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Abstract 
IKS, especially Rasashastra and other ancient Indian chemical-based practices are realized as 

a jewel of the science which has influenced the evolution of chemistry since ages. Yet, these 

knowledge systems remain largely absent from the science education in this technological and 

learning intensive world. Here we analyze how modern chemistry education can be harmonized 

with Indigenous Knowledge Systems (IKS) using digital learning systems. It explores the ways 

in which contemporary instructional technologies such as bro Virtual labs, learning 

Management Systems (LMS), Simulations and AI powered tools to reinterpret, preserve and 

teach ancient Indian chemicals knowledge informed by modes of science. This research also 

creates an awareness about innovative teaching frameworks based on experiential, inquiry-

based and inter-disciplinary learning-based pedagogies by integrating Rasashastra with virtual 

labs. The paper also flags challenges around digitization, science validation, curriculum 

alignment and teacher readiness. Its implications are explored in the light of NEP 2020 and 

rising demand for education that is rooted in culture but encompasses technological 

proficiency. The findings highlight how technology mediated digital learning not only 

rejuvenates Indian Knowledge Systems in chemistry education but serves as an enabling, 

sustainable and scalable mechanism to encourage a deeper conceptual perspective which alone 

will ensure that scientific heritage of India is passed on to future generations. 
Keywords: Indian Knowledge Systems; Rasashastra; Chemistry Education; Digital Learning; 

Virtual Laboratories 

Introduction 

Recent advances in digital technologies and the international demand for interdisciplinary 

knowledge are catalyzing changes across education systems in all corners of the globe. In India, 

since the announcement of National Education Policy (NEP) 2020, integration of Indian 

Knowledge Systems (IKS) into contemporary disciplines has become a focal point. IKS refers 

to various intellectual traditions that have evolved in the Indian subcontinent over thousands 

of years, covering diverse fields such as philosophy, mathematics, astronomy, medicine and 

metallurgy. 

Rasashastra, one such ancient discipline found in India is considered an integral part of 

Ayurveda encompassing chemical and metallurgical processes. Rasashastra included advanced 

methods for the purification of metals, processing of minerals and preparation of the drugs. 

This knowledge attempts to utilise chemical transformations, including distillation (a process 

which has applications in purification and concentration of solutions) calcination a form of 

decomposition with different phases sublimation and the development of alloys. × Rasashastra 

is a branch of Ayurveda that deals with alchemical medicine; many scholars consider it as the 

precursor to several modern chemical concepts. 

Despite its historical significance, Rasashastra and other traditional chemical processes are now 

seldom integrated into modern chemistry educational programmes. Modern teaching of science 

often emphasizes Western advances in scientific thinking while sidelining indigenous 

contributions. Consequently, students are mostly unaware of the scientific heritage inherent in 

their own cultural backdrops. 

Simultaneously, new digital learning technologies like virtual laboratories, simulations, AI or 

online teaching environments were emerging that significantly changed the way in which 

science knowledge was taught and learned. Such technologies facilitate interactive learning 

experiences, remote experimentation, and better access to educational resources. 

The paper discusses the potential of digital learning platforms to connect indigenous Indian 
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knowledge of chemistry with contemporary chemistry education. Integrating Rasashastra ideas 

into the space of online cybersecurity education opens layers of understanding that can propel 

cyber learning into culturally relevant, yet scientifically robust practices. Such an integration 

would also bolster the goals laid down in NEP 2020 which recognizes that the traditional 

wisdom of India needs to be part of mainstream education. 

This study aims to find out how chemistry education can be integrated with Indian Knowledge 

Systems through digital technologies. This paper explores possible pedagogical models, 

technological tools and barriers to implementation of such an interdisciplinary approach. 

Indian Knowledge Systems and Rasashastra 

Indian Knowledge Systems are a conglomeration of holistic knowledge structures built over 

centuries by observing, experimenting and philosophizing. In contrast to the hierarchical 

divisions of modern disciplines, Indian sciences were frequently integrated with practical and 

ethical components of knowledge. 

Rasashastra, which translates as the “science of mercury,” was one branch of ancient Indian 

chemistry that had strong connections to both Ayurveda and metallurgy. Excavated artifacts 

contend with the skills of scholars like Nagarjuna, who are said to have developed technologies 

for metallurgy, mineral extraction and medicinal preparation. Procedures such as which are 

mentioned in the rasashastra texts include: 

• Purification of metals and minerals (Shodhana) 

• Marana (calcination or conversion into ash) 

• Bhavana (trituration with herbal extracts) 

• Samskara (transformative processing techniques) 

Those processes reflect an empirical knowledge of chemical reactions and material 

transformations. Largely evolutionary in nature, ancient practitioners devised equipment 

including furnaces, crucibles and distillation apparatus for undertaking these procedures. 

Historical records also point to the knowledge of extraction and alloying by Indian 

metallurgists. An example of this metallurgical legacy is the production of Wootz steel, known 

for its remarkable strength and durability. Analogous methods of preparation can also be seen 

in Rasashastra; the term itself refers to both alchemy and medicine, with techniques that reveal 

a systematic approach to chemical processing. 

While these practices were often embedded in philosophical and medicinal frameworks, 

however, they nonetheless constitute significant milestones along the route to chemical 

knowledge. Learning about these traditions not only is valuable for its own sake but also helps 

students value the worldwide development of scientific concepts. 

But several Rasashastra texts are in Sanskrit and have metaphorical depictions that give way 

to ambiguities when not dissected with caution. That poses challenges to incorporating that 

type of knowledge into 21st century science education. Digital technologies have opened new 

avenues for translating and visualizing these processes in ways that are agog to today’s learners. 

Literature Review 

A growing body of scholarship in recent years focuses on the integration of traditional 

knowledge systems with modern education. Scientists have used this to expose truth in the 

history of science and technology — as Indigenous knowledge traditions highlight how 

information about the development of both has been marginalized. Indicating the documented 

hematic and the concept of five base elements in classical texts, Prafulla Chandra Ray 

concluded that ancient Indian chemical traditions possess an elaborate metallurgical and 

chemical understanding. His historical research in Indian chemistry showed that much earlier 

than modern laboratory science, practitioners had worked out methods for metal purification, 

distillation and preparation of compounds. 

Classical texts like Rasaratna Samuccaya, Rasa Tarangini describe in detail the techniques used 

in Rasashastra including calcinations, sublimation and purification of minerals. Scholars 

mailto:iajesm2014@gmail.com


International Advance Journal of Engineering, Science and Management (IAJESM) 
Multidisciplinary, Multilingual, Indexed, Double Blind, Open Access, Peer-Reviewed, Refereed-International Journal. 

SJIF Impact Factor = 8.35, January-June 2026, Published on 28th February 2026 
 

Volume-25, Issue-se            iajesm2014@gmail.com 570 

ISSN: 2393-8048 

explain that these processes demonstrate empirical experimentation and observation in the 

Indian scientific tradition. As such, scientific historical studies on pre-modern science have 

also drawn attention to India's advanced metallurgy, including a high-quality steel and mounts 

for more complex alloys. 

There is an increasing importance to integrating indigenous knowledge and culture into modern 

education systems, as acknowledged by modern scholarship. Research has indicated that, when 

integrated into science curricula, indigenous knowledge helps in making it culturally relevant 

enough to motivate students to pursue scientific concepts through diverse lenses. Culturally 

responsive pedagogy is important as it has been shown through research in science education 

that culturally contextualized teaching approaches connect students to the content being learnt 

and enhance their conceptual understanding. 

Meanwhile, however, advances in digital learning technologies were fundamentally changing 

the face of science education. Tools like virtual labs, simulations, and learning management 

systems allow students to conduct experiments and visualize complex scientific processes in 

an interactive digital environment. Studies that have been conducted around virtual laboratories 

demonstrate how digital experimentation can enhance students’ conceptual learning and 

provide a safe, repeatable environment in which to experiment. 

Additionally, digital technologies provide opportunities to preserve and share traditional 

knowledge systems. Through digital archives, interactive simulations, and multimedia learning 

platforms that make historical practices of science engaging content. These approaches not 

only aid in preserving knowledge but also promote interdisciplinary learning and connect 

historical, cultural, and scientific perspectives. 

The need for formal incorporation of traditional knowledge and wisdom into modern education 

has also found place in policy framework in India. The National education policy 2020 

emphasizes promoting Indian Knowledge Systems in academic curricula. The policy promotes 

the use of digital technologies and interdisciplinary ways to enable access for contemporary 

learners to traditional knowledge. 

These events indicate the existing relevance of Rasashastra, nevertheless, major discrepancies 

exist in attempting to teach it from a modern chemistry perspective. Most studies today focus 

on either historical analysis of Indian chemical traditions or technological innovation of digital 

learning. Only a few studies have investigated how these two domains can be used in synergy 

to boost writing quality. Hence, we need pedagogical frameworks to bridge the gap between 

traditional Indian chemical knowledge with digital world learning (UNESCO 8th goal SDG: 

Decent work and Economic Growth). 

Digital Learning in Chemistry Education 

Digital learning is an integral part of modern education. For example, in chemistry, students 

can explore molecular structures, perform experiments or analyze data using computational 

tools all from a digital device. 

Virtual laboratories 一 perhaps the most significant advancement in this space Virtual Labs — 

Virtual labs provide simulations of the actual laboratory environment, enabling students to 

perform experiments via interactive computer interfaces. These platforms provide several 

advantages: 

• Safe experimentation without hazardous chemicals 

• Access for remote students 

• Cost-effective replacements for physical laboratory infrastructure 

• Discovering play-based activities that promote learning 

Beyond virtual labs, other Learning Management Systems or LMSs like Moodle, Google 

Classroom and Canvas can aid in the organization and delivery of educational content digitally. 

Learning management systems allow teachers to create a structured environment where they 
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can present lecture materials, assignments, assessments and collaborative forms of learning. 

Another major technological innovation is to use simulations and visualization tools. Software 

applications enable students to visualize chemical reactions at a molecular scale, change 

variables and analyze the results of experiments. 

Various AI and machine learning technologies are also being used more in education. AI 

technology can further customize learning experiences, offer immediate feedback and help in 

adaptive testing. 

This is due to these three growing technological trends, which open the doors for integrating 

traditional and modern systems of education. Rasashastra concepts can be integrated into 

digital platforms to create dynamic learning experiences, bridging historical knowledge with 

modern-day science. 

Integrating Rasashastra with Digital Learning 

Design and pedagogy are crucial in establishing Rasashastra within digital learning spaces. 

Frameworks like these help educators bridge traditional knowledge to modern chemistry 

teaching with a structured approach. 

This can be done through recording and capturing Rasashastra processes digitally. Virtual 

laboratory simulators could help scientists recreate ancient techniques such as metal 

purification or calcination. Using it, students get to see how different variables affect the 

outcome of these processes, giving them new perspectives on both traditional practices and 

modern principles in chemistry. 

Other strategies include multimedia learning modules that integrate written descriptions, 

animations and engagement activities. These could include historical background, 

experimental methods, and scientific interpretations of what is being done in Rasashastra. 

A digital module on metal purification, for example could consist of: 

• Historical description from classical texts 

• Animation illustrating the purification process 

• Virtual experiment simulating chemical reactions 

• It discusses connecting traditional methods to the principles of modern chemistry 

These types of modules help stimulate students to look for links between ancient wisdom and 

modern-day science. 

AI in education is also helpful for personalized learning experience with the help of AI-

powered educational tools. AI systems can also evaluate student answers and offer personalized 

feedback, allowing students to better grasp intricate aspects. 

Collaborative learning platforms may also play their part in this integration. Online discussion 

boards and group projects allow students to intersectional study history, chemistry and 

technology. 

By enabling digital means of exploration, Rasashastra can evolve from a mere historical subject 

into an interactive pedagogical experience that elevates students’ scientific interest and cultural 

understanding. 

Pedagogical Benefits 

1. The integration of Indian Knowledge systems with digital learning technologies provides 

the following pedagogical advantages. Initially, it encourages experiential learning by 

allowing students to engage in simulations and virtual experiments. Compared to passive 

forms of instruction, experiential learning facilitates better conceptual understanding in 

students. 

2. It fosters interdisciplinary learning. In its courses, students are introduced to chemistry as 

well as history, philosophy and cultural studies. This kind of cross-disciplinary engagement 

stimulates critical reflection and a comprehensive grasp. 

3. Embedding IKS in chemistry education enhances cultural relevance. Educational content 

that reflects student culture makes learning more meaningful to students. Students’ identity 

mailto:iajesm2014@gmail.com


International Advance Journal of Engineering, Science and Management (IAJESM) 
Multidisciplinary, Multilingual, Indexed, Double Blind, Open Access, Peer-Reviewed, Refereed-International Journal. 

SJIF Impact Factor = 8.35, January-June 2026, Published on 28th February 2026 
 

Volume-25, Issue-se            iajesm2014@gmail.com 572 

ISSN: 2393-8048 

and motivation can be enhanced by recognizing the scientific contributions of Indian 

traditions. Digital learning platforms enhance accessibility and scalability.  

4. They can also extend to students in varied geographical locations including such institutions 

that do not have elaborate laboratory settings. 

5. This integration also complements the greater educational goals set out in NEP 2020, which 

emphasizes a multidisciplinary approach to learning and livelihood by including indigenous 

knowledge systems within academic curriculums. 

Challenges and Limitations 

While there can be obvious advantages to learning Rasashastra through digitalization, this also 

brings with it a fair number of challenges or shortcomings. One of the biggest hurdles is 

validating traditional knowledge through a scientific lens. Although numerous Rasashastra 

practices show empirically validated insights, specific assertions demanded scrutiny from 

current experimental frameworks. 

Another challenge has to do with translation and interpretation of classical texts. As many 

Rasashastra manuscripts apply symbolic language and traditional terminology which do not 

necessarily align with modern chemical notions. Interpreting it correctly involves historians of 

science, chemists, and linguists working together. 

Another key consideration is curriculum alignment. Integrating IKS into formal education 

should be consistent with current curriculum development initiatives and goals, including 

existing science curricula. Without this alignment, however, such integration can seem 

removed from a sound education in mainstream science. 

Teacher preparedness is also a major factor. Educators are probably not experts in Rasashastra 

or technology for learning. Thus, teacher professional development must necessarily serve to 

provide such knowledge and skills needed for successful implementation of this methodology 

in practice. 

Lastly, there is a steep price tag associated with the development of high-quality digital learning 

resources in terms of technology, content development and instructional design. 

Implications for Education Policy 

The NEP 2020 accords a close congruence to the vision enunciated in this context with 

integration of Indian Knowledge Systems in modern education. Policy encapsulates the need 

to include traditional knowledge in academic curriculum as a way of enhancing cultural 

awareness and intellectual diversity. 

This is where digital learning technologies can make a significant impact. This allows us to 

preserve what needs to be preserved and make it available for modern learners by creating 

digital archives, virtual laboratories, interactive learning modules and so on. 

Universities and research institutions can also play a role by creating interdisciplinary programs 

colluding together chemistry, history of science, and educational technology. These programs 

then can motivate scholarly research on the scientific contributions of India traditions. 

Additionally, interdisciplinary collaborations between tech specialists along with educators and 

traditional knowledge holders can result in novel educational tools bridging ancient wisdom 

and modern science. 

Conclusion 

The ancient Indian Knowledge Systems constitute a unique intellectual heritage that has made 

remarkable contributions to the advancement of science with universal relevance. As one of 

the pillars of Indian chemistry Rasashastra reflects advanced methodologies in process and 

material transformations. 

But education in modern chemistry neglects this knowledge for the most part. Digital learning 

technologies are emerging that offer a new solution to bridge the gap. Conversely, traditional 

knowledge can be made into interactive audio-visual learnings with the help of virtual 

laboratories, simulations, learning management systems or AI based educational tools that 
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helps in student similarity and composition. 

This unique pairing of chemistry with Rasashastra within a digital learning framework creates 

a truly holistic, culturally rich science education that fosters interdisciplinary thought and 

innovation. These progressive initiatives are in line with the vision behind NEP 2020, which 

aims to establish an education system aligned with Indian traditions and modern technology. 

While organizational, institutional and pedagogical barriers to acceptance remain, it is possible 

for these challenges to be overcome through joint research and exploration with educational 

design. 

In conclusion, this article posits that modern technology-mediated digital learning provides a 

sustainable and scalable framework for revitalizing Indian Knowledge Systems from ancient 

civilization into the mainstream of current education. Educators who bridge the gap between 

historical context and modern scientific discoveries can ignite in future generations a sense of 

wonder for not only our past but also the progressive trajectory of science itself. 
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