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Abstract: As more and more educational institutions opt for cloud solutions, they encounter major issues regarding the 

management of a huge amount of data. The paper discusses the idea behind smart cloud systems aimed at improving the 

processes of data gathering, scanning, and algorithms of reports related to the governance of colleges. With the use of these 

tools, administrators are able to make better decisions in a shorter period of time, thus enhancing the overall productivity of 

the organization and its resource allocation. One of such highlights is the recent development in the area of data aggregation 

and its benefits in process, risk control and compliance with accreditation requirements. A review of the papers cited in this 

article reveals the necessity for such cloud based solutions as the educational institutions of today need to meet the require- 

ments of the 21st century, which is characterized by the omnipresence of data. 
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1. Introduction 

In the present world, institutions (Colleges) are over- 

whelmed with information. This new information 

comes from student records to activities in online 

courses as new technologies evolve [1]. However, this 

information could be incredibly helpful for making bet- 

ter decisions, but traditional college management sys- 

tems are struggling to keep up with the increasing 

amount of information [2]. Badly integrated data, poor 

constructs, and insufficient reporting systems leave 

them lost in the mass of data while not taking advantage 

of the vast data at their disposal [3]. 

This is where the cloud comes into play. Cloud com- 

puting allows for remotely controlled processing and 
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storage, enabling colleges to overcome limitations im- 

posed by traditional systems [4]. However, simply mi- 

grating data to the cloud is insufficient. To enhance col- 

lege management effectively, specialized cloud solu- 

tions that include advanced data gathering and effective 

reporting algorithms are required [5]. 

This paper proposes exactly that. We introduce an 

intelligent cloud platform that is suitable for college 

management systems. In this sense, this platform is 

more than just a vault; it enables institutions to integrate 

various systems and provides valuable output for deci- 

sion-making within the institution [1]. 

 

2. Literature Survey 

The trend of embracing cloud solutions in education, 

and more specifically within college institutions’ man- 

agement systems has initiated the research on Smart 

cloud platforms. This survey is concerned with the 

state-of-the-art in data collection and risk mitigation or 

reporting algorithms and their implementation in a col- 

lege institution to improve its general processes as well 

as save some resources [1], [6]. 

The adoption of cloud computing is increasing in ed- 

ucation rapidly particularly within the college manage- 

ment systems, that urged to research into the intelligent 
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cloud platforms. Now this survey holds the information 

about the recent advancements in data aggregation and 

reporting algorithms, exploring their potential to en- 

hance efficiency and diminish the risks in educational 

institutions which mitigate the lot work to college man- 

agement systems [7], [8]. 

 
2.1. Related Work 

1) Cloud Computing in Education: Zhang 

Mingjing’s (2023) work focus on the pivotal 

role of smart campus cloud platforms in edu- 

cational management. The research spotlights 

on significance of big data, Internet of Things 

(IOT), and artificial intelligence in optimizing 

the utilization of resource and enhancing soft- 

ware deployment within colleges. Mingjing 

found the challenges related to the data secu- 

rity and the drawbacks of old traditional re- 

source management systems, supporting for a 

more integrated approach to data collection, 

handling and sharing within educational at- 

mosphere [1], [9]. 

2) Intelligent Campus Platforms: Xie Cha- 

oman (2022) examines the construction of 

smart campus cloud service platforms based 

on big data systems [10]. This analysis con- 

trasts traditional service platforms with mod- 

ern big data layout, illustrating how improved 

data aggregation capabilities lead to enhanced 

operational efficiencies in educational institu- 

tions. The researches tells that big data frame- 

works not just the enhanced resource manage- 

ment but also encourages problem solving 

through various documenting tools [10]. 

3) Cloud Adoption Guidelines: A crucial study 

by [11] explored the factors like network in- 

frastructure, software projects and administra- 

tive frameworks were very crucial factors for 

effective cloud integration in Turkish univer- 

sities. The study helped in providing guide- 

lines for the institutions considering of all the 

aspects of user requirements [11]. 

4) Intelligent Management Systems: A study 

on the implementation of intelligent campus 

student information management system 

proves that using cloud technology in web- 

based applications for handling the data per- 

mits them for accessing the data and enables 

critical thinking which also reduces the opera- 

tional risk that evolve during data processing 

[8], [12]. 

5) Laboratory Management Systems: A corre- 

lated study extends its focus on advancement 

of the cloud based laboratory information 

management system [13] which defines a 

framework for accessing the tools and meth- 

ods which may be extended for larger college 

systems by cloud computing, which provides 

all the tools and maintains data privacy and se- 

curity [13]. 
 

Table I. Summary of Selected Research on Cloud Computing in Education 
 

Authors Year Title Objective/Purpose Methodology Key Findings Research Gap 

 
 

Zhang 

Mingjing 

 

 
2023 

 

Smart 

Campus 

Cloud 

Platforms 

To explore the role 

of big data, IoT, and 

AI in optimizing ed- 

ucational resource 

management. 

Analysis of chal- 

lenges in traditional 

systems and the po- 

tential of smart cam- 

pus cloud solutions. 

Enhanced resource 

utilization, better 

software deploy- 

ment, and address- 

ing data security 
challenges. 

Addressing evolv- 

ing data security 

challenges and ad- 

vancing traditional 

frameworks. 

 

 

Xie Cha- 

oman 

 

 
2022 

 
Intelligent 

Campus 

Platforms 

To examine big 

data-based service 

platforms for en- 

hanced operational 

efficiencies in edu- 

cational institutions. 

 

Comparison of tradi- 

tional and big data- 

based service plat- 

forms. 

 

Improved data ag- 

gregation capabili- 

ties and problem- 

solving tools. 

 

Developing scala- 

ble solutions for 

diverse institution 

types. 

 

 

Hakan 

Aydin 

 

 
2021 

 

Cloud 

Adoption 

Guide- 

lines 

To identify factors 

critical for success- 

ful cloud integration 

in educational insti- 

tutions. 

Study of Turkish uni- 

versities considering 

network infrastruc- 

ture, administrative 

frameworks, and user 

requirements. 

 

Guidelines for ef- 

fective cloud adop- 

tion tailored to 

user needs. 

 

Adapting guide- 

lines for varied in- 

stitutional require- 

ments. 

Yun 

Zhou & 

Lanbao 

Hou 

 
 

2023 

Intelligent 

Manage- 

ment Sys- 

tems 

 

To assess the impact 

of cloud-based web 

applications for data 

Implementation of 

cloud technologies in 

web-based student in- 

formation systems. 

Improved data ac- 

cess, enhanced 

critical thinking, 

and reduced opera- 

tional risk. 

Overcoming chal- 

lenges in user 

adoption and scal- 

ing the systems for 

larger setups. 
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   handling and deci- 

sion-making in in- 

stitutions. 

   

 

 

Renen 

Xie 

 

 
2019 

 

Labora- 

tory Man- 

agement 

Systems 

To develop a frame- 

work for cloud- 

based laboratory in- 

formation manage- 

ment systems. 

 

Implementation of 

cloud tools focusing 

on privacy and data 

security. 

Efficient tools for 

laboratory man- 

agement and main- 

taining data pri- 

vacy. 

Extending method- 

ologies to larger 

educational eco- 

systems while 

maintaining secu- 

rity and privacy. 
 

The report concludes that the platforms developed 

provide various advanced tools and benefits which re- 

duces the risks and also enhance efficiency of the plat- 

form. However, the evolving challenges need new tech- 

niques and methodologies for facing and them. 

 
2.2. Problem Statement Identification 

 
For dealing with various problems that affect efficiency 

and performance, colleges and various educational in- 

stitutions focus on the need for integrated systems that 

can handle data and provide analytical reporting. It also 

provides key reasons for the advancement of the plat- 

forms like this to handle institutions [14]. 

Advancement of the regular process, which includes 

people adapting for a totally different methods and 

technologies face lot of challenges, both from owners 

and users. But handling and understanding the develop- 

ment is needed to face the problems faced by the col- 

leges currently [1]. 

Traditional practices lead to inaccurate and delayed 

results, which can affect the institutional performance 

in handling challenges. The administrator require an 

advanced, developed fast platform for managing stu- 

dent data, analyzing their performance, and suggesting 

solutions [7]. 

Regarding the order of tasks, it becomes much sim- 

pler when a cloud solution is implemented on a com- 

pany’s dashboard, eliminating the hassle of collating 

and customizing data from multiple platforms. The aim 

of this research is to investigate barriers to sharing in- 

formation, such as user involvement, fear of overload, 

heavy reporting requirements, and resistance to change. 

Addressing these fears is crucial for engaging stake- 

holders in adopting modern frameworks within educa- 

tional institutions [15]. However, the work at hand must 

be transformed into schemes that build trust among ed- 

ucational institutions through modern frameworks [8]. 

 

3. Proposed System 

 
This paper proposes the advanced data aggregation and 

reporting algorithms through dataflow pipeline in cloud 

computing instead of using pandas in cloud for pro- 

cessing. 

 
3.1. Architecture 

 
In this paper we are using GCP as our Cloud Infrastruc- 

ture. First, use Google CloudSQL for MySQL to store 

and access Student Information. To process this stored 

large batch of data/information, we use apache-beam 

and then Google Cloud Dataflow will take action and 

manages the processing and security of the data. 

To utilize the cloud computing processing effec- 

tively, here we use PCollection and PTransform to 

work with parallel computing. The PCollection will 

represent a distributed dataset in the pipeline which was 

read from the CloudSQL and PTransform will perform 

the operations like count, sum, mean, mode, median, 

min, max and group-by which are related to the Aggre- 

gation. 

To ensure the security and privacy of data, we use 

encrypt tion of data both at rest and in transit, and also 

provided access to limited people using IAM policies 

in cloud computing. 
 

 
Fig 1: Dataflow Diagram 

 
3.2. Dataset 

 
Columns in the Database: This database stores the in- 

formation like id, first name, last name, email, gender, 

part time job, absence days, extracurricular activities, 
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weekly self study hours, career aspiration, math score, 

history score, physics score, chemistry score, biology 

score, english score, geography score 

This sample data is used to test our assumptions on 

aggregating and reporting algorithms. By using this 

sample data we can efficiently find that the difference 

between using pandas and apache-beam in cloud com- 

puting. 

 
3.3. Algorithms 

 
To demonstrate the difference between pandas and 

apache-beam, we use Aggregation and Reporting Algo- 

rithms. 

Aggregation: It involves collecting, summarizing, and 

presenting data in a well-defined format where further 

decisions will be taken. In this paper we implemented 

the Aggregation techniques like Counting, Mean. 

Counting: To create a pie chart in reporting algorithm 

we used counting aggregation method on career aspira- 

tion 

Here is the example to perform counting method in py- 

thon using apache-beam, where students is the PCollec- 

tion of students data in the database. 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒_𝑐𝑎𝑟𝑒𝑒𝑟_𝑎𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛  =  (    𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 

| ′𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝐶𝑎𝑟𝑒𝑒𝑟𝐴𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛′  ≫ 

𝑏𝑒𝑎𝑚. 𝑀𝑎𝑝(𝑙𝑎𝑚𝑏𝑑𝑎 𝑠𝑡𝑢𝑑𝑒𝑛𝑡: 

𝑠𝑡𝑢𝑑𝑒𝑛𝑡[′𝑐𝑎𝑟𝑒𝑒𝑟_𝑎𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛′]) 

| ′𝐶𝑜𝑢𝑛𝑡𝐶𝑎𝑟𝑒𝑒𝑟𝐴𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛𝑠′ 

≫ 𝑏𝑒𝑎𝑚. 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑟𝑠. 𝐶𝑜𝑢𝑛𝑡. 𝑃𝑒𝑟𝐸𝑙𝑒𝑚𝑒𝑛𝑡() 

) 
Mean: To create a histogram on students percentage we 

used mean aggregation method on scores on different 

subjects. 

Reporting: It involves in using the data from Aggrega- 

tion and creating/visualizing the graphs from the data. 

These reporting algorithms will be used to visualize the 

data and creates story from it. 

 

4. Results 

Here, as part of testing we had created reports that vis- 

ualize the percentage of students and career aspiration 

of students. 

 

A colorful pie chart (fig 2) showed us the dream jobs 

of the students. We found that ”Software Engineer was 

the most popular career choice, with many students also 

aspiring to become Business Owner and Unknown.” 

This gives us a sense of their motivations and future 

goals. 

A histogram (fig 3) was generated to visualize the 

overall performance of students in their tests. 

 

Table II. Summary of Beam and Pandas Calculation Times and Memory Usage 
 

Run Beam Calculation 

Time (Sec) 

Beam Memory Usage 

(MB) 

Pandas Calculation 

Time (Sec) 

Pandas Memory Usage 

(MB) 

1 1.2709941864013672 202.53125 1.5752382278442383 383 253.26171875 

2 1.2081716060638428 428 202.75390625 1.5660371780395508 508 253.4765625 

3 0.8524208068847656 202.9140625 1.5461232662200928 928 253.4140625 

4 0.841616153717041 202.84765625 1.5441522598266602 602 253.44140625 

5 1.2117323875427246 202.71875 1.4607224464416504 504 253.30859375 

... ... ... .. ... 

30 0.9194591045379639 202.80078125 1.4137272834777832 250.171875 

 

  
Fig 2: Pie Chart Generated by apache-beam Fig 3: Histogram Generated by apache-beam 
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Fig 4: Pie Chart Generated by pandas Fig 5: Histogram Generated by pandas 

 

5. Comparision 

 
The following data points were recorded during multi- 

ple runs of the script (TABLE I): Total Runs: 30 

Analysis 

5.1 Calculation Time:Beam 

 

 

 

 

6. Conclusion 

7594.84375 
≈ 

30 

≈ 252.99479 MB 

• Minimum Time: 0.4963960647583008 seconds 

• Maximum Time: 1.2879023551940918 seconds 
• Average Time: 

Average = 
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐵𝑒𝑎𝑚  𝑇𝑖𝑚𝑒𝑠 

30 

29.509 

≈ 
30 

Our analysis reveals that Apache Beam offers a signif- 

icant performance advantage over Pandas in terms of 

processing speed. On average, Beam operations were 

completed in approximately 0.98 seconds, while Pan- 

das operations took around 1.50 seconds. This indicates 

that Beam is considerably faster for the tasks examined. 
In terms of memory usage, both frameworks exhib- 

 
Pandas 

≈ 0.9836 seconds 
ited relatively stable resource consumption. Beam con- 

sistently used an average of around 202 MB of memory, 
• Minimum Time: 1.318202018737793 seconds 

• Maximum Time: 1.6215662956237793 seconds 
• Average Time: 

Average = 
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐵𝑒𝑎𝑚  𝑇𝑖𝑚𝑒𝑠 

30 

45.059 

≈ 
30 

≈ 1.50197 seconds 

5.2 Memory Usage: 

Beam 
• Minimum Memory: 202.53125 MB 

• Maximum Memory: 203.1875 MB 

• Average Memory: 

Average = 
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐵𝑒𝑎𝑚   𝑀𝑒𝑚𝑜𝑟𝑖𝑒𝑠 

30 

6077.6875 
≈ 

30 

while Pandas utilized slightly more, averaging approx- 

imately 253 MB. This suggests that while Pandas re- 

quires slightly more memory, both frameworks are gen- 

erally efficient in their resource utilization. 

 

7. Future Work 

 
This paper proposes only the Aggregation and Report- 

ing algorithms and to extend this we can use the ma- 

chine learning models to predict student performance, 

and identify potential dropout risks from courses. Im- 

plement Real-Time Analytic capabilities to enhance the 

efficiency of models in the prediction. 

Design and implement user-interface to enhance the 

experience of users. Focus on encryption and decryp- 

 
Pandas 

≈ 202.58958 MB tion to protect the data from various threats. 

• Minimum Memory: 250.171875 MB 

• Maximum Memory: 253.97265625 MB 

• Average Memory: 

Average = 
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙   𝐵𝑒𝑎𝑚 𝑀𝑒𝑚𝑜𝑟𝑖𝑒𝑠 

30 
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