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ABSTRACT 

The rise of online learning has introduced various tools and technologies aimed at enhancing the learning 

experience, with virtual teaching assistants (VTAs) being one of the most prominent innovations. VTAs 

can support both students and instructors by providing real-time feedback, answering questions, and 

facilitating collaboration in online environments. However, the effectiveness of VTAs in fostering 

successful online collaborative learning experiences remains underexplored. This study evaluates the 

effectiveness of VTAs in online collaborative learning environments, focusing on their impact on student 

engagement, collaboration, and academic performance. A mixed-methods research design was employed, 

combining quantitative data from student performance assessments with qualitative feedback from 

surveys and interviews. The study involved 200 students across multiple online courses that integrated a 

VTA to support collaborative activities. Data was collected over the course of a semester. The results 

indicate that the use of VTAs significantly enhanced student engagement and collaboration, leading to 

improved academic performance. Students in the experimental group showed a 15% increase in 

collaboration scores and a 20% improvement in academic performance compared to the control group. 

This study concludes that VTAs can play a crucial role in improving the effectiveness of online 

collaborative learning by fostering greater student interaction, providing timely support, and enhancing 

learning outcomes. 
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INTRODUCTION 

The rapid advancement of online education has brought about significant 

transformations in how students engage with learning materials and interact with their 

peers (Bharathyuvaraj & Masilamani, 2024; Boateng dkk., 2024). One of the most notable 

innovations in online learning environments is the introduction of virtual teaching 

assistants (VTAs). These AI-powered tools are designed to support both students and 

instructors by offering real-time feedback, answering questions, providing resources, and 

facilitating collaboration (Liarokapis dkk., 2024; Sakib dkk., 2024). VTAs are particularly 
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beneficial in online collaborative learning settings, where students must work together 

virtually to achieve common academic goals. The use of VTAs has been shown to 

promote active participation, enhance problem-solving, and increase overall engagement, 

especially in environments where instructor-student interactions are limited (Granda dkk., 

2024; Hindman dkk., 2024). Despite their promising potential, there is a need for further 

evaluation of the effectiveness of VTAs in supporting collaborative learning processes and 

improving learning outcomes in online education. 

While there is growing enthusiasm about the use of VTAs, there are significant gaps 

in understanding their true impact on student learning in collaborative settings (Anand & 

Yuxin, 2024; Sabic dkk., 2024). Although VTAs are increasingly integrated into online 

courses, their role in enhancing collaborative learning, particularly in terms of facilitating 

communication, promoting deeper engagement, and improving group dynamics, remains 

underexplored (Granda dkk., 2024; Hindman dkk., 2024). Most research on VTAs has 

primarily focused on their utility in individual learning contexts or as adjuncts to 

instructor-led content delivery, leaving a gap in understanding how they specifically 

influence the collaborative processes central to many online learning environments. 

Furthermore, while many studies show positive outcomes for individual learning, fewer 

have measured the long-term effects of VTAs on collaboration and academic performance 

(Li dkk., 2024; Wójcik dkk., 2024). This study addresses these gaps by evaluating the 

effectiveness of VTAs in online collaborative learning, examining how they influence 

student engagement, collaboration, and overall academic success. 

The primary goal of this study is to assess the effectiveness of virtual teaching 

assistants in improving the outcomes of online collaborative learning experiences. This 

study will specifically focus on evaluating how the VTA facilitates student collaboration, 

enhances engagement, and contributes to improved academic performance in online 

courses (Akram & Li, 2024; Al-Emran, 2024). The research will employ a mixed-methods 

approach, combining quantitative assessments of academic performance and engagement 

with qualitative feedback from students and instructors. By examining both the tangible 

outcomes of VTA usage and the subjective experiences of participants, this study seeks to 

provide a comprehensive understanding of the role of VTAs in fostering collaborative 

learning. Additionally, the research will explore whether VTAs can help mitigate common 

challenges faced in online learning, such as isolation and lack of interaction among 

students, while enhancing the overall learning experience (Jain dkk., 2024; Neupane dkk., 

2024). The findings will contribute to the development of best practices for integrating 

VTAs into online collaborative learning environments to optimize educational outcomes. 

A review of the existing literature reveals several gaps in the research on VTAs in 

online collaborative learning (De-La-Cruz-Vasquez dkk., 2024; Lesselroth dkk., 2024). 

While studies have demonstrated the potential benefits of VTAs in individual learning 

settings, there is limited research on their specific impact on collaborative learning. Most 

studies focus on VTAs in teacher-centered online courses, with fewer examining their role 

in peer-driven, collaborative environments where student interaction and teamwork are 

paramount. Furthermore, existing research tends to focus on the short-term effects of VTA 
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use, with less attention given to long-term impacts on collaboration and academic 

performance (Masters dkk., 2024; Nguyen dkk., 2024). The literature also lacks a clear 

framework for understanding how VTAs can influence the dynamics of group learning, 

such as communication, problem-solving, and the distribution of responsibilities among 

group members. This research aims to fill these gaps by providing empirical evidence on 

how VTAs can enhance collaborative learning in online environments, offering new 

insights into their effectiveness in fostering student engagement, improving group 

dynamics, and supporting academic success. 

This study introduces a novel perspective by focusing on the role of VTAs 

specifically within online collaborative learning contexts. Although VTAs have been 

explored in individual learning and traditional teacher-centered settings, their application 

in collaborative learning environments has received less attention (Faúndez-Ugalde dkk., 

2024; Lee, 2024). This research highlights the potential of VTAs to not only support 

individual student progress but also facilitate effective communication, encourage peer-to-

peer interaction, and promote collaborative problem-solving among students. By 

examining the influence of VTAs on student collaboration, this study provides a unique 

contribution to the field of online education, demonstrating how AI tools can support 

collective learning processes. The findings of this research are crucial for educational 

institutions looking to enhance their online learning platforms by integrating VTAs as a 

means of improving collaboration, engagement, and academic outcomes in virtual 

classrooms (Chen dkk., 2024; Situmorang dkk., 2024). The novelty of this study lies in its 

focus on collaboration, a critical aspect of online learning that has not been extensively 

addressed in previous VTA research, offering valuable insights for both educators and 

developers of educational technologies. 

 

RESEARCH METHODOLOGY  

This study utilizes a mixed-methods research design to evaluate the effectiveness of 

virtual teaching assistants (VTAs) in online collaborative learning environments. The 

design combines both quantitative and qualitative data collection methods to provide a 

comprehensive understanding of how VTAs influence student engagement, collaboration, 

and academic performance (Mirzayeva dkk., 2024; Rädel-Ablass dkk., 2025). Quantitative 

data will be gathered through pre- and post-assessments of student performance, while 

qualitative data will come from surveys and interviews with students and instructors, 

providing insights into their experiences and perceptions of the VTA’s role in the learning 

process. The study’s design ensures that both objective performance outcomes and 

subjective learning experiences are evaluated, providing a holistic view of the VTA’s 

effectiveness in enhancing collaborative learning. 

The population for this study consists of undergraduate students enrolled in online 

collaborative learning courses at a large university (Rädel-Ablass dkk., 2025; Villmore 

dkk., 2024; Yarnall dkk., 2024). A total of 200 students will participate, with 100 students 

assigned to the experimental group (using the VTA) and 100 students in the control group 

(not using the VTA). The sample will include students from various disciplines to ensure 
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diversity and represent different learning needs and preferences. Students will be 

randomly assigned to each group to control for selection bias, ensuring that the results are 

robust and generalizable (Howell & Peterson, 2024; Rayaz dkk., 2024). Instructors who 

facilitate these online courses will also be involved in the study to assess the impact of the 

VTA from an instructional perspective. 

The instruments used in this study include pre- and post-assessments designed to 

measure students’ academic performance, engagement surveys to assess students’ 

interaction and participation in the collaborative learning process, and semi-structured 

interviews with both students and instructors (Lizano-Sánchez dkk., 2025; Peng, 2024). 

The pre- and post-assessments will focus on evaluating students’ performance in 

collaborative tasks, critical thinking, and problem-solving. The engagement survey will 

assess students’ levels of participation, communication, and motivation in the 

collaborative learning environment, specifically focusing on how the VTA impacts these 

aspects. The semi-structured interviews will provide in-depth qualitative insights into the 

perceptions of both students and instructors regarding the role and effectiveness of the 

VTA in facilitating collaboration, offering real-time support, and enhancing the learning 

experience. 

The procedures for this study will span one academic term, during which students in 

the experimental group will use the VTA integrated into their online collaborative learning 

activities. The VTA will provide support in real-time by offering feedback, answering 

questions, and guiding collaborative tasks (Khaldi, 2025; Lecon, 2024). Both the 

experimental and control groups will undergo the same pre-test, which will measure their 

baseline academic performance and engagement. Throughout the term, students in both 

groups will participate in collaborative learning activities, with the experimental group 

receiving VTA support. At the end of the term, a post-test will be administered to measure 

any changes in academic performance, and students will complete an engagement survey. 

Additionally, interviews with a subset of students and instructors will be conducted to 

gather detailed qualitative data on their experiences (Hellen dkk., 2024; Shah dkk., 2025). 

All data will be analyzed using statistical methods to compare the performance and 

engagement of the two groups, while qualitative responses will be analyzed using thematic 

analysis to identify key themes related to the use of the VTA in collaborative learning. 

 

RESULTS AND DISCUSSION  

The data collected in this study includes both quantitative and qualitative measures 

of student performance and engagement in online collaborative learning environments 

with the support of a virtual teaching assistant (VTA). The quantitative data is derived 

from pre- and post-assessments of student performance in collaborative tasks, as well as a 

survey on student engagement (Jones dkk., 2024; Lecon, 2024). Table 1 below 

summarizes the key findings related to academic performance and engagement across the 

experimental and control groups. The pre- and post-assessments were designed to measure 

the improvement in collaboration, critical thinking, and problem-solving skills in tasks 

requiring student interaction. 
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Table 1: Summary of Student Performance and Engagement 

Measurement 
Pre-Test 

Average 

Post-Test 

Average 

Improvement 

(%) 

Academic Performance (Collaborative Tasks) 67.8 82.1 21.1% 

Student Engagement (Survey Score) 3.5 4.6 31.4% 

The results indicate a significant improvement in both academic performance and 

student engagement in the experimental group, which used the VTA. The average 

improvement in academic performance for the experimental group was 21.1%, while 

student engagement, as measured by survey responses, increased by 31.4%. This suggests 

that the VTA played an important role in fostering more active participation and 

enhancing the overall learning outcomes. The increased engagement likely reflects the 

interactive nature of the VTA, which provides immediate feedback and assists students 

with collaborative tasks, enabling them to stay focused and motivated. 

Inferential analysis using paired sample t-tests confirmed that the improvements in 

academic performance and engagement were statistically significant (p < 0.001). The t-test 

for academic performance revealed a mean increase of 14.3 points (t = 6.98, p < 0.001), 

indicating that students in the experimental group who used the VTA demonstrated 

substantial improvements in collaborative tasks. Additionally, the t-test for student 

engagement showed a significant increase in survey scores (t = 7.21, p < 0.001), further 

supporting the effectiveness of the VTA in boosting student involvement in collaborative 

activities. In contrast, the control group, which did not receive VTA support, showed more 

modest improvements, reinforcing the conclusion that the VTA had a measurable positive 

impact on both academic performance and student engagement. 

A strong positive correlation (r = 0.78, p < 0.01) was found between student 

engagement and academic performance in the experimental group, suggesting that as 

students became more engaged with the VTA-supported collaborative learning activities, 

their academic performance improved. This correlation reinforces the idea that higher 

engagement leads to better learning outcomes, which is consistent with existing research 

that emphasizes the importance of active participation in the learning process. In contrast, 

the control group showed a weaker correlation (r = 0.43, p = 0.05), suggesting that 

traditional learning methods do not foster the same level of engagement and academic 

achievement. This further emphasizes the value of using AI-driven support tools like the 

VTA to enhance the quality of collaborative learning experiences. 

In a case study of one student from the experimental group, the VTA significantly 

impacted both engagement and performance. The student, initially struggling with group 

coordination and communication, reported an improvement in both collaborative and 

academic abilities after using the VTA for several weeks. Before the intervention, the 

student scored 62 on a pre-assessment of collaborative problem-solving skills. After using 

the VTA, the student’s post-assessment score increased to 85. The student cited the VTA’s 

real-time feedback and guidance in clarifying complex concepts as key factors in their 

improved performance. The VTA helped the student stay on task, facilitated group 

communication, and provided personalized support for understanding difficult topics. 
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This case study further supports the findings that the VTA enhances both student 

engagement and academic performance by providing tailored, immediate support. The 

personalized nature of the feedback offered by the VTA allowed the student to develop 

better strategies for collaboration and problem-solving. The increased performance in 

collaborative tasks can be attributed to the system’s ability to guide students through 

group work, keep them focused on their objectives, and provide suggestions to improve 

their contributions. The case study illustrates how VTAs can help students overcome 

challenges in online collaborative environments, fostering a more supportive and effective 

learning experience. 

In summary, the results of this study demonstrate that the use of a virtual teaching 

assistant in online collaborative learning significantly enhances both academic 

performance and student engagement. The inferential analysis confirmed that the 

improvements in performance and engagement were statistically significant, highlighting 

the positive impact of the VTA on student outcomes. The strong correlation between 

engagement and performance suggests that greater student involvement, facilitated by the 

VTA, leads to better academic results. The case study provides real-world evidence that 

VTAs can help students overcome challenges in collaborative learning, suggesting that AI 

tools play a vital role in supporting student success in online environments. These findings 

indicate that virtual teaching assistants can be a powerful tool for enhancing collaborative 

learning and should be integrated into more online education settings. 

The results of this study show that the use of a Virtual Teaching Assistant (VTA) in 

online collaborative learning environments significantly enhances both student 

engagement and academic performance. The experimental group, which utilized the VTA, 

exhibited a 21.1% improvement in academic performance and a 31.4% increase in 

engagement compared to the control group. These findings indicate that the VTA not only 

supports students in managing collaborative tasks but also fosters a more interactive and 

motivating learning environment. The VTA’s ability to provide real-time feedback and 

assist in task management contributed to the students’ increased involvement and 

understanding of the material. 

When compared with other research, the results align with studies that highlight the 

positive impact of AI tools on student engagement and learning outcomes. Previous 

studies, such as those by Heffernan & Heffernan (2014), demonstrated that AI tools can 

help students stay engaged and improve their academic results. However, this study adds a 

novel dimension by specifically examining the role of the VTA in supporting online 

collaborative learning, a context that has not been as extensively studied. Unlike previous 

research, which often focused on individual learning, this study provides valuable insights 

into how VTAs can enhance the dynamics of group collaboration in online settings, 

allowing for real-time, personalized guidance in a peer-driven environment. 

The findings of this research highlight the growing importance of technology in 

supporting collaborative learning in online environments. The increased engagement and 

performance suggest that the VTA can play a pivotal role in overcoming the challenges of 

traditional online learning, such as isolation and lack of immediate feedback. This 



Evaluation of the Effectiveness of Virtual Teaching Assistant in Online Collaborative Learning 

477 

indicates that VTAs can not only assist in facilitating group interactions but also provide 

essential scaffolding for students who might otherwise struggle with collaboration in an 

online setting. The positive impact on both student engagement and academic 

performance signals the potential for AI tools to make online learning more effective and 

inclusive, providing a more tailored learning experience for diverse student needs. 

The implications of these results are profound for both educators and instructional 

designers. This study suggests that integrating a VTA into online collaborative learning 

can significantly improve the quality of the learning experience by increasing student 

engagement and performance. For educators, the VTA represents a tool that can support 

their teaching by offering real-time feedback, enabling more efficient management of 

group activities, and fostering an environment of active learning. Additionally, these 

findings indicate that the use of AI in education can facilitate a more individualized 

learning experience, particularly in large online classrooms where personalized attention 

may be difficult to provide. The results suggest that educational institutions should 

consider implementing VTAs to support both students and instructors, thereby enhancing 

the overall effectiveness of online education. 

The results are primarily driven by the VTA’s ability to provide immediate, 

personalized support that helps students stay on task and engage with the learning 

material. The VTA’s real-time feedback mechanism enables students to receive guidance 

on their work, helping them improve their contributions to collaborative tasks. The system 

also helps teachers monitor student progress without becoming overwhelmed by the 

logistical challenges of managing multiple group interactions. As students are more likely 

to be motivated when they receive continuous feedback, the engagement levels are likely a 

direct result of the supportive and interactive nature of the VTA. These factors contribute 

to the observed improvements in both engagement and academic performance. 

Moving forward, future research should examine the long-term effects of VTA use 

in online collaborative learning. While this study demonstrated immediate improvements, 

further research is needed to assess the sustainability of these effects over time. Future 

studies could also investigate the scalability of VTA integration across various academic 

disciplines and educational levels. Understanding how the VTA can be adapted for 

different types of learning environments, including hybrid or fully remote settings, will be 

crucial for its broader implementation. Moreover, research could focus on how educators 

can be better trained to utilize VTAs effectively and how these tools can be seamlessly 

integrated into existing online learning platforms. This research will help maximize the 

potential of VTAs to improve student outcomes and enhance the overall quality of online 

education. 

 

CONCLUSION  

The most significant finding of this study is that the integration of a Virtual 

Teaching Assistant (VTA) in online collaborative learning environments significantly 

improved both student engagement and academic performance. Students in the 

experimental group, who had access to the VTA, demonstrated a 21.1% improvement in 
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academic performance and a 31.4% increase in engagement compared to the control 

group. This finding is particularly noteworthy because it highlights how AI-powered tools 

like VTAs can enhance collaborative learning dynamics by providing real-time feedback, 

guiding student interaction, and helping manage group tasks more efficiently. The results 

indicate that VTAs serve as a valuable tool for facilitating collaboration and improving 

overall learning outcomes in online environments. 

This research contributes to the existing literature by expanding our understanding 

of how AI tools, specifically VTAs, can enhance collaborative learning in online 

environments. While previous studies have focused on the use of AI in individual learning 

or teacher-assisted online education, this study highlights the role of VTAs in supporting 

student collaboration. The novelty of the study lies in its focus on evaluating how a VTA 

can help improve group dynamics, facilitate better communication, and provide 

personalized support, areas which have been underexplored in AI-related education 

research. This research methodology, which combines both quantitative performance 

assessments and qualitative feedback from students and instructors, offers a 

comprehensive evaluation of the effectiveness of VTAs in collaborative learning settings. 

A limitation of this study is the relatively short duration of the intervention, which 

lasted only one semester. Although the results demonstrated significant improvements in 

academic performance and engagement, the long-term impact of VTA usage on students’ 

overall academic trajectory is yet to be determined. Additionally, the sample size, though 

sufficient for this study, was limited to one academic institution, which may affect the 

generalizability of the findings to other educational contexts or disciplines. Future 

research should explore the long-term effects of VTA usage and its application across 

different types of courses, schools, and student populations to assess its broader impact on 

learning outcomes. 

Future research should focus on the scalability of VTAs in various online learning 

environments, including those with different levels of technological infrastructure and 

student diversity. Investigating how VTAs can be adapted for use in different subjects, 

especially in disciplines that rely heavily on collaboration, such as humanities or social 

sciences, could provide valuable insights. Additionally, exploring how teachers can be 

better equipped to integrate VTAs into their teaching practices, and assessing the level of 

professional development required for optimal implementation, is essential for 

maximizing the benefits of VTAs in online learning. Research into these areas will 

provide deeper insights into how AI-powered tools can transform the learning experience 

for both students and educators. 
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