


QUALITATIVE DATA ANALYTICAL TOOLS COMPARISON THROUGH OPEN-ENDED RESPONSES ON EXPERIENCE OF VIRTUAL REALITY IN VETERINARY TEACHING
    
Abstract
Veterinary Science educational institutes across the globe have witnessed a technological revolution in the last half-decade, giving a retouch to the traditional teaching methods to facilitate holistic learning and minimize animal usage in practical demonstrations. Computer-aided learning resources, Virtual worlds, Mixed reality, augmented reality, Immersive Virtual Reality, and Artificial intelligence-enabled reality are the technologies where veterinary science teaching is finding its scope to minimize animal usage. Virtual reality(VR) is one of the potential technologies that can be incredibly valuable in veterinary science teaching and learning environments. Several Western Veterinary Institutions have explored this and are implementing implemented in regular classroom teaching. The Govt of India, under the National Agricultural Higher Educational Project (NAHEP) component-II, also introduced VR in Veterinary and Agricultural Institutions. 
This research study was conducted to assess the effectiveness of Virtual Reality as an educational tool in Veterinary Science, specifically in teaching animal slaughter techniques. Customized VR-based learning modules were developed and deployed to 120 third-year undergraduate veterinary students from four geographically diverse colleges across India, two from the northern region and two from the southern region. Students experienced the VR modules and subsequently provided structured feedback on their learning experience.Majority of the students found VR-based learning engaging, ethical, and educationally superior to conventional audiovisual (AV) methods. 81% of the students reported an improved conceptual understanding and better retention through VR immersion compared to standard teaching aids.  A survey questionnaire was administered to collect detailed feedback, with an emphasis on open-ended responses to yield wide insights. Natural language processing (NLP) toolkit was employed to analyze the open-ended responses, comparative analysis was done using artificial intelligence (AI), large language models(LLM), qualitative data analytical software, Atlas.ti, and manual processing techniques. Further results were summarized through Exploratory Data Analysis (EDA) wherever applicable. 
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INTRODUCTION 
 Students of Veterinary Science in India now have the ubiquity of smartphones, interconnected devices, and uninterrupted affordable internet. They are connected in the cloud through social networks where they are sharing their experiences and redefining teen ideas of knowledge acquaintance. They are not just watching the content, they are creating, sharing, and experiencing the technology-mediated immersion. Veterinary Science being a vast trove of varied and Versatile embedded components makes classroom interactions challenging for teachers in comparison with the external world where a student is exposed to higher-end technologies. Keeping pace with the students is mandatory to be a competent teacher, so a combination of available innovations needs to be incorporated into Veterinary teaching. One potential technology to address a part of this challenge is Virtual Reality. It is defined as immersive, realistic, three-dimensional environments that involve visual feedback from body movement (Aarseth, 2001). 
	 The widely used lecture format in teaching 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). It is demand-driven to understand the subject-specific approach, learning goals, learner traits, and educational setting to determine the most effective combination of teaching methods and delivery approaches. 
The 3R principles of animal experiments, namely reduction, replacement, and refinement, were given thought half a century ago by Russell WMS in 1959. Alternative approaches not involving animals that can still maintain scientific temper and vigor are imperative in the current Veterinary education context. Humane educational aids and teaching approaches can minimize the use of animals. ‘Saving the life and termination of life’ is a unique boon to Veterinarians, and it falls under the ethical radar during animal experimentation and demonstration.  Many Universities under the Organization for Economic Cooperation and Development (OECD) are developing alternatives to invasive examinations wherever possible to ensure animal welfare and quality humane Veterinary student training. A similar intervention had been developed at Tamil Nadu Veterinary and Animal Sciences University (TANUVAS) under NAHEP, where a learning and assessment center is being developed. Robotics and haptic Simulators are put to use in Student teaching as animal alternates. 
RESEARCH OBJECTIVE
	To ensure informed decision-making utilizing the potential of multiple web-based tools, for comprehending and visualizing open-ended responses, in exploring the applicability of Virtual Reality as a teaching aid in Veterinary Science education.  
H0: VR technology cannot evoke a positive response as a Veterinary science teaching Aid 
H1: VR technology can evoke positive responses as a Veterinary science teaching Aid 	
RESEARCH METHODOLOGY 
A. Experimental Methodology: 
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Fig 1: Describes the experimental research methodology




B. Analytical Framework methodology: 
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Fig 2: Qualitative data analytical framework
Open-ended questions play a crucial role in extracting deeper insights and are essential components of any Extension research. Manual analysis of open-ended responses remains a prevalent method to derive meaning from them, However, the emergence of new-generation tools and technologies provides opportunities for in-depth comprehension and visualization. In this study, three distinct analytical tools were employed, Atlas.ti, a qualitative data analysis software, NLP tool kit, a natural language processing tool; and artificial intelligence-based large language model analysis tools. These tools were utilized to examine the outputs and their implications by subjecting the responses obtained from the VR experience, EDA was further employed wherever necessary.
STUDIES ON VIRTUAL REALITY IN VETERINARY SCIENCES
	Virtual Reality studies offer progressive adoption and application in various disciplines of the Veterinary Science curriculum, Studies like Veterinary Anatomy (CahyadiD,2022), novel surgical techniques and emergency case management (Baillie et al,2003), Live dog endoscopy skills (McCool KE, 2020), laparoscopic skills (Fransson and Ragle 2010), Virtual abattoir experience (Seguino, 2014), Medicine Training through VR (Franzluebbers, 2020), Virtual veterinary meat inspections (Almqvist et al, 2021), VR Robotics surgery (Angel-Urdinola, 2021), Pig liver VR animation (Jose, 2022), Canine Prostrate Simulator (Capilé KV, 2015) and many more study findings have supporting results regarding usage of VR in classroom teaching. From a thorough review of existing literature and meta-analysis conducted as part of this research, it was found that numerous perception-based studies are focusing on virtual reality in Veterinary Science, However, there is a notable lack of experimental research in this area.    
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Pic  : 1 & 2 - Students Participating in the VR experiment during the present research
RESULTS AND DISCUSSION
	The three main new generation tools used for data comparison Atlas.ti, NLP Tool Kit, LLM, are discussed here 
ANALYSING VIRTUAL REALITY THROUGH MULTIPLE TOOLS 
	Responses of 120 students on the following open-ended questions were recorded which resulted in 431 responses and a total of 4509 words which are considered to denote their reactions/sentiments towards the usage of VR. The experience of the students after watching VR modules was recorded as open-ended responses, Constraints were collected in three different categories to provide student participants with a wider scope of expression. The data was further grouped into two main categories Experience and Constraints for further processing.    
· Narrate your Experience of  using VR as a classroom teaching Aid
· Narrate the Practical constraint you experienced while using VR
· Narrate the Technical constraint you felt while using VR
· Mention any Personal constraint you experienced while using VR
I. NATURAL LANGUAGE PROCESSING TECHNIQUE
Natural Language Processing Technique (NLPT) and Python libraries were used because of the literature indications of their wider application. The approach involved gathering the responses from the survey as the primary data source. Data preprocessing was executed utilizing the NLTK library, encompassing tokenization, normalization, removal of stop words, and stemming/lemmatization to ensure data consistency and accuracy. The program received input comprising all open-ended responses.
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                                Fig 3: Sample tokens                                            Fig 4: Bag of Words sample
Sample tokens and BOW did not provide any clear picture and Feature extraction was conducted using “sklearn.feature_extraction.text” and “CountVectorizer”, and “TfidfVectorizer” libraries. This process involved representing each document as a vector using Bag of Words (BoW), where each dimension corresponded to a word, and its value indicated the frequency of occurrence in the document as shown in Fig: 5 and 7, Additionally TF-IDF (Term Frequency-Inverse Document Frequency) was employed to assess the importance of each word relative to the entire document collection. Word embedding techniques such as BERT (Bidirectional encoder representations from transformers) were utilized to convert words into dense vectors, capturing semantic meaning. These methods facilitated a comprehensive analysis of the tokens generated as shown in Fig: 6, during the initial preprocessing step, ensuring cascading handling and interpretation of textual data.
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Fig 5: Words features  	                 Fig 6: TF-IDF		Fig 7: Word frequency

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.
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                Fig 8: Word Frequency through NLP		            Fig 9:  Word Cloud through NLP


                                                    Fig 10: Sentiment analysis through NLP 

Fig 8 indicates the word frequencies as clustered features indicating common words and general modes of expression among students which were highly overlapping in nature, Fig: 9 word cloud highlights the overall experience of the VR as favorable technology, Fig 10 shows the overall sentiment analysis of the experience and a total of 237 expressions are captured as Positive and 83 expressions are considered negative, indicating a higher inclination towards usage of VR in classroom teaching. Most of the constraints expressed like heavy console, Inability in remote control operation, Issues adjusting Hair, etc can be addressed with the advancement and refinement of the technology except for the health issues associated.  The results were in line with (Franzluebbers, 2020), (McCool KE, 2020), (Jose, 2022), (Xu,2022). 

II. SOFTWARE TOOLS-ATLAS.ti 
Out of many software available,  Atlas.ti is selected due to its user-friendly interface, comprehensive features for qualitative analysis, and interpretation of complex qualitative data.
Survey responses import was directly uploaded as a CSV file, after text mining survey responses to pinpoint top experience and constraints, code-document analysis was conducted and a frequency distribution chart for the experience and a Sankey diagram revealing the interrelationship between denoted constraint and perceived constraints is visualized as in Fig 11 and 12,.. Through sentiment analysis, responses were discerned as positive, neutral, and negative sentiments, and their correlation with listed constraints was derived as shown in Fig: 13.
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Fig 11: Frequency distribution chart
The frequency distribution chart suggests the overall experience was favorable and the majority of the participants expressed a positive attitude.  
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   Fig 12: Sankey diagram showing Interrelationship                   Fig 13: Sentiment analysis
The results obtained from the tool suggest that there is an interrelationship between the denoted constraints and perceived constraints and sentiment analysis results were similar to that of results from NLP.  Several constraints related to the gadget are expected to have less negative impact with the advancements as the technology is in its primitive form.  Obtained results replicated study results from (Capilé KV, 2015), (Angel-Urdinola, 2021), (Fransson and Ragle 2010), (CahyadiD,2022)   
III. LARGE LANGUAGE MODELS
Large Language Modelling, GPT-3.5 model, which is a version of the OpenAI's Language Model, specifically the GPT (Generative Pre-trained Transformer) architecture is being used. 
For the Large Language Model (LLM), data was provided along with three specific questions to extract meaningful insights, leading to the analysis presented.

Table: 1 Large Language Model Data Analysis  
	S.N
	QUESTION POSED TO LLM
	                 DATA ANALYSIS RESULTS

	Q.1
	What percentage of responses indicate a positive opinion on the usage of VR as a teaching aid?
	· Total number of responses: 340
· Number of positive responses: 245
· The percentage of students who viewed VR positively was calculated. 
· Approximately 72.05% of the students viewed virtual reality positively based on the provided responses.

	Q.2
	Is there any relationship between the types of experiences students had during the experiment and the advantages they associate with its use for learning?
	· Data analysis reveals a direct correlation between positive VR experiences, such as immersion and enjoyment, and increased learning engagement.
· Findings indicate that VR simulations mirroring real-world scenarios facilitate experiential learning, enhancing understanding and skill development.
· Analysis of student responses suggests that VR's informative and educational qualities contribute to improved learning outcomes by aiding comprehension and memory retention.
· Data insights demonstrate that VR's accessibility and flexibility for learning enhance convenience and adaptability to individual learning preferences.

	Q.3
	How do constraints mentioned by students correlate with their perceptions of the limitations of virtual reality technology in the classroom?

	· Vision issues: Students experiencing discomfort or blurred vision with VR headsets due to wearing glasses highlight personal barriers, impacting their perception of VR's clarity and usability.
· Physical discomfort: Students reporting neck pain or discomfort from wearing VR headsets discuss physical constraints, affecting their mobility and overall acceptance of VR technology in education.
· Technical proficiency: Students facing challenges in operating VR equipment express frustration with setup procedures and navigating VR environments, influencing their confidence in using VR for learning.
· Health concerns: Students experiencing motion sickness and discomfort influenced their perception of VR technology.
· Technical complexity and setup: Students encountering difficulties with VR equipment setup or usage due to complexity express reservations about integrating VR into learning, underscoring practical limitations.


The results were in alignment with the results obtained from previous tools and studies indicated.     

Table 2: SUMMARY
	S.No
	Analytical tool Used
	Result
	Decision on Null Hypothesis 

	1
	NLP
	A total of 237 expressions are captured as Positive and 83 expressions are considered negative, indicating a higher inclination towards usage of VR in classroom teaching.
	Rejected

	2
	Atlas.ti
	83% response frequencies are evaluated as a positive experience 
	Rejected

	3
	LLM
	Approximately 72.05% of the students viewed virtual reality positively based on the provided responses
	Rejected



CONCLUSION
	The overall percentage of students perceiving VR experience as positive is estimated same across tools with certain errors due to data processing loss, the constraints sorted by the three tools are nearly similar and provide a clear picture of the applicability of the technology and improvements that need to be done to make the technology user friendly. Based on the results it is evident that the VR technology is received as a positive experience by more than 70% of the participating Veterinary students across tools. When analyzing the tools used, Comparing three analytical tools reveals that they have huge similarities in interpreting the results, however, the input data processing techniques of each tool are different and in every tool, there is a loss of certain content during the filtration and number of responses were processed differently in quantity and quality at different stages. Atlas.ti needs manual intervention at different levels for identification of auto-suggested tags which are not in agreement with the researcher's discretion and are tedious with larger volumes of data, Natural language processing tool kits are easy to handle and provide deeper insights with in-depth data processing, AI-enabled Large language models are found to generate huge volumes of unfiltered uncontrolled language outputs which is often not related to the research data provided. AI models as of now are producing unclear data not pinpointed to the qualitative analytics. Manual intervention is required in all the tools and the fact that “These tools can never totally replace the rational decision making, researcher discretion and interpretation generated through experienced human intelligence and this remains strongly disproved as of now”. The H1: “VR technology can evoke a positive response as Veterinary science teaching Aid” is accepted.        
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