons being one of the fundamental and spatially demanding concepts, 

there are very few studies that have focused on the topic of seasons and even fewer 

studies that included spatial components. A recent review about spatial thinking in 

astronomy education by Cole et al. (2018) recorded only two non-interventional studies 

including the topic of seasons. The review of education research between 1974-2008 

covered many articles in which only 27 articles included the topic of seasons (Lelliott & 

Rollnick, 2010). A resource letter by Bailey and Slater (2005) that provided a guide for 

teaching and learning astronomy concepts included various journal articles and books. 
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This selection of literature noted only three interventional studies that focused on the 

topics of seasons, though none of these studies used spatial methods to teach the concept. 

Why Should Seasons be Taught Spatially? 

The diverse spatial skills involved in learning the topic of seasons and the scaffold 

of multiple fundamental other concepts give many opportunities for students to construct 

misconceptions or accept a non-scientific explanation. Not having enough knowledge 

about any of the involved key concepts (in seasons) addressed in the previous section 

often leads to misconceptions around the concept of seasons (Plummer et al., 2016). 

Learners have shown a lack of abilities to be able to connect and scaffold different 

concepts, which leads to partially or wrongly understood explanations, i.e., Earth's orbit 

is closer to the Sun during summer (Rudman, 2002) or students ignoring Earth's orbit and 

focusing on the Sun's motion (Plummer et al., 2014). Such partial understanding often 

provides students with an opportunity to accept an alternate conception of scientific 

explanation about the topic of seasons (Baxter, 1989; Bisard et al., 1994; Kikas, 1998; 

Trumper, 2000; Zeilik et al., 1999). The most common misconceptions that emerged 

from the literature review are as follows: 

Distance related misconception:  

• Earth is much closer to the Sun in summer and farther in winter (Baxter, 1989; 

Danaia & Mckinnon, 2007; Schnepps & Sadler, 1989; Schoon, 1992; 

Trumper, 2000, 2001a, 2001b, 2001c, 2003, 2006). 

Perspective related misconception: 



 

 23 

• The Sun moves to the other side of Earth to give them summer (Baxter, 1989) 

• Sun is overhead at noon everyday (Schoon, 1992). 

Other misconceptions: 

• Cold planets take heat from the Sun; heavy winter clouds stop heat from the 

Sun; changes in plants cause the seasons (Baxter, 1989). 

 Axis related misconception: 

• Earth’s axial tilt angle is compared to the Sun’s axis (Baxter, 1989). 

Orbital shape related misconception: 

• Seasons occur due to Earth’s extremely elliptical orbit (Kikas, 2003, 2004). 

The most challenging aspect of learning about seasons is a perspective shift. 

Students naturally start with an Earth-based perspective and the concept demands to also 

know the space-based perspective in order to understand celestial objects’ movements. 

This perspective shift aspect asks for a well-scaffolded teaching strategy that includes 

imagination. Previous studies have shown benefit from some form of a spatial component 

in learning curriculums (Plummer et al, 2014; Rudman, 2002). The studies done with pre-

service teachers (Atwood & Atwood, 1996; Boesdorfer et al., 2011; Plummer et al., 2010; 

Türk & Demir, 2016) revealed that a proper teaching guideline with scientific 

explanation is warranted. A research study that investigated conceptual learning about the 

seasons addressed the importance of structured teaching due to the complexity of the 

concept (Tsai & Chang, 2005). This requires instruction that is structured and scaffolds 

spatial thinking skills to learn each factor of seasons. 
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Role of Age in Learning About Seasons 

The literature review yielded that students' age also plays a role in learning 

astronomy topics. For example, the study done by Baxter (1998) found that, for the most 

part, young children's ideas involved near and familiar objects, whereas older children 

gave explanations involving astral bodies changing their positions. However, the most 

common explanation among all age levels was that Earth is closer to the Sun in summer 

and farther away in winter. Schoon (1992) showed similar results where older students 

from elementary school believed that Sun is overhead at noon every day compared to 

younger students. This study reveals that such misconceptions are learned early, making a 

more compelling argument for reaching out to younger students with correct teaching 

methods. 

Research Questions 

This study claims that properly scaffolded spatial activities help develop spatial 

thinking and reasoning skills that will promote conceptual understanding and increase 

knowledge about the concept of seasons. Through learning concepts using 2D and 3D 

visuals learners will have significant learning gains that help in scientifically forming a 

verbal or written explanation. Spatial thinking and reasoning in the context of seasons 

will be measured by the use of different reference frames in explanations, formation of a 

mental model, and by transforming a 3D visual model into a 2D diagram. Overall, the 

spatial curriculum will result in students' more positive attitudes towards learning 

astronomy. The following research questions will guide my proposed project: 
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1) How does participation in spatial learning activities impact learners' 

spatial thinking and reasoning, as well as their overall conceptual 

understanding of seasons? 

2) How does each task in the spatial curriculum help students along the way 

to understand the concept? 

3) How do students describe their personal experience of participating in the 

spatial curriculum? 
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CHAPTER 3 

METHODS 

The dissertation aims to bridge the gap found in the literature about teaching a 

spatial concept using spatial thinking and reasoning. The study presents scaffolded spatial 

activities to help develop spatial thinking and reasoning skills and promote conceptual 

understanding of the concept of seasons. Figure 1 shows the relationship between the 

spatial curriculum, proposed purpose, and objectives. The study has three hypotheses 

related to the research questions shown at the end of Chapter 2. Hypothesis 1 states that 

spatial activities help learners develop and facilitate spatial thinking and reasoning 

skills. Hypothesis 2 states that students' conceptual understanding of key concepts related 

to seasons will be impacted after participating in spatial activities. Hypothesis 3 focuses 

on students' overall personal experience of participating in various spatial activities to 

learn astronomy topics. It claims that students are likely to have more enjoyment in 

learning astronomy concepts using interactive spatial activities.  
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Figure 1. Map of spatial curriculum to different concepts and its relationship to proposed 
research questions, hypotheses, data sources. 
 

Participants and Setting 

 The curriculum took place at a charter school for students in the mid-Atlantic 

region of the United States (U.S.). Students at this school can select a “major” for more 

intensive study, one of which is STEM (others are design and performing arts). 

According to the Charter Schools Office of the district (2019; the most recent data 

available), the school demographics are 14% Asian/Pacific Islander, 29% Black, 8% 

Hispanic, 8% Multiracial, and 41% White. Demographics data were not collected for 
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individuals participating in the study, but the class makeup was representative of the 

school characteristics. This study includes 27 students from two 6th-grade classroom 

sessions taught by the same instructor. This is a project-based STEM classroom where 

students participate in various science projects set by the instructor throughout the year, 

taught for STEM majors as an additional course beyond the required academic science 

course. The seasons-curriculum was one of the projects students participated in. The 

curriculum took approximately three weeks to complete in a classroom setting. The 

curriculum included spatial activities guided by instruction on the topic of seasons. The 

goal was to teach seasonal phenomena by providing compelling experiences aimed at 

teaching the scientific explanation of the phenomena using spatial activities and 

understanding their current mental models by investigating students’ learning in the 

context of seasonal phenomena. 

The pilot study was done in Spring 2021 in two classes taught by two different 

instructors in a hybrid classroom setting due to the ongoing COVID-19 pandemic. Some 

students were present in the classroom, while others participated in the classroom from 

home. All students from home participated in the class via Zoom and students in the 

classroom participated via group Zoom video from the class set by the instructor. I 

observed the process virtually via Zoom in all the classes and took notes. 

The dissertation data collection took place in Fall 2021, after the bulk of 

pandemic closures, in a regular classroom setting where students were still required to 

wear masks. Students participating in the dissertation study started at their middle school 

in 5th grade; however, due to the pandemic, they did not attend an in-person classroom 
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the previous year. The dissertation study was done in two different sessions taught by the 

same STEM instructor, a teacher with a Ph.D. in science education who also taught the 

pilot study curriculum. The first 60-minute session started at 9:30 am and the second 

session started at 11:30 am. The study participants were allowed to stay home and 

complete their assignments in the case of COVID-19 exposure. Students got help from 

the instructor during their assignment completion review in case they could not 

understand or complete any task. Students could not participate in any group activities if 

they missed them. 

Research Design 

This study has a convergent mixed method research design as it simultaneously 

collects quantitative and qualitative data (Creswell & Creswell, 2017). During the 

analysis, I converted the qualitative data into frequency counts, leading to several in-

depth case analyses. The entire study collects a total of three artifacts: A digital diary, a 

Cube comparison test, and a survey. The qualitative artifacts are a digital diary and 

survey that includes drawings and short and long answers. The qualitative data are coded 

using line-by-line coding methods and later turned into frequency counts. The qualitative 

data is collected to examine students’ conceptual understanding of the topic and their 

spatial thinking and reasoning skills. The quantitative data is collected to get a 

quantitative measurement of spatial thinking and reasoning skills. More details on data 

collection and analysis are provided below. 
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Curriculum Lesson Plan 

Learning seasons must have sub-concepts scaffolded effectively due to the 

complexity of the concept. There are several sub-concepts we can use as prerequisite 

understanding for students (Sneider et al., 2011). The following concepts are 

recommended as a prerequisite for learning seasons by Sneider et al. (2011):  

1) Changes in the length of the day, temperature and its correlation with seasons 

2) Earth's motion on its axis 

3) Earth's orbit around the Sun throughout a year 

4) Earth's rotation and revolution 

5) Sunlight striking at different latitude during different seasons 

6) How light travels in a straight line 

Seasons is also a spatially demanding concept and a correct organizational order 

to learn the concept is also necessary. Combining spatial activities from Newcombe and 

Frick (2010) and lesson plans from Gould et al. (2000) is helpful to create a step-by-step 

spatial abilities developmental curriculum. The presented curriculum design follows the 

recommendation by Sneider et al. (2011) of learning prerequisite concepts before 

learning about the concept in detail. Most importantly, the curriculum is designed by 

keeping students' age in mind. The curriculum was designed by keeping the current 

circumstances in mind (i.e., that many schools are using virtual instruction due to the 

COVID-19 pandemic). So, this curriculum can be implemented in both in-person classes 

as well as in a virtual setting. The spatial curriculum (Appendix, F) is divided into seven 

sections, as demonstrated in Figure 2: (1) Introduction (2) Earth (3) Perspective taking (4) 
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Sun’s path (5) Earth’s orbit (6) Earth’s tilt and (7) Synthesizing concepts. Students 

completed the CCT before and after the curriculum.  

 

 

Figure 2. Chronological order (from left to right) of concepts to learn the topic of seasons 
in the spatial curriculum. 
 

The curriculum lesson is designed keeping the theoretical framework in mind. 

Each lesson includes activities with necessary spatial component, intrinsic-static, 

intrinsic-dynamic, extrinsic-static and extrinsic-dynamic. The lesson plan also includes 

suited perspective Earth-based and space-based perspective. The spatial components are 

part of the spatial activities which are drawings, video simulation, interactive simulation, 

and hands-on activity, as shown in Table 1. The drawings activity in Table 1 refers to 

reading or creating a drawing. 3D simulation activity includes students participating in 

watching an animated video of an even, e.g., Earth’s rotation simulation. The interactive 

simulation includes a computer simulation where participants can actively change a 

variable to effect change, e.g., changing the tilt of the Earth to see the change in surface 

temperature. The spatial components mentioned are used in teaching spatial activities. 

For example, Earth’s tilt lesson includes all four components. The 2D diagram of Earth 

with direct-indirect rays is intrinsic-static and creating a drawing from an Earth-based 

perspective of the Sun across the sky for different seasons is intrinsic-dynamic. Reading a 

Sun-Earth diagram with a tilt for all four seasons is extrinsic-static and participating in a 
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simulation of Earth rotating around the Sun is extrinsic-dynamic. Apart from this, each 

lesson also included perspective transfer skills. In this, students either used one 

perspective or had to use both or switch between them.  

Table 1 

Curriculum lessons with included spatial activities and their spatial component based on 
the framework 
Lesson Type of spatial activity  Spatial component Perspective used 
Introduction Drawing  Earth-based 
Earth’s 
movement 

Drawing,  
3D video simulation 

Intrinsic-static, 
Intrinsic-dynamic 

Space-based 

Perspective 
taking 

Drawing,  
Interactive simulation  

Intrinsic-static, 
Intrinsic-dynamic, 
Extrinsic-static, 
Extrinsic-dynamic 

Earth-based, 
Space-based 

Sun’s path Drawing,  
3D video simulation, 
interactive simulation 

Intrinsic-static, 
Intrinsic-dynamic 

Earth-based 

Earth’s orbit Drawing, 3D video 
simulation, Hands on 
activity 

Intrinsic-static, 
Extrinsic-static, 
Extrinsic-dynamic 

Space-based 

Earth’s tilt Drawing,  
3D video simulation, 
Interactive simulation 

Intrinsic-static, 
Intrinsic-dynamic, 
Extrinsic-static, 
Extrinsic-dynamic 

Earth-based, 
Space-based 

Synthesizing 
concept 

Drawing,  
3D video simulation, 
Embodied cognition  

 Space-based 

 

Cube Comparison Test 

The very first task in this study is to complete a CCT. Figure 3 shows two sample 

questions. This test asks students to mentally rotate the cubes and see if the cubes are the 

same or different. Students had 5 minutes to complete 21 questions. Each question 

includes a 2D image of a cube with numbers, symbols, or letters written on its sides. As 

shown in Figure 3 below, students determine whether the two images are of the same 
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cube after rotation or not, based on tracking the symbols shown on its sides. Figure 3.1 

shows the cubes are different whereas in Figure 3.8 both cubes are the same. 

  

Figure 3. Cube Comparison Test sample questions. 

Survey 

Students also completed the survey question before and after the curriculum that 

provides feedback about the curriculum. The survey questions asked are mixed method 

questions (Appendix D). The questions were provided in Google Forms, and students 

completed the survey at both pre- and post-curriculum. Students responded to questions 

with either short answers; Likert scale of 1-4, where 1 = did not like it and 4 = liked it 

very much; or a multiple-choice scale of 1-3 (1 = no, 2 = maybe, and 3 = yes). The 

survey was divided into various groups to gain insight into students' experience using the 

Digital Diary, various activities, overall excitement about learning astronomy, and 

various participation in the spatial curriculum. The questions are designed to guide 

students in thinking about their personal experiences.   

Digital Diary 

Lesson 1: Introduction 

The purpose of this section is to provide background information about the topic 

and introduce students to the concept. This lesson includes questions that act as 

conversation starters (Appendix F). The session includes engagement activities such as 

drawings about different seasonal activities, festivals, food, weather, and colors. The 
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intent is to provide initial engaging activities to get students interested in learning about 

seasons. The end of the lesson includes a question “why do we have seasons?” which is a 

pre-test question designed to gain pre-conceptual understanding of each individual 

student. Students are prompted to answer this question individually with as much detail 

as possible. This entire section will mainly focus on introducing and engaging students in 

the concepts of seasons. 

Lesson 2: Earth 

This section dives specifically into Earth's movements. This lesson introduces 

students to Earth's rotation, revolution, and the concept of a tilt. The instructor used a 2D 

picture of Earth with a tilt and videos and simulations to give a spatial understanding of 

Earth's movements. This 2D and 3D representation can help students understand Earth's 

movements. The instructor must draw attention here to how Earth makes a 

counterclockwise rotation, and the rotation is the reason for day and night—a day occurs 

on the portion of Earth facing the Sun while night occurs on the portion facing away from 

the Sun. Also, Earth has a tilt of 23.5 degrees oriented vertically. The instructor must 

show where the north and south pole is to emphasize the measurement of the tilt. 

Followed by activities about Earth-seasons-related concepts (rotation, revolution, axis, 

movements of Earth, and a day-night cycle), students answered questions about the day-

night cycle and created a Sun-Earth diagram to demonstrate day and night. This lesson 

also included group discussion to answer questions. 
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Lesson 3: Perspective Taking Activity 

This lesson aims to get students familiar with different perspectives of an object 

and connect those perspectives. The lesson opens up with a 2D diagram of the same 

scenario or an object but from a different perspective (Figure 4). The lesson also includes 

using live simulation to see a change in perception: looking at their familiars or famous 

architecture using Google Maps. The instructor guided students to see a view of a famous 

architecture that they are familiar with or have seen in person from a different perspective 

using Google Maps. The activity includes group and classroom discussions about 

different perspectives and how to link them. The instructor brings this lesson to an end by 

asking students about Sun’s path from various points of view. This lesson is a beginning 

point for spatial concepts in learning about seasons.  

 
 

Figure 4. Demonstration of a 3D object from two different perspectives. 
 

Lesson 4: Learning About the Sun’s Path 

Once students have learned about the difference between Earth- and space-based 

perspectives for the Sun, the curriculum dives further into learning about the Sun's path. 

First, the lesson includes a general question about the Sun's altitude in the sky and 

creating 2D diagrams about the Sun’s height in the sky for different times of the day. The 
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instructor guides these activities to get students familiar with the Sun’s altitude in the sky 

throughout the day. This lesson is designed for students to transition from observing the 

Sun at different times throughout the day to different seasons. The lesson also includes a 

group discussion about the Sun's height for different months and temperatures (hottest 

and coldest months). The last activity includes a video simulation of the Sun’s path 

across the sky from day to night for an entire year with instructors’ commentaries. 

Students learned about the Sun's path in the sky for different seasons using videos, 2D 

drawings, and group discussions. This lesson ended with a question about “why is it hot 

in summer and cold in winter?” to help them make connections with the Sun's altitude 

and seasons.  

Lesson 5: Earth’s Orbit 

The purpose of this activity is to address and correct any misconception about 

Earth’s orbital shape. Each planet has a different orbit size, but the shapes of the orbits 

are similar. The most common misconception about the season is Earth being close to the 

Sun in summer and far in the winter. This misconception can be targeted by showing 

Earth is at perihelion during January, and at aphelion during July. This research study 

shows the 2D diagram that emphasizes the perihelion and aphelion points with clear 

indication them being first day of summer and winter eliminates the misconception of 

distance related explanation (Sneider et al., 2011). Students participated in learning about 

the concepts of perihelion and aphelion using a 2D drawing (Figure 5). 
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Figure 5. Demonstration of perihelion and aphelion with Earth’s distance from the Sun. 

This lesson is designed to teach students about shape of orbits and related factors: 

Planet mass and Sun-planet distance. Students learned about the shape of Earth and other 

planets’ orbital shape based on its mass using a simulation 

(https://phet.colorado.edu/sims/html/gravity-and-orbits/latest/gravity-and-orbits_en.html). 

In this simulation students chose different planet masses, and the simulation created a 

different orbit based on each planet's mass without changing the Sun-planet distance. 

Students were instructed to try at least two different planet masses to see different orbital 

shapes. Students were instructed to take a screenshot of different planet mass orbit, post it 

next to each other to compare the shape. The orbital shape is not a perfect circle but 

slightly elongated. Students participated in a group discussion in which the instructor 

asked students to analyze the change in planets' orbit with different planet mass. The 

instructor was guided to use words describing the shape of the orbit as eccentric or 

elongated.  
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The distance between the Sun and the planet is the key reason for the shape of the 

orbit. Students participated in hands-on activity to learn about the role of the distance in 

the orbit shape. Students were provided with the necessary materials for the activity: two 

push pins, a blank piece of paper, and a pencil. As seen in Figure 6, separate two push 

pins at 12 cm apart. Loop the string around those push pins and draw a circle with the 

pencil. Students were instructed to repeat this with different foci points for different 

planets. Throughout this section students participated in various group discussions 

critically analyzing Earth’s orbit and its relation to seasons. Instructor pointed out that 

Earth's orbit looks circular, but it is slightly elongated. The lesson includes a 2D drawing 

(Figure 7) of orbits of all the planets to compare orbital shape of the planets based on 

their distance from the Sun. The lesson as usual ends with questions about the Sun-Earth 

distance and its role in seasons and surface temperature.   

 

Figure 6. Demonstration of Earth’s orbit using push pins. 
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Figure 7. A 2D picture of orbit of planets. 

Lesson 6: Learning About Earth’s Tilt  

Earth’s fixed tilt is the main reason for seasons, however a common 

misconception about the tilt is that it shifts. The first step in this activity is to learn about 

the axial tilt. Diagrams that use tilt have the most effect of nudging students towards tilt 

related explanations (Lee, 2010). Keeping the impact of correct diagram in mind the 

curriculum introduced four seasons—Summer, Autumn, Winter, and Spring using a 2D 

diagram (Figure 8) representing Earth's tilt’s position around the Sun. Students discussed 

the difference between a fixed tilt and moving tilt. The goal here is to get a clear 

understanding that Earth’s tilt is fixed as Earth rotates on its axis. The instructor guided a 

group discussion where they point out Earth's tilt and focus more on the winter and 

summer seasons. Participants noted down different angles of Sun rays for all four 

seasons.  
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Figure 8. A 2D representation of Earth’s position around the Sun for four seasons. 

Once students have an understanding of the tilt, the lesson introduces revolution 

and rotation using a simulation video. This was intended to refresh students’ memory 

from the introduction section. Students also learned about the northern and southern 

hemispheres and direct and indirect rays. After an initial introduction to the angles of ray 

and tilt, the lesson introduced to a 2D representation of the sunray’s angle, as shown in 

Figure 9. The instructor guided classroom discussion connecting the previous section 

about hottest and coldest months, the Sun’s altitude, and the angle of the rays. The goal 

here is to teach students about the relation between sunray’s angle and its impact on 

Earth’s surface temperature. Galili and Lavrik (1998) pointed out that teaching students 

about light as a source of energy and talking about its relation to intensity and angle can 

help students understand the concept better. 
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Figure 9.  Representation of the Sun’s rays on Earth surface at different angles due to 
Earth’s tilt 
 

Students participated in an engaging simulation activity to learn about surface 

temperature for different months as for different tilt angle. The simulation includes 

different location on Earth (i.e., equator, north pole) first and once the location is selected 

students can manipulate the tilt angle and the months. The simulation sows a 3D 

animation of Earth rotating and revolving around the Sun and demonstrates the tilt angle 

and surface temperature on the screen (Figure 10). The simulation also has a multi-

perspective view of the Sun-Earth system. Students were asked to change the location, 

tilt, and months, especially between the north and south hemisphere. Students were also 

guided to take note of the temperature and months in Digital Diary. The engaging 

simulation activity followed with a group discussion and answering questions in Digital 

Diary. Students were asked to observe a 2D diagram of (Figure 11) with two different 

hemisphere Sun rays to identify which one has summer, and which one has winter. 
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Figure 10. Simulation activity to teach about surface temperature and tilt. 
 

 

Figure 11. A 2D representation of northern and southern hemispheres with direct indirect 
rays. 
 

Throughout this lesson the instructor was guided to link hemisphere, Sun rays and 

seasons. The aim was to at least make a connection between both hemispheres: the 

seasons are opposite on each hemisphere. The angle is due to the tilt of Earth (Sneider et 

al., 2011). The use of terms “shallow angle,” “steep angle,” “intensity of sunlight,” and 
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“rays of Sun'' in the context of seasonal phenomena and axial tilt is impactful (Rutherford 

& Ahlgren 1989; Sneider et al., 2011). The lesson was filled with these terms and the 

instructor was guided to emphasize use all of these terms while facilitating classroom 

discussion. Finally, students were divided into small groups to discuss the role of tilt in 

the seasons. The main takeaway here is that students should be able to point out that a 

planet with no tilt does not have seasons. 

Lesson 7: Synthesizing Concepts 

The last lesson is a scaffold of all the previously learned concepts and skills 

related to seasons. This activity includes a group embodied presentation, individual 

question answers with 3D drawings, and a video with a description of seasons with 

simulation. This group discussion gives students the opportunity to build their 

understanding of the concepts.  

The first activity is the embodied presentation of the concept of seasons. Students 

are provided with options and steps to prepare their presentation in groups. Students have 

two options for embodied activity: using thermal balls and using their head as a planet 

and the Sun. Students are instructed and given time to prepare. The group discussion and 

preparation are an important part of the activity and students are encouraged to have a 

conversation with their peers. The students are to present to the classroom their 

conceptual understanding about seasons.  

Students are to answer scaffolded questions along with the key question of the 

curriculum: "why do we have seasons?" These questions are individual participation as it 

will be counted towards the post-test analysis. Students are required to give written 
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answers along with a 2D diagram of the Sun-Earth system to the presented questions. 

Students will answer these questions with 2D diagrams with as much detail as possible. 

The instructor will ensure that students do not miss essential details relevant to seasons in 

the 2D drawings. This activity will strengthen learners' spatial ability to transfer a 3D 

visual representation into 2D (Cole et al., 2018). This activity aims to allow students to 

use mental models and instruction to form a scientific explanation about seasons. 

The final activity is a video that explains the entire concept of seasons. Students are 

provided with a link individually in case they want to revisit it. The video includes a 3D 

simulation and a verbal explanation to go along with the simulation. The instructor will 

ask students to participate in a group discussion of three or more students per group.  

Pilot Study 

The pilot study was a helpful process for two main reasons. One, to see the 

effectiveness of the curriculum and second, to do a test run on data collection and 

analysis. The pilot study also helped clear out some of the hurdles in running the 

curriculum. There are a few components that helped modify the curriculum for better 

outcome: students’ feedback, teachers’ feedback, and classroom observation notes. 

Students’ answers to pre and post test questions were a significant part in making 

modifications. A few examples of curriculum modifications are: adding more details to 

instruction, making some questions specific, adding spatial activities, etc.  

The spatial skill test CCT did not yield significant results. This may have been 

due to several factors that were fixed later. The first factor was the test was done on 

Canvas (the school’s learning management system) with a strict time restriction. The 
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original CCT is designed for students to complete on paper within a given time. Since 

students had to click next after each question with the time restriction it impacted the 

completion of the test. The other reason is the explanation. Students demonstrated 

confusion about how to answer the questions.  

Looking at why do we have season data analysis revealed differences in student’s 

conceptual understanding of the topic. In the written pre to post explanation, students 

showed a concise explanation. The pretest answers included extra details including 

seasonal activities and weather. Though students demonstrated an efficient explanation 

about seasons through drawings. In drawing students used a space-based perspective to 

show seasons. Some students used only Earth’s diagram with the tilt instead of showing a 

space-based perspective. Some students showed an orbital path with arrows, others 

showed an orbital path by placing Earth’s position around the Sun and labeling orbit and 

orbit. 

Data Collection 

Cube Comparison Test (CCT) 

The CCT is adapted from Ekstrom et al. (1976) and Rudman (2002) to measure 

learners' general spatial ability. The CCT measures spatial thinking and reasoning 

regarding the visual-spatial relation of a 2D representation of a 3D object (Eryaman, 

2009). CCT requires participants to mentally rotate a line drawing of a 3D cube. The 

CCT requires participants to choose if the cubes are the same or different. This test 

requires students to compare one object's (2D) motion to another steady one. Students 
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participated in CCT created in Google Forms, both pre- and post-curriculum 

participation.  

Digital Diary 

A study must include an assessment tool specifically designed to collect 

information on a proposed topic (Cole et al., 2018). This study includes a Digital Diary 

suited to virtual and paperless but in-person classroom settings, with structured questions 

that require students to give a short answer and 2D drawings. These questions are 

sequentially organized so that questions are related to each section. Overall, all of the 

answers add up to the final construction of scientific explanation about the reasons for 

seasons. The last section is a scaffold of all the concepts that asks participants to gather 

all the previously used answers and diagrams to form a written explanation and answer: 

“Why do seasons occur? Please use diagrams and a short-written explanation in the space 

below to demonstrate your answer.”  

I gathered short-answers and 2D diagrams at the end of the curriculum. These 

short-written explanations and diagrams are aimed to give a more in-depth understanding 

of students’ process of thinking. Each question was categorized and analyzed in the 

context of the use of scientific words, clarity, and spatial ability use. The spatial ability 

included diagrams and any phrases that indicate the use of the mental image. The 2D 

diagram helped measure students’ visualization processes and their ability to create a 

mental model from a space-based perspective. The 2D diagrams were used specifically to 

answer Research Question 2. The Digital Diary answers were mostly used to see how 

well students connected previous questions and simulations in order to form a scientific 
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explanation. This will give insight into answering Research Question 1 as well with 

regards to spatial skill development and transform of skill.  

Data Coding 

Cube Comparison Test (CCT) 

The CCT score is a quantitative measurement of participants’ spatial skill. The 

spatial skills measurement is calculated by subtracting incorrect CCT scores from the 

correct ones and is used to measure and analyze students' spatial skills and their progress. 

This assessment is a quantitative measurement for Research Question 1 of gained spatial 

skills. 

Digital Diary 

The qualitative data was analyzed using line–by–line coding, followed by creating 

categories and themes (Creswell & Poth, 2016). The system for coding is adapted by 

previous research studies (Plummer et al., 2014; Plummer et al., 2016). The example of 

categories emerging is based on the use of reference frames, perspective-taking, use of 

scientific words and phrases, and gestures. These emerging categories and themes later 

will be added and used as a tool to provide answers to research questions.  

Why Do We Have Seasons? 

This Digital Diary has questions about why do we have seasons (WDWS) pre and 

post curriculum. This question was designed to gain student’s pre and post conceptual 

written understanding about the concept of seasons. The question is coded based on the 

following rubric shown in Table 2.  
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Table 2 

Evaluation categories for qualitative data 
 WDWS Example Description   

0 No answer/unrelated to 
seasons 

 This will also be counted towards 
skipped answers.  

1 Wrong answer: 
misconception (said 
something) 

Sun far for winter This evaluation will be counted 
when students did not provide 
any information about the 
seasons. 

2 Some information: could be 
interpreted as something 
right 

Facing the sun or away This will be for answers like 
"Earth facing the sun"  

3 No explanation: but 
provided some answer that 
was close to correct reasons 

Because of tilt This will be for answers that 
contains information that about 
seasons but does not give any 
explanation about the cause.  

4 Provides correct reasons and 
uses scientific words 

Tilt is the reasons why 
we have direct indirect 
rays  

This will include answers that 
point out at least one reason for 
seasons and uses scientific 
words.  

5 Provides complete 
explanation  

Connecting to surface 
temp 

This will be measured by 
students’ use of scientific words; 
perspective taking and provides a 
reason for seasons.  

 
2D Diagrams and Drawings 

Students were asked to create diagrams of the SEM system. The data coding is 

divided into three parts: correctness, perspective-taking, and creativity. The drawing data 

coding rubric, Table 3 was designed based on the need of the study to flesh out the spatial 

elements and analyze them, while keeping the Newcombe and Shipley (2015) framework 
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in mind to include four spatial elements. The rubric was customized and crafted after 

looking at all the diagrams from students.  

Table 3 

Diagram rubric 
Labels Used labels in the diagram to demonstrate the knowledge 

Earth-based 
perspective 

Students used Earth--based perspective, i.e., Sun’s position in 
the from the ground 

Space-based 
perspective 

Students used space-based perspective, i.e., the demonstration 
of SEM system from space  

Extrinsic-static Diagram without any arrows, i.e., steady diagram of the Sun 
and Earth  

Extrinsic Dynamic Diagram with arrows to show movements, i.e., Earth with an 
axial tilt and rotation.  

Extra spatial 
elements 

Any extra spatial element i.e., color change of sunrays to show 
direct indirect light 

Labels Demonstration of any labels, i.e., Spring 

Correctness of the 
diagram 

How correctly the concept is demonstrated 

 

The qualitative data in each lesson was coded by using a line by line coding 

process, creating categories and themes respectively. Questions that had simple yes or no 

answers were coded 1 for yes and 0 for no. The answers were first divided into categories 

and themes. All the other answers were coded based on level of details and explanation 

after creating categories. Any category of theme emerged from the answers that did not 

belong to the asked question and were not given any points. All the answers received -1 

point for demonstration of misconception. The categories that had correct information 

received 1 point and incorrect information 0 point. This method of creating categories 
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and turning each category into frequency counts based on its content was used as a rubric 

throughout the curriculum to maintain consistency.  

Surveys 

The survey questions were mixed method questions. Students participated in short 

answers and Likert scale of 1-4 where 1 being did not like it and 4 liked it very much, and 

multiple-choice scale of 1-3 (1 = no, 2 = maybe, and 3 = yes). The quantitative (Likert 

scale) data were coded by assigned points and later represented in respected categories or 

theme.  The qualitative (short answer) data was coded using line-by-line coding methods, 

creating categories and themes to see patterns emerging from the data.  
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CHAPTER 4 

RESULTS 

I present the results in three sections. I will be presenting the results of my study 

using both qualitative and quantitative data. The qualitative data includes written 

explanations and diagrams, while the quantitative data includes CCT points. The results 

also include categories and themes represented through frequency counts. The results are 

presented for each question in the given chronological order. The first section explores 

the impact of spatial activities on students' spatial skills. This section includes Research 

Question 1: How does participation in spatial learning activities impact learners' spatial 

thinking and reasoning, as well as their overall conceptual understanding of seasons? 

This section includes students' spatial thinking and reasoning demonstration using CCT 

scores, diagrams, and language (terminology). The second section explores the impact of 

spatial activities on students' conceptual understanding. Research question 2: How does 

each task in the spatial curriculum help students along the way to understand the concept? 

covers the second section. This section looks through each lesson on students' topical 

conceptual understanding with a fine-tooth analysis. Research Question 3: How do 

students describe their personal experience of participating in the spatial curriculum? 

explores students' personal experiences participating in the spatial curriculum. This final 

section explores the overall experience of participating in the curriculum described in the 

participants' own words.  
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Research Question 1 

This research question is designed to know the impact of spatial activities on 

students’ thinking and reasoning. I looked at both quantitative and qualitative data sets. 

The qualitative data sets include drawings and diagrams created throughout the 

curriculum. The quantitative data set includes CCT score collected both pre and post the 

spatial curriculum implementation. The results section also aims to looks at overall 

conceptual understanding by looking at written explanation about seasons pre and post 

the curriculum.  

Overall Conceptual Understanding 

The question, “Why do we have seasons” (WDWS), asked pre and post 

curriculum is a qualitative data set that was coded using a rubric (Table 2). Learning or 

gaining conceptual understanding will require spatial thinking and reasoning. As the 

hypothesis stated, the earliest increase in spatial thinking and reasoning will impact 

students’ conceptual understanding about seasons. I compared pre and post scores for 

each student’s WDWS responses and the analysis shows the whole class result is a 

significant gain, t(21) = 5.04, p < 0.001, with large effect size Cohen’s d = 1.07. For pre-

test score the M = 3.73 (SD = 1.202) and for post and M = 2.18 (SD= 0.907). 

Interpreting Drawings to Know Students’ Spatial Thinking and Reasoning 

The qualitative dataset for spatial thinking and reasoning includes drawings and 

diagrams created by students. I looked at the diagrams that students created at the end of 

the sixth lesson, on axial tilt. This activity included students creating drawings about four 

seasons in the northern hemisphere from an Earth-based perspective and a space-based 
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perspective. Students were able to demonstrate both perspectives as seen in Figure 12. 

Student 19 was chosen as their diagram score was highest. Student 21 debunked the 

distance-related misconception, which is that seasons occurs due to Sun-Earth distance 

(for example, Earth is closer to the Sun during summer). Students also attempted to create 

a flipbook using the side panels of the PowerPoint for the Sun's position in the sky during 

different seasons. Example of students creating a flipbook for Sun’s path is shown in 

Figure 13.  

 
Figure 12. Students’ diagrams of summer. Example of the Summer in the Northern 
Hemisphere from both perspectives; Student 19 (left, space-based) and Student 21 (right, 
Earth-based).  
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Figure 13. Students’ diagram for different seasons. Example of students creating flipbook 
for Sun’s position in the sky for different seasons; Student 19 (left) and Student 21 
(right). 
 

I also looked at the final diagram about seasons where students were free to 

demonstrate four seasons using any perspectives. Students demonstrated mostly space-

based perspectives where they showed Earth’s position around the Sun for four seasons. 

One of the interesting things that jumped out was demonstration of extrinsic-dynamic 
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spatial thinking and reasoning skills, where the observer changes their position in the 

space-based reference frames by mentally rotating the diagram. As we can see in the 

Figure 14, Student 19 created diagrams by rotating the image but keeping themselves in a 

steady position. We can see the rotation of the image as the left side Earth is labeled 

summer and winter, however Earth is not labeled on the right side indicating the shift in 

observer’s (student’s) position to represent Spring. 

 
 
Figure 14. Student’s diagram of seasons. Example of change in observer position in the 
same reference frame, Student 19. 
 

Cube Comparison Test (CCT)-A Quantitative Measurement 

The quantitative measurement (CCT score) was collected both pre and post the 

spatial curriculum implementation on Google Forms. Figure 15 shows a comparison of 

the pre and post CCT score for each student from lowest (pre) to highest (pre). The 

reliability of pre and post CCT score was calculated as McDonald's ω = 0.703, which is 

at the threshold of reliability result. The CCT score change from pre to post is not 

significant (p = 0.484).   
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Figure 15. Cube Comparison Test score for pre and post. 

As the CCT score does not show significant score change from pre to post a 

further analysis based on qualitative data was needed. Since students provided a written 

record of their conceptual understanding of the topic both pre and post I can look at the 

changes in their thinking from pre to post. I focused on four types of understanding based 

on this pre-post WDWS score: increased (S26), moderate improvement (S19), decreased 

(S17), and no change (S6). The selected students are STEM majors in a first-year post-

pandemic in-person classroom. These four cases are selected to look in greater depth at 

students’ pre- to post-conceptual understanding and spatial thinking and reasoning and 

compare it to CCT scores. The comparison is shown in Table 4. All student quotations 

are provided verbatim; no spelling, grammar, or punctuation corrections are made. 
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Table 4 

Comparing students’ conceptual understanding with drawing and CCT score 

Student 26 (Increased) 

                                           
CCT: +1 pts 
 
Pre: “we have seasons because of earth’s axis. this axis is what the earth spins on. It is 
about a 23.44 degree axis. When the axis switches one side of the earth is closer to the 
sun and one is farther. When you are closer you have spring and summer. When you 
are farther you have winter and autumn.” 
 
Post: “because our earth has a tilt of 23.44 as we revolve around the sun the sun‘s rays 
hit us at different angle causing seasons. When our hemisphere is tilted toward the we 
get summer. We are reiciving direct sunlight. When we are tilted towards the sun the 
sun’s rays hit us at a 90º angle Causing direct sunlight. Winter is just the oppisite. the 
sun’s rays hit us at a non 90º angle causing indirect therefor making temperatures 
lower.” 
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Student 19 (Moderate improvement) 

           

                     
CCT: no change 
 
Pre: “We have seasons because of the sun. In fall and winter, sunlight is indirect which 
makes it cold. In spring, sunlight starts to face us as the season goes on, making it 
warmer. In summer sunlight is directly facing us to make it hot.” 
 
Post: “We have seasons because of Earth’s tilt, and the sun’s insolation throughout the 
year. In fall, we receive a medium amount of spread out light that is not intense. And 
we are not tilted away from the sun nor tilted towards it. Since this light is spread out 
and not intense, that means it is not direct, makes it cold, and days start to get shorter. 
In winter, Earth is tilted away from the sun and we get more light than in fall, and the 
rays are even less intense now that Earth is tilted away. This makes days even shorter, 
colder, and more indirect. In spring, we become once again, not tilted away from the 
sun nor tilted towards it. But, the rays of the sun start to become more intense and more 
direct. The more intense rays make the days warmer, and as we start to tilt towards the 
sun for summer, the days are longer. Now in summer, we are tilted towards the sun. 
The light we are receiving is direct and focused, making it hotter. Because the sun gets 
higher in the sky, but only in appearance, the days are now even longer. After summer 
the cycle starts again.” 
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Student 17 (Decreased) 

                                                           
CCT: +2 pts 
 
Pre: “we have seasons because the Earth tilt on its axis as it goes around the sun.” 
 
Post: “We have seasons because Earth revolves around the sun. In summer Earth is 
closer to the sun and in winter Earth is farer away from the sun” 

Student 6 (No change) 

                                               
CCT: no change 
 
Pre: “We have seasons because when the earth rotates around the sun on its axis it 
creates seasons because the sun is either giving direct or indirect sunlight to make 
seasons.” 
 
Post: “We have seasons because when Earth rotates on its axis it makes seasons 
because of the tilt.” 

Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling.  
 

Let’s look at the diagram of four selected students to see the spatial skills 

demonstrated in each. All the final diagrams about seasons are shown through a space-
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based perspective. This shows students’ transfer of perspectives of their previous 

knowledge about seasons from an Earth-based perspective to a space-based perspective. 

Overall, students demonstrated the correct Earth’s orbital shape, not extreme elliptical. 

Students showed the Sun and Earth-size ratio is also reasonable, (i.e., the Sun is drawn 

bigger compared to Earth). Except Student 6, all the students labeled the diagrams 

indicating clear understanding. All the diagram demonstrated axial tilt in the diagram, 

indicating students’ understanding of the role of the tilt.  

Research Question 2 

Research question 2 asks, how does each task in the spatial curriculum help 

students along the way to understand the concept? In the curriculum each lesson includes 

spatial activities and group discussions, followed by answering questions. In order to 

know if the spatial activities affected students' conceptual understanding, I looked at 

students' performance at the end of each lesson. The questions are picked based on the 

conceptual understanding it covers. Figure 16 shows students' conceptual understanding 

throughout the curriculum, in the form of average percentages. Questions were scored 

separately, based on the type of activity and amount information. This process of 

frequency counts conversion resulted in different maximum and minimum score points 

for each question. The use of percentage here was to equalize all the questions to 

facilitate comparison. I divided each question by the maximum score point (of that 

question) and converted into percentages.  

In Figure 16, the pre- and post-WDWS are pre- and post-curriculum questions 

representing four selected cases: increased (S26), moderate improvement (S19), 
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decreased (S17), no change (S6). In Figure 16, questions two and three (from the left) are 

taken from the "Sun's path" lesson. Question two is post video simulation activity and 

three is at the end of the lesson. The fourth question is a post "axial tilt" lesson. 

Moreover, questions five and six are from the scaffolding knowledge lesson, which is the 

end of the curriculum lesson. I looked at each lesson for their participation, and written 

notes to analyze their pre- to post-conceptual understanding progression.  

 
 
Figure 16. Conceptual understanding of students based on their pre and post conceptual 
understanding score about why do we have seasons. The data points represented in the 
chart are scores converted to percentages for each question.  
 

As shown in Figure 16 the change in conceptual understanding for decreased 

(S17) and no change (S6) starts the same, but post-Sun's path lessons (Why it is hot in 

summer and cold in winter?) go their own ways. If we look at their written answers to 

gain a deeper understanding (Table 4), we find that S17 mentioned the role of tilt during 
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summer ("It is hot during summer because Earth is tilted to the sun") but then shifted 

towards the distance-related misconception ("and during winter the sun is far away from 

the sun"). S6 also demonstrated distance-related misconceptions ("I think it's is hot in 

summer and cold in winter because in the summer we are close to the sun and in the 

winter, we are not close to the sun") in the beginning and later talked Sun's altitude-

related understanding ("Know this because when it is summer the sun goes higher than 

the sun in the winter, it gets lower."). The moderate change (S19) showed a better 

conceptual understanding of the Sun's altitude and its connection to the tilt for why it is 

hot in the summer and cold in winter, as demonstrated in Table 5. However, S26, with 

increased overall conceptual understanding, was unable to make the correct connection 

between the Sun's altitude and tilt or temperature. We can see that moderate change (S19) 

and increased change (S26) showed no distance-related misconception in their answer.  

Table 5 

Students’ answers from Sun’s altitude lesson 

SID Sun’s Altitude 

 Observation made by 
students during video 
simulation activity 

Do you think the 
altitude has any 
relation to temperature 
change during Summer 
and Winter? 
{Group discussion 
question} 

Why is it hot in summer 
and cold in winter? 
{post lesson question} 

S17 in the summer the sun 
was height and in the 
winter the sun was low. 

Yes, I do see 
  

It is hot during summer 
because Earth is titled to 
the sun and during winter 
the sun is far away from 
the sun  
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S6   
i see that every month the 
sun gets higher. 
  

yes because when the 
altitude of the sun is 
closer to earth it is 
summer and when it's 
farther away it is 
colder. 
  

I think it’s hot in summer 
and cold in winter because 
in the summer we are close 
to the sun and the winter 
we are not close to the sun. 
I. Know this because when 
it is summer the sun goes 
higher than the sun in the 
winter it gets lower.  

S19 In January, the sun looks 
very low to us, February 
is also low, March is 
getting “higher”, during 
the Spring Equinox more 
hours of daylight are 
being shown. From April 
up until the Summer 
Solstice the sun gets 
higher and higher. After 
the solstice we receive 
less daylight. Down to 
December then it starts 
over. 

I think the altitude 
does have to do with 
temperature. When we 
tilt forward we 
experience a hotter 
temperature because 
the sun looks higher 
and in winter we tilt 
away and the sun looks 
lower to us. 
  

In winter, it is colder 
because, the sun sets faster 
giving us less light and 
heat. The way we tilt away 
causes the sun to look 
lower, this is also the cause 
of winter’s cold 
temperature. In summer, it 
is the opposite. We tilt 
towards the sun to make 
the sun look higher and the 
sky. We also receive more 
sunlight during the longer 
days of summer.  

S26 the sun is lower in the 
winter and higher in the 
summer. In the summer 
the days are longer 
  

Yes. When it's summer 
the sun is higher and in 
the winter the sun is 
lower. Since the sun is 
higher, we get more 
direct sunlight got 
there for making it 
warmer. In the winter 
is the exact opposite. 

When the sun is lower in 
the sky less of its light hits 
us making it much colder. 
Whereas for summer it is 
completely the opposite. 
Since the sun is higher in 
the sky in the summer 
more sunlight hits sun 
making it much hotter  
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S21 in the video the sun is 
appearing a lot higher and 
June, July, and August. in 
fall and winter is looks 10 
times lower in the sky. 
On June 21 the sun is 
moving really slow. after 
the winter the sun gets 
higher and higher in the 
sky then gets lower 
around winter. 
  

yes, because the sun 
appears lower while 
tilting away from the 
sun reviving less direct 
sunlight, so it’s winter 
time. In the 
summertime time 
Earth is tilted towards 
the sun which makes 
the sun seem higher  in 
the air and we revive 
direct sunlight. 

“It hotter in the summer 
because the angle of the 
sun makes us receive 
direct sunlight and makes 
it hotter because the sun it 
right on us. in the winter 
it’s colder because we a in 
a position where we are 
not receiving direct 
sunlight.  
  

Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling.  
 

Students are demonstrating their understanding about the role of the tilt in seasons 

by answering “What is the role of the tilt in seasons?” question. Figure 16 demonstrates a 

decline for conceptual understanding for S17 and S6, S19. S6’s and S19’s lines are 

parallel, however S17 showed a greater decline compared to S6. S19 and S26 scored the 

same, indicating similar conceptual understanding for the role of the tilt. If we look both 

of their conceptual understanding from the previous points (Sun’s altitude lesson), we can 

see a decrease for S19 and an almost steady path for S26. Based on the students' answers 

about the seasons and Sun's altitude, we can see the lack of knowledge about the tilt and 

surface temperature. We can see a slight increase in conceptual understanding post axial 

tilt lesson, especially for S19 and S26.  

Sun’s Altitude 

The Sun’s altitude lesson was designed to address the concept of Sun’s height in 

the sky and its relation to seasons, mainly the temperature change. From the researcher’s 

point of view the questions in this lesson are designed to give an insight into students’ 

understanding of the Sun’s altitude for different seasons. Introducing students to the Sun's 
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position in the sky for different seasons can help students construct correct conceptual 

understanding. Overall, the lesson included step-by-step questions followed by some 

engaging activities to help scaffold their knowledge. In this section I am looking at 

students’ responses for each activity included in Sun’s altitude lesson. This would help us 

understand how their end of lesson knowledge and understanding was formed as well, 

which will help understand Figure 16 better.  

Figure 16 above demonstrates students’ conceptual progress throughout the Sun’s 

altitude lesson in the form of average percentages each question. The first question on the 

graph is pre-knowledge about the Sun’s altitude in different seasons. The second question 

is pre knowledge as part of introduction and post drawing activity. This question was 

asked in the introduction phase of the lesson, after students were asked to draw Sun’s 

position in the sky during different times of the day. The third, fourth and fifth questions 

are post group discussion that followed by a video simulation activity. The fifth question 

is asked in form of a drawing activity, where students were asked to indicate the Sun’s 

position on a diagram. The last question in Figure 17 is an end of lesson question that 

requires students to combine all their knowledge about Sun’s altitude and temperature. 

One of the factors in why we have different percentages in data points is the nature of the 

questions. Some questions required only a yes or no answer while the others required 

short answers. 
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Figure 17. Students’ average conceptual understanding about Sun’s altitude and its 
relation to surface temperature pre and post video simulation activity. The data points in 
chart are average percentages of students’ responses.  
 

What Does This Observations Tell Us About Students’ Spatial Skills? 

The video simulation activity included students watching the Sun's path across the 

sky for all months through the years and making observations about the Sun's height in 

the sky. The video simulation activity provided an opportunity for us to look at what 

students pay attention to and their interpretation of made observations. Students 

demonstrate keen observations about the Sun’s altitude in the sky for different seasons. 

At the minimum, students made one observation and the maximum, five observations. 

One observation: 

S27: “the sun gets higher and higher each month.” 
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S16: “every hot month goes by and the sun gets slower, maybe because 
the sun gets hotter and that is why the sun goes slower.” 
 

Five observations: 

S19: “In January, the sun looks very low to us, February is also low, 
March is getting “higher”, during the Spring Equinox more hours of 
daylight are being shown. From April up until the Summer Solstice the 
sun gets higher and higher. After the solstice we receive less daylight. 
Down to December then it starts over.” 
 
S21: “in the video the sun is appearing a lot higher and June, July, and 
August. In fall and winter is looks 10 times lower in the sky. On June 21 
the sun is moving really slow. after the winter the sun gets higher and 
higher in the sky then gets lower around winter.” 
 

The most apparent observation students made was the Sun's height in the sky 

which is lower and higher during different seasons. The other observations were about 

the Sun's apparent brightness and its speed across the sky for different months. The 

reason why students detected the Sun's speed getting slower or faster could be related to 

the Sun's altitude in the sky. During summer the Sun's altitude is higher and it stays up in 

the sky for longer hours compared to the winter seasons. This could result in the Sun 

appearing to be moving slowly across the sky during hotter months. Do these 

observations significantly impact students' understanding of surface temperature and the 

Sun's altitude? I compared responses of two students, with highest and lowest scores for 

the answer (below) to the question "Do you think the altitude has any relation to 

temperature change during Summer and Winter?" Both students claimed that they had a 

difference in altitude for different seasons. During the video simulation activity, S16 

observed the Sun's speed across the sky as the hotter month goes by, whereas S1 made 

observations about Sun's altitude being higher and lower throughout the year. S16 also 
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showed a distance related misconception by indicating the Sun is closer as well as higher. 

This shows that the type of observation students made based on their spatial skills reflects 

their conceptual understanding of the Sun's altitude and seasons. Table 4 demonstrates 

previously selected students' answers to the type of observations and conceptual 

understanding of the Sun's altitude. 

S16: “When the sun is in summer the sun is closer and it is higher and in winter 
Earth is tilted and the sun is farther away that is what makes winter cold then in 
summer.” 
 
S1: “Yes it does, because in Summer the altitude is higher, the sunlight or the sun 
itself shines upon most of Earth that’s facing towards the sun, and in the Winter 
where the Sun is lower isn’t warming most of Earth that is facing the opposite 
side of the sun.” 
 
Looking at observations made by students in Table 4, S19 noted specific months 

and connected Sun’s altitude to Equinox and solstice. This observation is well 

documented and keen, however the interpretation post group discussion about Sun setting 

earlier during winter being reasons for colder temperature shows lack of conceptual 

understanding. This is also demonstrated in overall students’ understanding about the role 

of the tilt in Figure 16. S26 demonstrates similar knowledge about the post lesson 

question. However, S21 talks about direct indirect sunlight. One of the possibilities is that 

S21 might have changed the answer post learning about direct indirect sunlight in the 

next lesson. 

All the students note that the Sun's altitude has a relation to temperature change. 

The end of the lesson question, "why is it hot in summer and cold in winter?" was 

designed for us to look at the students' pre-conceptual understanding of axial tilt lessons. 

I expected students to speculate the idea about the role of tilt but mainly on the height of 
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the Sun in relation to surface temperature. As we see in Table 5, students made direct 

connections to the tilt (i.e., S17) as well as talked about the Sun's altitude for each season 

(i.e., S6). Overall, students were able to make connections between the Sun's height and 

surface temperature during their group discussions. This is also reflected in their spatial 

activity of placing the Sun in the sky for the Fall and Spring within diagram. The 

example of S15 is shown below in Figure 18. All the participants in the study 

demonstrated the Sun's position in the sky accurately. 

 

Figure 18. S15’s demonstration of Sun’s position in the sky for Fall/Spring. 

Axial Tilt 

One important piece of the Earth’s tilt lesson was an interactive simulation 

activity where students participate in active simulation about change in surface 

temperature. Post simulation activity students were asked about surface temperature and 

axial tilt relation. The goal was to give students understanding about direct and indirect 

rays and surface temperature. I compared the Sun’s altitude post lesson question “why is 

it hot in summer and cold in winter?” to this post simulation question to look at the 
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impact of this engaging simulation activity on a student's conceptual understanding. This 

quote comparison, Table 6 also helped us see the difference of impact between 

engaging(hands-on) and non-engaging (watching a video) simulation activity.  

Table 6 

Students’ responses from the sun's altitude and Earth’s tilt lesson 

SID Sun’s altitude Axial tilt 

 Why is it hot in summer 
and cold in winter? 
{post lesson question} 

What impact do you 
think tilt has on the 
temperature on Earth? 
{post engaging 
simulation activity} 

Why do you think the 
days are shorter in winter 
and longer in summer? 
{post engaging simulation 
activity} 

S17 “It is hot during summer 
because Earth is titled to 
the sun and during winter 
the sun is far away from the 
sun” 

“Earth‘s tilt effect the 
temperature on Earth 
because of the angle that 
Earth tilt is at.” 

 

“I think that there are 
shorter days in winter 
because of Earth’s tilt, 
and longer days in 
summer because of Earth 
tilt aoutdot” 

S6 “I think it’s hot in summer 
and cold in winter because 
in the summer we are close 
to the sun and the winter 
we are not close to the sun. 
I. Know this because when 
it is summer the sun goes 
higher than the sun in the 
winter it gets lower.” 

“Because of Earth's tilt 
because you are closer or 
farther away from the 
sun you will have a 
different temperature.” 

 

“Because the sun is closer 
the Earth in the winter so 
it takes longer for the sun 
to set and when it's 
summer it goes by faster e 
because the sun is 
farther.” 
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S19 “In winter, it is colder 
because, the sun sets faster 
giving us less light and 
heat. The way we tilt away 
causes the sun to look 
lower, this is also the cause 
of winter’s cold 
temperature. In summer, it 
is the opposite. We tilt 
towards the sun to make 
the sun look higher and the 
sky. We also receive more 
sunlight during the longer 
days of summer. 

“Earth’s tilt does affect 
the temperature. If Earth 
is tilted towards the sun 
it gets warmer because it 
receives more sunlight. 
When earth tilts away 
from the sun it gets 
colder and is receiving 
less sunlight.” 

 

“The sun indirectly hit us 
in winter and we receive 
less sun. This makes the 
sun look low and look like 
the sun sets faster and the 
days shorter. The sun hits 
us more direct in summer 
and we get more light. 
This makes the sun look 
higher and the sun sets 
slower, days become 
longer.” 

 

S26 “When the sun is lower in 
the sky less of its light hits 
us making it much colder. 
Whereas for summer it is 
completely the opposite. 
Since the sun is higher in 
the sky in the summer more 
sunlight hits sun making it 
much hotter” 

“The tilt is what decides 
the direct or indirect 
sunlight” 

“Because in winter Earth 
is tilted away from the sun 
and in the summer Earth 
is titled closer to the sun.” 

 

S21 “It hotter in the summer 
because the angle of the 
sun makes us receive direct 
sunlight and makes it hotter 
because the sun it right on 
us. in the winter it’s colder 
because we a in a position 
where we are not receiving 
direct sunlight.” 

“Depending on our tilt 
we will experience direct 
sunlight because we are 
at a 90º angle and we 
will be in the season 
summers during this. this 
is the opposite for winter 
if we are titled at any 
other angle then we 
experience indirect 
sunlight making it colder 
physically because of 
our tilt.” 

 

“The hemisphere who it 
titled  towards the sun is 
experiencing long and 
sunny days and when we 
are tilted away we 
experience shorter and 
colder day and it is just 
because of our tilt. since 
the sun looks lower in the 
sky it sets quicker because 
it has a shorter path to 
follow in the sky and in 
summer it is higher in the 
sky and has a longer path 
to follow in the sky” 

Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling. 
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The role of the tilt lesson has a set of questions both at the end of the lesson and 

end of curriculum that help students integrate their knowledge and conceptual 

understanding about seasons. The end of the lesson question gauges overall conceptual 

understanding about tilt and its relation to seasons. The question includes the role of the 

tilt on different planets as well. The post curriculum set of questions includes tilt and its 

relation to surface temperature change via direct and indirect rays. The post curriculum 

questions came after students participated in creating four diagrams for each season in the 

northern hemisphere. Students participated in creating diagrams at the end of the post 

answering the question. Figure 19 represents the student's average percentage progress as 

they constructed the knowledge for each question.   

 
 
Figure 19. Students’ conceptual understanding about axial tilt and its relation to seasons 
through the lesson. The data points in chart are average percentages of students’ 
responses. 
 

47%

63% 61%
65%

0%

10%

20%

30%

40%

50%

60%

70%

What is the role of the 
tilt in seasons?

Do you think planets 
with no tilt will have 

seasons?

How does the Sun rays 
angle change as you 

change the tilt?

How does the Surface 
temperature change as 
the tilt angle change?

Average percentage of role of the tilt in seasons



 

 73 

In the question about the role of the tilt, students showed a good understanding 

about the role of the tilt. As shown in Figure 18, an average of 47% students 

demonstrated a conceptual understanding about the role of the tilt in seasons, on question 

about the role of the tilt. Table 6 represents quotes of selected students to look at the 

students’ conceptual understanding in detail. S17 shows complete lack of conceptual 

understanding about the role of tilt. As shown in Table 7, there is a focus on Earth 

spinning around the Sun instead of the axial tilt. This is inconsistent with results from 

other participants. The other participants’ answers include points about tilt or angle of the 

sunrays. The question about a different planet is there to confirm conceptual 

understanding about season using the role of tilt. Figure 18(second question) shows on an 

average 63% students acknowledge that planets with no tilt will not have seasons. This is 

consistent with students’ quotes in Table 7 as well, where all students except S17 agreed 

that tilt is the main reason for seasons. Figure 19 also shows that on average students’ 

understanding about direct indirect rays and surface temperature is consistent with the 

role of the tilt for a different planet as well. One of the reasons for the lower percentage 

for the first question in Figure 19, I suspect, is the nature of the question. “What is the 

role of the tilt in seasons?” maybe too broad or general question where students might 

have felt lost or confused about what information to include or omit. For example, in 

Table 7, S17 gave a one-word answer whereas S19 gave more information than needed.  
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Table 7 

Students’ responses from the Earth’s tilt lesson 

SID Axial tilt 

 What is the role of 
the tilt in seasons? 

Do you think 
planets with no tilt 
will have seasons? 

How does the Sun 
rays angle change 
as you change the 
tilt? 

How does the 
Surface 
temperature 
change as the tilt 
angle change? 

S17 “The axis” “I think that 
planets with no tilt 
do have seasons 
because of its axis 
it can spin on it’s 
axis during the 
year” 

“The Sun rays 
changes by Earth 
spin around the 
sun, as Earth is 
spining around 
the sun it gets 
different parts of 
the sun.” 

“It changes 
because to Earth 
spins around the 
sun and when it’s 
daytime it is infont 
of the sun and 
when it’s no night 
it is faced away 
from the sun” 

S6 “To make sure both 
sides of the planet 
have a different 
season.  I know this 
because the tilt is not 
there for no reason.” 

“No, because if 
planets don't have 
tilt it will not have 
a set season.” 

“It changes 
because the angel 
is facing a 
different way like 
say the northern 
hemisphere is in 
summer that 
means that the 
Southern 
Hemisphere is in 
winter” 

“The surface 
Spangler changes 
because if the 
angle is facing the 
sun it is a summer 
and if the angle us 
facing away from 
the sun it is 
summer.” 
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S19 “The tilt of earth, 
determines the 
seasons. This can be 
proven with Earth’s 
different seasons on 
the northern and 
southern 
Hemisphere. When 
this happens the 
sun‘s heat intensifys 
and focuses on one 
hemisphere giving 
them summer and 
the places near it 
spring. in the other 
hemisphere it is cold 
because the light of 
the sun is indirect 
and less intense. this 
causes fall and 
winter.” 

“I think planets 
with no tilts do 
not have seasons. 
Because the planet 
has no tilt it would 
stay the same all 
year, temperature 
and sun’s position 
in perspective 
wise. It would be 
day and night with 
no special changes 
throughout the 
year over and over 
again.” 

“When you 
change the tilt of 
earth, the suns 
rays become less 
intense and 
focused on an 
area. Instead, a 
new area 
experiences the 
sun's intense light, 
giving both 
places, most 
likely the 
Northern and 
Southern 
Hemisphere, new 
seasons.” 

“When the tilt 
changes like as 
stated in the last 
explanation, the 
surface 
temperature of 
earth changes as 
well. this change 
causes the 
temperature to 
become hot or 
colder in one of 
the hemispheres. if 
it was winter in the 
Southern 
Hemisphere, it 
would be cold 
because it’s tilted 
away from the sun. 
It would be the 
opposite for the 
Northern 
Hemisphere 
because that 
hemisphere is the 
one tilted towards 
the sun, getting 
hotter.” 

S26 “It makes it so our 
planet tilts toward 
the sun sometimes 
which increases the 
heat therefor making 
hotter. This is what 
seasons are.” 

“No because then 
they cant tilt 
toward the sun 
and change the 
temperature of 
their surface” 

“When we are 
tilted away from 
the sun the sun‘s 
rays become less 
intense and as the 
angle gets closer 
to 90 they become 
more intense” 

“If we are at a 90º 
angle we get high 
temperatures but if 
we are at any other 
angle we get lower 
temperatures” 
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S21 “The tilt plays a 
really big role in the 
seasons. I know this 
because tilt decides 
if we get direct 
sunlight or indirect 
sunlight. If we are 
being hit with direct 
sunlight we are titled 
towards the sun if 
we are receiving 
indirect sunlight then 
we are titled away. If 
we are tilted sun we 
get summer if we are 
titled away then we 
receive winter. It we 
are titled diagonally 
then we receive fall 
and spring.” 

“No because they 
are gonna be hit 
with the same 
angle of sunlight 
over and over 
throughout the 
year. seasons also 
have to do with 
the temperature 
throughout there 
season. it would 
be the same 
weather all year 
around.”  

“Our tilt has a big 
effect on our sun 
rays angle. 
Depending on the 
angle decides how 
much direct 
sunlight or 
indirect sunlight 
we get. On slide 
52 we see and 
from or rotation 
simulation we see 
all the different 
angles and tilts 
and were the sun 
is hitting Earth. If 
we are further 
tiled from the sun 
then we receive 
indirect angle rays 
and if we are titles 
towards at a 90º 
angle then we 
receive direct 
angle rays” 

“surface 
temperature is how 
hot Earth’s surface 
is. The tilt angle 
changes the 
surface 
temperature every 
season. During 
summers 90º angle 
tilt than  the 
surface 
temperature on 
Earth will change 
because there are 
direct sunlight rays 
are hitting Earth so 
the surface 
temperature 
changes on Earth 
because we are 
being hit with hot 
rays making it hot 
and we know that 
from our whole 
Digital Diary this 
is what we have 
been learning” 

Note.  Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling. 
 

Earth’s Orbit 

For the post lesson question “Is Earth closer to the Sun in Winter or Summer?” 

students answered either summer or winter. This did not meet the expected answer of 

debunking the distance related misconception about Earth being near the Sun in the 

summer and away during the winter. There is only one student (S21) who debunked the 

misconception by stating Earth isn’t closer or further from the Sun for different seasons. 

On the question about Earth-Sun distance being a relevant factor in seasons, 17 students 
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considered the Earth-Sun distance a relevant factor and only 2 students showed no 

misconception and described it with detail. The relevant answers for each student are 

presented in Table 8. Previously in the Sun’s altitude lesson, S16 also showed a distance 

related misconception in a question about why is it hot in summer and cold in winter. I 

compared the answers for the questions for the follow up lessons to see if there was any 

trend emerging. The answers from the relevant question from each lessons where S16 

demonstrated the distance being a factor are as follow: 

Sun’s altitude: “why is it hot in summer and cold in winter”? 

S16: “When the sun is in summer the sun is closer and it is higher and in      winter 
Earth is tilted and the sun is farther away that is what makes winter cold then in 
summer.” 
 

Earth’s orbit related questions 

S16: “it is closer in sum” 
 

S16: “the earth-sun distance is relevant in seasons because the earth’s distance it 
does matter we would never even have been created if the seasons would been 
here.” 
 

End of curriculum question: “how does the surface temperature change as the tilt 

angle changes?” 

S16: “The surface area will change because once the tilt changes then the specific 
area is gonna get colder since it is facing away from the sun the more closer it is 
the more hotter it is gonna get.” 
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Table 8 

Student's answers demonstrating knowledge about the role of Earth’s orbit in seasons 
SID Earth’s orbit 
 Is Earth closer to the Sun in Winter or 

Summer? 
Is Earth-Sun distance a relevant factor 
in season? 
 

S17 “I think that Earth is closer to the sun when 
it’s summer because in summer its really hot, 
and in winter it’s cold.” 
 

“it’s position “ 
 

S6 “Earth is father un the winter but when it is 
summer it is closer.” 
 

“yes the distance does matter” 
 

S19 “Earth is closer to the sun in winter because 
of it’s tilt toward the sun.” 

“it is “ 
 

S26 “summer” 
 

“yes” 

S21 “It is not really the distance it is our axis. we 
are tilted on a axis so we are is titled  
towards it or tilted away from it in a way. So 
during summer time the sun appear higher in 
the sky and during the winters its lower in 
the sky.” 
 

“the distance we are from the sun we 
are does not matter. Our distance is not 
what makes us have seasons it just our 
rotation and if we are receiving direct 
sunlight or indirect  sunlight“ 
 

Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling. 
 

Research Question 3 

This research question asks focuses on students’ personal experience of 

participating in the spatial curriculum. As we are implementing the curriculum, students’ 

feedback is very helpful into improvising the activities and getting a better teaching and 

learning outcomes. The research question 3 is designed to gain insight into students’ 

thoughts and experiences regarding different aspects of the curriculum. This section 

includes qualitative and quantitative data, collected using Google Forms survey both pre 

and post. The short question answers were coded using the line-by-line method and 



 

 79 

turned into frequency counts as needed. The results section includes students’ excitement 

about astronomy in general. It also includes students’ experience of using Digital Diary, 

overall curriculum and spatial activity.  

Students’ Excitement About Astronomy 

I asked students "How excited are you about astronomy?”, during both pre and 

post curriculum and is intended to gain insight into whether students show any increase in 

their excitement about astronomy post curriculum. The questions were asked using a 

Likert scale of 1 to 4, 1 being did not like it and 4 being likes it very much. Overall, 

students showed a slight increase in their excitement level. The impact of curriculum on 

student’s excitement level of participating in learning about seasons is significant t(24) = 

2.54, p< 0.050 with medium effect size of Cohen’s d = 0.519. The mean difference 

between pre and post is 0.458, where for pre M = 2.50 (SD = 0.711) and post M = 3.00 

(SD = 0.776).  

Students’ Experience Using Digital Diary Related Survey 

The Digital Diary is one of the important parts of the study. There are several 

questions in the post curriculum survey designed to gain insight into how students felt 

about using the Digital Diary. The Likert scale question in this survey is “How would you 

describe your experience using a Digital Diary?” which is scored from 1-4, 1 being the 

lowest and 4 being the highest. The short answer question, “Do you recommend using the 

digital journal in the future? Why or why not?” was coded using line by line coding and 

then converted into frequency.  
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Figure 20 demonstrates students' responses about the Digital Diary related 

questions through their most frequent descriptions. One of the notable descriptions that 

emerged from students’ responses is that the Digital Diary helped them organize their 

work, and they were able to keep track of everything. As we can see in Figure 20, a 

greater number of students said they liked or somewhat liked using a Digital Diary and 

21 of students out of 27 students said they would recommend using the Digital Diary in 

future. Selected quotes from students are shown in Table 9.  

 
 
Figure 20. Students’ experiences using Digital Diary. The first five categories are 
represented frequency counts for emerging categories. The blue bars represent frequency 
counts for positive emerging categories and the red bas represents negative emerging 
categories. Recommendation category represents frequency counts for no, maybe and yes 
(left to right) and Students’ experience using the Digital Diary category reports did not 
like it, somewhat liked it, liked it, liked it very much (left to right).  
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Table 9 

Students’ quotes representing each category 
Category Sample Students’ Quotes 
Well organized and keeping track “it’s helpful and neat and you have all your work on one 

app, so you don’t have to go back and forth.” 
 

Useful and going back 
 

“very useful and good to look back and to study it.” 
 

Fun “you can put images (diagrams) in it and it’s really fun to 
use.” 
 

Very long it just felt very long  
 

Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling. 
 

Students’ Experience Using Curriculum 

This category of survey questions asks students about one thing that they would 

like to tell about one thing they learned, a confusing part about a topic, and a challenging 

part of curriculum or topic. This qualitative data was also coded using line-by-line coding 

creating themes and categories. The quotes emerged from the data based on various 

categories are reported in Table 10. Categories emerged from this question were learning 

about direct rays and surface temperature, angle of insulation, altitude, axial tilt, general 

reasons for seasons and axis or tilt being the reasons for seasons. Overall, the majority of 

the students stated that they learned that the main reason for season was our tilt or axis; 

an example quote is in Table 10 below. Only one student said “nothing really.” 
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Table 10 

Students’ quotes highlighting important factors for each questions 
What is the one thing you learned that you didn’t know before this curriculum?  
Axial tilt is 
the reasons 
for season 

“Once thing I learned from this curriculum was how Earths tilt affected the 
seasons” 
“I didn’t know that without the tilt, we wouldn’t have seasons. “ 
“That Earth’s tilt helps with the seasons I thought it wears just revelation” 
 
“I didn’t know that without the tilt, we wouldn’t have seasons. And I only 
thought we had seasons because of Earth rotating, not by the tilt as well.” 

What were the confusing parts of lessons/curriculum? 
 
Instruction/
curriculum 

“Trying to put the right words together to make it make sense.” 
“Understanding what a question is truly asking us.” 
 

Topic “At first I was confused on how in summer it was higher but, in the winter, its 
lower.” 
“The tilt and the angles” 
 

What was the most challenging concept to learn, understand, or imagine throughout this 
curriculum? 
 
“The most challenging concept was to imagine what other planet’s seasons would be like.” 
“I didn’t really feel confused when learning about this subject.” 
“About the tilt and how Earth revolution around the sun” 
“The angle of Earth in different seasons and determining if it is receiving direct or indirect 
sunlight.” 
Would you like to learn about other astronomy concepts the same way we learned about 
seasons? 
 
“Something I liked was that I was involved in the things we were doing and something I 
disliked was the set of the Digital Diary it felt very long because there was so many slides” 
“I did not like how it’s built out./ I didn’t like how long we spent on each subject. It also has a 
lot of just writing answers down and not many hands on actives. “ 
“I liked that we used one app and we got to learn a lot about Earth’s tilt, season.  And more, I 
have no dislikes on the curriculum “ 
“I liked how we used the Digital Diary and that’s its new to us. There was nothing I disliked 
about this.” 
“I like that I could find all my information in one place. I didn’t like that i had to use a whole 
lot of time drawing the diagrams” 
“I don’t like how many questions there are after looking at a diagram. But I liked the hands-on 
activity and the simulations.” 
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Note. Students’ answers are presented unedited for any correction of grammar, sentence 
structure, or spelling. 
 

The question that asked students about the confusing parts of lessons/curriculum 

responses are divided into two parts: curriculum and topic. Curriculum part includes 

information about students finding instruction related confusions. Most of the students 

stated confusion about being able to follow the instruction or having difficulty 

scaffolding information or catching up. The reflective quotes are coded in Table 10 

above. The question targeted towards students finding difficulties in a specific concept 

yielded mixed results. Students demonstrated challenges in learning about tilt, revolution, 

orbit, direct-indirect rays, seasons, being able to imagine, and seasons on different 

planets. Overall, two students found nothing challenging. A few example quotes are 

presented in Table 10.  

Learning about students’ likes and dislikes was very useful as it gave a helpful 

insight into modification for future curriculum. One of the common themes that emerged 

for dislike was the Digital Diary being too long. Students demonstrated enjoyment 

participating in hands on and simulation activities and a few students demonstrated no 

dislikes or liking everything. One student demonstrated a dislike towards the amount of 

drawings they had to do during the curriculum participation. The quotes are again 

presented in Table 10.  

Students’ Experience Spatial Activity 

This set of questions were asked specifically to get a quantitative measurement of 

students’ experience of using spatial activities. This is comparing student’s experience 

about learning about seasons and with spatial activities in the curriculum. As we can see 
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in Figure 21, the majority of the students rated their experience of participating in the 

spatial activities as 3 (liked it) and 2 (somewhat liked it). No students said they disliked 

learning about seasons.  

 
 
Figure 21. Representation of students’ experience of participating in spatial activities. 

Future Astronomy Topics Recommendations 

This is the future plan for expanding the curriculum into different topics. In the 

survey students responded to a question about what other astronomy topics do you want 

to learn? The topics emerged from these questions are learning about stars, constellations, 

planets, galaxies black holes. Some students demonstrated a desire to learn about how 

everything happened.  
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CHAPTER 5 

DISCUSSION 

In this chapter, I further interpret results with respect to the literature and future 

work. The discussion includes the three research questions in the same order as in 

Chapter 4. Research question 1 discussion will consider the results to determine if the 

spatial activities had any impact on student’s spatial thinking and reasoning and overall 

conceptual understanding. Research question 2 includes discussion about various spatial 

activities included in the curriculum and their impact on students’ conceptual 

understating of the topic. Research question 3 includes discussion about students’ 

experience and possible modification of the curriculum.  

Research Question 1 

The overall hypothesis of the study is that spatial activities impact spatial thinking 

and reasoning and lead to better conceptual understanding. The data results I am 

considering are pre and post scores for why do we have seasons (WDWS) questions and 

the Cube Comparison Test (CCT). As stated in the previous chapters, the CCT score was 

a statistical measures and diagrams qualitative measures of students’ spatial thinking and 

reasoning skills while the WDWS questions are used to measure students’ conceptual 

understanding. The WDWS pre to post written comparison shows that students were able 

to gain improvement into conceptual understanding using the spatial curriculum. As 

shown in Figure 15 the graph shows most students improved from pre to post on the CCT 

score, although this change was not statistically significant (p = 0.484). One of the 

contributing factors could be that CCT is not designed to target the 6th grade age group 
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The other speculation is the CCT test is traditionally done on a paper form, however I 

conducted the test in digital platform (Google forms). I looked at individual cases to 

further understand the relation between students’ quantitative and qualitative data, i.e., 

students’ spatial skills and conceptual understanding.  

Does the Detail in Each Diagram Correspond with Students’ Written Conceptual 

Understanding? 

One of the meaningful connections I made was looking at students’ drawings and 

their overall conceptual understanding of seasons. The results for RQ1 show that students 

demonstrated various spatial skills via diagram. Overall, students used both Earth and 

space-based perspectives and almost accurately represented the diagram of seasons. 

Spatial thinking and reasoning are the main pillars of conceptual understanding about 

seasons, as discussed in Chapter 2. So, an increase in spatial thinking and reasoning 

should support an increase in conceptual understanding. Dissecting the responses of four 

selected students provides a better understanding of the relation between spatial activity, 

spatial skills, and conceptual understanding. 

● S26 (increased) and S19 (moderate improvement) showed detailed diagrams with 

correct labels. Both students rotated the diagram from usual patterns: summer and 

winter on the left-right side and spring and fall shown in a vertical direction. 

S26’s spatial thinking and reasoning increased by 1 point on the CCT. However, 

S19 did not show any change in their CCT score. Since S26 (increased) showed 

gain in CCT score compared to S19 (moderate improvement), this indicates that 

student with better conceptual understanding showed increase in spatial skills. 
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S26 represented a detailed and concise knowledge about seasons in written 

explanation compared to S19. S19 also demonstrated a good explanation, 

especially the written explanation that aligns with the diagram. This supports our 

claim that spatial thinking and reasoning skills impact conceptual understanding. I 

can say this as the student demonstrated an increase in spatial skills via spatial 

activity and an increase in conceptual understanding. 

● S17 demonstrated a decrease in understating since the written explanation shows 

misconception about the distance. In their diagram, we can see that for Fall and 

Spring, the student did not rotate Earth, so the tilt looks the same as shown in 

summer and winter. Even though the CCT score increased by 2 points, the 

diagram shows a lack of spatial reasoning. Here I can deduce that students gained 

spatial skills from spatial activities however that did not connect with useful 

conceptual understanding. S17(decreased) started demonstrating the 

misconception from Earth’s orbit lesson that resulted in decrease in conceptual 

understanding. This shows the importance of correct guidance to transfer the 

knowledge along with spatial skills.   

● S6 demonstrated a written explanation and drawing with no details. The CCT 

score showed no changes so I can say that the spatial demonstration in drawing 

align with each other. This again shows that students’ spatial skills impact their 

written conceptual understanding. 

Comparison between three data points shows that even though there is no significant 

CCT score change, we see a relation between students’ CCT score change and their 



 

 88 

conceptual understanding as well as their drawings. Students with better written 

conceptual understanding, S26 and S17, demonstrated drawings with more details, 

whereas students with poorly written explanations showed an incorrect diagram with 

little information. Students’ drawings also show similar results as the diagrams measure 

spatial skills. Students in all four cases showed extrinsic-static and space-based 

perspectives. Students with better conceptual understanding were able to show extrinsic-

dynamic skills. This also aligns with spatial skills and conceptual understanding relations. 

Research Question 2 

Based on the literature findings in Chapter 2, I can say that different spatial 

activities promote different spatial thinking and reasoning and contribute to conceptual 

understanding. Different lessons within this curriculum are equipped with different 

spatial activities, which should contribute to students’ conceptual understanding. RQ1 

explored if the spatial activities impact students’ spatial thinking and reasoning and this 

section focuses on their conceptual understanding. RQ2 is trying to understand how each 

activity impacts’ students’ spatial thinking and reasoning with respect to a given topic. I 

am trying to determine if the given spatial activity helps develop or better students’ 

conceptual understanding. I am looking at students’ answers pre and post-the-activities 

within each lesson.  
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Comparing the Impact of Watching and Engaging 3D Video Simulations 

While teaching students about the Sun's altitude in the sky for different seasons, 

the curriculum included a video watching activity that might support conceptual 

understanding. The video simulation teaches students about the Sun's altitude in the sky 

and its relation to surface temperature and seasons. As described in Chapter 3, this 

activity was designed to help students make the connection between the two. As the 

results suggest, students were able to make the connections between surface temperature 

and the Sun's height in the sky. The result in Sun’s altitude lesson students post watching 

a video simulation shows that students’ observation yielded topic unrelated information. 

Overall, the results showed that students' observations made during this video simulation 

activity contributed to their understanding of the surface temperature and its relation to 

the Sun's altitude. The majority of participants gave a correct explanation of the Sun's 

relation to surface temperature. A guided video simulation activity where students are 

provided with a running commentary or have a chance to pause the video and discuss it 

with their peers might be more impactful.  

The axial tilt lesson simulation activity aimed to connect the concept of 

temperature and tilt with direct/indirect rays, and students were able to draw those 

connections. The engaging simulation activity included students’ participation, where 

they got to change the variables, engaging them in learning better. There were a few 

simulation activities where I asked students to participate in such tasks. For example, in 

the axial tilt lesson, as demonstrated in Table 6, students were able to give a detailed 

explanation of the relation between the tilt, Earth’s temperature, and Sun’s altitude. 
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Overall, the results showed that students’ ability keenly observe various factors in video 

simulation were helpful however engaging simulation activity is where they were able to 

make a connection between surface temperature and axial tilt. I can say interactive 

simulation showed a better impact in teaching students about the Sun’s altitude and its 

relation to surface temperature and the concept of direct/indirect rays compared to 

watching video simulation.  

A different topic that used an engaging simulation activity showed a similar 

response in students’ conceptual understanding. Students were asked to participate in a 

simulation where they would note if there were any impact of the planets' mass on its 

orbital shape. For example, choosing a planet of 1.5 times Earth’s mass and comparing 

the orbital shape to the Earth’s orbit. Here, students demonstrated knowledge about not 

changing Earth’s shape accurately. Even though the lesson “Earth’s orbit” did not 

succeed in debunking students’ misconception about the distance, they were able to show 

the positive impact of the simulations. The demonstration of the distance playing the role 

in seasons may indicate a lack of transfer of this knowledge, perhaps due to insufficient 

connecting or guiding links in the activities or the nature of questions asked. 

Individually each activity that included spatial components—watching a video, 

creating diagrams, reading diagrams, engaging in simulation, and hands-on activities—

appears to have impacted students' conceptual understanding. However, students showed 

a lack of transfer of conceptual understanding. This was especially evident in the “Earth's 

orbit” lesson. I also show positive responses from students with respect to using 

simulations. In some cases, students noted that they enjoyed participating in a simulation. 
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This could provide a link between participation in a simulation activity leading to a 

positive experience and better learning. It also adds to claims made by previous research 

studies about interactive simulation and students’ conceptual understanding about 

astronomy concepts (Bakas & Mikropoulos, 2003; Kikas, 2006; Plummer et al., 2016;  

Subramaniam & Padalkar, 2009). 

Research Question 3 

I hypothesized that students’ overall personal experience of participating in 

various spatial activities would be positive for learning astronomy topics. Looking back 

at the results section, I can say that students showed many positive attributes towards 

learning about seasons using a spatial curriculum. Students showed a higher excitement 

and enthusiasm about the curriculum and spatial activities. The study found that students 

are more excited to learn about astronomy as well the majority of the students were able 

to demonstrate near to complete conceptual understanding of seasons. Based on this, I 

can connect the two and say students’ positive experiences have some impact on learning. 

Students showed positive experiences for various factors, for example, using a Digital 

Diary or creating drawings. These positive experiences are somewhat engaging and 

contribute to students’ participation, which we can see in the final conceptual 

understanding of the topic, which improved. There is no control group to compare 

students experience and engagement level for spatial curriculum vs non spatial 

curriculum however, the aim was to provide students with an engaging and positive 

experience of learning about seasons. The results clearly state that these students had a 

positive experience. There were some negative comments as well, most regarding 
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instruction or guidance. These comments are discussed in the limitations and implications 

for teaching sections. These comments are constructive for us in making the necessary 

and effective changes in the curriculum. 

Limitations 

Several factors impacted the present study. One of the limiting factors is the 

quality of instructions for the lessons. Students presented thoughts during the survey 

about the instruction or guidance being unclear. Lack of clear instruction contributed to 

students’ confusion and impacted students’ ability to participate in the curriculum. 

According to the survey, some of the minor activities were also missing instructions. This 

also contributed to the quality of participation and the quality of data collected. 

The second factor relates to the participants; they already have a strong interest in 

STEM fields, as evidenced by their enrollment in a STEM major within their school 

structure. Some of the students demonstrated in the classroom that they had some level of 

previous knowledge about seasons, which impacted on data with regard to how much the 

students could learn and how quickly they would learn the material. In addition to this, 

consistency in participation in the curriculum is also a factor influencing the data. If a 

student did not participate in the class while the activity was going on, the quality of the 

discussion would be impacted if a student were to join the group discussion. 

The Digital Diary also had limitations. Students were able to finish the Digital 

Diary at home as well as in the classroom, which may have impacted the quality of study 

since they would be able to look up answers unsupervised and may not put effort and 

attention into learning the content during the class meeting. The slides were changeable 
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after they were completed, which was also a factor. Students could go back and change 

the answers once they had learned them and there was no way for the slides to be locked. 

This may have inflated the positive results observed, particularly for lessons in the middle 

of the curriculum. This continued work on the subject is good for students’ learning 

overall but limits how we can interpret the results of the present study. 

The data collected was more than what was needed to answer the research 

questions, which resulted in challenges in identifying what data was best to use to answer 

the research questions. The nature of the questions in the Digital Diary was often vague 

and resulted in too much information or circular and repetitive explanations in students’ 

responses. 

Finally, the COVID-19 pandemic influenced the way the curriculum was 

implemented. Originally intended for in-class instruction, COVID-19 required that it be 

adaptable to a virtual environment, leading to limitations in observation, critique, and 

overall experience of embodied cognition. Even though the curriculum was implemented 

in a regular in-person classroom, students were still adjusting to the regular classroom 

setting. Due to the pandemic, these students participated in a virtual classroom in 5th 

grade, and this impacted students’ group discussion work. During the dissertation study, 

some students missed a few classes as a result of getting or being exposed to COVID-19. 

These students completed their assignments on their own at home. This also had an 

impact on students’ responses as some students might have completed the Digital Diary 

at home without participating in activities.   
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Implications for Teaching  

Based on the survey, pilot study, and dissertation classroom observations there are 

a few things that need to be modified in the project. The first thing I need to change is the 

length of the Digital Diary. The curriculum has an unnecessary amount of slides that 

could seem a bit lengthy and repetitive. Some of the repetitive questions need to be 

omitted from the curriculum, and each lesson activity needs to be cut short by a few 

slides. The other modification is for students to not be able to change the answers or look 

up for answers on Google or other search engines. Providing better instruction for 

students to follow is also part of the modification. Instructions modification includes 

using simpler language for students to follow and the instructors’ guidance that doesn’t 

provide answers to the asked questions. Changing the nature of the questions is part of 

the modification as students demonstrated confusion in the data.  

The use of spatial activities that allow hands-on participation in the classroom was 

shown to have a positive outcome in the data. Including an embodied spatial activity in 

the classroom where students physically use their bodies to demonstrate the movements 

is expected to be helpful. As students showed more excitement in 3D engaging 

simulation, that could also be a beneficial teaching tool.  

Implications for Research 

There are several possibilities recommended for future studies based on the 

results of the present work. Some are based on experience of implementation and others 

are circumstantial. A future curriculum should include group comparison to see if there is 

a difference between regular instruction and this intervention. One example of future 
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study would be to create control group that has regular intervention or has non-spatial 

activity curriculum. This would give a clear insight into how much does the spatial 

activity impact their spatial thinking and reasoning. The current research study was 

conducted in a charter school with students in STEM majors. A future study should have 

focus on non-STEM major students, and this could provide a more realistic view into the 

efficacy of this intervention. Future research would also benefit from using different age 

group to understand visuospatial skill may be improved at different ages to see at what 

age is ideal for change.   

An important finding that emerged from the study was distance related 

misconceptions. All the students did not directly show any misconception but only 

demonstrated the misconception when asked about it very specifically. This suggest that 

distance being a common misconception for high schoolers, pre-service teachers, and 

undergraduate students aligns with the literature (Baxter, 1989; Danaia & Mckinnon, 

2007; Schnepps & Sadler, 1989; Schoon, 1992). However. it does not show such strong 

indication for 6th grade STEM students as this study was not designed to explore such 

misconception. Future research could focus on distance and season with pre, post analysis 

to see at what grade students tend to start to develop such misconception.   

Part of the intended study was the use of embodied cognition, which due to 

COVID-19 was impossible to implement. However, a few students to participated in 

embodied cognition activity, which required students to enact solar system using their 

heads and hands. Embodied cognition has shown to be a great influence on spatial 

thinking and reasoning (DeSutter, & Stieff, 2017). Future research using embodied 
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activities in an in-person classroom will provide a better learning opportunity for students 

as well as the astronomy education research field. The research may also shed light on the 

relationship among embodied spatial activity and spatial thinking and reasoning and 

conceptual understanding about astronomy topics. For example, does embodied spatial 

activity improve students’ spatial thinking and reasoning in the context of astronomy? 

The research study included drawing activities and attempted to draw comparison 

among students’ drawings and spatial thinking and reasoning. A future study can explore 

this area in more detail by adding a specific drawing activities pre and post intervention 

to see the comparison.  

Conclusion 

This curriculum showed a positive influence on students’ conceptual 

understanding about seasons. Overall, the study shows that spatial activities are impactful 

tools in teaching complex astronomy topics. An important finding is that students 

demonstrated keen observation and transfer of knowledge to the creating conceptual 

understanding. Students demonstrated that ability to transfer skills from watching a video 

to making connection to a conceptual understanding. Spatial activities that are scaffolded 

with guided commentaries and questions helps students gain a better conceptual 

understanding. 
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--------------------------------------------------------------------------------------------------------------------------------------

The IRB approved the protocol 28184.

The study was approved under Exempt review. The IRB determined that the research does not require a continuing
review, consequently there is not an IRB approval period.

As this research was approved as Exempt, the IRB will not stamp the consent or assent form(s).

Note that all applicable Institutional approvals must also be secured before study implementation. These
approvals include, but are not limited to, Medical Radiation Committee (“MRC”); Radiation Safety Committee
(“RSC”); Institutional Biosafety Committee ("IBC"); and Temple University Survey Coordinating Committee
("TUSCC"). Please visit these Committees’ websites for further information.
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sensitive questions to a survey or interview, changing data collection such that de-identified data will now be
identifiable, including an intervention in the methods, changing variables to be collected from medical charts,
decreasing confidentiality measures, including minors or adults lacking capacity to consent as subjects when
previously only adults with capacity to consent were to be enrolled, no longer collecting signed HIPAA
Authorization, etc. Please reach out to the IRB Staff with any questions about if a change to the study warrants a
Modification.
Reportable New Information - Using the Reportable New Information e-form, report new information items
such as those described in HRP-071 Policy - Prompt Reporting Requirements to the IRB within 5 days.
Closure report - Using a closure e-form, submit when the study is permanently closed to enrollment; all
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RESEARCH PARENT/GUARDIAN CONSENT FORM 

Title: Learning about Complex Astronomy Concepts -- Seasons -- Using A 

Spatial Curriculum  

Protocol No.: 28184 

Investigators: Archana Dobaria 

 Janelle M. Bailey, Ph.D. 

 1301 Cecil B. Moore Ave., Dept. of Teaching & Learning 

 Philadelphia, PA 19122 USA 

Daytime Phone Number: 732-486-9272 (Dobaria), 215-204-5195 (Bailey) 

Your child is being invited to take part in a research study. A person who takes part in a research study 

is called a research subject, or research participant.  

This document provides a concise summary of this research. It describes the key information that we 

believe most people need to decide whether to take part in this research. Later sections of this 

document will provide all relevant details. 

In this consent form “your child” generally refers to the research subject. As the legally authorized 

representative, parent, or guardian, you are asked to permit the subject to take part in the research. 

What should I know about this research? 

● Someone will explain this research to your child. 

● This form sums up that explanation. 

● Taking part in this research is voluntary. Whether your child takes part is up to you and your 

child. 

● Your child can choose not to take part. There will be no penalty or loss of benefits to which 

your child is otherwise entitled. 

● You and our child can agree to take part and later change your mind. There will be no penalty 

or loss of benefits to which your child is otherwise entitled. 

● If your child doesn't understand, ask questions. 

● Ask all the questions you or your child wants before you and your child decide. 

Why is this research being done? 

This study will see how well students learn about seasons from a curriculum that uses specific 

activities to enhance spatial thinking--in other words, helping students think about the space around 

them--such as using 2D and 3D images or computer simulations. 
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How long will I be in this research? 

We expect this research will last up to three weeks of the school year. Some students will also be 
invited to participate in an interview that would take up to 10-15 minutes. The interviews will happen 
after the seasons unit. 

What happens to me if I agree to take part in this research? 

Your child will be learning about seasons during their STEM class. Your child will be required to use 
Google Slides to take notes and answer questions. Your child may be put in a group to discuss and 
answer questions; if so, groups will be assigned by the teacher. Your child will be required to draw 
diagrams on a paper and upload pictures on Google Slides or use their tablet/iPad to draw using a 
writing/drawing app, such as Notability. 

Everyone in the class will do all of the activities. To participate in the research, your child will allow 
these activities to be used in the research study. We will not collect any non-research related classroom 
materials or information from your child’s school records. 

Everyone in the class will be part of classroom observation. The researcher will observe the each 
classroom sessions to note the progress of the curriculum. The classroom activities may be recorded 
for the future reference. These recordings will not be published or shared in any way. Any students 
who do not provide consent will be seated outside of the camera view 

Additionally, your child might be asked to participate in an interview with one of the researchers. If 
your child agrees, the interview would be held on Zoom and recorded. 

What are my responsibilities if I take part in this research? 

Your child will respond to a survey and complete some classroom activities and allow these to be used 
in the research study. We will not collect any non-research classroom materials or information from 
your child school records. 

Could being in this research hurt me? 

The risks of harm for participating in this research are very small. Your child might feel uncomfortable 
if they don’t know the answer to a question within the activities. 

Will it cost me money to take part in this research? 

Taking part in this research is not expected to have any costs to you and your child. Your child will be 
using the typical supplies for schoolwork that they probably already have.  

Will being in this research benefit me? 

The potential benefits of your child’s participation in this study is that they learn more about seasons 
than using different activities. They will also know that they have contributed to researchers’ 
understanding of how students learn about seasons. 
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What other choices do I have besides taking part in this research? 

Instead of being in this research, the alternative is to not be in the study, which would not affect your 
child’s schoolwork or grades. Your child would still have to do any assignments from their teacher, but 
their schoolwork would not be used as part of this research. 

What happens to the information collected for this research? 

Your child’s private information record may be shared with individuals and organizations that conduct 
or watch over this research, including: 

● The Institutional Review Board (IRB) that reviewed this research 
● Temple University 

Who can answer my questions about this research? 

If your child has questions, concerns, or complaints, or think this research has hurt your child or made 
your child sick, talk to the research team at the phone number listed above on the first page. 

This research is being overseen by an Institutional Review Board (“IRB”). An IRB is a group of people 
who perform independent review of research studies. your child may talk to them at (215) 707-3390 or 
irb@temple.edu if: 

● you or your child has questions, concerns, or complaints that are not being answered by the 
research team. 

● you or your child is not getting answers from the research team. 
● you or your child cannot reach the research team. 
● you or your child wants to talk to someone else about the research. 
● you or your child has questions about your child rights as a research subject. 

Can I be removed from this research without my approval? 

The person in charge of this research can remove your child from this research without you or your 
child’s approval. Possible reasons for removal include: 

● your child does not do their own work when completing the activities. 

What happens if I agree to be in this research, but I change my mind later? 

If your child decide to leave this research, contact the research team so that the investigator can:  

● Document that your child has withdrawn from the study 

● Remove your child’s data from the dataset  

If your child decides to leave the research early, there are no expected risks with this decision. There is 
no risk to your child’s schoolwork or grades if they decide to leave the study. 
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Will I be paid for taking part in this research? 

No, you or your child will not be paid for taking part in this research.  

 

 

[Consent will be collected via Google Forms with the following items:] 

 

Please type your child’s name to show that you received this document. 

 

Please type your name if you give your permission to take part in this research. 

 

Date 
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RESEARCH SUBJECT ASSENT FORM 

Title: Learning about Complex Astronomy Concepts -- Seasons -- Using A 
Spatial Curriculum  

Protocol No.: 28184 

Investigators: Archana Dobaria 

 Janelle M. Bailey, Ph.D. 

 1301 Cecil B. Moore Ave., Dept. of Teaching & Learning 

 Philadelphia, PA 19122 USA 

Daytime Phone Number: 732-486-9272 (Dobaria), 215-204-5195 (Bailey) 

You are being invited to take part in a research study. A person who takes part in a research study is 
called a research subject, or research participant.  

This document provides a summary of this research. It describes the main information that we believe 
most people need to decide whether to take part in this research. Later sections of this document will 
provide all relevant details. 

What should I know about this research? 

● Someone will explain this research to you. 
● This form sums up that explanation. 
● Taking part in this research is voluntary. Whether you take part is up to you. 
● You can choose not to take part. There will be no penalty or loss of benefits to which you are 

otherwise entitled. 
● You can agree to take part and later change your mind. There will be no penalty or loss of 

benefits to which you are otherwise entitled. 
● If you don’t understand, ask questions. 
● Ask all the questions you want before you decide. 

Why is this research being done? 

This study will see how well students learn about seasons from a curriculum that uses specific 
activities to enhance spatial thinking--in other words, helping students think about the space around 
them--such as using 2D and 3D images or computer simulations. 
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How long will I be in this research? 

We expect this research will last up to three weeks of the school year. Some students will also be 
invited to participate in an interview that would take up to 10-15 minutes. The interviews will happen 
after the seasons unit. 

What happens to me if I agree to take part in this research? 

You will be learning about seasons during your STEM class. You will be required to use Google Slides 
to take notes and answer questions. You may be put in a group to discuss and answer questions. If so, 
groups will be assigned by the teacher. You will be required to draw diagrams on a paper and upload 
pictures on Google Slides or use your tablet/iPad to draw using a writing/drawing app, such as 
Notability. 

Everyone in the class will do all of the activities. To participate in the research, you will allow your 
activities to be used in the research study. We will not collect any non-research related classroom 
materials or information from your school records. 

Everyone in the class will be part of classroom observation. The researcher will observe the each 
classroom sessions to note the progress of the curriculum. The classroom activities may be recorded 
for the future reference. These recordings will not be published or shared in any way. Any students 
who do not provide assent will be seated outside of the camera view. 

Additionally, you might be asked to participate in an interview with one of the researchers. If you 
agree, the interview would be held on Zoom and recorded. 

What are my responsibilities if I take part in this research? 

You will respond to a survey and complete some classroom activities and allow these to be used in the 
research study. We will not collect any non-research classroom materials or information from your 
school records. 

Could being in this research hurt me? 

The risks of harm for participating in this research are very small. You might feel uncomfortable if you 
don’t know the answer to a question within the activities. 

Will it cost me money to take part in this research? 

Taking part in this research is not expected to have any costs to you. You will be using the typical 
supplies for schoolwork that you probably already have.  

Will being in this research benefit me? 

The potential benefits of your participation in this study is that you learn more about seasons than 
using different activities. You will also know that you have contributed to researchers’ understanding 
of how students learn about seasons. 
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What other choices do I have besides taking part in this research? 

Instead of being in this research, the alternative is to not be in the study, which would not affect your 
schoolwork or grades. You would still have to do any assignments from your teacher, but your 
schoolwork would not be used as part of this research. 

What happens to the information collected for this research? 

Your private information record may be shared with individuals and organizations that conduct or 
watch over this research, including: 

● The Institutional Review Board (IRB) that reviewed this research 
● Temple University 

Who can answer my questions about this research? 

If you have questions, concerns, or complaints, or think this research has hurt you or made you sick, 
talk to the research team at the phone number listed above on the first page. 

This research is being overseen by an Institutional Review Board (“IRB”). An IRB is a group of people 
who perform independent review of research studies. You may talk to them at (215) 707-3390 or 
irb@temple.edu if: 

● You have questions, concerns, or complaints that are not being answered by the research team. 
● You are not getting answers from the research team. 
● You cannot reach the research team. 
● You want to talk to someone else about the research. 
● You have questions about your rights as a research subject. 

Can I be removed from this research without my approval? 

The person in charge of this research can remove you from this research without your approval. 
Possible reasons for removal include: 

● You do not do your own work when completing the activities. 

What happens if I agree to be in this research, but I change my mind later? 

If you decide to leave this research, contact the research team so that the investigator can:  

● Document that you have withdrawn from the study 

● Remove your data from the dataset  
If you decide to leave the research early, there are no expected risks with this decision. There is no risk 
to your schoolwork or grades if you decide to leave the study. 

Will I be paid for taking part in this research? 

No, you will not be paid for taking part in this research.  
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APPENDIX E 

LESSON PLAN FOR SEASONS 

 

Authors: Archana Dobaria

Title of Lesson: Seasons Length: __5-6___ hours

Performance Objectives: (spell out SWBAT):

Learning Strategies: Using 2D and 3D images/videos, discussion, making connections

between concepts, making connections between different perspectives.

Lesson 1: Introduction to basic seasons related information.

This section aims to introduce students to various basic seasons-related terms and
gather information about students’ season-related knowledge.

Lesson 2: Earth!

The purpose of this activity is to get students familiar with the Earth’s model and its
movement.

Lesson 3: Perspective taking task

This session aims to teach students to see things from different perspectives and
transfer from one perspective to another.

Lesson 4: Sun’s path

The purpose of this activity is to introduce students to the Sun’s altitude. Also, facilitate
students to make connections between the hottest and coldest month and the Sun’s
altitude.

Lesson 5:  Earth’s orbit

This activity is to introduce students to the shape of Earth’s orbit and clear
misconception. This lesson will focus on the relationship between the orbital shape to
the mass of the planet and the Sun’s distance.

Lesson 6: Earth’s Tilt

This activity will focus on Earth’s tilt and how it is related to the temperature during
different seasons.

Lesson 7: Scaffold of all the concepts.

This is the last activity where students will scaffold all the knowledge about the concept,
have a group discussion, and individually explain the concept of seasons.

Materials List and Advanced Preparations: Computer/ Tablet, A blank piece of paper, Two

push pins, A pencil, A string

1
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ENGAGEMENT/INTRODUCTION
(Building background)

Time: _40-50_Minutes

What the Teacher Will Do Probing/Eliciting Questions Student Responses and
Misconceptions

Slide 1-3
note: please make sure students
write their name on the name
slide.

Name of the curriculum,
Grading standards

MS-ESS1-1. Develop and use
an Earth-sun-moon system
model to describe the cyclic
patterns of lunar phases,
eclipses of the sun and moon,
and seasons.  [Clarification
Statement: Examples of models
can be physical, graphical, or
conceptual.]

Slide 4
The teacher will introduce/ask
students about different seasons.

Conversation starter suggestion:
{So, I think we already know a
little bit about seasons}

Classroom discussion:

How many seasons do we
have?

What are the names of the
seasons?

Students will answer the
question in diary.

Slide 5-9
What do we know about seasons?
Pair and share:
The teacher will divide students
into small groups.

Ask students to draw and write
descriptions about four seasons.
The diagrams can be anything
from a 2D representation of the
Sun-Earth model for different
seasons to represent snow, rain,
etc.
Ask students to present their
thoughts and drawings to the
class as a group.

The teacher can use suggested
questions to guide students.

The keywords to look for are:
Sun-Earth distance, Tilt, the shape

Suggested question:
1. What changes occur

between seasons?
2. What are the

different activities
we do in different
seasons?

3. What is the
temperature like
during different
seasons?

4. Where is the Sun for
Summer and winter?

Students will discuss what they
know about different seasons
with fellow group members.

Students will present and
describe to the classroom. what
the weather will be like during
different seasons.

▪ Temperature

▪ Colors of the seasons

▪ rain/snow

▪ types of cloths and

activities

▪ Sun’s height in the sky

2
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of the orbit, Sun’s height in the
sky.

Slide 10
After answering the above
question…
The instructor will guide each
student to write down
(individually) the answer to the
proposed question.

Why do we have different
seasons?

Students will answer the
addressed question with as
much detail as possible in the
digital diary.
This question is answered
individually.

Earth!
Slide 12
Let’s talk about Earth!
The teacher will introduce
students to the properties of
Earth and the Sun.

Create a small group of 4
students/group.
number each student of the group
(1,2,3,4)
answer/discuss/draw questions
in groups
shift students to the new groups
of 4 to discuss assigned questions.
(1,1,1,1,; 2,2,2,2….)

Each question will be
explained/discussed by the
instructor.

Jigsaw activity:
1. What is the shape of

the Earth?
2. What are the two

main parts
(hemispheres) of the
Earth?

3. How many ways does
the Earth move and
What are Earth’s
movements?

Students will answer the
presented questions and
participate in classroom
discussions.

Earth’s movements

Slide 10, 11, 12
The instructor will explain the
concepts.

Terms to explain:

Engagement activity:

Have students use two
pencils/pens/ some small
objects to represent rotation
and revolution.

Students will take notes in the
digital diary.

3
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1. Rotation:  Earth rotates
around its axis without
changing its poles.

2. Axis: Earth has an imaginary
line passing through the
northern and southern
poles and its center.
This line is called an axis.
Every planet in our solar
system has an axis.

3. Revolution: Earth revolves
around the Sun.
To demonstrate all
revolution in the
classroom:
https://sciencesims.com/s
ims/earth-in-orbit-simple
/

Link:
https://www.youtube.com/watch?v
=l64YwNl1wr0&ab_channel=CrashC
ourseKids
Stop the video at 1:26.

Note: few kids can
demonstrate it as a
classroom discussion.

Day/Night

Slide 16
The instructor will continue the
conversation from the topic of
rotation.

Students will be divided into
small groups of 3 to 4.
They will have discussions
about Earth’s rotation and
its role in day and night
occurrences.

Discussion to be followed after
answering the questions.

Classroom discussion
1. How many hrs are in

one complete
day/night cycle?

2. How does Earth’s
rotation relate to
Day/night?

Students will answer questions
in their digital diary.

They will do a 2D diagram
representing day night.

1. Draw the sun
2. draw Earth with

the axis.
3. Identify day and

night.

Perspective-taking task
Slide 18
What do you see?
This is an introduction to the idea
of different perspectives.

Students will participate in the
classroom discussion.

4
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Teacher will show students
images(that are in the slide) and
talk about different perspectives
of an object.
Prompt questions: What do you
notice about the picture?

Home from above
Slide 19
Teachers will look at popular
Philadelphia places and show
them to students/class.

● Click on the google map.
● Enter your home

address/popular place
● Click on the satellite view.
● Zoom out till you see your

entire home/place and
neighborhood.

● Move the pointer around
to get a simulation-like
view.

Teacher: just like the google map
shows a different view of your
house. The Sun’s path looks
different when we look at it from
the top compared to when we
look at it from the ground.

Do you see any difference
between your image of your
home and Google Maps?
Please describe what your
thoughts are about it.

Students will enter their home
address in Google Maps and see
how it looks from a space-based
perspective.

SUN’S ALTITUDE
(Building background)

Time: _Minutes

What the Teacher Will Do Probing/Eliciting Questions Student Responses and
Misconceptions

Introduction:
Slide 21
Students can answer these
questions in a small group or as a
jigsaw activity.

This section introduces the
concept of the Sun changing its
position throughout the day.

Classroom discussion:
1. What does the word

altitude mean?

2. Have you observed the
Sun's apparent height in
the sky?

Students will answer questions
and take notes in the digital
diary.

Students will participate in
classroom discussions.

5
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Teacher: Sun’s apparent height in
the sky, as observed from Earth, is
called altitude.

Questions to ask as a
conversation starter: Why don’t
we look outside to see where the
Sun is in the sky right now?

Slide 22
The teacher will guide students to
draw a 2D diagram of the Sun’s
altitude in the sky.

What is the Sun’s
height in the sky
during different times
of the day?

Students will draw a diagram
depicting the Sun’s altitude
during different times of the
day:

● Sunrise
● Solar noon
● Sunset

Slide 23
Sun’s path during different
seasons.

The teacher will continue the
conversation from the previous
(engagement) section about the
Sun’s apparent height in the sky
for different seasons.

The conversation can start with
the Sun’s height in the sky for
different times during the day.
For example: morning, noon,
evening.

Similarly, the Sun also changes its
altitude with seasons.

1. Have you observed the
Sun’s height in the sky
for different seasons? 

2. Does the Sun’s altitude
change in the sky for
different seasons?

Students will answer questions
and take notes in the digital
diary.

Slide 24
The teacher will create small
groups of 3-4 students per group.

Based on your group discussion
about the Sun's altitude; Please
draw a 2D diagram of the Sun’s
height in the sky for different
seasons.

3. What is the Sun’s height
during different
seasons?

Students will draw a diagram of
the Sun’s height in the sky for
different seasons in the digital
diary.

Slide 25
Teacher: Let's talk about the
surface temperature for different
months.

Which months are the hottest?
Which months are the coldest?

Students will write down the
answers in the provided space in
the digital diary.

6
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Based on your knowledge of
seasons, let's answer the
presented questions.

Students can answer these
questions in a small group of 3-4
students.
Sun’s path for different months
Slide 26
The instructor will ask students
to click on the link:
https://www.youtube.com/watch?v=a
dJPV-sz5AI&ab_channel=AmateurAs
tronomersAssociationofNewYork

Teacher:
will make sure to remind students
to note down the change in Sun’s
position for different months.
Will also remind students to refer
back to the hottest and coldest
months list.

1. Do you see any changes
as you change the
month?

2. What are the changes
you see in terms of the
Sun's position and path?

Students will keep the posted
questions in mind while
watching the video.

Students will take notes in the
digital diary.

Group discussion
Slide 27
The teacher will create groups of
three to four students per group.

This discussion should make a
connection between the Sun's
altitude and seasons.

1. Do you see any
difference in the
altitude of the Sun for
different seasons?

2. Do you think the
altitude has any
relation to
temperature change
during Summer and
Winter?

Students will discuss the
observed Sun’s altitude for
different months.

Students will write down
answers to
questions(individually) in the
digital diary.

2D diagram activity.
Slide 28

The instructor will ask students
to use the 2D diagram to point out
where they think the Sun's path is
during the Spring/Fall seasons.

note: if students cannot figure out
the path for spring/fall, path
address: “the weather is perfect in
spring.”

So now since we talked about
Summer and Winter.
What is the Sun’s altitude in
the sky for the Fall/Spring
season?

Students will use a pointer to
point out the Sun’s height in the
provided diagram.

7
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Final activity:
Slide 29
So, let's try to make a connection
between the Sun's altitude and
seasons.

● Why is it hot in summer
and cold in winter?
Points to be considered:
angle of sun-rays
sun’s altitude

Students will refer back to the
previous group discussion to
answer the addressed question.

Students will write down
answers in the given space in the
digital diary.

EARTH’S ORBITAL SHAPE
(Building background)

Time: _40-50_Minutes

What the Teacher Will Do Probing/Eliciting Questions Student Responses and
Misconceptions

Slide 31
The teacher will introduce and
discuss the shape of the Earth’s
orbit.

The next slide is a 2D diagram of
the Earth’s orbit that students
will refer to after answering the
question.

The instructor will draw from the
“introductory” section’s answers
to address any misconception
about the shape of Earth’s orbit.

Teacher: We are going to learn
about Earth’s orbital shape.
Please answer questions.

The teacher will give an
introduction of terms perihelion,
aphelion, and months related to
both positions. →
“The Earth is closest to the Sun, or
at the perihelion, about two
weeks after the December
solstice, when it is winter in the
Northern Hemisphere.
Conversely, the Earth is farthest
away from the Sun, at the
aphelion point, two weeks after
the June solstice, when the
Northern Hemisphere is enjoying
warm summer months.”

Classroom discussion:
1. What is the shape of

the Earth’s orbit?

2. Are you familiar with
the terms perihelion
and aphelion?
Please write down
what you think the
term means?

Students’ will participate and
answer questions.

8



 

 130 

 

Slides 32
2D diagram activity
Continuing the conversation from
the previous section.

The teacher will use the 2D
diagram to demonstrate and
explain perihelion, aphelion.

The teacher will ask students to
examine the diagram carefully
and notice things that appear
important.

The instructor will address the
misconception about distance
related explanations about
seasons.

What do you notice about this
picture?

Please note down anything
that. Jumps at you with
regards to seasons.

Students will take notes in the
digital diary.
Students will have a classroom
discussion about perihelion and
aphelion.

Simulation activity: (10-12 minutes)
Slide 33-34
The Instructor will provide a link
to a simulation in which students
can see and manipulate the
Sun-Earth distance to see
different orbital shapes.

Instruction to use the simulation:
▪ select the 1st option

with only the Sun and
Earth

▪ click on path
▪ click on grid
▪ speed set to normal
▪ stellar mass set to ‘our

Sun’

different “planet mass” to see the
change in the shape of the orbit:

▪ Earth
▪ 1.5
▪ 2.0

Link1:
https://phet.colorado.edu/sims/h
tml/gravity-and-orbits/latest/gra
vity-and-orbits_en.html

Students will participate in the
activity by manipulating settings
and getting familiar with the
program.

Students will change the
measurements to see how it
impacts the shape of the orbit.

Students will take a screenshot
of a complete orbit for each
planet mass and put them next
to each other in the slide.

Slide 35
The simulation activity addresses
that the mass of the planet doesn’t
change the shape of the orbit. 

1. For different
planet-mass, do you

Students will take notes and
write down answers in the
provided space about the
changes they notice.

9
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Teacher: for the Earth’s orbit
teacher will point out the orbital
shape is not circular but slightly
elongated.

Refer back to the 2D diagram and
point out the distance differences
for perihelion and aphelion points. 

see any changes in the
shape of the orbit?

If so, what is the change you
see?

Hands-on activity (30 minutes)
Slide 36-37
Please look at appendix E for the
reference image.

Things to address:
shape of the orbit being
“elongated” or “elliptical”.

The orbit looks circular, but it is
actually slightly elongated.

The instructor will show the 2D
diagram with perihelion and
aphelion to address the elongated
points.

Address that the two focus points
(push pins) are called foci and
they represent the Sun and Earth.

Material:
A blank piece of paper
Two push pins
A pencil
A string

Students will participate in a
hands-on activity of drawing
Earth’s orbit.

Students will need two push pins,
a blank piece of paper, and a
pencil. As seen in the figure (3)
separate two push pins at 12 cm or
1 foot apart. Loop the string
around those push pins and draw a
circle with the pencil. Students
will repeat this with different foci
points for different planets. The
instructor must point out that
Earth's orbit looks circular, but it
is slightly elongated.

Slide 38-40
Encourage students to try
different distances, 12cm, 14, cm,
20cm apart. Point out the bigger
the distance between the planet
and the Sun the more elongated
the orbit is.

Students will repeat previous
activity with a different distance
between the push pins.

Students will upload pictures of
orbit drawings in the digital
diary.

Slide 41
Teacher will ask students to
observe the picture carefully and
notice any difference in the shape
of the orbit of different planets.
Prompt questions:

● Do you see the different
shapes in orbit?

Students will answer questions
and participate in classroom
discussion.

10
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● Is there any correlation
between your pictures for
different Sun-planet
distances and this image?

How does Earth revolve around the
Sun?
Slide 42
Teacher will show students a
video of Earth orbiting the Sun.
Link:
https://miro.medium.com/max/690/1
*SHhOnm8q_tpxbv9bSoaCyQ.gif

note: This is a summarizing
activity just with simulation.

Students will note in the diary
any observation that jumps out
at them.

Slide 43
The teacher will summarize the
hands-on activity by asking
students to notice the difference
in the different orbits.

Overall, students should be able
to see that change in the distance
changes the shape of the orbit.

The teacher will also refer back to
the first activity and remind
students that Earth’s orbit is not
circular but slightly elongated.

Write down your thoughts
about the shape of Earth’s
orbit here. 

What do you think happens to
orbital shape as the distance
between a planet and the Sun
increases?  

Slide 44
The teacher will ask students to
answer questions based on what
they have learned so far.

Ask students to refer back to the
diagram and simulation.

Is Earth closer to the Sun in
Winter or Summer?

Is the Earth-Sun distance a
relevant factor in season?

Students will write answers in
the digital diary.

LEARNING ABOUT EARTH’S
TILT

Time:  Minutes

What the Teacher Will Do Probing/Eliciting Questions Student Responses and
Misconceptions

Slide 46
The instructor will ask students
to inquire about the term either
with the class or in a small group.

Does anyone know what tilt
is?

Students will inquire about the
tilt and discuss it with fellow
students and take notes in the
digital diary.

11
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Slide 47
The instructor will introduce
seasons-related scientific terms:
axial tilt, angle of the tilt, rotation,
and revolution.

Teacher: So, we talked about the
axis of different planets previously.
Now each planet has its own axial
tilt. Our planet Earth has a tilt of
23.5 degrees.

Link:

https://www.youtube.com/
watch?v=t313pgLOQ4Y&ab_
channel=online367

Things to notice:
how each planet has a
different tilt and rotation
time.

Students will watch the link
and take notes in the slide.

Students will compare their
answers with what they
discussed.

Slide 48
Solstices and equinoxes:

Instructor will provide a 2D
diagram of Earth’s tilt.

The Instructor will draw attention
toward Earth’s tilt position for
different seasons.

Please look at  the 2D
diagram.

Students will see a 2D drawing
of the tilt.

Slide 49
Fixed tilt:

Teacher: Earth rotates around this
tilt, staying fixed on the poles.

Solstice:
So, when the Tilt is maximum
towards the Sun or away from the
Sun. It is called the Solstice
position.

Winter Solstice � dec 21

Summer solstice � June 20

When there is a winter Solstice in
the Northern Hemisphere, what is
the season in the Southern
hemisphere?

Equinox:
When both Hemispheres are
receiving equal amounts of

Group discussion about the
position of the tilt for
different seasons using the
diagram from Slide 49.

Students will take notes about
Solstices and Equinoxes.

12
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Sunlight, the day and night time are
almost equal.

Spring/ Vernal Equinox � March 20

Fall/Autumn Equinox � September

22

Teacher points out: So, during the
wintertime (Northern hemisphere)
the tilt is away from the Sun.
gradually it is moving to an equal
position. Bring it to the Spring
equinox.
After the spring equinox, the tilt is
moving towards the Sun, so it
gradually gets warmer. This is
bringing the Summertime.

Slibe 50
Revolution:

https://www.youtube.com/watch?v
=QKiFxHbQiHw&ab_channel=yociel

Questions:

How long does it take for
Earth to complete one
revolution?

Students will play around the
simulation to see how Earth
revolves for different seasons.

Students will answer the
addressed question.

Slide 51
Northern and Southern
hemispheres:

Teacher will refresh the student's
memories from the previous
section about Earth having two
different hemispheres.

Since Earth is tilted at 23.5
degrees angle the sunlight hits
Earth’s surface at 23.5 degrees.

Teacher will introduce the
following terms.

Indirect rays: Sun’s energy strikes
Earth’s surface at an angle.

Direct rays: Sun’s energy strikes
Earth’s surface straight (almost a
90 degrees angle).

Students will note positions in
the digital diary based on the
diagram.

Students will have a group
discussion and draw a 2D
diagram labeling
direct indirect rays northern
southern hemispheres.

Example:

13



 

 135 

 

note: As we see in the 2D diagram
the tilt is fixed in one direction

The indirect rays or sunlight is
less hot compared to the direct
sunlight.

Slide 52
2D diagrams representing angles
Teacher will show 2D diagrams
representing Earth’s tilt and Sun’s
rays.

Teacher will guide students to
answer questions.

Group  discussion questions:

● What part of the Earth
is getting affected by
direct rays?

● What part of the Earth
is getting indirect rays?

● Which sunlight ray is
hottest?

Students will answer
questions.

They can refer back to the 2D
diagram from slide 52.

Slide 53
Solar lab
Slide 54
Impact of tilt on Earth’s surface
temperature:

The teacher will guide students to
use the simulation.
link:
https://sepuplhs.org/middle/iaes/stu
dents/simulations/sepup_seasons5.h
tml

Students will participate in a
group activity. They will change
the location and months.

Teacher may explain what and
Solstice and equinox are:
Solstice is when the Sun is at
maximum or minimum.
equinox is when the Sun is at

Note: students may require extra
assistance to scaffold all the
knowledge and answer questions.

● What impact do you
think tilt has on the
temperature on Earth?

● Do both hemispheres
have the same seasons
at the same time?

● Why do you think the
days are shorter in
winter and longer in
summer?

Students will answer questions
in the digital diary.

Using simulation activity:
● change location

between the north and
south hemisphere.

● observe(note) the
temperature for each
month.

14
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Slide 55

Students will be introduced to one
more 2D diagram demonstrating
intensity of Sunlight.

● Which hemisphere has
winter and which
hemisphere has
Summer?

Students will write down the
answer in the digital diary.

Slide 56-59
Teacher will guide students in
drawing diagrams.

Students will draw a diagram
for each season.

Students should be able to
point out that the northern and
southern hemisphere have
opposite seasons.

Students will demonstrate both
diagrams here.
Sun-Earth model and Sun’s
path for that season.

Slide 60
Role of the tilt

Teacher will ask students to
answer the questions in the
digital diary.

● What is the role of the
tilt in seasons?

● Do you think planets
with no tilt would
have seasons?

Students’ will participate by
answering questions and
taking notes.

Scaffolding all the concepts Time: 50 Minutes
What the Teacher Will Do Probing/Eliciting Questions Student Responses and

Misconceptions
Slide 62

Video
https://www.youtube.com/watch?
v=WgHmqv_-UbQ&feature=emb
_logo&ab_channel=CaliforniaAc
ademyofSciences

Teacher will show the video to the
class.

Students will participate by
taking notes and asking
questions.

Slide 63
Group discussion.

1. How does the Sun
rays angle change as
you change the tilt?

2. How does the Surface

students will write down the
answer after discussion.

15



 

 137 

 

  

The teacher will ask students to
discuss the questions in a small
group.

temperature change
as the tilt angle
changes?

3. How does the Sun’s
altitude change for
different planets?

Slide 64-65
The instructor will divide the
classroom in groups of three
students per group.

The teacher must pay attention to
students’ discussions.

The Teacher will go around each
group and monitor the
conversation and provide
guidance and help as needed.

Why do we have seasons?

Points to make sure:
Students must draw a 2D
diagram with maximum
details.
Students must write full
sentences to the presented
questions.

Students will start with a
simple discussion about causes
or seasons.
Students will answer questions
presented in the slides.

Collect the worksheets at the end.

16
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DIGITAL DIARY 

 

 

Learning about Seasons

Name: 
Date: 

1

Introduction
2
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MS-ESS1-1.Develop and use a model of the Earth-sun-moon 
system to describe the cyclic patterns of lunar phases, 

eclipses of the sun and moon, and seasons.  [Clarification 
Statement: Examples of models can be physical, graphical, or 

conceptual.]
3

Let’s talk about seasons! 
How many seasons do we have? 

What are the names o  the seasons?

4
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What do we know about seasons...
1. What changes occur between seasons?

1. What are the types of activities we do 
in different seasons?

1. What is the temperature like during 
different seasons?

1. Where the Sun is in the sky for Summer 
and Winter? 

Answer:

5

What do we know about seasons...
Color nature

weather extra

Name of the season:

6
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What do we know about seasons...
Color nature

weather extra

Name of the season:

7

What do we know about seasons...
Color nature

weather extra

Name of the season:

8
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What do we know about seasons...
Color nature

weather extra

Name of the season:

9

Why do we have seasons?
Answer:

10
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Earth!  
11

Let’s talk about earth
What is the shape of the Earth?

What are the two main parts of 
the Earth?

How many ways does the Earth 
move and what are the 
movements of the Earth?

Answers:

12



 

 144 

 

 

Rotation
What is a rotation?

Earth spins around an imaginary line called axis. 

One rotation takes 24 hrs to complete. 

13

Axis
Earth has an imaginary line passing through 
both northern and southern poles and its 
center.

This line is called an axis.

Every planet in our solar system has an axis.

14



 

 145 

 

 

Revolution 
What is a revolution?

Earth travels (orbits) around the Sun. This movement is known as 
revolution. 

Earth takes a whole year to go around the Sun. 

Click here 

15

Day/Night
How many hrs in one day-night cycle?

Answer:

How does Earth’s rotation relate to 
Day/night?

Answer:

Draw Earth Sun and show day and night. 

16
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Perspective taking 
task

17

What do you see?

18
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A view from above
Do you see any difference between your ima e o  a place and oo le map?
Please describe what your thou hts are about it in the space below. 

19

Sun’s Path
20
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Learning about the Sun’s altitude
● What does the word altitude 

mean?
Answer:

● Have you observed the Sun's 
apparent hei ht in the sky?

Answer: 

21

What is the Sun’s height in the sky during different times of the day?
In the space below, please draw and label diagram representing Sun’s height for 
Sunrise, Solar-noon, Sunset times: 

22
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Learning about the Sun’s altitude
● Does the Sun’s altitude chan e in 

the sky or different seasons?
● Have you observed the Sun’s 

hei ht in the sky or different 
seasons? 

23

What is the Sun’s height during different seasons?
Draw the Sun’s position in the sky or the same time in the summer and winter in the 
space below:
Diagram: 

24
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Which months are the 
hottest?
Answer: Answer: 

which months are the coldest?

25

Sun’s path for different months
1. Do you see any changes? 

Answer:

1. What are the changes do you see? 

Answer:

Compare Sun’s position in the sky for the hottest coldest month. 

26
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Group discussion 
Do you see any difference in the altitude 
o  the Sun or different seasons?

Do you think the altitude has any 
relation to temperature chan e durin  
Summer and Winter?

27

What is the Sun’s height in the sky during Fall/Spring. 
Drag the red dot to the 
the diagram to point out 
the position of the Sun 
during FALL/Spring and 
label it.  

28
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Why is it hot in summer and cold in winter?
Please write your answer briefly in the space below: 

Points to be considered while answering these questions: Sun’s altitude, angle of 
Sun rays and time of the year. 

29

Earth’s Orbit 
30
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LEARNING ABOUT EARTH’S ORBIT
● What is the shape of the Earth’s 

orbit?
Answer: 

● Are you familiar with terms 
perihelion and aphelion?

Please write what you think the 
terms mean? 

Answer: 

31

What do you notice about this picture?

32
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Simulation activity 
Click on the link: 
https://phet.colorado.edu/sims/html
/gravity-and-orbits/latest/gravity-
and-orbits_en.html

Instruction to use the simulation: 

1. select the 1st option with only the Sun 
and Earth

2. click on path 
3. click on grid
4. speed set to normal 
5. stellar mass set to ‘our Sun’

Orbit for different  “planet mass” to see the 
change in the shape of the orbit: 

1. Earth 
2. 1.5
3. 2.0

33

Simulation activity 
Take a screenshot for each complete orbit and place in the space below: 

34
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For different planet-mass do you see any 
changes in the shape of the orbit?

If so what is the change do you see?

Answer: 

Simulation activity 

35

Hands-on Activity 
You will need: a blank piece of 
paper, two push pins, a string (60cm 
or 24in long), ruler, and a pencil. 

Put two push pins in the paper for 
given measurements apart. 

Make a circle with a string. 

Wrap the string around the push pins. 

As seen on the image draw a circle 
using using the pencil. 

36
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Let’s try different foci distances... 
Add a picture on the following slides showing the different foci points you tried. 

37

12 cm (5 in) 
Add a picture in the space here: 

Instruction:

You will need: a blank 
piece of paper, two push 
pins, a string (60cm or 
24in long), ruler, and a 
pencil. 

Put two push pins in the 
paper for 12cm (5in) 
apart. 

Make a circle with a 
string

Wrap the string around the 
push pins. 

As seen on the image draw 
a circle using using the 
pencil. 

38
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14 cm (6 in) 
Add a picture in the space here: 

Instruction:

You will need: a blank 
piece of paper, two push 
pins, a string (60cm or 
24in long), ruler, and a 
pencil. 

Put two push pins in the 
paper for 14cm (6in) 
apart. 

Make a circle with a 
string

Wrap the string around the 
push pins. 

As seen on the image draw 
a circle using using the 
pencil. 

39

20 cm (8 in) 
Add a picture in the space here: 

Instruction:

You will need: a blank 
piece of paper, two push 
pins, a string (60cm or 
24in long), ruler, and a 
pencil. 

Put two push pins in the 
paper for 20cm (8in) 
apart. 

Make a circle with a 
string

Wrap the string around the 
push pins. 

As seen on the image draw 
a circle using using the 
pencil. 

40
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Different orbits

41

How does Earth revolve around the sun?
Notes:

42
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What do you think happens to orbital shape as the 
distance between a planet and the Sun increases?  

Write down your thoughts about the shape of Earth’s orbit here:

43

Sun-earth distance 
Is Earth closer to the Sun in Winter or 
Summer?
Answer: 

Is the Earth-Sun  distance a relevant 
factor in season? 
Answer:

44
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Earth’s Tilt 
45

Axial tilt
Does anyone know what tilt is? 

Answer: 

46
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tilts of different planets!
Do they all have the same tilt direction?

Answer: 

47

2D diagram of 
tilted earth around 
the sun

48
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Fixed tilt
Summer: 

Autumn (Fall):

Winter:

Vernal (Spring):

Solstice: 

Equinox:

Let’s talk about axial tilt position during...

49

Revolution 
How long does it take for Earth to complete one revolution?

Answer: 

50
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Northern and southern hemisphere
Direct rays: Sun’s energy (rays) strikes Earth’s 
surface at almost a 90 degrees angle. 

Indirect rays: Sun’s energy (rays) strikes 
Earth’s surface at an angle.

51

Group activity
What part of the Earth is getting affected by direct rays?

What part of the Earth is getting indirect rays?

Which sunlight ray is hottest?

52
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Solar laB

53

Impact of tilt on surface temperature 
What impact do you think tilt has on the temperature on Earth?

Why do you think the days are shorter in 
winter and longer in summer?

Do both hemispheres have the same seasons at 
the same time?

Please click here. 

54
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Which hemisphere has winter and which hemisphere has Summer?

Answer: 

55

Draw Earth’s diagram with a tilt for Summer in north. 
Sun-Earth model with the tilt. Sun’s path from Earth-based perspective. 

56
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Draw a diagram for Spring in the northern hemisphere
Sun-Earth model with the tilt. Sun’s path from Earth-based perspective. 

57

Draw  diagram for fall in the northern hemisphere
Sun-Earth model with the tilt. Sun’s path from Earth-based perspective. 

58
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Role of the tilt
What is  the role of the tilt in seasons? Do you think planets with no tilt will have 

seasons? 

60

Group Task
61
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Let’s explain...
In your group…

Discuss with your group members: 
“why do we have seasons?”

Take some time to come up with a 
way to present to the class the 
reasons for seasons, using provided 
supplies. 

Assign roles to each members in 
your group to start the activity.
For example: 

Student 1: The Earth
student 2: The Sun

62

Option 1: using your body
You can use yourself to demonstrate the solar system to explain reasons 
for seasons to the class. 

● Use your head as an astronomical object like the Sun, the Earth etc. 
● Tilt your head to represent the tilt. 
● Stand at a 2 ft distance to represent the Sun-Earth distance.
● Demonstrate the revolution by going around the Sun.
● Demonstrate rotation by spinning in place.

Note: you can use the lamp as a Sun as well

63
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Option 2: using styrofoam balls
You can choose the styrofoam balls and sticks to demonstrate the solar 
system to explain reasons for seasons to the class.

● Write names of the objects on the ball with a marker: Earth
● Use the stick to represent the tilt. 
● Use the lamp to demonstrate the Sun.
● Hold the your solar system object and stand at a 2ft distance to 

represent the Sun-Earth distance.
● Demonstrate the revolution by going around the Sun.
● Demonstrate rotation by spinning the object.

64

Please answer following questions...
How does the Sun rays angle change as you change the tilt?

How does the Surface temperature change as the tilt angle changes? 

How does the Sun’s altitude change for different planets?

65
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Why do we have seasons? 
Please write your answer in the space with as much details as possible: 

66

Why do we have seasons? 
Demonstrate Sun-Earth system with orbit, axial tilt and labels.  

67
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Seasons video

Please click on the here to watch 
the video. 

68


