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Abstract 

Mobile e-learning platforms' tremendous growth has changed modern education systems by 

providing instant and flexible access to e-learning content. However, increased reliance on wireless 

communications and cloud-based infrastructure in mobile e-learning platforms is creating many 

issues in terms of data security, latency, scalability, and content delivery. Traditional techniques in 

security and communication are not always effective in dealing with the changing requirements of 

mobile e-learning systems, where huge amounts of data are constantly being transferred between 

various devices. This paper introduces the network architecture of a Quantum Computing-Driven 

Mobile E-Learning System (QCMELS) designed to utilize quantum cryptographic protocols for 

ultra-secure, high-speed content delivery. To validate its architectural feasibility prior to the 

widespread availability of physical quantum hardware, the framework's quantum mechanics are 

modeled via quantum circuit simulation and quantum-inspired optimization algorithms. A  

multi-layer system architecture design has been made to accommodate secure authentication and 
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dynamic quantum session key generation, adaptive bandwidth, and low latency for Wi-Fi, 5G, and 

Internet-of-Things-based mobile e-learning platforms. Moreover, the model employs intelligent 

routing as well as edge caching mechanisms to enhance efficient communication in terms of 

mitigating congestion. An experimental analysis showed that the QCMELS framework performed 

better than any other mobile learning framework across several performance measures. The 

QCMELS model delivered 97.8 Mbps throughput, 98.6% PDR, and 98.1% security accuracy and 

brought about a reduction in average latency to 61 ms. On top of this, there was efficiency in resource 

usage, which stood at 92.4%. This shows that the optimization framework proposed is indeed 

effective. The findings obtained from the ablation study provided additional evidence on how the 

quantum security and edge computing modules contributed towards improving performance. The 

findings suggest that the proposed framework is scalable, reliable, and secure. It is an ideal 

framework for future mobile e-learning systems. The research helps to advance intelligent 

educational systems. 

Keywords: Quantum Computing, Mobile E-Learning Systems, Quantum-Inspired Security,  

Cloud-Edge Computing, Wireless Communication Networks, Secure Content Delivery, Adaptive 

Resource Optimization. 

1 Introduction 

The fast development of mobile e-learning platforms has greatly impacted the contemporary educational 

system by allowing instant access to study materials, online classes, and collaboration tools from any 

geographic location (Soy, 2025). Learning centers have become more dependent on wireless mobile 

networks and cloud-based infrastructures for delivering multimedia learning modules, real-time 

evaluation systems, and flexible instruction services (Jami & Haleem, 2025). Yet, the rising use of 

mobile communication technologies poses several risks pertaining to data security, data transfer 

efficiency, scalability, and dependable content delivery (Damaševičius, 2025). Traditional encryption 

methods and cloud-based approaches to security are no longer sufficient for dealing with new  

cyber-attacks that pose a serious threat to sensitive learner data, test results, and intellectual property in 

ever-changing educational environments (Chauhan et al., 2022). Moreover, the rising amount of 

educational content makes it imperative to develop an effective infrastructure for ultra-fast data 

processing and secure communication (Surendar & Kavitha, 2026; Rajan & Saranya, 2025). 

It is noteworthy that quantum computing is an emerging technological model with great potential to 

change approaches to secure communications and computation in wireless mobile environments. The 

use of quantum parallelism, quantum key distribution, and optimization in quantum computing models 

will be crucial for improving the effectiveness of encryption, allocation of network resources, and fast 

data transfer (Rahim, 2025; Yuvarani & Gomathi, 2026). Utilization of the quantum computing model 

in mobile e-learning frameworks is a feasible solution to create a platform for intelligent and secure 

delivery of educational content at high speeds. Notwithstanding the development of technologies in 

mobile learning and wireless security, very little literature has been published on applying quantum 

computing principles to ubiquitous educational applications. 

Quantum Computing Driven Mobile E-Learning System (QCMELS) is put forward as a model that 

will make sure of ultra-secure and ultra-fast data transmission process. The QCMELS architecture 

consists of using quantum inspired algorithms for encrypting data, intelligent optimisation to make sure 

of resource management and wireless communication technologies. Moreover, the proposed model will 

be analyzed on various parameters including delays, high throughput, quality of service and security. 
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Key Contributions 

• Proposed a quantum-targeted mobile e-learning system architecture designed for secure and fast 

educational content delivery. 

• Evaluated the feasibility of quantum-based cryptography and authentication protocols using 

classical quantum-circuit simulation to ensure data confidentiality. 

• Presented a resource optimization scheme for improving efficiency, decreasing latency, and 

dealing with dynamically changing wireless learning scenarios.  

• Comprehensively assessed the suggested framework using several performance indicators, such 

as security, efficiency, scalability, and quality of service. 

The rest of the article is structured in the following manner. Section II offers a review of the literature 

on quantum computing, mobile e-learning systems, and wireless communication security methods. 

Section III contains details related to the model design, which include architectural, algorithmic, and 

mathematical aspects. Performance analysis and comparative studies have been covered in Section IV. 

Finally, Section V contains concluding remarks. 

2 Literature Survey 

The developments in mobile learning, quantum computing, cloud computing in education, and 

intelligent wireless communication have immensely affected the design of future digital learning 

systems. The focus of most of the past researches had been on issues of security, scalability, adaptability, 

and rapid dissemination of contents, as per the demands of the current learning environment. 

Past research recommended the adoption of quantum secure communication in future networks by 

utilizing quantum cryptography (Katragadda et al., 2026; Souza & do Amaral, 2014). It emphasized the 

significance of quantum cryptography in protecting the data transfer from all types of attacks (Delgado, 

2023; Chilivumbo, 2015). Past research had also focused on the use of quantum algorithms in the field 

of education and their role in enhancing computational speed, making effective decisions, and providing 

security to the information (Hanafi et al., 2025; Nedungadi & Raman, 2012). 

Several academic papers studied the influence of introducing quantum computing in the education 

system (Bhuttoo et al., 2017). This study evaluated the effect of quantum computing on the digital 

education system and highlighted its advantages in the form of increased learning efficiency, secure 

storage of educational information, and adaptive educational services (Elkhateeb et al., 2019; Gaddapuri, 

2022) This paper additionally explored the implementation of quantum computing in contemporary 

learning systems and specifically focused on scalable intelligent educational infrastructure (Mihailescu 

et al., 2024). It highlighted various applications of quantum computing in learning analytics and 

discussed challenges associated with its integration, optimization, and real-time processing of 

educational information (Pagano et al., 2023; Grönlund & Islam, 2010). 

Research related to the mobile and ubiquitous learning system was equally essential in shaping the 

intelligent educational platform. This paper suggested an approach to deliver adaptive content in the 

ubiquitous learning system for increased real-time access to educational resources (Zhao et al., 2010). A 

later paper offered a solution in the form of adaptive multimedia delivery for context-aware mobile 

learning systems (Zhao & Okamoto, 2011). Similarly, some research explored a mobile-based e-learning 

solution that offered efficient delivery of educational content in a bandwidth-limited environment 

(Mahenge & Mwangoka, 2014; Eze et al., 2018). 
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E-learning systems based on cloud technology and intelligence have received significant attention in 

educational literature (Korucu & Alkan, 2011; Riahi, 2015). This work reviewed cloud-enabled                               

e-learning systems and emphasized their scalability and accessibility advantages Riahi, (2015). The prior 

study considered intelligent e-learning systems using adaptive approaches and intelligent resource 

management to increase the learner's engagement level and enhance communication efficiency (Liu & 

Yu, 2023). 

Although some of the past research has studied mobile learning, cloud computing, adaptive content 

delivery, and quantum computing separately, few studies have taken into consideration  

quantum-inspired security, intelligent resource allocation, adaptive wireless communications, and  

cloud-edge cooperation as part of a single mobile e-learning paradigm. Past works usually faced some 

challenges, such as latency problems, security strength issues, network congestion, and reliable content 

delivery under uncertain educational scenarios. 

Thus, the novel Quantum Computing-based Mobile E-Learning System (QCMELS) seeks to bridge 

this research gap by utilizing quantum-inspired encryption algorithms, adaptive routing techniques, 

intelligent bandwidth management, and cloud-edge cooperative architecture in order to provide  

ultra-security, scalability, and speedy content delivery in dynamic wireless learning environments. 

3 Proposed Quantum Computing-Driven Mobile E-Learning Framework 

The proposed framework will facilitate ultra-safe, high-speed, and reliable delivery of educational 

material in wireless environments through various technologies and systems incorporated in the 

QCMELS framework, such as quantum cryptography, resource management systems, wireless 

communication, and cloud edge collaboration systems. 

The methodology consists of five major operational layers: 

1. User Access and Authentication Layer  

2. Quantum Security Layer  

3. Intelligent Resource Optimization Layer  

4. Wireless Communication and Content Delivery Layer  

5. Cloud-Edge Educational Storage Layer  

To start with, both learners and instructors log into the mobile learning system via their mobile 

phones, tablet computers, and laptop computers that are connected through different wireless networks, 

including Wi-Fi, 5G, and IoT-based university networks. The authentication layer verifies the identities 

of both instructors and learners using quantum authentication methods. Once authenticated, the system 

creates a quantum session key to ensure secure communications. 

The quantum security layer employs QKD principles to provide encrypted protection of important 

learning information, including examination results, learning analysis, multimedia lectures, and learning 

materials. The encrypted data is then processed in the intelligent resource optimization layer using 

advanced quantum optimization algorithms to allocate appropriate bandwidth, computing power, and 

communication preferences based on current networking conditions. 

The cloud-edge architecture minimizes any latency by storing popular learning content on nearby 

edge nodes, but still maintains a centralized location of academic materials in cloud systems. Adaptive 

wireless routing algorithms continuously analyze network traffic, signal strength, and transmission 
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performance to ensure seamless learning processes. Eventually, the decrypted learning contents are 

delivered to the identified learners with no latency at all. 

 

Figure 1: Architecture of the proposed quantum computing-driven mobile e-learning system 

The structure of the quantum-computing-based mobile e-learning framework has been illustrated in 

figure 1. The framework includes user identification, quantum-based security measures, resource 

optimization, wireless communication, and cloud-edge-based storage for enabling secure, scalable, and 

reliable delivery of educational material in real-time. 
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Algorithm of the Proposed QCMELS Framework 

Algorithm 1: Quantum-Secure Content Delivery Process 

Input: 

• Educational content 𝐸𝑐 

• User request 𝑈𝑟 

• Network state 𝑁𝑠 

Output: 

• Secure and optimized content delivery 𝑆𝑑 

Step 1: User Authentication 

1. Receive user login request.  

2. Verify user identity credentials.  

3. Generate a quantum session authentication token.  

Step 2: Quantum Key Generation 

4. Initialize quantum-inspired key generation module.  

5. Generate a dynamic encryption key 𝑄𝑘.  

6. Establish a secure communication session.  

Step 3: Educational Content Encryption 

7. Encrypt educational data using 𝑄𝑘.  

8. Apply integrity verification mechanism.  

Step 4: Intelligent Resource Optimization 

9. Analyze current wireless network conditions.  

10. Allocate bandwidth dynamically.  

11. Select optimal edge or cloud delivery node.  

Step 5: Adaptive Content Transmission 

12. Transmit encrypted content through optimized wireless path.  

13. Monitor latency, packet loss, and throughput.  

14. Perform adaptive rerouting if congestion occurs.  

Step 6: Secure Content Delivery 

15. Decrypt content at authenticated user device.  

16. Deliver learning content securely with minimum delay.  

End Algorithm 

The proposed Quantum-Secure Content Delivery Algorithm (Algorithm 1) outlines a future-ready 

deployment model for mobile e-learning platforms. To optimize performance on current infrastructure, 

the algorithm assumes a hybrid framework: cryptographic keys are simulated using quantum properties, 

while high-volume payload encryption relies on optimized classical operations. This algorithm adapts 

to changing network conditions and optimizes throughput and secure communication in wireless 

educational networks. 
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Mathematical Description  

Quantum-Inspired Encryption Model 

To maintain high throughput in dynamic wireless environments, a hybrid cryptographic approach is 

used. While the session keys 𝑄𝑘 are established by simulating Quantum Key Distribution (QKD) 

protocols, the actual bulk educational data ($D$) is encrypted using a computationally lightweight 

classical operation once the secure key is established. This symmetric payload encryption is represented 

in equation 1: 

𝐸(𝐷) = 𝐷 ⊕𝑄𝑘                                         (1) 

Where, 𝐸(𝐷)= Encrypted educational data, 𝐷= Original learning content, 𝑄𝑘= Quantum-generated 

session key, ⊕= XOR encryption operation. 

Network Throughput Optimization 

The throughput efficiency of the wireless learning system is defined as equation 2: 

𝑇ℎ =
𝑃𝑠

𝑇𝑡
                                                         (2) 

Where, 𝑇ℎ= System throughput, 𝑃𝑠= Successfully transmitted packets, 𝑇𝑡= Total transmission time. 

4 Results and Discussion 

The architectural framework of the proposed Quantum Computing-Driven Mobile E-Learning System 

(QCMELS) was evaluated using a rigorous emulated environment. Because physical quantum 

computing hardware is not yet integrated into standard edge-cloud networks, the quantum security 

modules (including key distribution and authentication) were simulated using quantum circuit models 

via Python's Qiskit library. These simulated quantum components were seamlessly integrated with 

classical cloud-edge routing and wireless communication layers. The simulation architecture ran on an 

Ubuntu 22.04 platform equipped with a classical Intel Core i7 CPU and 16GB of memory to capture 

accurate network and processing overhead profiles. For experimentation, MELND dataset consisting of 

120,000 learning materials and simulated traffic among wireless educational networks with 5,000 users 

obtained from Moodle logs was used. Features considered in the dataset included latency, throughput, 

user authentication status, encryption overhead, and others in Wi-Fi, 5G, and IoT networks. Packet size 

between 512–2048 bytes, transmission rate of 10–100 Mbps, 256-bit quantum key generation, 15 edge 

servers, and adaptive quantum routing strategy were some of the simulation parameters. 

Performance Comparison 

Throughput: Equation 3 measures the rate of successful data delivery over a communication channel. 

Throughput =
Total Successfully Delivered Data

Transmission Time
                 (3) 

Latency: Equation 4 represents the average time taken for data packets to travel from sender to receiver. 

Latency =
∑ (

𝑛

𝑖=1
𝑇𝑟𝑒𝑐𝑒𝑖𝑣𝑒−𝑇𝑠𝑒𝑛𝑑)

𝑛
                               (4) 

Packet Delivery Ratio (PDR): Equation 5 indicates the percentage of successfully delivered packets 

out of total sent packets. 
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PDR =
Packets Received

Packets Sent
× 100                                       (5) 

Security Accuracy: Equation 6 reflects the proportion of sessions that were correctly secured against 

attacks. 

Security Accuracy =
Correctly Secured Sessions

Total Sessions
× 100       (6) 

Resource Utilization Efficiency: Equation 7 shows how efficiently the available system resources are 

being used. 

Resource Utilization =
Used Resources

Available Resources
× 100          (7) 

The proposed QCMELS framework was compared with existing methods including Traditional 

Mobile Learning System (TMLS), Cloud-Based E-Learning (CBEL), Secure Wireless Learning 

Framework (SWLF), and AI-Based Adaptive Learning System (AIALS). 

Table 1: Performance comparison of the proposed QCMELS framework with existing mobile E-

learning methods 

Method 
Throughput 

(Mbps) 

Latency 

(ms) 

PDR 

(%) 

Security Accuracy 

(%) 

Resource Utilization 

(%) 

TMLS 68.5 142 89.4 85.1 71.3 

CBEL 74.2 128 91.7 88.6 75.8 

SWLF 81.4 104 94.2 92.5 81.6 

AIALS 86.9 93 95.8 94.3 85.1 

Proposed 

QCMELS 
97.8 61 98.6 98.1 92.4 

The comparison of performance among the proposed QCMELS scheme and current mobile  

e-learning systems such as TMLS, CBEL, SWLF, and AIALS is provided in table 1. The highest 

throughput rate of 97.8 Mbps, Packet Delivery Ratio of 98.6%, security accuracy of 98.1%, resource 

utilization of 92.4% along with minimum latency of 61 ms was observed for the proposed system. 

 

Figure 2: Holistic performance comparison of the proposed QCMELS framework 
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The comparative evaluation of the suggested QCMELS technique with regard to TMLS, CBEL, 

SWLF, and AIALS using various performance parameters such as throughput, delay, packet delivery 

ratio, security accuracy, and resource utilization is provided in figure 2. It can be seen that the QCMELS 

technique outperforms others with respect to efficiency, security, reliability, and less delay in 

communication. 

The experiment shows that the performance of the proposed QCMELS framework surpasses that of 

current techniques in terms of better efficiency, lower latency, higher delivery rate, enhanced accuracy, 

and resource efficiency. 

Ablation Study 

Ablation studies were carried out to test the effect of the various components of the framework. 

Table 2: Ablation study of the proposed QCMELS framework 

Configuration Throughput (Mbps) Latency (ms) Security accuracy (%) 

Without Quantum Security Layer 82.6 95 84.2 

Without Edge Computing Layer 79.4 118 89.5 

Without Resource Optimization 76.1 124 87.3 

Partial QCMELS Framework 89.7 82 93.8 

Full Proposed QCMELS 97.8 61 98.1 

The outcomes in table 2 support the idea that quantum security, intelligent resource optimization, and 

cloud-edge cooperation together play roles in improving performance, security, and communication 

efficiency. 

It can be observed that the proposed QCMELS scheme successfully overcomes many difficulties 

associated with mobile e-learning systems in today's world, such as secure communication, scalability, 

low latency, and content delivery. Incorporating the concept of quantum-inspired computing together 

with wireless adaptive communication and cloud-edge technology provides superior performance 

compared to previous learning schemes based on mobile learning techniques. 

5 Conclusion 

This research presented a Quantum Computing-Driven Mobile E-Learning System (QCMELS) for 

secure and fast delivery of educational content using quantum computing. The proposed framework used 

concepts such as quantum-based encryption, adaptive wireless communication technology, intelligent 

resource optimization and cloud-edge collaboration system to overcome the problems related to mobile 

learning systems such as latency issues, security threats, scalability issues and unreliable data 

transmission. The architecture designed for the framework not only improved reliable communication 

but was also successful in facilitating access to educational content from mobile devices. Experimental 

results indicated that the proposed framework is better than traditional mobile learning systems in 

comparison. For instance, the framework recorded a throughput of 97.8 Mbps as against other existing 

frameworks such as Traditional Mobile Learning Systems and AI-Based Adaptive Learning Systems. In 

addition, the developed framework lowered average communication latency to 61 ms by increasing the 

speed of educational content distribution. The Packet Delivery Ratio was 98.6%, which proves the 

reliability of data transfer under highly variable wireless conditions. Additionally, the quantum-inspired 

security scheme enabled security accuracy of 98.1%, which provided high levels of confidentiality, 

authentication reliability, and data access security. Finally, resource efficiency increased to 92.4%, due 

to efficient bandwidth allocation, traffic management, and load balancing. The ablation experiment 
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demonstrated the importance of all elements of the suggested framework in achieving higher 

performance. In particular, removing the quantum security layer decreased the level of security accuracy 

to 84.2%, whereas the exclusion of the edge computing module increased latency to 118 ms. Thus, 

integration of quantum-based security features and cloud-edge computing capabilities is crucial for 

future mobile e-learning systems. Proposed Frameworks of Mobile Learning Systems of Future 

Generation will require further research if it was to be successfully implemented via improved Quantum 

Computing, Blockchain for Learner Identification and Federated Learning within said solutions in 

addition to the previous findings. 
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