Science Education Quarterly, 2024, Vol. 1,1ss. 1, pp. 1-7 https://doi.org/10.55056/seq.816

From smartphones to stargazing: the impact of
mobile-enhanced learning on astronomy education

Svitlana L. Malchenko

Kryvyi Rih State Pedagogical University, 54 Universytetskyi Ave., Kryvyi Rih, 50086, Ukraine

Abstract

This study investigates the impact of mobile-enhanced learning on astronomy
education in secondary schools. Despite students’ inherent fascination with space,
traditional astronomy curricula often fail to engage learners effectively. We employed
a mixed-methods approach, combining a comprehensive literature review with
an empirical study involving university and 11th-grade students. The research
explored the integration of mobile applications in astronomy lessons, focusing
on their effect on student engagement, conceptual understanding, and practical
skills. Our findings reveal that carefully designed mobile learning activities can
significantly enhance students’ interest in astronomy, promote deeper conceptual
understanding, and develop crucial digital literacy skills. A case study on lunar
observation and analysis demonstrated the potential of mobile apps to facilitate
active, inquiry-based learning.
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1. Introduction

The rapid advancement of digital technologies and the increasing informatization of
society have profoundly impacted educational processes worldwide. In Ukraine, this
shift is reflected in the conception of the new Ukrainian school [4], which emphasizes
the need for a new type of education in secondary institutions. This educational model
aims to support civilizational achievements, foster innovation, and develop individuals
capable of solving complex societal problems.

The proliferation of mobile devices among students presents a significant pedagogical
opportunity. While students previously relied on home computers or dedicated com-
puter labs for digital learning, today’s learners typically possess smartphones, tablets,
or e-readers. Leveraging these devices for educational purposes can substantially
increase students’ cognitive activity and engagement with learning materials.

Astronomy, as a science that explores the Universe and its development, plays a
crucial role in forming students’ natural and scientific worldview. However, a paradox
exists in many secondary educational institutions: while students are inherently
fascinated by space and the Universe, they often exhibit low motivation to study the
formal astronomy curriculum, typically offered in the 11th grade. To address this
disconnect and enhance students’ understanding and absorption of astronomical con-
cepts, educators must employ various visualization aids, including photos, animations,
videos, diagrams, and 3D models.
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The integration of non-standard forms and technologies, particularly mobile appli-
cations, can significantly boost motivation for studying astronomy. Interactive tools,
multimedia boards, computers, and mobile apps, when used in conjunction with
traditional textbooks and supplemented with engaging, relatable information, can
capture students’ attention and foster a more serious and responsible attitude towards
the subject. Mobile apps enable students to explore the starry sky, study the Solar
System, investigate stellar structure and evolution, and observe various astronomical
phenomena [12].

While the number of astronomy-related mobile applications continues to grow,
there is a notable lack of comprehensive methodological guidance for their effective
implementation in astronomy lessons, particularly for organizing practical classes.
Therefore, this paper addresses the pressing need to develop robust guidelines for
integrating mobile app usage into astronomy lessons, with a focus on enhancing
practical learning experiences.

2. Theoretical framework

2.1. Mobile learning in education

Mobile learning represents a significant evolution in educational technology, offering
new possibilities for personalized, accessible, and continuous learning experiences.
As defined by Crompton, Burke and Gregory [3], mobile learning is a form of distance
education that leverages individual mobile devices such as smartphones, tablets,
e-readers, and other portable digital tools to deliver and access educational content.
This content encompasses a wide range of digital educational assets, including various
forms of media optimized for mobile platforms.

The core technologies enabling mobile learning comprise a broad spectrum of
digital and fully portable devices capable of information processing, storage, and
dissemination [5]. These technologies not only improve access to information but
also introduce novel methods for presenting and interacting with educational content,
leading to the creation of new or enhanced forms of material processing.

Litticke [6] categorizes e-learning applications, including mobile learning, into five
levels based on the main actions of the learner:

Reading and receiving (e.g., websites, PDF documents)

Using knowledge and exercising (e.g., standard tests, drill and practice)
Exploring (e.g., simulations, animations)

Problem-solving (e.g., complex tasks requiring decision-making)

Researching, developing, and cooperating (e.g., virtual labs, collaborative learning
environments)
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In the context of astronomy education, mobile learning applications can span all
these levels, from providing basic information about celestial bodies to enabling
complex simulations of astronomical phenomena.

2.2. Augmented reality in astronomy education

Augmented Reality (AR) technology has emerged as a powerful tool in educational
contexts, particularly in subjects like astronomy that require spatial understanding
and visualization of complex phenomena. AR overlays virtual objects onto the real
environment, creating an interactive and immersive learning experience [2].

The integration of AR in astronomy education offers several advantages:
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AR allows students to see 3D representations of celestial bodies and their move-
ments, making abstract concepts more tangible [13].

Students can manipulate virtual objects, aiding in the understanding of astro-
nomical phenomena [10].

* AR can provide real-time information about celestial objects visible in the night
sky, bridging theoretical knowledge with real-world observations [11].

The novelty and interactivity of AR can boost student motivation and interest in
astronomy [9].

Several studies have demonstrated the effectiveness of AR in astronomy education.
For instance, Zhang et al. [13] developed an AR-based armillary sphere for astro-
nomical observation instruction, which significantly enhanced students’ learning of
astronomical observation content and skills. Similarly, Tarng et al. [10] created a
lunar-phase observation system using AR and mobile technologies, which proved
effective in helping students understand and record lunar phases.

2.3. Mobile technologies in astronomy education

The application of mobile technologies in astronomy education extends beyond AR,
encompassing a wide range of tools and approaches:

* Mobile planetariums simulate the night sky, allowing students to identify stars,
planets, and constellations [11].

¢ Virtual observatories provide access to telescope data and images, enabling
students to conduct virtual observations [1].

¢ Interactive simulations model astronomical phenomena, helping students under-
stand concepts like planetary motion, eclipses, and stellar evolution [10].

* Mobile-based collaborative platforms that facilitate group projects and peer-to-
peer learning in astronomy [12].

Chen and Lin [1] developed a context-aware ubiquitous learning environment for
astronomy education, which integrated RFID technology, wireless networks, and
mobile devices. Their system demonstrated improvements in learning motivation and
performance among elementary school students.

2.4. Challenges and considerations

While mobile technologies offer significant potential for enhancing astronomy educa-
tion, several challenges need to be addressed:

¢ Digital divide: disparities in access to mobile devices and internet connectivity
can create inequalities in educational opportunities [9].

* Teacher training: effective implementation of mobile learning requires adequate
professional development for educators [8].

¢ Content quality: ensuring the accuracy and educational value of mobile astronomy
applications is crucial [2].

¢ Integration with curriculum: mobile learning activities need to be aligned with ed-
ucational standards and integrated seamlessly into existing astronomy curricula
[7].

Nasir et al. [8] highlight the importance of considering self-efficacy when developing
mobile AR applications for physics and astronomy education, emphasizing the need
for teacher support to maximize the benefits of these technologies.
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3. Methodology

This study employed a mixed-methods approach to investigate the effectiveness of
mobile technologies in astronomy education. The research was conducted in two
phases:

Phase 1: Literature review and app analysis A review of existing literature on mobile
learning, with a focus on STEM and astronomy education, was conducted.
This review informed the selection criteria for mobile applications suitable for
astronomy education. We then analyzed popular astronomy apps available
on major mobile platforms (iOS and Android), evaluating them based on
their educational potential, user interface, accuracy of information, and
alignment with secondary-level astronomy curricula.

Phase 2: Empirical study
An empirical study was conducted involving both university students from
the faculty of physics and mathematics and 11th-grade secondary school
students. The study design included:

a) Pre-intervention survey to assess students’ initial knowledge of astron-
omy concepts and their familiarity with mobile learning technologies.

b) Implementation of mobile-enhanced astronomy lessons. A series of
lessons incorporating selected mobile applications were designed and
implemented. These lessons covered various topics in the astronomy
curriculum, including lunar phases, planetary motion, and stellar evo-
lution.

c) Post-intervention assessment: students’ knowledge gains were evaluated
through a combination of written tests and practical tasks using mobile
applications.

d) Quualitative feedback: semi-structured interviews were conducted with a
subset of participants to gather in-depth insights into their experiences
with mobile-enhanced astronomy learning.

4. Results and discussion

4.1. Integration of mobile technologies in astronomy education

Our analysis revealed that the effective integration of mobile technologies in astronomy
education requires a thoughtful approach that aligns technology use with specific
learning objectives. We identified several key strategies for successful implementation:

1. Gradual introduction: begin with simple applications and gradually increase
complexity as students become more comfortable with mobile learning.

2. Clear instructions: provide detailed guidance on app usage to minimize technical
difficulties and focus on learning outcomes.

3. Blended approach: combine mobile activities with traditional teaching methods
to create a balanced learning experience.

4. Collaborative learning: utilize mobile technologies to facilitate group projects and
peer-to-peer learning.

5. Real-world connections: use mobile apps to bridge classroom learning with real
astronomical observations and phenomena.
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4.2. Case study: lunar observation and analysis

To illustrate the potential of mobile technologies in astronomy education, we present a
detailed case study of a lunar observation and analysis activity. This activity utilized
two mobile applications: Moon Globe for studying lunar surface features, and Moon
Phases for tracking lunar motion and phases.

4.2.1. Moon surface study

Students were tasked with using the Moon Globe application to identify and study
various lunar features:

* Locate specific seas, craters, and mountain ranges on the lunar surface.
¢ Identify and record the largest features in each category.
* Compare the observable and far sides of the Moon.

This activity allowed students to gain a detailed understanding of lunar topogra-
phy and nomenclature, reinforcing their spatial reasoning skills and knowledge of
selenography.

4.2.2. Lunar motion and phases analysis

Using the Moon Phases application, students conducted a month-long observation of
lunar motion and phases. They recorded daily data including:

¢ Lunar day

¢ Rise and set times

* Phase (percentage of illumination)
* Position in the zodiac

Students then analyzed this data to determine:

* The synodic period of the Moon

* The sidereal period of the Moon

¢ Patterns in lunar motion across the celestial sphere
¢ Optimal conditions for lunar observation

This extended observation activity enabled students to discover key astronomi-
cal concepts through their own data collection and analysis, promoting a deeper
understanding of lunar dynamics and observational astronomy techniques.

4.3. Learning outcomes and student engagement

The implementation of mobile-enhanced astronomy lessons yielded several positive
outcomes:

1. Students demonstrated higher levels of interest and participation in astronomy
lessons that incorporated mobile technologies.

2. Post-intervention assessments showed significant improvements in students’
grasp of complex astronomical concepts, particularly those related to celestial
mechanics and observational techniques.

3. Students developed proficiency in using digital tools for astronomical observations
and data analysis, skills that are increasingly relevant in modern scientific
practice.
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4.4.

The use of mobile apps encouraged independent exploration and self-directed
learning outside of formal class times.

Several students expressed increased interest in pursuing advanced astronomy
courses or related STEM fields.

Challenges and limitations

Despite the overall positive outcomes, several challenges were identified in the imple-
mentation of mobile learning in astronomy education:

Variations in students’ device capabilities sometimes led to inconsistent experi-
ences across the class.

Poor or inconsistent internet access in some school locations hindered the use of
online resources.

Some students were initially prone to using their devices for non-educational
purposes during lessons.

Some educators required additional training to effectively integrate mobile tech-
nologies into their teaching practices.

concerns: Differences in device quality among students occasionally led to
feelings of inequity or embarrassment.

These challenges highlight the need for careful planning and support structures
when implementing mobile learning initiatives in astronomy education.

5. Conclusion

Key findings from our research include:

1.

2.

Mobile technologies can bridge the gap between students’ inherent interest in
space and their engagement with formal astronomy curricula.

Carefully designed mobile learning activities can promote active, inquiry-based
learning in astronomy, leading to deeper conceptual understanding and improved
practical skills.

. The integration of mobile apps throughout the astronomy curriculum supports

personalized learning paths and encourages self-directed exploration.

Mobile-enhanced astronomy education can foster the development of digital
literacy skills that are crucial in modern scientific practice.

However, successful implementation requires addressing challenges related to tech-
nology access, teacher training, and classroom management. Future research should
focus on developing best practices for overcoming these challenges and on longitudinal
studies to assess the long-term impact of mobile-enhanced astronomy education on
student learning outcomes and career choices in STEM fields.
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