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Abstract- The accelerated digital revolution in the 

education industry has resulted in an explosive 

growth in the volume, variety, and speed of data 

produced by institutions of learning. Real-time 

educational activities—like online admissions, 

grading of examinations, monitoring of attendance, 

e-learning analytics, and tracking of student 

performance—are required to be supported by 

flexible and elastic data processing infrastructure. 

Legacy relational databases, although adequate for 

structured transactional information, tend to fail 

when dealing with unstructured or semi-structured 

data and scaling under dynamic loads. NoSQL 

databases, however, provide high performance and 

flexibility but can fall short on strong consistency 

and transactional assurances critical for academic 

core functions. To overcome the above-mentioned 

limitations, hybrid database solutions, combining 

the capabilities of relational (SQL) and non-

relational (NoSQL) systems, are proving to be a 

strategic solution in facilitating real-time processing 

of educational data. This paper discusses the design, 

deployment, and performance analysis of hybrid 

database architecture in educational institutions. 

The study examines how an integration of databases 

like MySQL or PostgreSQL with MongoDB, 

Cassandra, or Firebase can provide both data 

consistency and horizontal scalability. The 

suggested hybrid model is applied and evaluated in 

simulated academic environments, such as real-time 

publishing of results, real-time monitoring of 

attendance, and dynamic content dissemination in 

Learning Management Systems (LMS). Middleware 

software like Apache Kafka and API gateways are 

employed to facilitate synchronization, streaming, 

and smooth integration of the systems. The 

outcomes prove that hybrid solutions minimize data 

latency, enhance system response, and provide a 

versatile framework for managing heterogeneous 

types of educational data. It also includes some of 

the major challenges that accompany hybrid 

deployment, including data model complexity, 

synchronization overhead, and administrative skill 

deficiency. Nevertheless, the advantages such as 

real-time responsiveness, cost-effectiveness, and 

flexibility make hybrid databases a future-proof 

solution for academia infrastructures. The research 

concludes by providing strategic recommendations 

for institutions that need to implement hybrid 

architectures and proposing a roadmap for the 

implementation of emerging technologies like AI-

based query optimization and blockchain for 

ensuring educational data integrity. 
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Processing, Educational Technology, SQL, NoSQL, 
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I.  INTRODUCTION 

 

With the current digital age, schools and educational 

institutions are creating and handling enormous 

amounts of data on a real-time basis. [1]The data 

streams are ]created from numerous sources—student 

information systems, learning management systems, 

biometric attendance, examination modules, online 

tests, and feedback mechanisms.[2] With teaching, 

administration, and assessment processes moving 

toward cloud-based and real-time platforms, 

responsive, flexible, and scalable database solutions 

become ever more important.[3] 

 

Historically, relational databases like MySQL, 

Oracle, or PostgreSQL have been the foundation of 

academic information systems, efficiently managing 

structured data and ensuring transaction integrity.[3] 

But as more unstructured and semi-structured data is 

required to be processed—video content in e-



© JUN 2025 | IRE Journals | Volume 8 Issue 12 | ISSN: 2456-8880 

IRE 1709489          ICONIC RESEARCH AND ENGINEERING JOURNALS 1767 

learning, dynamic notifications, chat logs, and 

learning analytics, for example—relational models 

prove inadequate in flexibility and scalability.[4] On 

the other hand, NoSQL databases such as MongoDB, 

Cassandra, or Firebase provide schema-less designs 

and rapid read/write operations but might not have 

the consistency and relational depth for transactional 

integrity. [5]This mismatch necessitates a hybrid 

database structure—a solution that implements the 

best of both relational (SQL) and non-relational 

(NoSQL) systems to address the multi-faceted needs 

of contemporary educational sites.[6] By merging the 

structure and consistency of SQL with the flexibility 

and scalability of NoSQL, hybrid systems can be 

made to better support real-time processing of 

educational data. For instance, relational databases 

can be used to handle student records, marks, and 

transactions, whereas NoSQL databases can be used 

to handle notifications, behavioral analytics, 

multimedia content, and live data feeds.[7] 

 

This research paper studies the deployment and 

efficacy of hybrid database solutions in live academic 

environments.[8] It explores how hybrid architecture 

can overcome the shortcomings of single-model 

databases, specifically concurrent users, real-time 

query processing, and handling varied data types.[9] 

The paper studies performance metrics including 

latency, data throughput, and system scalability 

through simulations and case studies at 

institutions.[10]The research seeks to provide an 

organized model of transition for educational 

institutions from legacy to hybrid database systems, 

which is in line with objectives of digital 

transformation, automation, and individualized 

learning.[11] The research also investigates 

middleware tools and integration approaches to 

facilitate effortless synchronization and throughput. 

Finally, hybrid database solutions are portrayed not 

just as a technological evolution but as a building 

block to future-proofed academic infrastructure.[12] 

 
 

1.1 Background of Real-Time Educational Data 

Systems  

Over the last decade, educational institutions have 

witnessed a paradigm shift in the way academic data 

is generated, stored, and utilized.[13] From 

traditional classroom attendance registers and manual 

result processing, the sector has rapidly moved 

toward digitized and real-time educational 

ecosystems.[14-15] These systems[16] now rely on 

continuous data inputs from various digital modules 

including online examinations, cloud-based learning 

management systems (LMS), student information 

systems (SIS), and administrative ERP 

platforms.[17]] 

 

Real-time data systems enable institutions to react in 

real-time to student activity, provide instant 

feedback, and facilitate decision-makers to take 

actions based on real-time insights.[18-19] For 

example, real-time attendance dashboards alert 

parents and staff in real-time when a student is 

absent. Online exams automatically create and 

dispense results the instant they are submitted.[20] 

LMS platforms track student progress, participation, 

and performance in real-time, making it possible for 

educators to tailor instruction in response.[21] 

 

The difficulty, though, is the nature and amount of 

data that must be processed. [22]The structured 

information in the form of student IDs, fee collection, 

or attendance records exists alongside unstructured 

information in the form of video, chat sessions, or 

open-ended assignments. [23]Additionally, real-time 

demands imply that such systems need to support 

high throughput while introducing low latency, even 

under high-usage times such as admission periods or 

exam times.[24] 
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Legacy database systems were not designed to this 

scale and complexity. [25]Real-time educational data 

systems need storage systems that are fast, scalable, 

consistent, and flexible, which cannot be delivered 

with relational databases in isolation. [26]This creates 

the need to explore hybrid systems, which direct 

different types of data to their respective databases 

(SQL or NoSQL), based on their structure, size, and 

processing requirements.[27] 

 

Therefore, the context of real-time educational data 

systems lays the foundation for the assessment of 

hybrid database architectures that are capable of 

delivering a cohesive,[28] real-time, and consistent 

experience across every digital touchpoint of an 

educational institution.[29] These solutions are not 

merely a technological necessity but a strategic 

facilitator for data-driven education.[30] 

 

1.2 Need for Hybrid Database Architecture  

Contemporary education systems require the 

concurrent handling of structured and unstructured 

data in scale.[31] Whereas SQL databases are best 

suited for structured, relational data that has strong 

consistency (such as marksheets, student profiles), 

NoSQL systems are best suited for high-volume, 

unstructured workloads (such as multimedia content, 

event logs, messages).[32] A hybrid model brings 

both together, allowing institutions to process data in 

real time, improve performance, and facilitate digital 

transformation without compromising reliability or 

flexibility. [33]As educational services are growing 

on mobile, web, and cloud platforms, hybrid 

databases provide scalability, performance, and user 

experience.[34-35] 

 

1.3 Research Objectives  

• To assess the performance of hybrid database 

systems in real-time learning contexts. 

• To compare hybrid databases with conventional 

SQL-only or NoSQL-only designs. 

• To construct and test a hybrid data model 

incorporating relational and non-relational 

aspects. 

• To determine challenges and best practices for 

applying hybrid systems in education. 

• To evaluate performance indicators like latency, 

throughput, and reliability in educational data 

processing. 

 

1.4 Scope and Limitations  

Scope: 

• Is focused on education use cases like attendance, 

exam scores, LMS data, and notifications. 

• Examines integration of SQL (e.g., 

MySQL/PostgreSQL) and NoSQL (e.g., 

MongoDB/Firebase). 

• Keeps in view real-time processing requirements 

for medium- to large-scale institutions. 

 

Limitations: 

• Does not include financial, healthcare, or non-

education use cases. 

• Security analysis is general in nature and does not 

include exhaustive cryptographic analysis. 

• Real-world testing is limited to simulated 

academic contexts and not massive university 

clusters. 

 

II. REVIEW OF LITERATURE 

 

2.1 Overview of Traditional vs. Modern Database 

Systems 

Elmasri, R., & Navathe, S. B. (2017) – Their 

foundational book Fundamentals of Database 

Systems contrasts classic RDBMS schemes with new 

architectures, highlighting that although relational 

databases maintain data consistency and integrity, 

they are struggling with unstructured data and 

scalability challenges in modern applications.[36] 

Stonebraker, M. (2010) – Stonebraker, in his article 

SQL Databases v. NoSQL Databases, opined that the 

web-scale data and real-time data processing were 

never intended for traditional databases and therefore 

created the need for NoSQL systems more capable of 

handling high-throughput and dynamic data 

models.[37] Cattell, R. (2011) – His cross-

comparison of scalable NoSQL systems described 

how NoSQL designs such as Cassandra and 

MongoDB provide eventual consistency, horizontal 

scaling, and flexible schema support, and thus are 

appropriate for next-generation applications such as 

real-time educational systems.[38] Leavitt, N. (2010) 

– In Will NoSQL Databases Live Up to Their 
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Promise?, Leavitt compared the performance trade-

offs between mainstream ACID-compliant databases 

and BASE-approach NoSQL systems, paving the 

way for hybrid models.[39] 

 

2.2 Data Requirements in Education in Real-Time 

Means, B., Toyama, Y., Murphy, R., Bakia, M., & 

Jones, K. (2009) – Their report to the U.S. 

Department of Education demonstrated how real-time 

analytics and data-driven decision-making 

dramatically enhance learning outcomes and, as such, 

demand more rapid, responsive data systems. 

[40]Zhou, M., et al. (2016) – In their study of smart 

learning environments, the authors highlighted the 

importance of real-time feedback loops between 

students and systems, facilitated by instant 

availability of data and analytics.[41] Aljawarneh, S. 

A., & Bamatraf, N. (2019) – Their study pointed out 

the importance of real-time student data (e.g., 

attendance and test scores) in informing more 

effective academic intervention strategies through 

cloud-based platforms. [42]Kumar, V., & Singh, R. 

(2020) – They explored mobile-based LMS systems 

and reported that delayed data retrieval because of 

server overload and RDBMS constraints adversely 

affected real-time feedback mechanisms.[43] 

 

2.3 Hybrid Databases (SQL + NoSQL) role 

Pritchett, D. (2008) – The BASE: An Acid 

Alternative paper introduced the theoretical argument 

for the combination of strong consistency (SQL) with 

eventual consistency (NoSQL), the foundation of 

hybrid database models.[44] Sadalage, P. J., & 

Fowler, M. (2012) – Authors in NoSQL Distilled 

suggested hybrid architectures as a pragmatic 

alternative for real-world applications that require 

both transactional integrity and flexibility, being 

relevant to education technology platforms.[45] Biffl, 

S., & Winkler, D. (2014) – Educational software 

development study of theirs called for hybrid data 

solutions that could accommodate diverse 

educational content in terms of structured student 

records and unstructured multimedia learning 

data.[46] Zikopoulos, P. C., & Eaton, C. (2011) – 

They highlighted in their book Understanding Big 

Data how the integration of relational and non-

relational strategies addresses the needs of real-time 

processing and structured learning metrics in 

institutions. [47] 

2.4 Previous Studies on Hybrid Implementations in 

Education 

Thorat, S. R., & Deshmukh, M. (2020) – They used a 

hybrid MySQL + MongoDB backend in an academic 

ERP system and achieved a 30% reduction in query 

response time at peak usage. [48]Reddy, T. S., & 

Rao, V. N. (2021) – Integrating Firebase with Oracle 

DB in a case study at a South Indian digital 

university resulted in easy management of real-time 

quiz scores, attendance records, and background 

notifications.[49]Das, A., & Sinha, M. (2022) – Their 

simulation study on hybrid systems for real-time 

academic dashboards suggested the use of Kafka 

middleware for synchronizing SQL-based 

transactional data with NoSQL-based content 

feeds.[50] 

 

III. RESEARCH METHODOLOY 

 

Research Design: 

The research design of this study is qualitative-

comparative, emphasizing the performance, 

flexibility, and usability of hybrid database systems 

(SQL + NoSQL) for real-time processing of 

educational data. Real-time data such as attendance, 

performance monitoring, live evaluations, and e-

learning traces are considered. 

 

Sample Size and Population: 

The sample consists of 8 educational organizations 

that implement academic data systems. From each 

organization: 

• 2 database administrators, 

• 1 academic data analyst, and 

• 2 members of the IT staff 

Total sample size = 40 respondents 

 

Moreover, system logs and architectural performance 

reports at every institution were analyzed. 

 

Data Collection Methods: 

• IT professionals and academic administrators' 

interviews. 

• System performance reports collected from 

database dashboards. 

• Simulated retrieval and write operations on 

structured as well as unstructured data types. 
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IV. DATA ANALYSIS 

 

Table 1: Query Execution Time (in Seconds) 

 

Institution SQL 

Only 

NoSQL 

Only 

Hybrid 

(SQL+NoSQL) 

A 6.2 3.5 2.1 

B 5.9 4.0 1.8 

C 7.0 3.2 2.4 

 

  
 

Interpretation: Hybrid databases significantly reduce 

the time to execute queries, especially for mixed data 

types. 

 

Table 2: Types of Data Managed Efficiently 

 

Data Type SQL DB NoSQL 

DB 

Hybrid 

DB 

Attendance 

Logs 

✓✓✓ ✓ ✓✓✓ 

Multimedia 

Content 

✗ ✓✓✓ ✓✓✓ 

Live Exam 

Results 

✓✓ ✓ ✓✓✓ 

LMS 

Interactions 

✗ ✓✓✓ ✓✓✓ 

 

Interpretation: Hybrid databases can handle diverse 

data (structured and unstructured), which neither 

SQL nor NoSQL alone can manage fully. 

 

Table 3: User Feedback on System Scalability 

 

Scalability 

Rating 

SQL 

Only 

NoSQL 

Only 

Hybrid 

DB 

High 2 3 7 

Medium 4 4 1 

Low 2 1 0 

 
  

Interpretation: Most users found hybrid systems to be 

more scalable and adaptive to growing data loads. 

 

Table 4: Average System Downtime per Month (in 

Hours) 

 

Institution SQL Only Hybrid DB 

A 10 4 

B 8 2 

C 9 3 

 

 Interpretation: Hybrid database environments are 

more stable and experience lower downtime. 

 

CONCLUSION 

 

Growing needs for responsive and dependable 

learning platforms have driven educational 

institutions to demand real-time data management. 

Conventional relational database systems (SQL) are 

ideal for structured information such as student 

records, grades, and attendance but fail with dynamic 

and unstructured data like video lectures, chat 

records, and interactive learning materials. NoSQL 

databases, though agile and effective in dealing with 

huge amounts of semi-structured and unstructured 

data, fall short in providing the transactional integrity 

required by academic recordkeeping. The current 

research emphatically shows that hybrid database 

systems, which use both SQL and NoSQL 

technology, provide the best possible solution for 

processing educational data in real time. Based on the 

interviews, logs, and user experience, it was clear that 

hybrid databases performed better than their single-

mode counterparts in nearly every aspect of 

operation—query response time, data flexibility, 

system expandability, and operating uptime. 
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One of the greatest strengths of the hybrid model was 

that it could handle structured and unstructured data 

side-by-side. The SQL aspect provided integrity and 

consistency to essential academic records, while 

NoSQL facilitated quicker retrieval and storage of 

high-volume, unstructured content. Such a 

combination is particularly pertinent in the modern e-

learning age, when video content, student behavior 

logs, and real-time feedback are an integral part of 

the system. 

 

Although hybrid systems provide numerous benefits, 

they come with architectural as well as integration 

complications. Organizations that implement such 

systems have to pay for training staff, aligning cloud 

or on-premise infrastructure, and integrating 

middleware. In spite of such difficulties, the long-

term user satisfaction and performance benefits 

ensure that hybrid solutions are a future-oriented 

strategy. 

FINDINGS 

 

• Hybrid systems were up to 65% more efficient 

than legacy SQL systems. 

• Data handling was more inclusive with hybrid 

systems, supporting both structured content and 

multimedia content. 

• Institutions that employed hybrid databases 

experienced fewer downtime and greater user 

satisfaction.  

• Hybrid architectures showed significantly greater 

scalability and flexibility.  

 

RECOMMENDATIONS 

 

• Institutions must gradually shift to hybrid 

systems—starting with modules such as LMS and 

assessment logs 

• Offer technical training for database 

administrators in tools such as MongoDB, 

Cassandra, and integration layers. 

• Create or acquire middleware platforms capable 

of data flow orchestration between SQL and 

NoSQL components. 

• Use cloud-based hybrid solutions to minimize 

infrastructure expense and enhance performance. 

• Regularly perform performance audits to optimize 

configurations and keep the system efficient. 
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