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Abstract	Comment by Author: After the author’s cuts it is 300 words. I suggest a few more non-content cuts here (shown with track changes) which got it to 280. The author will need to make the rest of the cuts to reach the 200-word limit. 
Young children are familiar with astronomical phenomena from everyday life, such as the movement of the celestial bodies or the shift from day to night. These events are related to abstract concepts such as gravity or the essence of time. The present study examines the extent to which kindergarten students understand abstract concepts related to celestial bodies and processes (such as gravity and time), and whether they change their perceptions of these concepts following an educational intervention. The study also examines what children report about their this learning experience following that program.	Comment by Author: I think this is a better term, so I used it throughout. 
The study, conducted in a kindergarten in Israel with 32 students, combined quantitative and qualitative research methods. The children were examined for answered a questionnaire assessing their knowledge of astronomy before and after the intervention. and tThe teacher conducted observations, collected the children  creative projects and interviews interviwed with the childrenthem. The children were She also asked them if they enjoyed the learning process and why. They also did creative projects on the subject. The findings were quantitatively and qualitatively analyzed.
The findings show that few of the children had knowledge about concepts related to astronomy prior to the learning process, and some expressed misconceptions. Following the learning processintervention, there was a significant increase in the children’s knowledge and ability to explain astronomical concepts and. It was also found thatmany of their the previously expressed misconceptions previously expressed by the children had been corrected. Most of the children said they were interested in learning, although some said they felt fear during the lessons.
The results indicate that kindergarten students are able to study topics related to astronomy, although they are abstract and difficult to demonstrate. The conclusion of the study is that teachers should be encouraged to integrate studies of astronomy and space into the science and technology curricula for kindergartens. This should be done using appropriate pedagogy that will increase the children’s interest and involvement in learning and avoid causing them fears.

Literature Review
Teaching Science and Technology in Kindergartens
	Educational systems around the world are formulating developmental and social trends and processes in order to fulfill the need to educate students towards science and technological literacy. Studies show that science education is appropriate for young children, and that knowledge and understanding of scientific ideas can be achieved at an early age. The prevailing view today in educational systems around the world is that science is an important field in the education of young children (Spektor-Levy, Kesner-Baruch & Mevarech, 2011). Researchers today no longer ask how early science and technology education should begin, but rather seek the most effective ways to teach it. Exposure of young children to science and math activities is seen as important, given their contribution to the development of intelligence and abstract thinking. However, in practice, it has been found that kindergarten teachers are concerned about the teaching of scientific subjects in general (Spektor-Levy, Kesner-Baruch & Mevarech, 2011) and topics related to astronomy and space in particular (Kallery, 2011) because these subjects are abstract and difficult to understand. These and other difficulties cause many elementary school and kindergarten teachers to avoid teaching topics related to astronomy and space (Chastenay, 2018).
[bookmark: _Hlk16670482]	Also Many researchers believe that young children are able to understand scientific concepts, even complex ones, and have the ability to engage in scientific thinking (Eshach, 2006; Gelman & Brenneman, 2004). ), However, some previous studies indicate that it is beyond the ability of young children to learn science, and that children aged 4-6 have difficulty understanding scientific ideas (Kampeza & Ravanis, 2006; Mali & Howe, 1979). Some researchers claim that before age 11-12, children cannot understand that experimental evidence may support or contradict scientific hypotheses and cannot differentiate between variables in a scientific experiment (Kuhn & Pearsall, 2000; Schauble, 1996). According to these studies, young children have difficulty in research-based learning, even when it is done using simple and authentic tasks. Young children find it difficult to formulate a research question, design an experiment to test it, predict the results of an experiment, evaluate its results, identify which variable determines the results, compare variables with each other, and link between cause and effect in a scientific experiment (Kuhn & Pearsall, 2000). It has been argued that young children have difficulty in analyzing the findings of an experiment because they are easily impressed by unusual results and do not pay enough attention to more common outcomes.
[bookmark: _Hlk16670922][bookmark: _Hlk16670978]On the other hand, many studies published in the last 30 years have shown the opposite. According to these studies, young children do have cognitive abilities that allow them to understand scientific concepts and they are able to acquire and apply the skills relevant to scientific research processes such as selecting a research strategy, formulating research questions and hypotheses, making observations, performing experiments, predicting results of experiments, summarizing the findings, and sharing the results and conclusions (Eshach, 2006; Eshach & Fried, 2005; Gerde et al., 2013). There is evidence that appropriate teaching methods can help young children acquire and learn basic scientific ideas pertaining to common phenomena in the natural world (Eberbach & Crowley, 2009; Kampeza & Ravanis, 2006). According to Gerde et al. (2013), quality science education in early childhood can definitely lay an essential foundation for children’s scientific knowledge and interest in science. This foundation further contributes to children’s readiness for school and strengthens language literacy and math skills. Researchers also argue that children involved in science research in kindergarten develop a better understanding of scientific ideas when they are older. Early learning experiences can influence children’s opinions about and level of interest in various areas of study, how they perceive their own abilities in these areas, and their enjoyment of engaging with them (Eberbach & Crowley, 2009). In addition, the extent to which young children are encouraged to have positive attitudes towards and interest in science and their motivation for achievement in this field is developed can be predictive of their short-term and long-term interest in and success in the sciences (Eberbach & Crowley, 2009). The availability of resources in the media and on the internet for children also helps them assimilate difficult and abstract issues. Therefore, the clear conclusion is that it is desirable and even essential to start teaching science as early as kindergarten or even preschool (Eshach, 2006). 	Comment by Author: Other citations with 3 authors have all 3 listed – verify a consistent style once a journal is chosen 	Comment by Author: I revised this a little so the first phrases matched the idea of something being predictive.

Another way of phrasing it could be
…encouraging young children to have positive attitudes…and developing their motivation….improves the likelihood of their short-term and long-term success
I like this better
Some researchers have found that kindergarten is the most effective window of time for learning; a process during which neural structures undergo change and new synapses are created (Rushton, Juola-Rushton, & Larkin, 2010). It seems that children’s ability to think about abstract ideas, their capacity to select the information they need to draw conclusions, their knowledge bases, and their reasoning skills are all often greater than others perceive them to be (Michaels, Shouse & Schweingruber, 2008). Therefore, it is worthwhile to maximize learning at young ages, especially in science studies.	Comment by Author: I slightly reworded this sentence.	Comment by Author: I put this at the end of the paragraph instead of one sentence up, as it is really the conclusion to the section. 
Astronomy and Space Studies in Kindergarten
[bookmark: _Hlk16674749][bookmark: _Hlk16674763]Young children have a natural interest in and curiosity about the wonders and beauty of the universe. This inspires them to learn about it, even the aspects that are abstract and not easily observable (Ödman-Govender & Kelleghan, 2011). Although many researchers are convinced that young children can be taught astronomy, pedagogically it is important to transmit accurate scientific knowledge and data to them in an age-appropriate way (Agan & Sneider, 2003). Even more important is training the educational staff so they feel confident teaching about astronomy and space (Chastenay, 2018). 	Comment by Author: Maybe add: in an age-appropriate way?
(It seems obvious that accurate information should be given)
A study by Kampeza and Ravanis (2006) indicates that young children can grasp basic astronomical concepts. Although the surveyed students had little knowledge prior to learning the subject, the astronomy lessons led to considerable progress and most of them developed an understanding of the concepts. According to Plummer (2014), a core concept in science studies is that of the motion of objects in space. Understanding this involves observations of astronomical phenomena that are explained by the relative position of objects in the solar system and beyond. 
She developed an instructional program for teaching this issue that incorporates tests to assess how the young students are learning. In this educational framework, children learned about daily movement of the Sun, Moon, and stars, the phases of the Moon, and the shift between day and night. Plummer found that advances in the children’s level of knowledge and understanding were made possible by their ability to visualize objects and their movement through different frames of reference, that is, in reference to themselves or in space. 	Comment by Author: I added ‘for teaching this issue’. There seems to be some missing transition between these three sentences. 	Comment by Author: I added ‘in this educational framework’ this too.	Comment by Author: Note: Sun, Moon, and Earth are capitalized when speaking of the specific celestial bodies
Kallery (2011) similarly demonstrates that young children can be taught astronomical concepts. Her research was among the first to develop and test the effectiveness of a program for teaching astronomy and space that is suitable for six-year-olds. The teaching program included preliminary preparation of six kindergarten teachers, who taught 104 children. The teachers’ training included relevant videos and animations with explanations, a globe of the Earth, and observations of the Sun (during the day) and the Moon (at night). Through all these means of transmitting information, the kindergarten teachers were careful to present scientifically accurate information, so, for example, a tellurion model was not used. The program was taught in three sessions over two weeks. Its effectiveness was assessed through talks with the children, and by looking at the paintings and models they created. Kallery found that the children gained knowledge effectively, leading her to conclude that young children could be taught about astronomical phenomena and concepts with great success.	Comment by Author: Should this be elementary school teachers? Six year olds are usually in first grade.	Comment by Author: I am not familiar with the term, and this is all I found online. I think the author should explain what it is and why it is not appropriate. 

https://en.wikipedia.org/wiki/Tellurion
Perceptions of Astronomical Concepts among Young Children
	Bryce and Blown (2013) conducted an in-depth study of how young children develop their own models to understand the sizes and motion of celestial bodies. They reviewed studies in which semi-structured interviews were conducted with 248 children between the ages of 3-18 from China and New Zealand. The researchers determined that in different cultures young children perceive the shape and size of the planet Earth as part of a general idea of the concept of “the Earth”, an idea that includes concepts such as physical form, land as opposed to sky, and the place where people live. The researchers found that science teachers have a decisive influence on children’s perceptions of these astronomical concepts, and that children change their perceptions in this area according to what their teachers tell them. Prior to learning, most of the ideas that children come up with on their own in order to explain the nature of the world around them differ from accepted scientific explanations. Children’s ideas and beliefs based on their experiences are converted to cognitive structures that reflect their understandings built on personal experiences (Türkman, 2015). Children must address and challenge these perceptions as they study science topics at school. This implies that science education should begin as early as possible, to enable young children to acquire tools and observations that prevent them from developing misperceptions and in order to help them develop correct perceptions of scientific ideas and to enhanced their cognitive abilities (Ampartzaki & Kalogiannakis, 2016). According to these researchers, it is beneficial for young children to learn about the forms and attributes of celestial bodies, since these form a basis for their understanding of other physical properties, such as physical forms and geometry, and to understand familiar astronomical phenomena such as the shift between day and night, solar events, and the phases of the Moon. Such lessons can help children understand the Earth and space in physical and astronomical terms, and to appreciate the beauty of these natural phenomena. Astronomy studies in early childhood offer a valuable and important opportunity to develop responsible citizenship, values regarding global sustainability, improving scientific literacy, and forming a positive attitude towards science. Encouraging young children to act as astronomers helps them learn scientific tasks such as observation, sorting, predicting, experimenting, presenting the findings, and so on (Ampartzaki & Kalogiannakis, 2016). To achieve these goals, the researchers propose a structured for teaching the properties of celestial bodies. Their multidisciplinary approach is characterized by development of activities and teaching content that emphasize two elements: (1) learning the spatial thinking that underlies astronomy; (2) an interchange between Earth-based and space-based perspectives of the form, location, and movement of celestial bodies. These form a basic foundation for understanding abstract concepts.	Comment by Author: Türkman, 2015  is not in the reference list.	Comment by Author: I took out some redundancy.

The Present Study	Comment by Author: I added this heading.
The present study focuses on astronomy studies among kindergarten children in a city in southern Israel. For the purpose of the study, an educational intervention was developed, based on a model of research-based learning. The effectiveness of the program was assessed according to two main aspects: the transmission of knowledge of astronomical concepts and processes to the kindergarten children, and fostering their understanding of these concepts and processes. The study also examines the children’s reports on their experiences of the learning process, in order to determine the most effective pedagogical methods of teaching astronomy and space in kindergarten.
Research Objectives
The objectives of this study were to examine the ability of 4-to-6-year-old children to learn and understand astronomical concepts and processes, following an educational intervention program, and to assess their experiences of this intervention as expressed in their own words and through creative projects.
The Research Questions were:
1) To what extent was there an increase in the level of knowledge, understanding and internalization of astronomical concepts and processes among kindergarten children, following the implementation of an educational intervention program, as compared to their previous level of knowledge?
2) To what extent did the children change their previously held conceptions about astronomy and space?
3) What do the children express, through their own words and their creative works, about the nature of their experiences in studying the topics of astronomy and space?
Methodology
This empirical study used qualitative and quantitative methods to assess kindergarten children before and after an intervention program. 
Study Population
The study population included 32 kindergarten students from a heterogeneous class made up of students from high socioeconomic backgrounds. There were 14 boys and 18 girls. There were two age groups in the kindergarten: 12 children ages 4-5 who were registered in non-compulsory preschool, and 20 children aged 5-6 who were registered in compulsory kindergarten.years old.	Comment by Author: In what sense?
Research Tools and Process
The kindergarten teacher taught astronomical concepts with the help of an intervention program developed for the purpose of this study. This intervention program consisted of nine sessions, each lasting 15-20 minutes. It was conducted over the course of seven months. 
The three main study topics covered in the program were:
1. The Sun and the solar system: the properties of the Sun, the structure and components of the solar system, the planets, interactions between the Sun and the Earth, the rotation and revolution (orbit) of the Earth.	Comment by Author: This seems more accurate than just ‘the Sun’
2. The Earth: its attributes and structure, gravity', movement. .	Comment by Author: Shouldn’t the rotation of the Earth go in this category?
3. The Moon: its properties and motion in space, interactions with the Earth.
During the lessons, scientific explanations were presented with the assistance of videos and animations regarding astronomical events such as the movement of shadows; the rising and setting of the Sun, Moon, and stars; gravity; and the phases of the Moon. In each session, the children did creative projects related to the learned topics, and presented them to the class.
Data Collection
	For the purpose of collecting quantitative data, we used a questionnaire designed to examine children’s knowledge and understanding of astronomical concepts and processes. The questionnaire (see Appendix 1) included 14 14 questions. It was based on a questionnaire used in a previous study conducted in Greece (Kampeza & Ravanis, 2006). Each child completed the questionnaire two times: once before and once after the educational intervention. To assess the differences between the mean scores, a T-test was performed.	Comment by Author: Later you mention question 15
Also, it should be explained why question 14 isn’t used. Or is that what is used in the free discussion? It is confusing.

I could not find the original questionnaire online.
Several methods of collecting qualitative data were used.During the lessons, The the kindergarten teacher made observations and documented the children’s conversations and statements during the lessons. The students’ creative projects (which included drawing, cutting, and pasting) were photographed. During the program, a supervisor of preschools and kindergartens from Israel’s Ministry of Education came to talk with the children about the topics being learned. This conversation was recorded and transcribed.	Comment by Author: I added this, to parallel the previous paragraph.
Results
Responses to Knowledge Questionnaire	Comment by Author: I added a sub-heading.
The kindergarten teacher used questionnaires to examine the students’ knowledge of concepts in astronomy before and after the intervention program. A comparison was made of the number of correct responses the children gave, before and after the educational intervention, to the first 13 questionnaire items, which pertained to their knowledge of celestial bodies and astronomical concepts and processes (see Appendix 1). Each child’s score was calculated as a percentage of the number of correct answers out of the total number of questions (see Table 1).	Comment by Author: This was said in the Methods section.
Table 1: Comparison of Students’ Responses to Astronomy-Knowledge Questionnaire, Before and After the Educational Intervention (N = 32)
	
	Mean Score
	SD
	T-test

	Before Study Program
	19.73
	12.23
	-23.657

	After Study Program
	85.06
	17.00
	


p < 0.01
Table 1 clearly shows that before the children were exposed to and studied the subject of astronomy, their mean score of correct answers on the astronomy-knowledge questionnaire was low, and that their scores improved significantly after the learning program. Thus, effective learning about astronomical concepts occurred in preschool children. (at a significance level of p < 0.01).
Table 2 gives a summary of the children’s answers to each of the questions. Additional details about the questions and their responses are given after the table.


Table 2: Children’s Answers to Astronomy-Knowledge Questionnaire, Before and After the Educational Intervention
	
	Before Intervention
	After Intervention

	
	Correct answer
	Partially correct answer
	Incorrect answer
	No answer
	Correct answer
	Partially correct answer
	Incorrect answer
	No answer

	1. What is the name of the planet we live on?
	8
	
	6
	18
	31
	0
	1
	

	2. What shape is the Earth? ? (cube / disk / sphere / ellipse) [cube / disk / sphere / ellipse]	Comment by Author: Why are the options only given for this question and not for other multiple choice questions, as shown in the appendix?
	26
	
	6
	
	31
	
	1
	

	3. What are the three parts of the Earth’s structure?
	1
	1
	
	30
	18
	14
	
	

	4. What is gravity?
	5
	
	
	27
	22
	7
	3
	

	5. How does the Earth move?
	6
	
	6
	20
	31
	
	1
	

	6. What is the Sun? (star / Moon)	Comment by Author: These options are not given in Table 2 or its explanation.

	15
	
	17
	
	32
	
	
	

	7. Where is the Sun at night?
(behind the Moon / covered in clouds / the Sun has gone to be with the other stars/ on the other side of the Earth)
	
	
	32
	
	30
	
	2
	

	8. What is the reason for the shift from day to night on Earth?
	
	2
	3
	27
	29
	2
	1
	

	9. What is the Moon?
	3
	
	6
	23
	29
	
	3
	

	10. What is the orbit orbit of the Moon?	Comment by Author: This is confusing in Hebrew, as סובב can apparently refer either to rotation (around an axis) or revolution (orbiting around another object). The options in the Hebrew would be confusing for an adult, let alone a child!

Please verify the translation is accurate, and also that the original Hebrew is clear enough for research purposes.
The Moon orbits the earth / The Moon orbits around the sun / The Moon does not orbit)

	8
	
	24
	
	31
	
	1
	

	11. Does the Moon appear only at night Where is it during the day?
	7
	
	23
	2
	29
	
	3
	

	12. Which is bigger, the Earth or the Sun?
	7
	
	25
	
	30
	
	2
	

	13. What are the names of the planets in the solar system?
	Number of planets named
	Number of children who knew the names of this number of planets
	Number of planets named
	Number of children who knew the names of this number of planets

	
	1
	2
	2
3
4
5
6
	2
6
15
2
7



Question 1: In response to the question “What is the name of the planet we live on?”, only eight children knew the name of the Earth, six children gave incorrect answers, and 18 children did not answer the question. Examples of incorrect answers were: Israel, Be’er Sheva (their city of residence); the name of a local parktheir school, and “the lesser lighta small light” (biblical phrase for the moon). These answers indicate that the children were unfamiliar with the concept of a planet, and gave answers describing the geographical place where they live.
Question 2: Before the intervention, 26 children correctly answered “What is the shape of the Earth?”, six children did not answer. After learning, all but one of the children knew that the shape of the Earth is a sphere. It should be noted that in Hebrew (unlike in other languages), the answer is given in the question. In Hebrew the name (כדור הארץ pronounced kadur ha-aretz) literally means “ball of land”. In contrast, the words in English (Earth) or in Greek (Γη  pronounced Gai) do not specify its spatial form.	Comment by Author: I added this so it parallels the Greek example
Question 3: Before learning, 30 children could not answer the question “What are the three parts of the Earth’s structure?” They did not know the concepts of the core, mantle, and crust of the Earth. Only one child answered the question at all, responding “There is a volcano in the heart of the Earth”. After learning, 18 children gave correct and complete answers using all three terms core, mantle, and crust. Another 14 children remembered one or two of these terms. From this it can be seen that the kindergarten children learned the concept that the Earth is not uniform throughout, but made of three parts, each with its own specific name.
Question 4: The question “What is gravity?” deals with an abstract concept that children are aware of from daily life experiences. However, only five children demonstrated any knowledge of gravity before the intervention, compared to 22 afterwards. For this question, the children were asked to explain this concept in their own words. Some examples of their answers after learning were:
“Gravity causes us not to fly in the air like in the Moon, and we can stand on the ground.”
“Thanks to this, we can stand.”
“It holds us so we don’t fly.”
“Gravity pulls us down.”
These examples show that after the learning process most children explained gravity through the relationship between gravity (cause) and the phenomena they experience in their daily life (effect). They learned that there is some power that causes all these phenomena they described, and that what they have in common is the fact that objects remain on the surface of the Earth and do not rise up from it. 
Question 5: In answer the question “How does the Earth move?” only six children were able to describe the Earth’s rotation around its axis prior to the learning. The rest did not answer or gave incorrect answers. Examples of the misconceptions expressed by the children in the preliminary questionnaire were: 	Comment by Author: I put this in a list, as for the examples above and below. I don’t think it is necessary to say child 1, child 2…that is clear ok
“It jumps.”
“It claps its hands.”
“The Earth does not move at all.”
“It rolls.”
These are all types of movement known to children in everyday life, such as their bodily movements, or the movement characterized by a ball. After learning, all but one of the children were able to describe the Earth’s rotation around itself and its revolution around the Sun, demonstrating an understanding of Earth’s movement in space.
Question 6: In their answer children had to choose between te options: Star / Moon. Before learning, 15 children knew that the correct answer to the question “What is the Sun?” is that the Sun is a star. The other 17 children chose the incorrect answer that the Sun a Moon. During the educational intervention, the children were taught the properties and composition of the Sun. Examples of their answers after the learning are: 	Comment by Author: Clarify they were given two options; as in the appendix.
“The Sun is a star made up of mostly hydrogen gas.”
“You can’t get near the Sun because it’s very hot.”
The children were also able to describe the concept of heliocentrism and explain that the planets of the solar system orbit around the Sun.
Question 7: In order to answer the question “Where is the Sun at night?”, the children must have an understanding of an abstract idea and describe a process they cannot not see with their own eyes. For this question, the children chose one of four options: 
1. At night, the Sun is behind the Moon.
2. At night, the Sun goes to other stars.
3. At night, the Sun is covered in clouds.
4.  At night, the Sun is on the other side of the Earth.
As shown in Table 2, before the intervention, none of the children chose the correct answer, and instead guessed one of the incorrect answers. Following the learning, 30 children out of 32 answered correctly that at night the Sun is on the other side of the Earth. 
Question 8: The question, “What is the reason for the shift from day to night?” was asked as an open question. In the pre-learning questionnaire, only five children answered the question, of which two explained the phenomenon as God’s decision and three children gave explanations describing this from their own experiences of movement, such as:
“When the Sun is tired it sinks into the water.”
“Sometimes the Sun leaves and the Moon comes.”
“Because this is darkness and this is morning.”

Examples of correct answers given following the learning are:
“In Israel it is night because the Earth is spinning and we do not see the Sun from here. Then it is on the other side, where there is light.”
“Because of the Earth’s rotation.”
“The Earth turns and then the Sun on another country.”
Only one child answered incorrectly, saying, “The Sun is gone.” Comparison of the answers to Question 8 before and after the intervention show that there was a significant improvement in the children’s understanding of the concepts of day and night. Most of the children were able to give accurate scientific explanations of the relationship between the position of the Sun in relation to us and the states of light (where the Sun is seen) and darkness (the Sun is not seen here; the Sun is seen elsewhere).
Question 9: A similar picture emerges in the responses to the open question “What is the Moon?” Before the learning program, 23 children did not answer the question at all, and six gave incorrect answers, such as: “The Moon is a star,” or “The Moon is a half a banana.” 
Three children gave answers reflecting commonly held perceptions, such as: “The Moon is in the sky, in space,” or “The Moon is the little lesser light.”
After learning, 29 children gave correct answers such as:
“The Moon orbits around the Earth.”
 “The Moon is a satellite of the Earth.” 
“It’s the little lesser light.” 
“There are lots of craters on it.” 
“The Moon is made of basalt stones.” 
“The Moon reflects the sunlight.” 
Only three still gave incorrect answers such as: “The Moon is a planet.” 
It can be seen that the children’s answers were not uniform. They expressed varied perceptions and gave different emphases about the concept of the Moon and its characteristics and properties. The children expanded their explanations, using new concepts introduced to them in the intervention process.
Question 10: The children were given four possible answers to the question “What is the orbit of the Moon?” Before learning, eight children knew that the Moon orbited the Earth. The others chose one of the incorrect answers: 
1. The Moon orbits the Sun. 
2. The Moon orbits around itself. 
3. The Moon does not move. 
After learning, 31 children said the Moon orbits around the Earth.
Question 11: The open question, “Where is the Moon during the day?” required the children to given an answer and explain it. In the preliminary questionnaire, 23 children said that the Moon appears in the sky only at night, two children did not answer the question, and only seven children knew that the Moon is also in the sky during the day. After learning, 29 children answered that the Moon is in the sky during the day as well as at night, and only three answered incorrectly. 
The following are examples of incorrect answers given to this question before learning: 	Comment by Author: This makes it sound like the children came up with these answers, when according to the appendix, they were given these options. Question 11 is open
“The Moon is only seen at night, and in the day, it is hiding behind the clouds.” 
“During the day the Moon is with the other stars.” 
“The Moon is in the sky during both day and night, but during the day it is transparent so you cannot see it.”
In contrast, some of the accurate answers the children gave to this question after learning include: 
“The Moon is in the sky even during the day, but we do not always see it because the sunlight is stronger.” 
“The Moon orbits around the Earth, it does not disappear. Sometimes it is on the other side.”
“The Moon is always in the sky and there are even days when we see it in the day, but it shines white.” 	Comment by Author: Is this part of the answer necessary?
“It is not always seen in the sky because the Sun shines stronger than it.”

These examples illustrate the change that took place in the children’s understanding of the location of the Moon. At the end of the learning process, the children were able to explain that sometimes the Moon can be seen overhead during the day, and sometimes it is on the other side of the Earth. The children also knew how to describe moonlight as a reflection of the sunlight.
Question 12: From the answers to the question “Which is bigger, the Earth or the Sun?” it can be seen that the educational intervention led to a change in the children’s perception of the relative sizes of the Sun and the Earth. After the learning program, the children were able to answer correctly and even were able to describe in their own words that the Sun is a large star, much larger than the Earth, but that looks small due to its greater distance. This means that they learned to relate their perception of the size of a physical object and its distance; that is, they understood that further away an object is, the smaller it looks.  
Question 13: In response to the question “What are the names of planets in the solar system?” before the intervention process, only two children could name any planet. After the intervention program, all children knew at least two planets, and some knew the names of up to six planets.
In summary, by comparing the children’s answers to the questionnaire before learning to the answers they gave afterwards, it can be clearly seen that young children are able to learn astronomical concepts, understand them, and express them in their own words. The children learned to link processes with their results (for example, the rotation of the Earth around its axis as a cause of the shift between day and night). They demonstrated knowledge of many concepts such as the structure and features of the solar system, the effect of gravity, and the structure of the Earth.
Comparative Analysis of Children’s Creative Projects Before and After the Intervention 
During the lessons, the children were asked to do creative projects related to the program’s study topics. A qualitative analysis of their artwork shows that during the course of the learning, they internalized scientific concepts about the structure of the solar system, the movement of the main celestial bodies, the phases of the Moon, and the nature of the Earth’s structure and surface.
In one activity, the children were asked to draw the Earth. The drawing shown in Figure 1 was made by a girl prior to the intervention program. She drew a collection of shapes and had no explanation for why she drew this. The girl seems to have drawn from her imagination and not from any knowledge.
[image: ]
Figure 1: Drawing of the Earth, Before the Intervention

After the intervention, the children were again asked to portray the Earth. The artwork in Figure 2 was done after the intervention process by the same girl who made the drawing shown in Figure 1. After she completed this work, the girl was able to explain that she made the Earth in its circular shape and that most of the surface area is blue because it is covered in water, and that she made the land in different colors according to their elevation.
[image: ]







Figure 2: Cut-and-Paste Collage of the Earth, After the Intervention

In another activity, the children were asked to draw the solar system.
The drawing shown in Figure 3 was made by a second child (a boy), who drew the Sun in the center and larger than the other objects - the planets. He colored the Sun yellow, signifying light and heat. Each planet is painted in a different color and at a different distance from the Sun, which indicates that he understands there are multiple bodies in the solar system, and each one is a different distance from the central body. The Earth is colored blue and it is the third in the series. In the background, he drew stars as round, gray shapes. The child demonstrated a basic understanding of the structure of the solar system, in which the star of the Sun is the central body and at different distances from it there are planets, each of which has a characteristic size. In addition, the child demonstrated his knowledge that there are other stars in space. 	Comment by Author: Maybe add a sentence such as:
In another activity, the children were asked to draw the solar system
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Figure 3: Drawing of the Solar System, after the Intervention 
Figure 4 shows the drawing made by a third child (a girl) following the intervention. A large object, not drawn in the center of the page, extends beyond the edge of the page. Its shape is round, and is colored in red, orange and yellow, colors that symbolize light and heat. This represents the Sun. Around this body are drawn circles in pencil, indicating a path of movement. This girl demonstrated her understanding that each of the planets has its own orbit at a more or less constant radius around the central body, the Sun. Because the Sun extends beyond the edge of the page, the lines symbolizing the orbits are not drawn as closed circles. This implies that the girl imagined the orbits of the planets around the Sun, but drew only a part of the overall picture. In addition, bumps on the surface of the Sun indicate the release of light or heat from the Sun into space, reflecting descriptions the child heard in the learning process.
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Figure 4: Drawing of the Solar System, after the Intervention 

The children were asked to draw the Moon. In this drawing by a fifth child in the class (a boy) the Moon is painted as a yellow circle.
[image: ]
Figure 5: Drawing of the Moon, Before the Intervention

The drawing in Figure 6 was made by the same child who painted Figure 5. This time, when the children were asked to draw the Moon, the boy drew 4 circles added three more drawings, in addition to the Moon as a yellow circle. In each, a circle was drawn in pencil. and part Part of the each circle was painted in yellow, indicating the visible part of the Moon, and part is painted black, indicating the unseen part. In this work, the child demonstrated a change in his perception of the Moon. He expressed the idea that the way the Moon looks can change, and therefore drew several images, in each of which the visible part of the Moon looks different.. When asked to explain his work, the boy replied that it was from he saw during the observations of the Moon and what the kindergarten teacher taught.
[image: ]
Figure 6: Drawing of the Moon After the Intervention 
Description of Observation: Supervisor’s Visit to the Kindergarten
Another aspect of the documentation of the children’s explanations of astronomical phenomena is presented in the following partial transcript of an unstructured conversation between the children and a supervisor from the Ministry of Education, who they did not know. The supervisor visited the kindergarten at the end of June 2015learning process. The visit lasted about 45 minutes. All the students and the teacher sat together with the supervisor. In the conversation, the children were allowed to express themselves freely in response to open-ended questions from the teacher and the supervisor. The supervisor was not involved in the learning process and did not know what they learned and or to what concepts they had been exposed.
Supervisor: Children, I would like for you to explain to me what you learned about the Sun and the stars
Child 1 (boy): The Sun is very, very hot!
Child 2 (girl): Yeah, it’s hot, it’s a star you know?
Child 3 (boy): The Sun is made of hydrogen gas and we aren’t allowed to go close to it. In fact, we can’t because we’d be burned up, even if we are in a spaceship. 
Child 4 (boy): Also, the planets orbit around it.
Superintendent: Do you know the planets?
Child 5 (girl): Of course.
Child 2 (girl): There’s Saturn and Jupiter and Uranus.
Child 6 (boy): And the Earth, don’t forget it, and Mars.
Child 1 (boy): Saturn has rings around it.
Teacher: Children, please explain to our guest why the Earth has life on it and the other planets do not. What does this have to do with the creation of the world and the greatness of God? 
Child 7 (girl): When God created the world there were the upper waters and the lower waters. And then only on Earth there was water left, and Iit was possible to live here because of the distance from the Sun.	Comment by Author: This too. Obviously this is not considered an ‘acceptable scientific explanation’. It should either be cut, or given some context.
Teacher: Please explain to us what is meant by the distance from the Sun.
Child 7 (girl): Because these stars (pointing to the Mercury and Venus on a poster) are too close to the Sun and the water all dried up, and these (pointing to the planets beyond the Earth) are too far from the Sun, and the water there has frozen, it turned into ice.
Child 6 (boy): And only the Earth is right, where our water is good and we can drink it. This is thanks to God, who put us in exactly the right place. 
This conversation was held after the intervention program. It was run freely and without planning. The children expressed, in their own words, various ideas they learned as part of the intervention program, such as: 	Comment by Author: This was said already.
1. Characteristics of the Sun - The Sun is a star in space, it gives off light and great heat, it is a body composed of gases.
2. The solar system, the concept of heliocentrism - The planets are bodies in space that maintain a constant rotational motion around the Sun. Every planet has a name, is at a certain distance away from the Sun. The children knew some of the names of the planets.	Comment by Author: This number was missing (unless it is supposed to be part of the first item, in which case the first subtitle should be adjusted.
3. Relationship between the distance from the Sun and heat in a given place - The children expressed the idea that further from the Sun, the temperature decreases. They added that the distance of the Earth from the Sun is appropriate for the existence of life.
4. Relationship between temperature and the state of water - The children described ice as a state of water when the temperature is low, and associated this condition with great distance from the Sun. They described liquid water as a result of conditions in which the temperature is not extreme, and this is dependent on being a certain distance from the Sun - the distance of the Earth from the Sun. They also described a situation where water evaporates (“dries up”) when the temperature is high, a condition that occurs close to the Sun.
From this observation, it can be seen that the children learned and internalized diverse ideas about astronomy and space. The children were able to describe the concept of heat and light being emitted from the Sun, the relationship between an increase in distance from the heat-emitting Sun and a decrease in temperature, and the effect of temperature on the state of water.	Comment by Author: All this was said above.
The third research question relates to the nature of the children’s experience of the teaching process. Table 3 summarizes the children’s answers to Question 1514: Did you enjoy learning about the subject? Why?	Comment by Author: I suggest adding a sub-head such as:
Children’s Impressions of the Educational Experience
	Comment by Author: No question 15 is discussed -- 14 are mentioned in the questionnaire, only 13 are presented. This should be clarified.



Table 3: Distribution of Children’s Responses to the Question 14: Did You Enjoy Learning about this Subject? Why?	Comment by Author: I changed this to Table 3 (it was mistakenly labelled as Table 2 in the Hebrew). OK
	Number of children reporting
“I had fun.”
	Number of children reporting each impression of the astronomy lessons 

	
	Interest
	Desire to explore
	Desire of adventure in space
	Enjoyable creativity
	Beauty and Importance of the Universe
	Fear

	29
	3
	6
	7
	5
	6
	3



The vast majority of the children (29 out of 32) reported having a positive experience of fun and enjoyment. Of those who enjoyed the program, only two did not give a reason; the others gave various reasons. Three children expressed interest (“Because it is interesting,” “Space is interesting and big,” “It was very interesting to learn that the Sun does not really sink.”) Six children expressed a desire to explore (“I learned new things,” “Our kindergarten is always exploring,” “I want to be a researcher like Maimonides,” “It’s important to learn and explore,” “It is very fun to explore,” “I did research and told everyone I am a scientist.”) 	Comment by Author: Maybe these quotes should be formatted as above, each on a line, rather than in parentheses. Ok, please do so
Seven children said they enjoyed the idea of having adventures in space (“I want to invent a spacecraft that will land on the Sun even though it is very hot, but nothing will happen to it because it will be the strongest ever,” “I want to hover in space,” “I want to fly into space,” “I’ve always wanted to go into space (and I also want to fly)”, “I’ll go into space, too, when I grow up and my mother will let me,” “I want to be an astronaut and fly into space and there I will fly a giant Israeli flag,” “I love spaceships”). 
Five children enjoyed the creative projects (“I drew a lot of things I never drew before,” “I built a big beautiful spaceship with my Dad, it was a lot of fun,” “The most fun was when I made a model of aliens with my Mom.” “I had the most fun making a spaceship full of buttons,” “I had fun building all the space stuff together”). 	Comment by Author: This is the first time it is mentioned that the parents take part. Do they mean at home? yes
Six children noted the sense of beauty and importance of the subject (“The Earth is ... very important,” “Space is very large,” “The Earth is beautiful and the Sun is really special,” “Space is the most beautiful thing there is, and meteors are special,” “It is wonderful and important,” “It is very important that we learn about our Earth”). 
Notably, three children expressed fear about issues related to astronomy and space (“I had fun but it was also scary because it’s so big and far away,” “I was a little bit afraid because I saw a lot of scary darkness,” “At first I had no fun because it looked scary and big,”). These sentiments indicate the need to use appropriate pedagogical methods when studying astronomy in the kindergarten, in order to prevent fear.
In summary, according to the findings presented here, this educational intervention to teach astronomical concepts in kindergarten seems to have been successful on several levels. The children demonstrated knowledge and understanding of astronomical and scientific concepts acquired during the learning program. The children learned many new facts, such as the names of planets, the shape and composition of the Earth. They learned about a variety of processes and knew how to explain them (such as the shift between day and night, orbits of the planets around the Sun, gravity). The children also learned about various connections between general scientific phenomena, such as the relationship between the distance from a heat-emitting body and the temperature, the relationship between temperature and the state of water, and the relationship between distance and the perceived size of an object.

Discussion and Conclusions
The purpose of this study was to investigate the extent to which young children have the ability to learn and understand scientific ideas related to astronomy and space. The findings clearly show that after the educational intervention, the children’s understanding of both tangible and abstract concepts improved. Their level of knowledge , as assessed in the questionnaires, was significantly higher after the learning program as compared to their level of knowledge prior to it. The kindergarten students gained knowledge and understanding about the name, shape, structure, and two types of movement of the Earth. They learned about the nature of the Sun and the Moon and were able to explain the structure of the solar system and the movement of the main celestial bodies. The children were able to describe the qualities of gravity and the reasons for the shift between day and night. They also demonstrated an understanding of the relationship between distance from a heat source and the level of heat (the level of heat decreases with distance), and the relationship between the temperature and the three states of water, and the relationship between the distance of the observer from a physical object and its apparent size (the Sun looks small due to its great distance from us). In their artwork, the children further demonstrated an understanding of the circular motion of the planets around the Sun and the various lunar phases.	Comment by Author: Much of this has been said already. 	Comment by ayala: Can you shorten the sentence? In comparison to….	Comment by Author: This does not need to be said again.
Please erase what you think may ne erased
These findings are consistent with previous studies indicating the abilities of 4-6-year-old children to understand various scientific ideas, including those related to space and astronomy (Ampartzaki & Kalogiannakis, 2016; Bryce & Blown, 2013; Kallery, 2011; Spektor-Levy, Kesner-Baruch & Mevarech, 2011). Teaching the science of astronomy at an early age is challenging because it deals with abstract ideas that are beyond children’s experiences (objects in space, the movement of celestial bodies, the idea of “forces” and relationships among these celestial bodies). However, these ideas do apply to their daily lives (the shift between day and night, seeing the Sun, Moon, and stars, the daily impact of gravity). Observations and conversations with the children revealed that studying astronomy in kindergarten enriched their conceptual world and scientific language. As a result of this learning, the children acquired new scientific concepts and ideas and were able to express in their own words the ideas they learned. They used terms such as: gravity, living conditions, planet, gas, hydrogen, and the crust, mantle, and core of the Earth. They also expressed through artwork the concept of celestial bodies at varying distances from one another.
The findings of the present study also show that young children who had not yet received formal teaching on scientific subjects had some perceptions about astronomical concepts, but that many of these were incorrect. The learning process succeeded in building their knowledge and enabling the children to express scientifically accurate ideas. An example of this can be seen in the process the children underwent in describing the properties of the Sun. They began with misconceptions, applying human attributes to the celestial body (“the Sun is tired”) or describing them as they appear (“ the Sun is a ball of fire” “The Sun is smaller than the Earth”, “the Sun sinks into the sea at night”). Afterwards, they expressed scientifically accurate ideas (“the Sun is a star", “the temperature in the Sun is very high", “the Sun is bigger than the Earth”, “at night the Sun is on the other side of the Earth”, “the Moon reflects the sunlight”).	Comment by Author: That is pretty accurate for a preschooler. Maybe delete that example; the other two are sufficient to make the point.
The results of this study are consistent with previous studies demonstrating changes in the perceptions of 4-6-year-olds about astronomical phenomena. For example, a study of the perceptions held by 76 preschoolers regarding phenomena on the Earth’s surface found that after only two weeks of learning, the children gained new understandings and changed their explanations of these phenomena (Kampeza & Ravanis, 2009). Another example is a study of 33 kindergarten students who, after only two weeks of learning, abandoned their misconceptions and demonstrated new understandings of astronomical phenomena such as the Sun and the Earth as separate spherical objects existing in space (Valanides, Gritsi, Kampeza, & Ravanis, 2000). Some children were able to link the rotation of the Earth around its axis to the shift between day and night. These understandings are necessarily associated with the development of spatial vision (Plummer, 2014), which is crucial for learning engineering and mathematics.
It is not surprising that young children have misconceptions regarding astronomy, as these often originate from experiences that are unexplained or poorly processed. Vosniadou (2007) found significant qualitative changes in children’s perceptions of astronomical concepts between the ages of 4 and 12. For example, preschoolers often think the Earth is stationary, stable, flat, and located in the center of the universe. By the end of elementary school, most children know the Earth is a spherical body located in space that revolves around itself and orbits the Sun in the heliocentric system. Thus, between the ages of 4 and 12, a significant ontological change process takes place - from the children’s perception of the Earth as a physical object to their perception of it as a solar object.
The process by which young children build their knowledge and conceptual world is of special interest, mainly because it can have practical implications for the way elementary school and kindergarten teachers are trained. It is essential that the teachers learn how to teach accurate concepts. Hence, they must first study and understand the subjects they choose to teach (Ampartzaki & Kalogiannakis, 2016). They must have adequate knowledge of the chosen field and the pedagogical skills necessary to teach scientific content and ideas to young children (Andersson & Gullberg, 2014; Bose & Seetso, 2016; Thulin & Redfors, 2017). Lack knowledge about the subject may lead teachers to hold misconceptions that are similar to their students’ misconceptions. Lack of pedagogic skills may make it difficult for them to teach science, since they do not speak the “scientific language” fluently and have difficulty translating it into the language of instruction. Pedagogically inappropriate teaching can lead to the development of fears in children, especially when teaching concepts that seem mysterious or inexplicable. It may not be possible to prevent all of the misconceptions that are prevalent among students at various levels of education, from elementary school through university. However, sStudents should be helped to form perceptions that are as accurate and precise as possible (Eshach, 2006). Hence it is important to encourage and guide kindergarten teachers and properly prepare them to teach astronomy. Kindergarten teachers should be encouraged to become well acquainted with scientific information and pedagogical tools appropriate to teaching science to young children (Andersson & Gullberg, 2014; Thulin & Redfors, 2017) and to help them, through mentoring and training, so that more early education teachers are exposed to the scientific fields and choose to teach science, including astronomy, in to kindergarten students.	Comment by Author: The phrase ‘disciplinary knowledge’ may be misunderstood in the context of kindergarten.	Comment by Author: There is a mistake in the Hebrew
הואה שגויה מבחינה פדגוגית
Verify my correction is right.
Research Limitations and Directions for Further Investigation
The main limitation of this study was its reliance on a relatively small group of children in one kindergarten from a high socioeconomic background. Further studies among different preschool-aged populations are needed. It would also be worthwhile to carry out further studies examining the questions that arise from this study, such as the impact of learning astronomy in early childhood on children’s attitudes towards science later in their educational career. Different learning models need to be further explored in order to find the best ways to develop scientific knowledge, thinking, and understanding among kindergarten students.  


References	Comment by Author: This was simply copied and pasted, as per the job instructions.
Agan, L. & Sneider, C. (2003). Learning about the Earth’s shape and gravity: A guide for teachers and curriculum developers. Astronomy Education Review, 2 (2), 90-117.
Ampartzaki, M., & Kalogiannakis, M. (2016). Astronomy in early childhood education: A concept-based approach. Early Childhood Education Journal,  44(2), 169-179. DOI:10.1007/s10643-015-0706-5
Andersson, K., & Gullberg, A. (2014). What is science in preschool and what do teachers have to know to empower children? Cultural Studies of Science Education, 9(2), 275-296.
Bose, K., & Seetso, G. (2016). Science and mathematics teaching through local games in preschools of Botswana. South African Journal of Childhood Education, 6(2), 1-9. DOI:10.4102/sajce.v6i2.453
Bryce, T. G. K., & Blown, E. J. (2013). Children’s concepts of the shape and size of the Earth, Sun and Moon. International Journal of Science Education, 35(3), 388–446.
Chastenay, P. (2018). To teach or not to teach Astronomy, that is the question: Results of a survey of Québec’s elementary teachers. Journal of Astronomy and Earth Sciences Education, 5(2), 115-136.  DOI:10.19030/jaese.v5i2.10221
Eberbach, C., & Crowley, K. (2009). From everyday to scientific observation: How children learn to observe the biologist’s world. Review of Educational Research, 79(1), 39-68.
Eshach, H. (2006). Science literacy in primary schools and pre-schools. New York: Springer.
Eshach, H., & Fried, M. N. (2005). Should science be taught in early childhood? Journal of Science Education and Technology, 14, 315–336.
Gelman, R., & Brenneman, K. (2004). Relevant pathways for preschool science learning. Early Childhood Research Quarterly, 19, 150–158.
Gerde, H. K., Schachter, R. E., & Wasik, B. A. (2013). Using the scientific method to guide learning: An integrated approach to early childhood curriculum. Early Childhood Education Journal, 41(5), 315-23.
Kallery, M. (2011). Astronomical concepts and events awareness for young children. International Journal of Science Education, 33(1), 341–369 
Kampeza, M., & Ravanis, K. (2006). An approach to the introduction of elementary astronomy concepts in early education. Paper presented at the European Conference on Educational Research, University of Geneva, 13-15 September 2006.
Kampeza, M., & Ravanis, K. (2009). Transforming the representations of preschool-age children regarding geophysical entities and physical geography. Review of Science, Mathematics and ICT Education, 3(1), 141-158.
Kuhn, D. & Pearsall, S. (2000). Developmental origins of scientific thinking. Journal of Cognition and Development, 1, 113-129.
Mali, G. B., & Howe, A. (1979). Development of earth and gravity concepts among Nepali children. Science Education, 63(5), 685-691.
Michaels, S., Shouse, A. & Schweingruber, H. (2008). Ready, set, science! Putting research to work in K‐8 science classrooms. Board on Science Education, Centre for Education, Washington, DC: The National Academics Press.
Ödman-Govender, C. J., & Kelleghan, D. (2011). Astronomical perspectives for young children. Science, 333(6046), 1106-1107.
Plummer, J. D. (2014). Spatial thinking as the dimension of progress in an astronomy learning progression. Studies in Science Education, 50(1), 1–45.
Rushton, S., Juola-Rushton, A., & Larkin, E. (2010). Neuroscience, play and early childhood education: connections, implications and assessment. Early Childhood Education Journal,  37, (5),  351-361. DOI:10.1007/s10643-009-0359-3
Schauble, L. (1996). The development of scientific reasoning in knowledge-rich contexts. Developmental Psychology, 32, 102–119.
Spektor-Levy, O., Kesner-Baruch, Y., & Mevarech, Z. (2011). Science and scientific curiosity in pre-school: The teacher’s point of view. International Journal of Science Education, 35(13), 2226-2253.
Thulin, S., & Redfors, A. (2017).  Student preschool teachers’ experiences of science and its role in preschool. Early Childhood Education Journal, 45(4), 509-520.
Türkmen, H. (2015). After almost half-century landing on the moon and still countering basic astronomy conceptions. European Journal of Physics Education, 6(2), 1-17.

 Valanides, N., Gritsi F., Kampeza, M., & K. Ravanis, K. (2000). Changing pre-school children’s conceptions of the day/night cycle. International Journal of Early Years Education, 8(1), 27-39.
Vosniadou, S. (2007). Conceptual change and education. Human Development, 50(1), 47–54.


Appendix 1: Knowledge Questionnaire on Astronomical Concepts	Comment by Author: Is this necessary, since all the questions are in Table 1 and the description following the table?
(Based on the research of Kampeza & Ravanis, 2006)
1. What is the name of the planet we live on?
2. What shape is the Earth? (cube / disk / sphere / ellipse)
3. What are the three parts of the Earth’s structure?
4. What is gravity?
5. How does the Earth move?
6. What is the Sun? (star / Moon)
7. Where is the Sun at night? (behind the Moon / covered in clouds / the Sun has gone to be with the other stars/ on the other side of the Earth)
8. What is the reason for the shift from day to night on Earth?
9. What is the Moon?
10. What is the orbit of the Moon? (The Moon orbits around itself / The Moon orbits the earth / The Moon orbits around the sun / The Moon does not orbit)
11. Does the Moon appear only at night? Where is it during the day?
12. Which is bigger? Sun / Earth?
13. What are the names of the planets in the solar system?
14. What can you tell me, in general, about the solar system, which I just asked about?
15. Did you enjoy learning about the subject? Why?
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