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Abstract 

Synapse is a cutting-edge, real-time collaborative learning platform developed to overcome some of the 

most pressing challenges faced by current online education systems, such as limited student interaction, 

lack of engagement, and insufficient opportunities for real-time communication. By integrating a 

combination of tools such as video conferencing, instant messaging, and interactive social media-style 

features, Synapse promotes active participation and peer-to-peer collaboration among learners. One 

of the platform’s standout features is its use of adaptive learning technologies, which tailor the 

educational experience to each student’s unique performance and learning style. This creates a more 

personalized, engaging, and effective learning environment. This study delves into the architecture of 

Synapse, outlining its primary modules including user management, real-time communication, and 

social learning components. It also examines the use of a paired t-test algorithm to evaluate the increase 

in user engagement. Results demonstrate a marked improvement in student collaboration and 

interaction. Future developments will explore AI-driven personalization, mobile app deployment, and 

blockchain integration for secure credentialing. 
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INTRODUCTION 

Background 

Online education has grown rapidly, especially following the COVID-19 pandemic, which forced 

educational institutions to adopt digital platforms such as Zoom, Google Meet, and learning 

management systems (LMS) like Moodle and Blackboard. While these platforms are suitable for 

delivering lectures and managing course content, they struggle to recreate the dynamic and interactive 

environment of in-person learning. Students often report lower levels of engagement, a lack of peer 

interaction, and decreased motivation in online environments. The key features missing from these 

platforms include real-time collaboration, social learning tools, and adaptive content delivery systems, 

which could significantly enhance student 

participation and outcomes. 

 

Problem Statement 

E-learning platforms lack comprehensive 

features that promote real-time collaboration and 

adaptive learning. These platforms are often 

content-centric, focusing more on the distribution of 

materials rather than facilitating student interaction 

or personalizing the learning experience. This 

creates a static learning environment in which 

students have fewer opportunities for teamwork, 

social interaction, and real-time engagement, all of 

which are critical for successful learning outcomes. 
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The problem is twofold: 

1. Lack of real-time collaborative learning: Current systems are not designed to facilitate seamless, 

adaptive, real-time communication and collaboration between students and educators. 

2. Low engagement and motivation: Without features that mimic social interaction and provide 

adaptive learning spaces, users are less likely to remain engaged, resulting in lower participation 

and high dropout rates in online learning environments. 

 

Objectives 

The main objective of this research is to design and develop Synapse, an adaptive collaborative 

learning system that addresses the shortcomings of current e-learning platforms. Synapse aims to: 

• Facilitate real-time communication through video, audio, and text channels. 

• Incorporate features similar to social media to support peer interaction and collaborative learning. 

• Offer personalized learning experiences that adjust to meet each student’s unique needs. 

• Improve overall student engagement and learning outcomes using data-driven insights. 

 

LITERATURE REVIEW 

Social Media-Based Collaborative Learning 

Paper Title: “Social Media-Based Collaborative Learning and Students’ Academic 

Performance: The Mediating Role of Academic Self-Efficacy” [1]. 

The literature review examines how Social Media-Based Collaborative Learning (SMBCL) 

influences student academic performance, with a particular focus on the intermediary role of academic 

self-efficacy. Data was collected from 583 students from various Chinese universities, and the 

researchers applied structural equation modeling (SEM) along with hierarchical regression analysis to 

evaluate the effects of social media collaboration on students' learning outcomes. 

 

Key Findings 

• Perceived benefits: Social media collaboration offers academic and social insights, positively 

influencing student performance through knowledge exchange. 

• Active learning: Students engaged in active learning through social media tend to perform better 

academically, as active participation enhances their motivation and collaboration skills. 

• Moderating role of academic self-efficacy: Students with high academic self-efficacy showed a 

stronger relationship between social media collaboration and improved learning performance, 

suggesting that self-confidence enhances the benefits of collaborative learning. 

 

Although the study revealed some positive results, it also showed that students’ perceptions of  

social media's ease of use and usefulness had little influence on their collaborative learning. This 

suggests that students mainly engage with social media for entertainment and social interaction,  

rather than academic purposes. The findings emphasize the potential of social platforms to  

support collaborative learning and suggest that educational institutions should find ways to effectively 

utilize these tools to boost student engagement and academic achievement. It also suggests that  

to maximize benefits, students’ academic self-efficacy needs to be cultivated alongside the use of  

social media tools. 

 

VR2Gather: A Collaborative Social VR System 

Paper Title: “VR2Gather: A Collaborative Social VR System for Adaptive Multi-Party 

Real-Time Communication”. 

Viola et al. presented VR2Gather, a collaborative virtual reality (VR) system designed to support 

real-time, volumetric communication for multi-party interactions [2]. This system enables students to 

engage in immersive learning experiences by simulating the classroom environment. Although 

effective, VR systems require high band-width and computational power, making them inaccessible to 

many educational institutions, especially in developing regions. 
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Key Points 

1. Real-time communication: Similar to Synapse, the VR2Gather system focuses on improving real-

time communication, which is a core feature of Synapse’s virtual study rooms. While VR2Gather 

uses volumetric video and immersive environments, Synapse employs traditional tools like video 

conferencing, chat, and screen sharing. 

2. Scalability and adaptability: VR2Gather emphasizes scalability, allowing users to select 

different transport protocols based on their network capacity. This optimization reduces latency 

and ensures performance, particularly during peak usage times. Similarly, Synapse aims to 

accommodate multiple users while maintaining low latency. 

3. User experience and engagement: In VR2Gather, user satisfaction and engagement are 

prioritized with customizable features. Synapse shares this goal, focusing on user-centered design 

to enhance engagement through active collaboration and adaptive learning. 

4. Modular architecture: VR2Gather adopts a modular design, enabling or disabling modules (e.g., 

capturing, encoding, transport, rendering) based on application needs. This approach is mirrored 

in Synapse’s modular architecture, where components like user management and real-time 

communication can be tailored to specific requirements [6]. 

5. Technical challenges: VR2Gather tackles challenges related to latency, bandwidth, and multi-

user synchronization. Various compression techniques and transport protocols are employed to 

reduce latency, methods that could inform Synapse’s approach to handling real-time video and 

audio communication. 

 

Adaptive Learning Systems 

Adaptive learning is another key focus area, utilizing data analytics to customize educational experiences 

for individual learners. Nguyen et al. found that these systems can greatly enhance academic performance 

by adjusting course content to align with each student’s progress and learning preferences [7]. By using 

machine learning algorithms, these platforms assess student data, like quiz results, to recommend 

supplementary learning materials tailored to their needs. However, Nguyen et al. highlighted that most 

adaptive systems lack real-time collaboration features, which limits their impact on social learning. 

 

METHODOLOGY 

System Architecture 

Synapse is built with a modular architecture consisting of five core components: User Management, 

Room Management, Real-Time Communication, Social Learning, and Analytics [3–5]. Each module is 

designed to function independently, yet integrates seamlessly with the other modules to provide a 

holistic learning experience (Figure 1). 

1. User layer: The system has two types of users: Students and Teachers. They interact with the 

system primarily through the Login/Registration Module. 

2. Interface layer: After logging in, users access the Dashboard, which provides an overview of 

their available options. From the dashboard, users can enter various Subject Rooms tailored to 

specific subjects. 

 

Core Features of Subject Rooms 

• Real-time chat: Allows live communication between students and teachers. 

• Live lectures: Enables teachers to conduct live streaming lectures for students. 

• Recorded videos: Stores previous lectures for on-demand viewing. 

• Study materials: Provides access to resources like PDFs, presentations, and other study aids. 

 

Backend System 

The backend ensures smooth functionality through: 

• Authentication management: Secure login system. 

• Room management: Facilitates the creation and organization of study rooms. 

• Video streaming: Supports live and recorded lectures for seamless learning experiences. 
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Figure 1. System architecture of synapse. 

 

Core Services 

Paired t-test Algorithm 

A Paired t-test was employed to evaluate whether the introduction of Synapse led to a statistically 

significant improvement in student engagement. By comparing the pre- and post-engagement scores of 

students, a t-test can determine whether the observed increase in participation and collaboration is due 

to the platform’s features or random chance. 

 

Steps in the Paired t-Test 

1. Null hypothesis (H0): There is no significant difference in student engagement before and after 

using the Synapse. 

2. Alternative hypothesis (H1): There is a significant difference in student engagement before and 

after using the Synapse. 

3. Data collection: Engagement scores were measured based on factors such as time spent in study 

rooms, posts made, and interactions (likes, comments) before and after adopting Synapse. 

4. t-statistic calculation: The t-statistic was computed using the difference between the two means 

(pre- and post-engagement scores) divided by the standard error of the difference. 

5. Calculate the differences: For each pair of data points (such as before and after measurements of 

the same subject), calculate the difference: 

𝑑𝑖 = 𝑋before,𝑖 − 𝑋after,𝑖 (1) 

Here, 𝑑𝑖 is the difference for the i-th subject, 𝑋before,𝑖is the measurement before the value 

Computation, and 𝑋after,𝑖 is the measurement after the Computation. This step transforms paired 

data into a single set of differences. 

Student  eacher

 ser layer

 ogin registration module

 ashboard

Analytics 

engine

Room 

management

 hat 

engine

 ile storage atabase

 nterface layer

 ore features

 ac end system

 ore ser ices

Real time 

chat

 ive 

lectures

Recorded 

videos

Study 

materials

 earning 

analytics

Subject room

Authentication 

system

Video 

streaming

 ontent 

management



 

Current Trends in Information Technology 

Volume 15, Issue 2 

ISSN: 2249-4707 (Online), ISSN: 2348-7895 (Print) 

 

© STM Journals 2025. All Rights Reserved 28  
 

6. Calculate the mean of the differences: Next, compute the average (mean) of all the differences: 

𝑑̅ =
∑ 𝑑𝑖
𝑛
𝑖=1

𝑛
  (2) 

Where, 𝑑̅ is the mean of the differences, n is the total number of paired observations (subjects), 

and 𝑑𝑖 is each individual difference. This mean difference represents the average change across 

all subjects. 

7. Calculate the standard deviation of the differences: To understand the variability in the 

differences, calculate the standard deviation: 

𝑆𝑑 = √
∑ (𝑑𝑖−𝑑̅)

2𝑛
𝑖=1

𝑛−1
 (3) 

Where, 𝑆𝑑 is the standard deviation of the differences, 𝑑𝑖 is the individual difference, and 𝑑̅ is 

the mean difference as calculated in step 2. 

8. Compute the t-Statistic: Now compute the t-statistic to determine whether the mean difference is 

significantly different from zero: 

𝑡 =
𝑑

𝑆𝑑/√𝑛
𝑡 (4) 

Where, 𝑡 is the calculated t-statistic, d is the mean of the differences, 𝑆𝑑 is the standard deviation 

of the differences, and n is the number of paired samples. 

9. Determine the Degrees of Freedom: The degrees of freedom for a paired t-test are calculated as: 

df=n–1 (5) 

Where, n is the number of paired observations, and df is degree of Freedom. This is used to 

reference the t-distribution for hypothesis testing. 

10. Look up the critical t-Value: Use a t-distribution table or statistical software to find the critical 

t-value for your chosen significance level (commonly $\alpha=0.05$) and the degrees of 

freedom from step 5. This critical value defines the threshold for rejecting the null hypothesis. 

11. Compare the t-Statistic with the critical value 

a. If the absolute value of the calculated t-statistic is greater than the critical t-value, reject the 

null hypothesis. This implies that there is a statistically significant difference between the 

paired measurements. 

b. If the absolute value of the t-statistic is less than or equal to the critical t-value, it fails to 

reject the null hypothesis. This means the observed difference could be due to random 

variation and is not statistically significant. 

 

DISCUSSION 

The findings indicate that Synapse effectively addresses the key challenges faced by traditional e-

learning platforms. This platform fosters a more interactive and collaborative environment by 

incorporating real-time communication and social learning features. Compared to other solutions such 

as social media-based learning or VR systems, Synapse provides a more scalable and accessible 

solution. The statistical results from the paired t-test validated the hypothesis that Synapse improves 

student engagement. However, this study has some limitations, including the potential bias in self-

reported engagement data and the limited testing environment (university-level cohort). Future studies 

should include more diverse participant bases to validate these findings [11–15]. 

 

CONCLUSION AND FUTURE WORK 

Conclusion 

Synapse addresses the limitations of current e-learning platforms by offering an integrated system 

that enhances collaboration and engagement. By blending real-time communication, social media 

features, and adaptive learning, Synapse creates a more personalized and interactive learning experience. 
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The Paired t-test analysis demonstrated that Synapse significantly improves student engagement and 

participation in online learning environments. 

 

The Synapse: Collaborative Learning Hub project represents a significant advancement in the 

landscape of online education by addressing the critical challenges of real-time collaboration, user 

engagement, and adaptive learning. Through its innovative design and architecture, Synapse integrates 

a suite of functionalities that facilitate seamless communication and interaction among students and 

educators in a dynamic virtual environment. 

 

The system's modular design supports both scalability and adaptability, making it capable of handling 

an increasing number of users and study spaces. The integration of real-time communication tools, 

personalized recommendations, and robust engagement tracking creates an enriched learning 

experience that encourages active participation and collaboration. 

 

Moreover, the thorough testing and review processes have validated the platform’s functionality and 

performance, ensuring that it meets the needs of its diverse user base. By harnessing modern 

technologies and user-centered design principles, Synapse not only enhances the educational experience 

but also prepares students and educators for the demands of a rapidly evolving digital landscape. 

 

In summary, Synapse: Collaborative Learning Hub stands poised to make a meaningful impact on 

collaborative learning, fostering a more connected and interactive educational experience for all users. 

Continuous incorporation of user input and ongoing development will help the platform adapt to the 

evolving requirements of the education sector. 

 

Future Work 

Future iterations of Synapse will focus on enhancing its adaptive learning capabilities by 

incorporating machine learning algorithms that can further personalize the learning experience. 

Enhancements like mobile apps for convenient access on the move will increase the platform’s 

functionality. Furthermore, blockchain technology will be explored to secure digital credentialing, 

enabling students to obtain verified certificates for completing courses. 
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