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Abstract

This article examines the educational possibilities of
utilizing Zhang Heng's second-century seismoscope, the
earliest known earthquake-detecting device, as a black box
in high school physics instruction. An intervention in a
classroom with students aged sixteen to seventeen involved
learners in rebuilding potential internal processes of the
device, the original design of which remains ambiguous.
The activity aimed to promote inquiry-based and problem-
based learning by necessitating that students hypothesize,
design, and justify models that might credibly elucidate the
seismoscope's functionality. The findings indicated that
students utilized Newtonian mechanics—specifically the
idea of inertia—in creative manners, while also producing
pendulum- and lever-based explanations that demonstrated

varied reasoning approaches. The intervention fostered
engagement with the essence of science, as students directly
encountered the provisional, inventiveness, and empirical
foundation of scientific knowledge. The incorporation of
this historical artifact emphasized the interdisciplinary
nature of science, connecting physics with history, culture,
and engineering, thus expanding students' understanding of
the worldwide origins of scientific progress. The study
concludes that utilizing authentic historical instruments as
black boxes can enhance conceptual understanding,
interdisciplinary learning, and epistemological reflection in
secondary science education, providing an effective method
for fostering scientific literacy and favorable attitudes
toward science.
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1. Introduction

In modern science education, a primary issue is to create learning experiences that ensure students acquire essential concepts
while simultaneously cultivating their capacity to perceive knowledge as a dynamic and growing pursuit [, High school
education necessitates pedagogical strategies that transcend mere factual memory, fostering critical thinking, interdisciplinary
linkages, and advanced problem-solving skills among learners 2. A significant focus in this area is the endeavor to connect
physics education with everyday situations, such as acquiring scientific knowledge through culinary activities 1. These
methodologies are particularly pertinent as students frequently construct their own alternative interpretations based on
quotidian experiences and cultural narratives, including those found in traditional fairy tales . In this educational framework,
black-box activities—tasks where students engage with systems whose internal workings are not visible—are acknowledged as
an effective method for enhancing scientific reasoning > . These activities necessitate that learners formulate hypotheses,
construct models, and substantiate explanations with evidence, thus reflecting genuine scientific practice [”>®. Moreover, they
assist students in acknowledging the provisionally and inventiveness inherent in science, elements that are increasingly
highlighted in literature as essential components of scientific literacy [ % Recent research indicates that promoting scientific
literacy is a persistent difficulty throughout all educational levels, from primary school children !l to pre-service teachers
preparing for classroom practice 2,

This paper examines the incorporation of Zhang Heng's second-century seismoscope, a historical item, into high school science
curriculum by regarding it as an authentic black box. The gadget, considered the earliest known instrument for earthquake
detection, exists solely in historical accounts and reconstructed copies; its original internal mechanism is unknown even to
modern scholars '3 14, This persistent ambiguity renders the seismoscope an archetypal black box, compelling both students
and scientists to depend on reasonable reasoning instead of conclusive answers. This study specifically examines older high
school students aged sixteen to seventeen, who can engage with more advanced concepts in physics, history, and epistemology,
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despite earlier educational research highlighting the benefits
of black-box activities for younger learners ['*]. This study
positions the seismoscope within this age group to examine
how students employ Newtonian mechanics in a novel
context, as well as how they navigate the interdisciplinary
aspects of scientific inquiry and cultivate an understanding
of the global and historical nature of science ['%),

The justification for this emphasis is twofold. The high
school curriculum equips students with a sophisticated
understanding of mechanics, energy transfer, and oscillatory
systems, allowing them to utilize a wider array of
knowledge in developing and justifying models [!7],
Conversely, adolescence is a developmental phase during
which individuals progressively contend with abstract
concepts, societal circumstances, and philosophical
viewpoints 1!, Integrating the seismoscope as a black box in
this educational context enables students to progress from
fundamental hypothesis formulation to advanced cognitive
processes, including the assessment of rival models,
contextualizing scientific practice within cultural history,
and recognizing the constraints of empirical knowledge ['81,
The study expands upon previous classroom interventions
for younger learners while broadening the focus to
encompass more intricate interdisciplinary learning goals.
This paper is positioned within contemporary discussions on
inquiry-based and problem-based learning. The utilization of
genuine historical objects can substantially enhance physics
education by expanding the intellectual resources available
to students !> 2%, The seismoscope exemplifies a successful
integration of mechanical principles and historical accounts
of technical advancement in ancient China % 31, This dual
perspective compels students to engage with science not
merely as a collection of theoretical concepts but also as a
cultural and human pursuit "%, Moreover, by recognizing
that the precise internal structure of the seismoscope
remains debated among scientists, the activity encourages
students to view uncertainty as an inherent aspect of
knowledge creation rather than a flaw to be eradicated 1.
This recognition is crucial for high school graduates to
become scientifically literate citizens capable of assessing
complicated challenges in a swiftly evolving society.

The subsequent sections delineate the theoretical framework
for utilizing historical black boxes in education, detail the
methodological design of the classroom intervention with
Greek high school students, present the outcomes of their
collaborative modeling endeavors, and examine the wider
pedagogical implications. This aims to illustrate that the
Zhang Heng seismoscope serves not merely as a historical
curiosity but as a potent educational instrument for fostering
conceptual comprehension, interdisciplinary insight, and
epistemological sophistication among secondary school
students.

2. Theoretical Background

The utilization of black boxes in science education has been
acknowledged as an efficient method to involve pupils in
genuine scientific reasoning and problem-solving [ ¢, A
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black box, characterized as an opaque system with
undisclosed internal mechanics, compels learners to deduce
or recreate its internal functions based on observed
behaviors or outputs. This methodology parallels scientific
methods, wherein models are developed to elucidate
phenomena that cannot be directly observed. The process of
hypothesizing, testing, and refining explanations
corresponds with inquiry-based pedagogy, offering students
opportunity to cultivate a profound conceptual knowledge
and an acquaintance with the nature of science [ 61,

Studies have consistently demonstrated that black-box
exercises promote student engagement and improve learning
results 2. They inspire learners by incorporating an
element of intrigue and promote active engagement as
investigators instead than passive users of knowledge 3.
Furthermore, they foster creativity and divergent thinking by
encouraging students to produce various potential models
for the same occurrence [, These activities enhance
comprehension of the provisional nature of scientific
knowledge, as students recognize that various explanations
can align with the same facts and that scientific theories
develop considering new evidence 7. These methodologies
are especially significant because to the enduring prevalence
of misconceptions in physics, particularly in mechanics 24,
and recent findings indicate that misunderstandings
regarding force and weight continue to exist among honors
high school graduates pursuing medicine 21,

Within this instructional framework, the Zhang Heng
Seismoscope exemplifies a distinctive instance of a real-life
black box. Conceived in 132 CE during the Eastern Han
dynasty, the apparatus is acknowledged as the earliest
scientific equipment devised for the detection of earthquakes
[13], Historical records delineate its remarkable capacity to
detect remote seismic occurrences and even ascertain the
direction of the epicenter. The original gadget has not
endured, and although contemporary scientists and
engineers have tried reconstructions, its exact internal
mechanism remains elusive 2> 4],

Thus, the seismoscope epitomizes a black box: for both
students and academics, it constitutes a scientific enigma
with insufficient evidence, prompting reasonable yet
provisional solutions.

The seismoscope's pedagogical significance surpasses its
mere uniqueness as an archaic scientific apparatus. The
postulated mechanism is believed to be based on principles
aligned with Newton's First Law of Motion, including the
notion of inertia ¥, This corresponds perfectly with the
high school physics curriculum, wherein students investigate
mechanics, energy, and the principles of motion. Students
are prompted to apply key principles in a unique setting by
designing internal mechanisms for the seismoscope, so
reinforcing their understanding through active inquiry.
Simultaneously, they are acquainted with the historical and
cultural aspects of scientific advancement, acquiring
understanding of how past societies formulated technology
remedies for ecological threats 131,
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Adaptation from Hsiao & Yan, 2007

Fig 1: Reconstruction of Zhang Heng’s seismoscope, based on
Wang Zhen-duo’s design

The incorporation of these historical black boxes into the
science classroom also fulfills wider educational objectives.
It illustrates the multidisciplinary potential of science
education by integrating physics with history, engineering,
and cultural studies. It enables students to view science as a
dynamic and human pursuit influenced by context and
imagination, rather than merely a compilation of abstract
principles. Moreover, it fosters higher-order cognition by
prompting learners to create, assess, and rationalize models
in uncertain settings, so enhancing competencies at the
advanced tiers of Bloom's taxonomy ['71. These results are
intricately linked to the development of scientific literacy,
which is increasingly acknowledged as a priority for
learners at all educational stages, from elementary school
pupils "1 to pre-service educators [, This paradigm
highlights the need to address the poor literacy of pre-
service teachers in specific domains, such as energy, within
teacher education programs [, This focus aligns with
current initiatives to revamp the Greek scientific curricula
for primary education, emphasizing inquiry-based and
interdisciplinary methodologies *”). Comparative studies
elucidate the relationship between these reforms and
overarching European trends, shown by recent analysis of
science curricula in Greece and Serbia 2%, In conclusion, the
Zhang Heng Seismoscope embodies a genuine scientific
mystery and serves as a potent instructional instrument,
capable of augmenting conceptual comprehension, critical
analysis, and appreciation for the essence of science when
utilized as a black box in secondary physics education.

3. Methodology

This study was conducted as a qualitative classroom
intervention to investigate high school students' engagement
with the Zhang Heng Seismoscope during a black-box
exercise. The intervention took place in a Greek upper
secondary school, involving participants from a cohort of
second-year high school students aged 16 to 17. At this
juncture, students had become acquainted with the essential
rules of mechanics, encompassing Newton's laws of motion,
energy transformations, and concepts of inertia, which
established the intellectual foundation required to participate
in the activity. The intervention was implemented toward
the conclusion of the academic year, enabling students to
utilize a diverse array of previously acquired physics
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concepts in a unique and open-ended problem-solving
context.

The educational activity was developed in accordance with
the ideas of inquiry-based and problem-based learning [1% 20,
Students received a concise historical book derived from
ancient sources and contemporary reconstructions, detailing
the outward characteristics of the seismoscope and its
cultural importance throughout the Han era. No details were
given regarding the internal mechanism, except from the
functional requirement that the gadget discharged a ball
from the mouth of a dragon into the mouth of a toad,
signifying the direction of a distant earthquake. The students
were thereafter tasked, collaborating in small groups, to
devise a functional internal mechanism that would elucidate
the operation of the seismoscope during seismic excitation.
To facilitate the inquiry process, students received
worksheets containing guiding questions designed to elicit
their recollection of pertinent physics concepts, including
inertia, levers, pendulum motion, and energy transfer.
Nevertheless, they were not aimed at a particular resolution.
They were urged to utilize any pertinent notions, to draft
their recommended designs, and to substantiate their
rationale.

Fig 2: Sample worksheet completed by student groups, illustrating
the task of sketching and explaining a proposed internal
mechanism for the Zhang Heng Seismoscope
(Adaptation from Hsiao & Yan, 2007)

This flexible framework aimed to foster creativity, facilitate
the amalgamation of diverse knowledge domains, and
simulate genuine scientific investigation, wherein numerous
viable explanations may align with the existing evidence [®l,
The methodological design also demonstrated the
transdisciplinary nature of the intervention. Students were
encouraged to examine the historical and technological
constraints of second-century China, alongside the physics
subject. They were directed that their proposed mechanisms
must be viable within the material culture and engineering
expertise of the Han dynasty, so incorporating viewpoints
from the history of science and technology into the physics
curriculum. This stipulation emphasized the veracity of the
black-box experience, as neither the educator nor
contemporary scientists possess knowledge of the precise
original mechanism of the seismoscope 13141,
Data were gathered in two formats: sketches and written
explanations generated by student groups, and observational
notes documented by the teacher during classroom
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discussions. The student solutions were subsequently
evaluated topically and classified into categories of
mechanisms, including inertia-based systems, pendulum-
controlled triggers, and lever-based arrangements. The
solutions were compared, where applicable, with
reconstructions presented in the scientific literature P> 13,
not to ascertain "correct" answers but to emphasize the
degree to which students' reasoning corresponded with
scientific methodologies. The analysis concentrated on three
dimensions: (a) the scientific validity of the proposed
models, (b) the degree of connections to curricular physics
concepts, and (c) evidence of engagement with the nature of
science, specifically regarding uncertainty, model
construction, and the plurality of scientific explanations.
This methodological approach aims to reconcile rigor with
sincerity. The intervention sought to cultivate higher-order
thinking, scientific literacy, and favorable attitudes toward
science by placing students in a scenario devoid of a
singular proper solution and necessitating the development
and justification of models. The qualitative study of their
solutions yielded insights into high school students'
responses to the difficulty of treating a historical scientific
item as a black box in their physics education.

4. Results

The classroom intervention utilizing the Zhang Heng
Seismoscope as a black box elicited diverse student answers,
demonstrating  both  inventiveness and  substantial
engagement with scientific principles. Students across the
participating groups submitted several designs for the
device's internal mechanics. The designs were eventually
classified into three primary categories: inertia-based
systems, pendulum-based triggers, and lever or linkage
mechanisms.

A considerable number of students utilized the principle of
inertia to elucidate the operational mechanism of the
seismoscope. In their illustrations and descriptions, they
contended that an internal mass would remain immobile
during ground tremors, so triggering a release mechanism
that permitted a ball to descend from the dragon's mouth
into the corresponding toad. These solutions exemplified the
explicit application of Newton's First Law of Motion, which
is included in the high school physics curriculum. In other
instances, students referenced classroom experiments using
pendulums and carts, establishing links between previous
laboratory experiences and the theoretical function of the
seismoscope. This finding indicates that students
successfully utilized their conceptual knowledge to address
a novel and open-ended challenge, aligning with previous
reports that black-box exercises promote the transfer of
learning ). Previous research indicates that errors in
classical mechanics persist among university freshman 24,
Alternative student groups suggested mechanisms utilizing
pendulum motion. These methods proposed that an internal
pendulum, activated by seismic waves, may initiate the
release of the directional ball. Despite the absence of
comprehensive practicality, some of these models
demonstrated an intuitive understanding of oscillatory
systems and its prospective use in earthquake detection.
Pendulum-based designs have been examined in scientific
literature regarding seismoscope reconstructions, revealing a
significant correlation between student thinking and
professional hypotheses [!3 141,
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A third category of options encompassed lever systems or
mechanical linkages. In these designs, students
conceptualized a system of levers that conveyed the
ground's motion to the dragons' jaws. Although these plans
were frequently more conceptual and less physically
accurate, they demonstrated students' attempts to operate
within the historical limitation of utilizing only primitive
technologies and materials accessible in second-century
China. This contextual awareness demonstrated that students
engaged with physics content while also contemplating the
broader technological and cultural background of the device,
aligning with the transdisciplinary objectives of the
intervention.

Several student ideas exhibited notable similarities when
juxtaposed with reconstructions suggested by scientists and
engineers. The use of inertia as the foundational principle
was a consistent theme, corresponding with contemporary
academic agreement that the gadget probably depended on
Newtonian mechanics, despite its existence predating
Newton by almost a thousand years ! '3, The overlaps
indicate that the activity effectively engaged students in
scientific thinking, confronting inadequate data and
formulating models that align with professional hypotheses.

In addition to the technical precision of the solutions, the
activity produced results concerning engagement and
comprehension of the essence of science. Observational data
revealed elevated student interest and continuous
engagement throughout collaborative activities. A multitude
of students conveyed enthusiasm for tackling a topic devoid
of a singular proper solution, acknowledging that their
models could be evaluated as plausible rather than
categorically right or wrong. This experience enabled them
to value the uncertainty intrinsic to scientific research,
reflecting conclusions from earlier black-box studies that
highlight the educational significance of confronting
genuine scientific ambiguity & ©1,

The results indicated that students successfully created
scientifically relevant models of the Zhang Heng
Seismoscope, linked these models to physics ideas in the
curriculum, and engaged thoroughly with the task's open-
ended character. The alignment of certain student solutions
with historical reconstructions highlighted the authenticity
of the activity, while the evident passion and reflections
indicated that the intervention effectively fostered both
conceptual understanding and insights into the nature of
science.

5. Discussion

This study's findings illustrate the educational potential of
including the Zhang Heng seismoscope as a black box in
high school science curricula. The students' proposed
mechanisms demonstrated their capacity to use curricular
knowledge of mechanics, namely Newton's First Law of
Motion, as well as their readiness to creatively tackle a
scientific conundrum lacking a clear resolution. This result
aligns with previous studies on black-box activities,
emphasizing their significance in fostering model
construction, critical analysis, and genuine scientific
reasoning > ®. The intervention placed learners in an
environment of inevitable uncertainty, allowing them to
emulate the methods of scientists who produce and assess
competing theories without complete information 781,

A crucial aspect of the findings was the degree to which
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high school pupils were able to apply Newtonian principles
to this foreign historical environment. The prevalence of
inertia-based solutions indicates that learners could identify
the significance of Newton's First Law and extend its
application beyond standard textbook scenarios. The transfer
of information substantiates assertions that open inquiry
assignments improve conceptual understanding by
necessitating students to link abstract principles with
unfamiliar contexts 131, The variety of solutions, including
pendulum and lever-based devices, demonstrated the
numerous reasoning pathways accessible to students when
faced with an open-ended problem. This diversity highlights
the educational significance of transitioning from rigid
exercises to exploratory methods that foster higher-order
thinking skills % 17 while also aligning with the
perspective that students' alternative concepts are an
enduringly valuable asset for physics education [2%),

The implications for comprehending the essence of science
are equally significant. The students' acknowledgment that
various credible models might elucidate the seismoscope,
together with the understanding that even expert scientists
are confused regarding its original design, enhanced their
appreciation for the provisional nature, creativity, and
evidence foundation of scientific knowledge. This
epistemological understanding supports the integration of
nature-of-science instruction within relevant situations
instead of presenting it in an abstract manner > °, The
ambiguous historical status of the seismoscope serves as an
exemplary illustration of the provisional nature of scientific
knowledge, which is influenced by cultural environment and
frequently evolves amid incomplete certainty. The
intervention enhances broader educational objectives by
promoting students' epistemic awareness and conceptual
development.

The research indicates that including genuine historical
objects can enhance physics education by connecting
scientific concepts to cultural and historical contexts. The
seismoscope, developed in second-century China, presents a
non-Western contribution to the history of science, thereby
expanding learners' perspectives and challenging the
predominance of Eurocentric narratives ['% 1°1. Observational
data suggested that this interdisciplinary approach,
integrating mechanics with history, engineering, and cultural
studies, enhanced engagement and passion. These results
align with earlier research indicating that problem-based and
inquiry-oriented assignments enhance motivation and
maintain interest in science education %21, They correspond
with recent research indicating that misconceptions can be
ingrained in cultural narratives, such as classic fairy tales,
providing educators with further contexts to confront
students' prejudices . By permitting students to engage
with the seismoscope as both a cultural relic and a scientific
enigma, the exercise provided a more comprehensive and
inclusive perspective on scientific practice. Innovative
approaches align with contemporary dialogues on the
implementation of the new Greek -curricula; wherein
experimental model schools are crucial for evaluating and
distributing unique pedagogical techniques P,
Nevertheless, the intervention also underscored specific
obstacles. The open-ended format necessitated considerable
classroom time and required a facilitative teaching approach
that could steer research without prematurely concluding it.
Prior studies indicate that educators frequently encounter
challenges related to the ambiguity of inquiry-based
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learning, necessitating professional development for
effective implementation of these activities ! 321, Moreover,
whereas the seismoscope closely relates to mechanics,
incorporating analogous historical artifacts into other
domains of the science curriculum may be more
challenging, especially where clear conceptual links are less
apparent. These problems highlight the necessity for
curricular adaptability and educator training when
integrating genuine black-box activities into secondary
school.

The findings indicate that employing the Zhang Heng
seismoscope as a black box in high school environments
facilitates both conceptual and epistemological learning. It
allows students to apply Newtonian mechanics to new
circumstances, promotes creativity and collaborative
reasoning, and enhances their comprehension of the
provisional and culturally contextual nature of scientific
knowledge. The study demonstrates how meticulously
crafted historical black-box activities can effectively
promote both conceptual understanding and scientific
literacy in secondary education.

6. Conclusion

This study has analyzed the educational significance of
utilizing Zhang Heng's seismoscope as a black box in
secondary  science  instruction. The  intervention
demonstrated that framing this historical artifact as a
problem lacking a conclusive solution allowed students to
interact with Newtonian mechanics in innovative manners,
especially through the applications of inertia and associated
mechanical principles. Through the application of
information from the formal curriculum to an unexpected
and open-ended assignment, students exhibited the adaptive
competence that inquiry-based learning aims to foster.
These findings support the assertion that genuine inquiry
assignments might improve conceptual comprehension by
necessitating that learners use abstract concepts in tangible
and contextually rich problem scenarios.

In addition to content acquisition, the activity functioned as
a significant means of exploring the essence of science. The
acknowledgment by students that scientists are confused
about the seismoscope's original mechanism highlighted the
provisional nature, creativity, and evidential basis of
scientific knowledge. This discovery is noteworthy due to
ongoing demands for the instruction of nature-of-science
concepts in relevant circumstances instead of through
abstract teaching methods. The seismoscope offered a
framework that allowed pupils to perceive uncertainty not as
a deficiency but as an essential characteristic of scientific
methodology.

The historical and cultural dimensions of the intervention
were equally significant. By contextualizing scientific
inquiry within ancient China, students saw tales of technical
invention that contest Eurocentric interpretations of the
history of science and underscore the worldwide nature of
scientific advancement. This multidisciplinary framework
enhanced the learning experience, expanded student views,
and fostered increased engagement, aligning with prior
research indicating that interdisciplinary methods and
historical case studies elevate interest and motivation in
science education.

Nonetheless, the study also underscored challenges. The
task's open-ended nature necessitated prolonged classroom
time and compelled teachers to balance direction with
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flexibility. Research indicates that promoting inquiry in
these circumstances necessitates particular professional
competencies and assistance. Confronting these obstacles
underscores the necessity of professional growth and
curricular adaptability for the widespread implementation of
true black-box activities.

In summary, the Zhang Heng seismoscope illustrates how
historical scientific equipment can be reinterpreted as black
boxes to enhance content mastery, interdisciplinary
understanding, and epistemological contemplation in
secondary science education. The intervention integrated
mechanics with cultural history and emphasized uncertainty,
allowing students to adopt a scientific mindset: formulating
hypotheses, validating models, and confronting the tentative
nature of knowledge. Future research should investigate the
scalability of historically rooted black-box activities across
various educational contexts and their applicability beyond
mechanics into other areas of the science curriculum, thus
enhancing a more comprehensive and humanistic
perspective of science education.
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