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Astronomy has become popular and interesting topic since ancient times of the Earth. People tried to
discover what they see in sky and then, they had found explanations. Thanks to technological developments,
today, it is easier to discover beyond the Earth. In recent years, science education integrates different fields
such as mathematics, engineering and art... into K-12 education. Therefore, K-12 astronomy education has
also become more interdisciplinary course. Educators integrates different fields into their lessons in many
different ways. This article reviewed “Interdisciplinary Astronomy Teaching” in terms of five disciplines
which are art, music, mathematics, technology and engineering.
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INTRODUCTION

People has been interested in sky and beyond since the early ages. From these ages to 21th century,
there are many significant explorations and developments. Today, people can imagine space travel from
the Earth to other planets. While these innovations are occurred, the education methods and approaches
cannot keep away these developments. Also, those developments led to appear a new learning environments
and approaches (Brake, Griffiths, Saunders, Thornton, 2004). At that time, Interdisciplinary science
teaching has become popular and also, it was enhanced its framework and dimensions such as engineering
and technology. Interdisciplinary science teaching means collaboration of disciplines such as math, art and
literature with the science programs. The last trend of interdisciplinary science teaching is STEM education
which includes science, technology, engineering and math (Czerniak & Johnson, 2014). It was introduced
in America and then, spread to nearly whole world. STEM education aims to develop students’ skills which
are problem solving, critical thinking skills and creativity... In this approach, students become more active
while teachers have a role of facilitator or guide (Chang, Chen, Lou, Tseng, 2011). When we looked at the
literature about interdisciplinary science teaching, there are little amount of study about interdisciplinary
astronomy teaching. Many of research generally focused on engineering-based topics, thanks to STEM
education’s “E” dimension.

This article focused on an interdisciplinary teaching of astronomy topics. There are reviews of 5
dimensions which based on both elementary astronomy and interdisciplinary science teaching. Each article
underwent a research about the effects of different discipline to K-12 astronomy education, with each other.
The researchers worked with either students or teachers. Therefore, Reviews are categorized depending on
disciplines’ types. The reviews are divided into five different disciplines: (1) Art (2) Music (3) Mathematics
(4) Technology (5) Engineering. Each subtopic includes description of given discipline, integration of
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science lessons and astronomy lessons. Also, related articles are showed and explained in detail to support
ideas.

THE DISCIPLINE OF ART

The discipline of art makes students more creative and imaginative. It provides innovative process to
science lessons therefore; students may look contents from new sights. The art makes students more
explosive (Connor, Karmokar, Whittington, 2015). In the following paragraphs, reviews about how we can
collaborate with art dimension in the astronomy lessons are elaborated.

The Art starts with color and then, saturation, balance... How can we integrate art into the astronomy
topics? We should look deeper and more detailed to astronomy concepts. According to Radnofsky, artists
improve their eyes’ artistic talent such as depth of field, shadows and perspective... She claims that, people
can integrate these skills into the astronomical phenomena (Radnofsky,2006). Also, McGinn and Roth
(1999) stated that representation with using visuals is the basis of doing and creating something about
science. In addition, observation is an important skill for scientist to interpret nature. Radnofsky (2006)
argued that there is a relationship between observation and artistic talents. For instance, when people have
a nuance which is a ability of perception, they will be do more accurate observations with devices like
microscope or telescope. Imaging devices like telescope are important for astronomy because they are our
biggest chance to observe beyond the Earth. Ragans (1995) also supported this idea with that, the emphasize
of the effects of light on object increased after developments of color had been increased. According to
Stavridou and Kakana (as cited in Lee et al., 2019), students who improve visual perception will be better
with physical concepts.

Making astronomical models also supported children’s astronomical views. Therefore, students can use
their artistic talents into their models and finally, they can create 2-D/ 3-D models (Radnofsky,2006). There
is a research about the relationship between elementary astronomy and drawing-based models in 2014
supports Radnofsky’s claim (Joolingen, Aukes, Gijlers & Bollen, 2014). In this study, researchers
underwent an experiment with 247 participant which are nearly same ratio of gender and ages starts with 7
to 15. The study had been lasted for four weekends in the science museum. Museum staff wants participant
first to indicate their knowledge about “solar system” and “'solar and lunar eclipses” on the questionnaire
(as a pre-test) and then, sketch it on the drawing software. Lastly, museum staff put participant to the post-
test (Joolingen et. al., 2014). According to results, there is statistically significant relation between drawing-
based modelling and astronomy understanding. Also, it is shown that most of the participant do moderately
accurate drawings/models.

THE DISCIPLINE OF MUSIC

Music, generally, has been used as a motivation tool in the classrooms. It is shown that music creates
facilitating and engaging environment, therefore students shows better performance in the lessons (as cited
in Kim & Yoon, 2017). On the other hand, the music is not used only “the motivation factor” in the lessons.
For instance, “The Science Song” study claims when science teachers incorporate with the music discipline,
their students can develop their science process skills (Kim & Yoon, 2017). Also, science process skills are
essential for most of the science topics, including astronomy (Jirout & Zimmerman, 1970).

From the ancient period to the modern times, people who are interested in astronomy try to relate
motion of great bodies and harmony of movement with musical intervals. For example, Levenson (as cited
in Radnofsky, 2006) wrote that Aristotle wrote that numeric ratios of regular motion of great bodies have
some similarities with musical intervals. Kepler, also, believed that there is a relation between mathematical
calculations of orbital motions and harmony in music (Fraknoi, 2002). These attempts to find a connection
between music and astronomy may be the starting point of incorporation of them for teaching astronomy.
To build beneficial lessons, teachers should help students to discover these relations and research to the
students (Radnofsky, 2006).
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THE DISCIPLINE OF MATHEMATICS

The discipline of mathematics may be seen as the closest discipline of science because both of them
include formulas and calculations to explain phenomena. Because of this thought, students who are math-
phobic can keep away some physics or chemistry subjects in science lessons (Radnofsky, 2006). However,
the collaboration of these two disciplines is beyond those formulas and calculations. According to Goldin’s
(as cited in Herro & Quicqley, 2019) study, students stated that mathematics is the language of science. As
opposed to this belief, in real life, mathematics dimension is the weakest area in the interdisciplinary science
teaching (Herro & Quiqley, 2019).

In 2011, Chen, Lou, Chang and Tseng (2011) underwent a research about students’ attitudes toward
some disciplines which are science, math, technology and engineering. They design an interdisciplinary
science project for students. Firstly, students were pre-tested to measure their attitudes. After doing project,
researchers made a post-test to them. According to results, most of the students have positive attitudes to
math discipline but they have least interest to it within the all subjects (both before and after the project)
(Chen, Chang, Lou, Tseng, 2011). The reason of students’ positive attitude but less interest is previous
difficulties of students in their mathematics courses (Chen, et. al., 2011). This study supports why math is
the weakest area in interdisciplinary science teaching.

In the astronomy, mathematic is used for creating astronomical models such as evolution process of
one astronomical object. To be create a model, people have to do observation some imaging devices such
as telescopes. However, observation is not enough for discovery in 21th century. Thanks to mathematical
relations, the more complex models can be created. At that point, there should be a framework which
astronomers have to be in for making models. This framework consists of rules, theories and facts in
chemistry and physics. This collaboration is really important for development of astronomical discoveries
(Herro & Quigley, 2019). Making a model with the help of the mathematics may be difficult for K-12
students. However, at least talking about the connection between two disciplines may help students to
understand their relationships.

Math dimension in interdisciplinary science teaching includes in both of math-phobic and logical-math
thinkers. In the elementary level, according to Radnofsky (2006), teachers should prepare activities for both
math-phobic and logical-math thinkers students. To integrate math dimension to the astronomy lessons,
teachers should make students to draw bar graphs, charts, scales to represent their ideas. For instance, to
compare size of planets or other great bodies, students can use bar graph (Radnofsky, 2006). Also, students
collect data with mathematical tools such as meters, rules and organize them (Herro & Quiqley, 2019).

THE DISCIPLINE OF TECHNOLOGY

The technology has been developing day to day. Thanks to product of technology, it is the popular
subject among students (Noyes & Rees, 2007). Students find technology-related topics interesting.
Therefore, integration of technology into the science lessons is not irrelevant. On the other hand, Jenkin (as
cited in Noyes &Rees, 2007) stated that technology helps and finds solutions to the many problems related
to society, environment or medical issues... The relationship between science and technology still
discussed. Some researchers argue that technology is the product of science but some of them thinks that
science only supports technological developments, not directly creates (Brooks, 1994).

In educational aspect, one study explained that the quick development of technology requires new skills
such as linking information with multiple disciplines (Connor et al., 2019). Interdisciplinary science
teaching forces students to improve this skill because it includes more than one disciplines into itself. And
now, how we can integrate technology into the astronomy classes?

When looked at researches, technology is used as supplementary discipline. For instance, the research
about finding relationship between modeling and elementary astronomy used a software to make students
a drawing (Joolingen et al., 2014). Participants firstly, draw a model about on SimSketch (Bollen &
Joolingen, 2013) which enables students to draw orbiting and rotating object on computer. Then, they
animated their drawings. The elements which are chosen by students move the way that participants
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assigned to them. Lastly, the software matches the created models with accurate (correct) models.
According to result of the study, using computer software effected students’ participation positively. There
is another study to support that technology dimension effects positively to astronomy teaching (Beecher,
Black, Hayes & Marino, 2010). In USA, researchers underwent a study with 1153 participants from grades
6-8. They implemented technology-enhanced STEM Astronomy curriculum to the students with the help
of teachers. When we looked at findings about technology part, technology-enhanced materials help
students to enhance their academic achievements and self-efficacy. However, they added that there should
be more study about this area (Beecher et al., 2010).

As mentioned before, technology has been developing day to day. Therefore, computer software,
simulation or animations cannot get enough (Litvak, Mintz & Yair, 2001). 3-D VR (virtual reality)
technologies which enables people to be in an environment such as from space, lab or spacecraft while they
are wearing VR glasses. “VR improves learning, when it does, by providing the learners with new, direct
experiences of phenomena they could not have experienced before, either in direct interaction with the real
world or using other technologies” (Furness, Win & Yu, 1997, para.10 ). Yair et al. (2001) results that using
VR in astronomy lessons helps students convert abstract knowledge to concrete because they interact
directly with astronomical concepts. Also, they argue that using virtual reality creates deep learning about
space and planetary movement contents.

THE DISCIPLINE OF ENGINEERING

Engineering is an application of science and mathematics to achieve goals and solve problems under
given constraints. Engineering utilize multidisciplinary sciences and technologies to model, analyze, design
and create solutions to problems (Bennet, Carr & Strobel, 2012).

Studies show that students better understand complex science knowledge when building their own
models than when given algebraic and abstract models (Linn, Pea & Songer, 1994). Using concepts and
models of science, technology and mathematics, engineering discipline helps students to solve basic
problems faced in everyday life. Engineering can simplify and concretize complex and abstract scientific
concepts using tangible models created by students. These models are created through analysis, argument
and critique thus engineering contextualizes the concepts of math and science (Bennet et. al., 2012).
Engineering applications can help learners to approach science and mathematics as subjects relevant to their
lives.

Since engineering applications involve science, mathematics and technology, engineering integrates
four of STEAM disciplines. This combined educational approach further enhance STEAM education and
help students build necessary skills for their college education and career. These skills include problem
solving, data collection and analysis, group work, communication about multidisciplinary fields and
creative ideas, computer modelling etc.

Qualifications needed in modern engineers can be given as, problem solving, how to perform the ideal
solution in a given situation, communicating as a team member in multidisciplinary environments.
Providing these elements to learners should be the goal of modern educations systems (Connor, et. al.,
2015).

When we looked at researches about astronomy, modern astronomy uses so many fields which include
engineering, also. Many types of engineering can work with together to do research about astronomical
phenomena, such as physics engineer, chemical engineer and space engineer. In elementary astronomy,
teacher may give a problem about the any topic related to astronomy and then want student to find possible
solutions. Students can be assigned to any of engineer type and then, they act like an engineer. Mission of
being an engineer aims that students gain skills which are mentioned before (Russo, Retré, & Christensen,
2019).
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CONCLUSION

Overall, this paper aims to show how elementary astronomy lessons can be more interdisciplinary, with
supporting researches and studies. Astronomy concepts are generally abstract because the opportunity of
observing directly with naked eyes by students is nearly impossible (Radnofsky, 2006). To become more
concrete learning, teachers should try different methods in their lessons. Interdisciplinary science teaching
is an example of these ways. Interdisciplinary does not means directly integration of one discipline to other
discipline (Brake, et al., 2004). It means collaboration of more than one disciplines. In science education,
there is a new trend which is STEM education. STEM means collaboration of three disciplines (technology,
engineering and mathematics) with science (Czerniak & Johnson, 2014). On the other hand, art, literature
or music can be useful to plan a science lesson according to topic. For elementary astronomy teaching,
Radnofsky (2006) claimed that art is an important discipline for integration. This article mentioned three
factors to explain importance. The first one is art gives students a chance of self-expression and
creativeness. Therefore, students gain to broad their perspectives. The second one is about observing
something. Radnofsky (2006) mentioned that observation is important skill for astronomy because of most
of the astronomical objects are observed by imaging devices. When students develop their artistic talents,
they can interpret what they see on these devices. Lastly, we covered a research about effectiveness of
making an astronomical model by drawing. According to results, 3D modelling helps students to develop
astronomical views. The other discipline is music which is generally used for increasing motivation and
focus of students to the lessons. On the other hand, it is revealed that when science works with music
discipline, it helps students improve their science process skills. Science process skills are important for
students because it forces scientific creativity and also motivation of students toward science. Also, it helps
students interpret their environment, conduct an experiment and, meaningful observations (Aktamis &
Ergin, 2008). In addition, specifically for astronomy topics, music is always in the mind of astronomers
from Aristotle to Kepler (Fraknoi, 2002). They had tried to relate these two concepts with together.
However, there is not any recent study which directly conducts to find the relation between understanding
of astronomy and music discipline. Therefore, it is not so possible to do good review about efficiency of it.
The third dimension which is mentioned in this article is mathematics. According to Herro & Quicley
(2019) and Chen et al. (2011), mathematics is not integrated science topics effectively. The reason behind
collaboration problem is students’ struggle with math class. However, math is not only used for calculations
or formulas in the science classes. For instance, to create a 3-D model or comparing volume or size of
astronomical objects, students should work with math dimension. In this dimension, teachers should
consider students with math phobia in order to reach each student and plan their lessons depending on this
situation. In astronomy lessons, the teachers may ask students to draw basic graphs or scales depending on
the content (Radnofsky, 2006). The technology is the popular dimension of interdisciplinary science
teaching (Noyes & Rees, 2007). Thanks to STEM education, using technology in science classes has been
increased day to day. Today, people can easily solve their problems with the help of the technology (Jenkins,
2006). In the fact that it is an important part of our lives and decades, we have to integrate it our classes.
Results of the researches shows that technology improve students’ academic achievement of astronomy
(Beecher, et al., 2010) (Yair et al., 2001). They generally used technological software such as drawing &
modelling programs. However, I think that use of virtual reality (VR) for astronomy teaching may be
enforced to create more concrete astronomical environment. Yeinz et. al. (2001) also stated that VR use
helps students to improve their learning about astronomical phenomena, events and motions. The last aspect
which mentioned this article is engineering dimension. Engineering includes many processes into it such
as analyzing, problem solving and creating models. Songer et al. (1994) claimed that engineering process
forces students understanding about content knowledge. When we looked at astronomical developments,
different engineering departments work with together. Therefore, during implementing astronomical
content teachers may use engineering process by assigned engineer titles to students.

To conclude, there are many ways to collaborate with different disciplines for specifically astronomy
teaching. Mentioned supporting researches showed that interdisciplinary astronomy teaching has positive
effects on students learning about astronomical phenomena. However, studies and data about
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interdisciplinary astronomy teaching is not enough to make good comparison. I highly recommend
increasing number of studies in this area.

ACKNOWLEDGEMENTS

I would like to offer my special thanks to Prof. Dr. Jale Cakiroglu and my dear family members; Belkis,
Cesur and Deniz.

REFERENCES

Aktamis, H., & Ergin, O. (2008). The effect of scientific process skills education on students’ scientific
creativity, science attitudes and academic achievements. Asia-Pacific Forum on Science Learning
and Teaching Source.

Baran, E., Bilici, S.C., & Mesutoglu, C. (2016). Moving STEM Beyond Schools: Students’ Perceptions
About an Out-of-School STEM Education Program. International Journal of Education in
Mathematics, Science and Technology, 4(1), 9. doi:10.18404/ijemst. 71338

Brooks, H. (n.d.). The relationship between science and technology. Retrieved from
http://www.sciencedirect.com/science/article/pii/0048-7333(94)01001-3

Carr, R.L., Bennett, L.D., & Strobel, J. (2012). Engineering in the K-12 STEM Standards of the 50 U.S.
States: An Analysis of Presence and Extent. Journal of Engineering Education, 101(3), 539-564.
doi:10.1002/}.2168-9830.2012.tb00061.x

Connor, A.M., Karmokar, S., & Whittington, C. (2015). From STEM to STEAM: Strategies for
Enhancing Engineering & Technology Education. International Journal of Engineering
Pedagogy (IJEP), 5(2), 37. doi: 10.3991/ijep.v5i2.4458

Czerniak, C.M., & Johnson, C.C. (2014). Interdisciplinary science teaching. In Handbook of Research on
Science Education, (Volume 11, pp. 409-425). Routledge.

Davies, H., & Hellmich, M. (2016). Ode to Hubble: Inspiring Science through Art. Communicating
Astronomy With the Public, (20), 19-24.

Fraknoi, A. (2002). Teaching Astronomy with Science Fiction: A Resource Guide. Astronomy Education
Review, 1(2), 112—119. doi: 10.3847/aer2002009

Furness, T.A., Winn, W., & Yu, R. (1997). Global change, VR and learning, A report for the NSF of
workshops, The impact of three dimensional immersive VE on modern pedagogy. Retrieved from
http://www.hitl washington.edu/publications/r-97-32/

Herro, D., & Quigley, C.F. (2019, March). An Educator's Guide to STEAM: Engaging Students Using
Real-World Problems. Retrieved from
https://www.tandfonline.com/doi/abs/10.1080/1554480X.2019.1665868?journal Code=hped20

Jirout, J., & Zimmerman, C. (1970, January 1). Development of Science Process Skills in the Early
Childhood Years. Retrieved from https://link.springer.com/chapter/10.1007/978-94-017-9505-0 7

Joolingen, W.R., van Aukes, A.V.A., Gijlers, H., & Bollen, L. (2014, December 23). Understanding
Elementary Astronomy by Making Drawing-Based Models. Retrieved from
https://link.springer.com/article/10.1007/s10956-014-9540-6

Lee, A.S., Wilson, W., Tibbetts, J., Gawboy, C., Meyer, A., Buck, W., ... Pantalony, D. (2019). Celestial
calendar-paintings and culture-based digital storytelling: cross-cultural, interdisciplinary,
STEM/STEAM resources for authentic astronomy education engagement. EPJ Web of
Conferences, 200, 2—12. doi: 10.1051/epjcont/201920001002

Linn, M.C,, Disessa, A., Pea, R.D., & Songer, N.B. (1994). Can research on science learning and
instruction inform standards for science education? Journal of Science Education and
Technology, 3(1), 7-15. doi: 10.1007/bf01575812

Marino, M.T., Black, A.C., Hayes, M.T., & Beecher, C.C. (2010). An Analysis of Factors That Affect
Struggling Readers Achievement during a Technology-Enhanced STEM Astronomy

174 Journal of Higher Education Theory and Practice Vol. 20(15) 2020



Curriculum. Journal of Special Education Technology, 25(3), 35-47. doi:
10.1177/016264341002500305

McGinn, K., Roth, M., & Wolff-Michael. (1998, November 30). Preparing Students for Competent
Scientific Practice: Implications of Recent Research in Science and Technology Studies.
Retrieved from https://eric.ed.gov/?id=EJ587009.

Percy, J.R. (2006). Teaching Astronomy: Why and How? JAAVSO, 35, 248-254.

Purzer, S., & Quintana-Cifuentes, J.P. (2019). Integrating engineering in K-12 science education: Spelling
out the pedagogical, epistemological, and methodological arguments. Disciplinary and
Interdisciplinary Science Education Research, 1(1). doi: 10.1186/s43031-019-0010-0

Radnofsky, M.L. (2006). Contextualizing Astronomy with Interdisciplinary Materials and Strategies.

Ragans, R. (1995). Arttalk. New York: McGraw-Hill.

Ramey-Gassert, L. (1997). Learning Science beyond the Classroom. The Elementary School Journal,
97(4), 434—-450. doi: 0013-5984/97/9704-0009$01.00

Rees, H., & Noyes, J.M. (2007, June 26). Mobile Telephones, Computers, and the Internet: Sex
Differences in Adolescents' Use and Attitudes. Retrieved from
https://www liebertpub.com/doi/abs/10.1089/cpb.2006.9927

Russo, P, Retré, J., & Christensen, L.L. (2019). Creative Commons Attribution 4.0 International (1st
ed.).

Saunders, D., Brake, M., Griffiths, M., & Thornton, R. (n.d.). Access, astronomy and science
fiction. Active Learning in Higher Education, 5(1), 27-42. doi: 10.1177/1469787404040458

Tseng, K-H., Chang, C-C., Lou, S-J., & Chen, W-P. (2011). Attitudes towards science, technology,
engineering and mathematics (STEM) in a project-based learning (PjBL) environment.
International Journal of Technology and Design Education, 23(1), 87-102. doi: 10.1007/s10798-
011-9160-x

Yair, Y., Mintz, R., & Litvak, S. (2001). 3D-Virtual Reality in Science Education: An Implication for
Astronomy Teaching. JI. of Computers in Mathematics and Science Teaching, 20(3), 293-305.

Yoon, J., & Kim, K.J. (2017). Science Song Project: Integration of Science, Technology and Music to
Learn Science and Process Skills. K-12 STEM Education, 3(3), 235-250.

You, H.S. (2017). Why Teach Science with an Interdisciplinary Approach: History, Trends, and
Conceptual Frameworks. Journal of Education and Learning, 6(4), 66. doi: 10.5539/jel vondp66

Journal of Higher Education Theory and Practice Vol. 20(15) 2020 175



