


NATURAL LANGUAGE PROCESSING APPROACH TO ASSESS TECHNOLOGICAL ADOPTION IN INDIAN VETERINARY EDUCATION


ABSTRACT
	This study analyzes the extent and variety of advanced technological tools employed in veterinary classroom teaching across Indian universities. A total of 112 final year B.V.Sc and A.H students, randomly selected to represent 4 students from each of the 28 universities, participated in a survey designed to capture detailed insights into the technological landscape of veterinary education. The survey focused on identifying the types of technologies utilized,. By employing natural language processing techniques to analyze the responses, this research provides a comprehensive evaluation of current technology integration trends within veterinary teaching environments across India. This study not only highlights the diversity of educational technologies in use but also sets the stage for further discussions on optimizing technology integration to enhance educational effectiveness in veterinary sciences.
	The Indian Veterinary Research Institute (IVRI) serves as a hub for first-year postgraduate veterinary students from across India, representing diverse geographic and academic backgrounds. For the academic year 2022-2023, the IVRI compiled a list of students, sorting them based on the universities where they obtained their undergraduate degrees. To ensure a focused and meaningful evaluation of educational technology, the selection process targeted students from the main campuses of their respective universities, where resources are typically more abundant. From this list, two students from each state were chosen, totaling participants from 28 universities, including three central universities. This selective, purposeful sampling strategy is designed to provide insightful data on the integration and impact of advanced technologies in veterinary education across these prominent institutions.

1. INTRODUCTION
1.1. CURRENT STATUS OF VETERINARY UNDERGRADUATE EDUCATION IN INDIA
In India there are 28 Universities offering the Undergraduate Veterinary science degree B.V.Sc and A.H, under which 56 Veterinary Colleges are functional with an annual intake of approximately 5043 students, accounting for an average rough estimate of 20,000 Veterinary Undergraduate Students in all the years on current enrolment (2022-2023).    
Veterinary Institutions in India strictly follow a combination of Theory and Practical curricula for all the disciplines based on MSVE (Minimum standards for veterinary education) regulations ensure mandatory facilities as proposed for accreditation of Universities. Classroom teaching aids like Projection technologies, Smart boards, Model classrooms, Smart podiums, Visual aids like Models and specimens are markedly evolved and used in teaching. Online/Web resources for Veterinary Sciences like Krishikosh, As a result of the National Agricultural Innovation Programme (NAIP) framework, Krishikosh has emerged as a digital archive. Vikaspedia, INFLIBNET are widely available and streamlined, still ‘Lecture’ like in any other country is a widely followed technique along with teaching aids in Indian Veterinary Universities.
Lecture as a classroom teaching method is effective only when the right balance between the art and science of teaching is maintained, there are only a few who can rise to this level in Teaching. Technology fills this crucial gap enhancing the capabilities of a teacher to convey the concepts clearly. The current challenge is that the lecture format is usually linear in terms of presentation, supported by the almost exclusive use of PowerPoint. Many of the lectures were too full of information, It is noted that during a lecture, students will not listen to approximately 40% of the material delivered (Pollio HR, 1984). 
(Lawrence Stenhouse, 1975) in his book, A Curriculum to Research and Development presents a view that teachers need to be research-informed and should act as education researchers and test out ideas in practice. 
How concepts are understood and relayed from Teacher to student in a standard lecture [image: ]
Fig : 1 Concepts Understanding by Stenhouse 
HRD India with the intention to provide quality education throughout India developed Virtual labs under the co-ordination of IIT-Delhi, way back in 2009 under the aegis of the National Mission on Education through Information and Communication Technology (NMEICT), involves a consortium of twelve institutes, a first of its kind in remote experimentation, features over 100 virtual labs and 700+ web-enabled experiments for remote operation and viewing.they were successfully explored by many STEM students https://www.vlab.co.in/. India is sharing free-of-cost Virtual laboratory facilities with developing countries like Africa. 
The "Learning and Assessment Centre (T-LAC)" at Tamil Nadu xxx TANUVAS is a pioneering facility equipped with AI-powered robotic systems and simulators across various stations, including Animal Handling, Anatomy, Medicine, Obstetrics and Gynaecology, and Surgery. It offers students hands-on experience with anatomical models, surgical practice pads, and specialized simulators like the Haptic cow and Dystocia stimulator for veterinary procedures. Additional features include 3-D printers and a virtual lab with VR and AR capabilities to enhance learning. T-LAC aims to provide continuous, accessible, skill-based learning opportunities, reducing reliance on live animals and overcoming logistical limitations in clinical training.
The National Agricultural Higher Education Project (NAHEP) represents a significant leap forward in enhancing the educational framework within India, particularly through its investment in technology and focus on student-centric competency development. Component II of NAHEP has embraced AR and VR technologies, showing a progressive move towards integrating advanced aids in educational processes. The  outputs of this initiative are prominently displayed through the DIKSHA portal, material related to agricultural, veterinary, and dairy sciences are available under free access. Every University has been provided with AR/VR gadgets across India.
1.2. DATA LOG FOR NLP-Following is the list of technologies that are being included in Veterinary science teaching institutions around the world. 
1. Smart Projectors: Smart projector technologies are a widely used technology that enhances visual learning by enabling interactive, high-resolution demonstrations of complex theoretical concepts. They provide immersive and engaging educational experiences in every teaching discipline of veterinary science, helping students visualize and understand intricate details
2. Simulation Software/Techniques: Simulator software is considered an alternative for animal experiments and ethical learning aids. These simulate real scenarios and surgeries, providing hands-on practice without involving live animals. (Bossaert, 2009), (Kustritz, 2010), (Baillie, 2010), (Kinnison,2016), (Zolhavarieh,2016), (Annandale, 2018), (Braid HR, 2022), through their studies, have established bovine simulator procedures that can be used in regular teaching. Students are being trained with Equine simulators like I/V and I/M administration of the injection, laparoscopic ovariectomy, cardiac dissection methods, etc. UK’s https://www.virtalis.com/haptic-cow/ or Australia’s; http://www.breednbetsy.com.au/). Hundreds of such simulation implementations are being put to use in academic veterinary training. 	Comment by SHASHI DHURVE: to
3. Models and Manikins: Non-Academic players offer third-party support in developing educational content that can be accessed by students, several university libraries offer them free of cost for the students. These resources can be utilized remotely and form major learning sources for the students, Ex: Ward's Natural Science offers a wide range of anatomical models and manikins, http://wardsci.com, Anatomy in Clay provides interactive clay models for assembling anatomical structures, enhancing the learning experience with a hands-on approach; http://www.anatomyinclay.com  Rescue Critters is a specialized training aid that simulates various emergency scenarios, http://www.rescuecritters.com, Advanced Sanitary CPR Dog Manikin is engaged in critical care training http://www.enasco.com. Several Indian Veterinary Universities use clay, Prosthetic, and simulator models as teaching aids.  
4.3D Visualization Software: These tools offer detailed 3D views of animal anatomy, which are useful for teaching complex anatomical concepts. https://www.ivalalearn.com/ repository of quality Anatomy learning gamifying learning, The Veterinary Anatomy Viewer at the Virginia Tech Library Maryland, https://virtualanimalproject.vetmed.vt.edu/, or a repository by name Anatomage https://anatomage.com/table-vet/ offer customizable 3D Organ Models, Interactive 3D models of organ systems which can be manipulated, sectioned, and explored individually or collaboratively in a metaverse veterinary laboratory. Taking a step higher in imagining a metaverse for veterinary education is an advanced initiative towards engaging students and retaining attention and interest. (Stoughton   
5. Digital Dissection Tools: These tools provide virtual dissection options, which are useful for ethical considerations and repeated practice. Surgical procedure simulators and tools appear exactly similar in touch and feel like in real live animal surgery, they offer students to practice full surgical interventions on virtual animals, and they aid in building hand-eye coordination and muscle memory before operating on live animals. These technologies are supported by AR,VR,XR technologies and software.  	Comment by SHASHI DHURVE: .They
6. Virtual Reality (VR) and Augmented Reality (AR) Applications: Veterinary students at the University of Guelph are provided with VR simulation tools, that involve dog and cow anatomy, virtual Anatomy of Bovine, Canine, Feline, and Equine species developed by Colorado State University is claimed as outstanding innovation by the members of the American Association of Veterinary Anatomists, equally received by students, and instructors all over the world (Linton et.al.2021). Royal Veterinary College UK has developed Virtual learning spaces for students https://www.rvc.ac.uk/e-anatomy.   
7. Digital Cadavers and Virtual Dissection tables: Virtual dissection tables and digital cadaver tools offer highly detailed, realistic models of animal bodies that can be dissected virtually. This not only reduces the need for real animal cadavers but also allows repeated practice on the same specimen without any need for ethical concerns. They are supported by Wearable technologies like Head mounted devices, Haptic feedback systems which aid in providing real experiences.         
8. Haptic Feedback Devices: These devices simulate the sense of touch and resistance, providing tactile feedback to students practicing surgical or diagnostic procedures. This technology is particularly beneficial in surgical and Gynecological training, allowing students to gain finger memory and muscle memory to create a more realistic sense of animal anatomy and surgical textures without actual surgery or gynecological palpation.  
9. Extended Reality (XR): Extended reality is a blend of AR, VR, and mixed reality (MR), XR can provide more immersive experiences that VR or AR alone cannot provide, it provides highly interactive and engaging educational environments that can simulate almost any scenario encountered by a veterinary professional. Across the globe to enhance educational programs XR is used for instance In North America, the University of Pennsylvania (Penn Vet) and Cornell University College of Veterinary Medicine both use XR to simulate surgical training and realistic veterinary practice scenarios. The Royal Veterinary College in London, UK, and Seoul National University in South Korea incorporate AR to teach anatomy and surgical procedures and provide detailed anatomical views, respectively. The Tokyo University of Agriculture and Technology in Japan utilizes MR to blend digital images with real-world objects, enhancing learning in animal anatomy. The University of Sydney in Australia and the University of Pretoria in South Africa implement VR to help students practice surgical procedures and train in various diagnostic techniques. Universidad Nacional Autónoma de México uses AR for enhanced visualization in classroom teaching. The University of Veterinary Medicine Vienna in Austria employs XR for different veterinary procedures, while the University of California, Davis, integrates MR for a comprehensive real and virtual learning experience in surgical training. The committed international integration of technology is because of the commitment to Undergraduate teaching enhancement through engaging advanced technologies to improve veterinary education, making complex concepts more accessible and engaging for students.	Comment by SHASHI DHURVE: globe,
10. Wearable technologies:  Wearable technologies are broadly the gadgets used to support the software and computer aided programs, they aid in enhanced visualization and learning through gamifying. University of Pennsylvania (Penn Vet) and Cornell University College of Veterinary Medicine both are engaging Head mounted device to simulate surgical training and clinical scenarios in laboratory training. The website published information of the Royal Veterinary College London speaks about Eye gear/glasses to teach anatomy and surgical techniques, allowing students to see layered, interactive information in real time. The website of University of California, Davis, School of Veterinary Medicine talks about body cameras to provide a first-person perspective on veterinary procedures, enhancing student understanding and feedback through direct observation. 
2. RESEARCH STUDY
A pilot study was conducted to know the status of Advanced teaching technologies used all over the Indian Veterinary Universities. A sample of Four final-year students from each Veterinary University was asked about the advanced technologies in classroom teaching that were used during their undergraduate studies. A basic status of all the State’s information on technology advancements in Veterinary teaching was collected through Personal Interviews and questionnaires with the following components and the results are as follows.   Ex-post facto, and Exploratory research designs	Comment by SHASHI DHURVE: determine
3. RESEARCH METHODOLOGY
	The research methodology for evaluating the integration of technology in veterinary education in India involves a mixed-methods approach. A questionnaire containing six distinct questions will be administered to students across various veterinary colleges, capturing data on the types and effectiveness of technological tools used in their education. To ensure the validity of the questionnaire, it will undergo a pilot test and be reviewed by experts in veterinary education. Data will be analyzed both quantitatively for trends and qualitatively for in-depth insights. The results are expected to highlight areas of strength and opportunities for improvement in the technology used, guiding future educational enhancements and policy formulation. This methodology combines rigorous data collection with comprehensive analysis to inform actionable outcomes.
4. RESULTS AND DISCUSSION
	Exploratory Data Analysis (EDA) was done to understand the distribution of words, common topics, and trends within responses generated. These involved techniques of word frequency analysis, topic modeling and sentiment analysis. Pandas, matplotlib.pyplot, wordcloud from open-source libraries are used, The outputs from feature extraction were used as inputs.
Fig 2. Sentiment Analysis
[image: ]     
4.1 Exploratory Data Analysis (EDA)
The NLP-driven exploratory data analysis revealed a total of 13,842 unique word tokens across 112 student responses. After preprocessing, 987 key terms were identified as technology-related. The five most frequent categories of technological tools referenced by respondents were:
Table 1. Frequency of Use of Emerging Educational Technologies
	Rank
	Technology Type
	Frequency (%)

	1
	Smart Projectors & Smart Boards
	23.5

	2
	Simulation Software & Manikins
	19.8

	3
	3D Visualization & AR/VR Tools
	17.2

	4
	Digital Learning Platforms
	15.6

	5
	Wearable/Extended Reality Devices
	9.3


Other minor mentions (below 5%) included AI-assisted diagnostic modules, cloud-based e-libraries, and mobile learning apps.
4.2 Topic Modeling and Clustering
The LDA model (4-topic solution) showed the following major clusters:
The majority of the Simulation and Skill-Based Learning (34%) focused on bovine and equine simulators, CPR manikins, and prosthetic teaching aids. Followed by AR/VR and Immersive Learning (28%), which focused on virtual anatomy, digital cadavers, and interactive metaverse laboratories. 22 percent was Smart Infrastructure and Projection Technologies which included smart classrooms, podiums, and integrated digital display systems. The Digital Resource Repositories (16%), mentioned DIKSHA, Krishikosh, and INFLIBNET as online educational support systems. It can be clearly interpreted that major technological emphasis (62%) in Indian veterinary education remains on visual and simulation-based aids rather than on AI-enabled adaptive learning systems.
4.3 Sentiment Analysis
Out of all responses, 68.4% expressed a positive sentiment, 21.5% neutral, and 10.1% negative.
4.4 Comparative analysis
When Compared to Western countries like the Royal Veterinary College (UK) or Penn Vet (USA), Indian veterinary universities are still in the early stage of immersive technology adoption. Institutions such as TANUVAS and IVRI are pioneering the shift with dedicated training labs (T-LAC, Virtual Anatomy facilities). However, the diffusion of these technologies to state universities remains uneven, primarily due to cost constraints, faculty training gaps, and infrastructural limitations.
The NLP results correlate with earlier observations by Baillie (2010) and Braid (2022), supporting the global trend of simulation replacing live-animal demonstrations. 
5. CONCLUSION
To further elaborate on the conclusion and provide a more comprehensive perspective:
While Indian veterinary institutions are making commendable efforts in integrating technology into their curriculum, there is an evident gap when compared to Western counterparts. This disparity not only influences the learning environment but also impacts the readiness of graduates to adopt new technologies in their professional practices. Enhancing technological integration could include more interactive and digital tools such as virtual reality (VR) simulations for surgical training, online interactive case studies, and the use of artificial intelligence (AI) for diagnostic training. These technologies not only make learning more engaging but also closely simulate real-world challenges veterinarians will face.
Moreover, the feedback from students indicates a nuanced perspective on technology use in education. While a majority are content, the significant proportion that advocates for improvement highlights an opportunity for educational leaders to rethink and redesign the technological framework. This could involve partnerships with technology firms, updating curricula to include more digital competency courses, and even exchanging knowledge and methodologies with international institutions. Such initiatives would not only enhance the educational experience but also ensure that Indian veterinary graduates are globally competitive and well-prepared for future challenges in the veterinary field.	
Certainly, the need for enhanced technological integration in Indian veterinary education not only highlights a gap but also opens up numerous opportunities for research, training, and policy initiatives. There is substantial scope for research into the effectiveness of different technological tools and teaching methods in veterinary education. Investigating how technologies such as VR, AI, and online platforms can best be utilized to improve learning outcomes is crucial. Such research can inform evidence-based decisions on curriculum changes and technology adoption.
Furthermore, training programs for faculty and administrators are essential to ensure that the technologies are used effectively. Professional development in the use of new technologies and teaching methods can empower educators, enabling them to integrate these tools seamlessly into their teaching practices.	In spite of globalized technology and having a huge technology innovation market, somehow Indian Veterinary science Scientists have had these technologies a skip till now. The question of this lag opens up a new area of research to dwell deep into the underlying factors for policy making. 
On the policy front, initiatives need to be developed that support the acquisition, implementation, and maintenance of advanced technologies in educational settings. This includes funding models that enable institutions to upgrade their technological infrastructure and guidelines that standardize technology use across veterinary schools to ensure a uniform standard of education. Collaborations between educational institutions, government, and the private sector could be particularly effective in fostering an environment that supports the continuous updating of technological tools and teaching methods.
Addressing these areas not only enhances the educational landscape but also ensures that veterinary professionals are well-equipped to meet the demands of modern veterinary practices.
The need for investments in new technologies and training the veterinary workforce in digital skills is stressed to ensure they remain at the forefront of digital innovation in animal health. This is considered essential for improving the delivery of animal health services and managing health systems more effectively in the future
	The comparative scarcity of advanced technologies in Indian universities should not be interpreted as these institutions lagging behind their Western counterparts. Instead, this difference highlights the distinct approach to academic research and its integration within the educational system prevalent in India. Unlike many Western universities where research often focuses predominantly on student involvement and specific outcomes, Indian universities incorporate a tripartite model encompassing teaching, research, and extension activities. This model spreads the focus and resources across a broader spectrum of activities, contributing to the diversity and applicability of research efforts.

In India, researchers, who are often faculty members, are tasked with responsibilities that extend beyond the boundaries of pure research. They engage in teaching, guiding students, and extending their research findings to real-world applications that benefit the community and the industry. This holistic approach, while enriching, also disperses the focus and possibly the intensity of research when compared to institutions where resources and personnel are dedicated solely to research pursuits.

This broadened scope of academic duty in Indian institutions implies that the technology and resources might be distributed over a wider range of activities, potentially diluting the concentration of cutting-edge technology in any one area, such as student research projects. Evidence supporting the need for a more focused investment in student-led research can be found in the number of student works from agricultural streams across India, documented over the past five years. According to data from sources like Vikaspedia and INFLIBNET, only 8 significant studies on students have been recorded, underscoring a potential underrepresentation of student needs and clear lack of feedback from students in policy making. capacity and creativity in academic research.

This scenario indicates a pressing need for enhancing student-oriented research and content development within Indian universities. By fostering a more research-intensive environment, particularly at the student level, institutions can not only enhance their technological standing but also enrich the educational experience and academic contributions of their students. Such initiatives would also align with global academic standards, promoting a more dynamic and innovative research culture within India's higher education system.
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