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Abstract: The Fundamentals of Astronomy module in high school Geography Elective 1 is closely linked to 
Compulsory 1: Fundamentals of Earth Science and Selective Compulsory 1: Fundamentals of Physical Geography. It 
covers three fundamental levels—the Earth-Moon system, the Solar System, and the Galaxy-Universe—with a focus 
on astronomical observation methods and conceptual understanding. This paper analyzes the module’s structure, its 
interdisciplinary connections, and its role in fostering scientific literacy. The cosmology conveyed in this module 
consists of three key aspects: the scientific foundation of cosmology, the spatiotemporal perspective, and the harmony 
between humanity and nature. The paper further emphasizes three educational objectives: guiding students to respect 
nature and others, rejecting superstition in favor of scientific reasoning, and developing a reflective and positive outlook 
on life. By integrating astronomical concepts into geography education, the module enhances students’ comprehension 
of cosmic phenomena while promoting critical thinking and broader scientific awareness.
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1. Introduction
The Geography Curriculum Standards for Ordinary High Schools (2017 Edition, revised in 2020) specify that Elec-
tive Module 1, Fundamentals of Astronomy, comprises four key thematic areas: celestial observation, the Earth-Moon 
system and the solar system, the Sun and stellar phenomena, and the Milky Way and the broader universe. Given the 
vast scope of astronomical science, it is neither practical nor necessary for secondary school geography instruction to 
comprehensively address every aspect of the discipline. Moreover, the primary objective of the module is not to train 
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students as professional astronomers but to develop a foundational understanding of astronomical concepts. Conse-
quently, a precise interpretation of the curriculum requirements for Fundamentals of Astronomy is essential in trans-
lating core subject competencies and curriculum standards into effective classroom instruction.

2. Core elements of the fundamentals of the astronomy curriculum
The curriculum standards for Elective Module 1 outline ten content standards, categorized based on fundamental 
conceptual levels, core subject matter, essential competencies, and foundational methodologies (Table 1). This classi-
fication enables a structured analysis of the core components within the Fundamentals of Astronomy module.

Table 1. Core components of the Fundamentals of Astronomy curriculum

Conceptual 
Scale Core Content (Action Verbs in Bold) Cognitive 

Level
Instructional 

Approach

Earth-Moon 
System

Utilize charts, software, and data to describe the composition and motion 
characteristics of the Earth-Moon system. J

Familiarize 
with modern 
astronomical 

instruments (L)

Observe and describe lunar phases, eclipses, solar eclipses, and tidal phenomena, 
explaining their causes using diagrams and data. J

Solar System

Summarize the discovery and formation of the solar system. J

Use solar system models and data to illustrate its structure and planetary 
characteristics. J

Map the solar atmosphere’s structure and analyze solar activity and its effects on 
Earth. C J

Galaxy

Describe the general properties of stars and explain stellar evolution using 
diagrams and data. J

Identify major constellations using star maps and the celestial sphere, recognizing 
the seasonal star patterns and their geographic significance. L

Observe and illustrate the Milky Way’s structure and analyze its formation using 
diagrams and observational data. J

Universe Explain the key principles of the Big Bang theory and describe the fundamental 
components of the universe. J

Note: L = Basic comprehension level, J = Conceptual understanding level, C = Independent application level

2.1. Integration with earth science and physical geography
The curriculum standards for Compulsory Module 1 require students to “utilize data to describe the cosmic environ-
ment of Earth and explain the influence of the Sun on Earth.” In contrast, Elective Module 1 builds upon this foun-
dation by expecting students to “illustrate the layered structure of the solar atmosphere and analyze solar activities 
and their impacts on Earth.” Both modules emphasize the Sun’s influence on Earth, demonstrating a structured, spiral 
progression in curriculum design.

Similarly, Selective Compulsory Module 1 focuses on “explaining the geographic significance of Earth’s mo-
tion through case studies,” while Elective Module 1 extends this understanding by requiring students to “summarize 
the composition and kinematic characteristics of the Earth-Moon system using charts, software, and other tools,” and 
to “observe, describe, and interpret phenomena such as lunar phases, eclipses, and tides using graphical data” (Table 
1).
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These curriculum requirements underscore the strong interdisciplinary connections between Elective Module 1 
(Fundamentals of Astronomy), Compulsory Module 1 (Fundamentals of Earth Science), and Selective Compulsory 
Module 1 (Fundamentals of Physical Geography). Within this framework, the elective module serves as an advanced 
extension of foundational knowledge, reinforcing key concepts across these disciplines.

2.2. Three fundamental hierarchies: Earth-moon system, solar system, and galaxy-
universe
Astronomy, as a scientific discipline, explores celestial objects and the broader universe, which can be systematically 
organized into three hierarchical scales: planetary, stellar, and galactic [1]. To ensure pedagogical coherence, the cur-
riculum structures its content into three primary levels:

Earth-moon system: Covers lunar phenomena, tidal mechanisms, and orbital dynamics.
Solar system: Examines the Sun’s structure, planetary motion, and interplanetary interactions.
Galaxy and universe: Focuses on stellar evolution, galactic structures, and cosmological principles.
Although the Fundamentals of Astronomy module presents a concise selection of topics, its scope aligns with 

key domains in contemporary astronomical research. Upon completing the module, students are expected to develop 
a comprehensive cognitive framework for understanding astronomy, acquiring fundamental knowledge and concep-
tual mastery across these hierarchical levels (Table 1).

2.3. Understanding as the primary learning objective
The geography curriculum distinguishes between result-oriented objectives—focused on knowledge and skill ac-
quisition—and experiential objectives, which emphasize attitudes and values. These distinctions are reflected in the 
behavioral verbs used within the curriculum standards [2]. Analyzing the Fundamentals of Astronomy module reveals 
the following patterns:

Result-oriented knowledge objectives constitute the majority, with an emphasis on conceptual understanding, as 
indicated by verbs such as “explain” and “analyze” (denoted as J in Table 1).

Basic comprehension (L) and independent skill application (C) are each represented by a single content stan-
dard.

Experiential objectives, such as “appreciate” and “reflect,” receive minimal emphasis, indicating a pedagogical 
focus on cognitive mastery rather than affective engagement.

This structure underscores the curriculum’s prioritization of systematic knowledge acquisition, aligning with as-
tronomy’s inherently analytical nature.

2.4. Emphasis on fundamental astronomical observation methods
Observation is the cornerstone of astronomical research, with modern methodologies relying on optical, 
radio, and space-based technologies. The Fundamentals of Astronomy module integrates these observational 
methods through:

Content Standard 2, which requires students to “understand modern astronomical instruments.”
Methodological Integration, which emphasizes the use of star charts, simulation software, and data visualization 

tools across multiple standards (e.g., analyzing eclipses and modeling celestial motion).
Despite the absence of newly developed textbooks aligned with the revised 2020 curriculum, the unique de-

mands of astronomy instruction—particularly its reliance on indirect observation and technological mediation—
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will inevitably shape future educational resources. Effectively conveying astronomical methodologies and research 
practices is essential for translating curriculum objectives into tangible student competencies, reinforcing geographic 
inquiry skills, and fostering scientific literacy.

3. The concept of cosmic worldview in fundamentals of astronomy
The Fundamentals of Astronomy module seeks to cultivate a scientifically grounded cosmic worldview among stu-
dents. Xiao Naiyuan and Xuan Huancan categorized ancient Chinese cosmological thought into four dimensions: the 
origin of the universe, the structure of heaven and Earth, theories of terrestrial motion, and the cyclical processes of 
cosmic destruction and regeneration [3]. While interpretations of the cosmic worldview vary across historical and cul-
tural contexts, this study synthesizes perspectives from historical scholarship, geographic disciplinary principles, and 
pedagogical frameworks to define the cosmic worldview through three key dimensions.

3.1. The evolution of the cosmic worldview in fundamentals of astronomy
Ancient Chinese cosmology, deeply rooted in celestial observations and intuitive reasoning, proposed the “Heaven-
Round-Earth-Square” model (Tianyuan Difang), depicting the heavens as a domed canopy and the Earth as a flat 
chessboard. Over time, this conceptualization evolved into more sophisticated frameworks, including the Huntian 
theory, which described a celestial sphere, and the Xuanye theory, which introduced the concept of an infinite and 
empty cosmos [4].

In contrast, Western cosmological traditions initially centered around geocentrism, formulated by Aristotle and 
later refined by Ptolemy, positioned Earth at the center of the universe. The transition to heliocentrism, initiated by 
Copernicus and further advanced by Bruno’s hypothesis of an infinite universe and Galileo’s telescopic observations, 
marked a fundamental shift in humanity’s understanding of celestial mechanics. However, both geocentric and helio-
centric models were products of their time, shaped by the prevailing knowledge and technological limitations, while 
the continuous pursuit of understanding cosmic motion and evolution remained a central theme in cosmology.

Modern advancements in mathematics, physics, telescope technology, and space exploration have further re-
fined humanity’s comprehension of the universe, reinforcing a materially deterministic perspective. As Kant famous-
ly asserted, “Give me matter, and I will construct a universe”, highlighting the fundamental role of material interac-
tions in cosmic origins [5]. Although early cosmological models—such as the flat-earth theory—are now scientifically 
obsolete, they represent critical milestones in the epistemological evolution of human understanding. 

While contemporary students readily accept the Earth’s sphericity and orbital motion, many remain unaware of 
the intellectual struggles and historical transitions that led to these established scientific truths. Therefore, geography 
education should contextualize the evolving human perceptions of cosmic structure, motion, and origins. By integrat-
ing this intellectual heritage into the curriculum, students can develop a broader scientific perspective, enhance their 
understanding of astronomical concepts, and construct a historically grounded cosmic worldview.

3.2. The spatiotemporal worldview: “Space encompasses all directions, time spans past 
and future”
The etymological roots of the term cosmos (Yuzhou) reflect its dual nature, where Yu signifies spatial extension in all 
directions, while Zhou denotes the continuity of time from past to future. From the perspective of relativistic physics, 
the cosmic worldview can be understood through the interplay of matter and spacetime, with Newtonian and Ein-
steinian paradigms holding significant historical and scientific importance.
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The Newtonian framework, which aligns with everyday human experience, postulates absolute time (uniform, 
unidirectional) and absolute space (flat, infinite, and independent). However, Olbers’ paradox— which challenges the 
expectation of a uniformly bright night sky under Newtonian cosmology—exposed limitations in this model. Kant 
and other scholars later critiqued these inconsistencies, laying the foundation for a new understanding of spacetime. 
This ultimately led to Einstein’s theories of special and general relativity, which demonstrated that space and time are 
interwoven and influenced by motion and gravity.

One key implication of Einsteinian relativity is the concept of curved spacetime, modeled mathematically 
through Riemannian geometry. In this framework, the angles of a triangle do not necessarily sum to 180°, and the 
shortest path between two points is not a straight line but a geodesic (e.g., the great-circle routes used in aviation and 
maritime navigation).

Modern relativistic spacetime concepts provide deeper insight into astronomical phenomena and have direct ap-
plications in geography education:

Seasonal Constellations: The visibility of constellations varies across latitudes and seasons due to Earth’s axial 
tilt and orbital motion. This aligns with the curriculum’s requirement for students to “identify major constellations in 
seasonal night skies.”

Diurnal and Annual Cycles: The occurrence of time zones, the alternation of day and night, and great-circle nav-
igation reflect fundamental principles of spacetime and geographic positioning.

By integrating these spatiotemporal concepts into geography instruction, students develop a more holistic un-
derstanding of natural patterns, bridging abstract scientific theory with empirical observation and real-world applica-
tions.

3.3. Emphasizing the harmony between humanity and the natural world
The cosmological worldview underscores the intrinsic harmony between humanity and the natural environment, 
rooted in the principle of the unity of heaven and man (Tian Ren He Yi). This concept, central to traditional Chinese 
philosophy, reflects a longstanding cultural emphasis on humanity’s interconnectedness with the cosmos, integrating 
astronomical understanding with human existence [6].

Some scientists caution against transmitting signals into deep space without a thorough understanding of extra-
terrestrial civilizations, warning that premature contact with unknown species could pose significant risks. From the 
perspective of the unity of heaven and man, humanity must carefully navigate its relationship with both the universe 
(here referring to “heaven”) and the natural environment (here referring to “earth”). Striving for harmony between 
these realms is essential in ensuring responsible engagement with both space exploration and environmental steward-
ship.

The ancient principle of cosmic harmony is reflected not only in philosophical traditions but also in historical 
architecture and daily life. Examples include:

The Forbidden City (China): Designed in alignment with celestial movements.
The Pyramids of Egypt: Constructed based on precise astronomical orientation.
Machu Picchu (Peru): Strategically positioned according to celestial events.
These structures illustrate how early civilizations integrated astronomical knowledge into practical applications, 

demonstrating a profound awareness of celestial influences.
Under the modern interpretation of cosmic unity, humanity must also recognize its role within a global and cos-

mic community. Humans are not only an intelligent species on Earth but also part of a broader cosmic existence. The 
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astronomer Carl Sagan asserted, “The future fate of humankind depends on how well we understand the universe” 
[7]. As humanity progresses in space exploration, fostering a sense of shared destiny and global cooperation becomes 
increasingly vital.

Advancing human understanding of the universe requires a multidimensional approach, respecting natural laws 
while promoting collaboration. By reinforcing the principles of cosmic responsibility and scientific curiosity, educa-
tion in astronomy enables students to develop a holistic perspective that bridges science, philosophy, and ethical con-
siderations.

4. Integrating geography core literacy through fundamentals of astronomy
The principle of the unity of nature and humanity aligns with the concept of harmony between humans and the Earth 
in geography. This relationship can be examined through the four core competencies of geography: human-Earth co-
ordination, comprehensive thinking, regional cognition, and geographical practice.

The concepts of spatial-temporal perception and comprehensive thinking in astronomy correspond directly to 
geographical reasoning. Similarly, the cosmic spatial perspective forms a crucial component of regional geographical 
cognition, while various astronomical observation methods play an integral role in geographical practice. Given these 
connections, basic astronomy serves as an effective framework for fostering core geographic literacy, integrating spa-
tial awareness, scientific inquiry, and environmental understanding into geography education.

4.1. Cultivating reverence for nature and compassion for others
A foundational understanding of astronomy should instill in students a sense of reverence for the universe and the 
Earth, fostering both intellectual curiosity and ethical awareness. By integrating astronomy with humanistic perspec-
tives, students can develop a scientific worldview that encourages rational thinking and critical inquiry.

Observing the vastness of the cosmos allows individuals to comprehend their place within nature, promoting in-
tellectual humility and expanding their perception beyond their immediate surroundings. Recognizing that humanity 
represents only a small fragment of the universe underscores both the ephemeral nature of human life and the impor-
tance of broader existential reflection. In the context of modern education—where core literacy serves as the guiding 
principle—astronomy education should extend beyond factual knowledge, fostering emotional engagement, ethical 
considerations, and a deep appreciation for the interconnectedness of life.

4.2. Encouraging scientific inquiry and rejecting superstition
A solid foundation in astronomy plays a crucial role in dispelling superstition, challenging dogma, and fostering 
scientific literacy. Throughout history, astronomy has been closely linked to science, politics, religion, and culture. 
Concepts such as “celestial phenomena,” “Son of Heaven,” “will of heaven,” and “heavenly power” were deeply em-
bedded in ancient Chinese governance, where astronomical observation often aligned with political authority.

During the Renaissance, astronomy became central to the intellectual struggle between science and religious 
orthodoxy. The revolutionary ideas of Copernicus, Bruno, and Galileo directly challenged long-standing beliefs, lead-
ing to persecution and conflict as their discoveries undermined existing theological and political structures. Under-
standing this historical context enables students to appreciate the transformative power of scientific inquiry, reinforc-
ing the value of empirical evidence, logical reasoning, and intellectual independence in advancing human knowledge.
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4.3. Fostering a positive outlook on life
The study of astronomy is closely tied to personal reflection and emotional development. Wen Jiabao once stated that 
“a nation that has individuals who look up at the stars has hope.” His words express a deep admiration for the uni-
verse and highlight how cosmic exploration fosters inspiration, curiosity, and a profound sense of wonder.

In Looking Up at the Stars, he reflects:
“I look up at the sky—it is so vast and deep.”
“I look up at the sky—it is so solemn and sacred.”
“The awe of justice fills me with love and reverence.” [9].
These reflections illustrate the transformative potential of astronomy education in shaping students’ perspectives 

on life. By incorporating astronomical exploration into geography education, students can be encouraged to develop 
a hopeful and inquisitive mindset, cultivating a lifestyle that embraces intellectual curiosity, scientific discovery, and 
a sense of connection to the cosmos.
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