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The admission process in public sector universities in Pakistan faces challenges, 
including a large volume of applications, complex eligibility criteria, and the need for 
equitable seat allocation across various quotas. Many public sector universities still rely on 
manual or semi-automated admission systems, which result in inefficiencies related to time 
and transparency. Furthermore, these systems are vulnerable to errors in the seat allocation 
process due to human involvement at certain stages. 

To address these issues, this paper proposes a fully automated admission system for 
public sector general universities. The system is developed and implemented at the 
University of Sindh, Jamshoro, one of Pakistan’s oldest and largest public sector universities. 
Following the successful implementation of the system, a performance evaluation and 
comparative analysis are conducted to assess its effectiveness and confirm its feasibility for 
all public sector general universities in Pakistan. 

Additionally, a usability study is carried out to ensure the system's flexibility and ease 
of use from the user's perspective. The results from the usability study and comparison 
indicate that the proposed system outperforms existing systems in terms of flexibility, 
reliability, efficiency, and transparency. 
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Introduction: 
The rapid advancement of technology has revolutionized various sectors, with 

automation playing a key role in transforming operations. This automation revolution has 
significantly impacted the education sector, particularly in admission and seat allocation 
systems. While automation at the school and college levels is relatively straightforward, it 
becomes more complex at the university level due to the variety of parameters and criteria 
involved. At the university level, the goal of admission automation is to streamline the seat 
allocation process, reduce human error, and optimize both time and cost. 

In public sector universities of Pakistan, traditional methods of managing admissions 
rely on either manual or semi-automated systems. These methods are not only time-
consuming but also prone to errors and lack transparency. Public sector general universities 
in Pakistan face several challenges in the admission and seat allocation process, such as a 
large volume of applications, complex eligibility criteria, a wide variety of choices for each 
degree program, a lack of resources, and issues with quota management (e.g., male and 
female quotas). 

Given these challenges, this paper explores the need for an automated system in the 
admission process of public sector general universities in Pakistan. It proposes a generic, 
fully automated approach for admission and seat allocation. The system has been 
implemented and tested at one of Pakistan’s largest public sector general universities, where 
it has been in operation for the past two years. A performance evaluation of the 
implemented system indicates that it outperforms the previously used Java-based semi-
automated admission system. 
Aim and Objectives: 

In this research, the design of an automated admission framework specifically for 
public sector general universities in Pakistan is proposed, with a focus on improving the 
efficiency, transparency, and precision of the student selection process, in response to the 
limitations of the current manual or semi-manual filtering methods, which are susceptible to 
human error and lacks students’ satisfaction. The main objectives of this research work are 
given below: 

• To propose and design a framework for a fully automated admission system for 
public sector general universities of Pakistan. 

• To propose a choice selection and seat allocation algorithm that ensures fair and 
efficient allocation of seats. 

• To perform system implementation and testing of the proposed system and to 
evaluate the proposed system for its effectiveness, efficiency, and usability. 

The remainder of this paper is structured as follows: Section 2 provides background 
information and a literature review on student selection and seat allocation systems. Section 
3 details the proposed system, while Section 4 discusses the system’s implementation and 
testing. In Section 5, the results are presented and analyzed, and Section 6 concludes the 
paper, offering future directions to expand and enhance this work. 
Background: 

The concept of student selection was first introduced by Gale and Shapley in 1962, 
who proposed two mechanisms: The Student Proposing Deferred Acceptance (SPDA) and 
the College Proposing Deferred Acceptance (CPDA). These mechanisms aimed to address 
issues related to college admissions, with the main goal being to ensure the best matches 
between students and colleges. Gale and Shapley demonstrated the different outcomes of 
these two mechanisms and their implications for the admission process. 

In 1999, Balinski and Sönmez further explored these mechanisms in the context of 
college admissions, considering seats to be consumed by students while highlighting the 
importance of college priorities, such as exam scores. Abdulkadiroglu and Sönmez 
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introduced the quota system, utilizing the SPDA mechanism, and shifted the focus toward 
minority reserves, as shown by Kojima. These studies primarily focused on school choice 
mechanisms, which may not be directly applicable to Pakistan's public sector general 
universities. 

Several mathematical models have also been developed for choice selection systems, 
including models for matching and marriage stability, doctors’ distribution, and school and 
university choice selection. Some notable works include: 
• Marriage stability models: Roth's model involves matching two groups (e.g., 
boys and girls) who wish to marry suitable partners from the opposite group, with each 
group having complete and transitive preferences over the other group. 
• Doctors’ distribution models: Kamada's model addressed the allocation of 
doctors to urban and rural areas in Japan, focusing on the challenge of assigning doctors to 
rural areas, where there is often a shortage. Similar work has been proposed to balance the 
distribution of doctors and ensure healthcare access in rural areas. 
• School choice: Kojima's study demonstrated that affirmative action policies based 
on majority quotas might harm minority students. To address this, Hafalir et al. proposed 
alternative policies based on minority reserves and studied affirmative action policies 
considering both upper and lower type-specific bounds, with solutions proposed for hard or 
soft bounds. In another study, Dur et al. discussed a scheme for seat distribution where 50% 
of seats were assigned to neighborhood schools on priority, and the remaining 50% were 
based on choice. 

The most relevant work in this context is presented in Rajesh et al. (2018), who 
modeled a choice selection system for a public sector general university in Pakistan. They 
proposed a semi-automated system for choice selection. In contrast, this paper proposes a 
fully automated admission system that leverages an optimized model for choice selection in 
Pakistan's public sector general universities. 
Rajesh's work presents several limitations: 
1. Desktop-based system: The system is limited to desktop usage. 
2. Separate databases: When a selection involves different types of tests in one 
session (e.g., general test and law test), it requires creating two separate databases and 
running them separately. This results in a single student being selected twice, leaving one seat 
unoccupied and leading to seat wastage. 
3. Scalability: The system is not scalable, and its algorithm is time-intensive. 
4. Manual tasks: Many tasks, including data entry, were manual, leading to a high 
likelihood of human error. 

In contrast, the fully automated system proposed in this paper aims to overcome 
these limitations and improve the efficiency and accuracy of the admission and seat 
allocation process. 
Materials and Methods: 

`To propose and develop a comprehensive automated system aimed at enhancing 
the efficiency and transparency of the student selection process, we focus on the case of the 
University of Sindh, Jamshoro, one of the oldest and largest public sector general universities 
in Pakistan. The university has jurisdiction over several divisions, including Hyderabad, 
Mirpur Khas, Larkana, and Sukkur. The University of Sindh consists of one main campus 
located at Jamshoro, along with four additional campuses in Thatta, Badin, Dadu, and 
Neshehroferoz. 

Each year, the University’s Directorate of Admissions announces admission 
opportunities for more than seventy academic programs. It receives more than twenty 
thousand applications, with candidates applying across various categories, such as General 
Merit, Female, Employee, Sports, Disabled, and Self-Finance. 
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The admission process at the University of Sindh involves several stages, as shown in 
Figure 1. Initially, applicants submit their admission forms, which are then verified for 
eligibility. Once eligibility is confirmed, preliminary merit lists are generated and published 
for objections. After addressing any objections, final merit lists are published in phases until 
all seats are allocated and confirmed. 

 
Figure 1. High-Level Admissions Management Use Case 

The university distributes seats across various faculties and departments according to 
different quotas (e.g., male/female quota, sports quota, disabled quota, etc.). Additionally, 
district-wise seat allocations add complexity to the process, particularly when distinguishing 
between seats for areas within and outside the university's jurisdiction. The details of the 
various quotas are provided in Table 1, while the seat distribution across faculties and 
departments is illustrated in Tables 2 and 3. 

Table 1. List of Quotas 
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Table 2. Category-Wise Seats Distribution 

 
Table 3. District-wise Seat Distribution 

 
The flow diagram of the overall methodology of the proposed system is shown in 

Figure 2. The overall methodology of the proposed system consists of 13 steps, starting 
from configuring the essential parameters or criteria of admission by the admission office to 
generating enrolled students' roll numbers and ID cards. 
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Figure 2. Flow diagram of methodology 

 
Figure 3. High-level architecture of the proposed framework for the automated admission 

system 
The overall high-level architecture of the proposed framework is shown in Figure 3, 

while the data flow diagram of the first part of the proposed system (i.e., candidate 
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application form process) is shown in Figure 4. The key aspects of the proposed system are 
explained below: 
• Application Submission: Thousands of applications are received, each containing 
the applicant's preferred disciplines and required documentation. 
• Eligibility Verification: Each application is reviewed to ensure that the applicant 
meets the eligibility criteria for their chosen disciplines. 
• Aptitude Test Administration: Applicants are required to take an aptitude test, and 
their scores are recorded in the system. 
• Score Calculation: A cumulative score is calculated based on the applicants’ 
aptitude test results and academic records. 
• Merit List Generation: Preliminary merit lists are generated (seats allocated) based 
on the university’s set criteria, applicants’ cumulative score (i.e., CPN), and preferences. 
• Resolving Objections: After publishing the preliminary merit lists on the web, any 
objections raised by applicants are recorded and addressed before finalizing the merit lists. 

 
Figure 4. Data flow diagram of the proposed automated admission system 

Seat Allocation in the Proposed System: 
The seat allocation problem at the University of Sindh involves several key 

considerations and complex scenarios. Below are some of the key scenarios that illustrate the 
intricacies of the seat allocation process: 
Scenario 1: 

A male applicant from one of the four main divisions of Sindh applies for morning 
shift admission under both general merit and self-finance categories. Depending on his 
cumulative score, he might be offered a program under either category. If he secures his 
first-choice program, he will not be considered in future merit lists. However, if offered a 
lower priority program, both categories (general merit and self-finance) are checked. If he 
accepts the general merit seat, he will not be considered for self-finance in future lists, and 
vice versa. 
Scenario 2: 

A male applicant applies for both morning and evening shifts, including self-finance. 
He competes for seats in both shifts and under both the general merit and self-finance 
categories. If he is offered a program in either shift, his choice will affect his eligibility in 
future merit lists. 
Scenario 3: 

A female applicant from one of the four main divisions applies for both morning 
and evening shifts, but not for self-finance. She competes for both general merit and female 
quota seats. If she is offered a program in either category and accepts it, her eligibility in 
future merit lists will be affected similarly to the previous scenarios. 
Scenario 4: 
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A male applicant from outside the University’s jurisdiction applies for admission. His 
seat allocation and eligibility are determined by the out-of-jurisdiction seat distribution, 
making the competition for available seats even more intense. 
Scenario 5: 

An applicant applies for admission under multiple quotas (e.g., employees quota, 
sports quota, disabled quota). The system must ensure that the applicant competes fairly 
within each quota, and the allocation of seats must reflect the applicant's cumulative score 
and preferences. 

The complexity of the seat allocation process arises from the need to consider 
multiple quotas, prioritize applicants based on cumulative scores, and manage preferences 
for different shifts and programs. To optimize seat allocation and maximize utilization across 
all available disciplines, we implemented a strategy aimed at addressing the common issue of 
demand imbalance. 

In many admission systems, candidates submit their program choices before taking 
the entrance test. This results in highly competitive or popular disciplines quickly attracting a 
large volume of applicants, many of whom may ultimately be ineligible based on their test 
performance. As a result, disciplines with lower initial demand often end up with unfilled 
seats, even though there may be qualified candidates who would benefit from admission to 
these areas. This imbalance leads to inefficiencies in seat utilization and often disappoints 
candidates who could have found suitable placements. 

To address this issue, the proposed new process flow allows candidates to select 
their desired disciplines only after receiving their test scores. This change enables candidates 
to understand their academic standings and eligibility for specific disciplines before making a 
choice. They can make more informed decisions, targeting disciplines where their test scores 
meet admission thresholds. For example, a candidate whose score is below the cut-off for a 
high-demand discipline might realize they have a better chance of admission in a related field 
with available seats. 
This approach benefits both candidates and institutions: 
• Candidates gain insight into the disciplines realistically attainable for them, 
minimizing rejections and unmet expectations. 
• Institutions benefit from a more efficient allocation process, with higher seat 
occupancy across all departments, reducing the number of vacant seats in less competitive 
disciplines. 

This strategy aligns with the broader goal of optimizing the admission process, 
ensuring fair access to education, and better meeting the demand and capacity of each 
discipline. 
Optimizing the System for Reduced Processing Time: 

To enhance the efficiency of the seat allocation process, a new approach was 
proposed and developed to reduce the query load on the database by utilizing batch fetching 
and in-memory storage. This approach focuses on minimizing the number of database 
queries needed for each candidate by relying on efficient in-memory data management to 
handle seat allocation. Below are the key components of the proposed approach for time 
optimization: 
Key Components of the Optimized Approach: 
1. Batch Fetching and In-Memory Storage: 
o The entire set of candidates, choices, and categories is retrieved in just three 
main queries. 
o This data is stored in memory, allowing the system to avoid repeated 
database queries for each candidate, which significantly improves efficiency. 
2. Use of Hash Tables for Quick Access: 
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o Once the data is stored in memory, hash tables are created to map each 
candidate to their respective choices and categories. 
o These hash tables (or associative arrays in PHP) provide O(1) time 
complexity for data access, enabling instant retrieval of each candidate’s choices and category 
availability, thus reducing the time spent on retrieving and checking data. 
o A code snippet for creating hash tables is given below. 
class Admission_Model { 
… 
… 
    function createHashTable ($list_of_data, $key) { 
        $hash_table = array (); 
        foreach ($list_of_data as $data) { 
            $id = $data[$key]; 
             if (! isset($application_choices_array[$id])) { 
                 $hash_table[$id] = array (); 
             } 
            array push($hash_table[$id],$data); 
        } 
    } 
… 
… 
} 

Apart from the above code snippet, more detailed code is uploaded on GitHub for those 
who are interested in code-level technical details. The link to the GitHub account is: 
https://github.com/ka5hifshaikh/automate_admission.  
3. Simplified Seat Allocation Algorithm: 
o Instead of querying the database for each check, the optimized approach retrieves 
all necessary data in a few main queries and then uses hash tables to access and update data 
as needed, minimizing database interactions. 
o The proposed algorithm for seat allocation is shown in Figure 5; however, for the 
sake of simplicity and understanding, the flow diagram of the seat allocation algorithm is 
described below step-by-step, which is also illustrated in Figure 6. 
Seat Allocation Process: 

For non-technical readers, here’s the step-by-step breakdown of the seat allocation 
mechanism: 
Step 1: Execute Main Queries Once: 
• Retrieve all candidates, sorted by CPN (Cumulative Points Number). 
• Retrieve all choices related to each candidate. 
• Retrieve all categories with their corresponding seat allocations. 
Step 2: Create Hash Tables for Efficient Lookup: 
• Create a hash table that maps each candidate to their respective choices. 
• Create another hash table to store seat allocation details for each category, allowing 
O (1) lookup when checking seat availability. 
Step 3: Process Seat Allocation with Minimal Database Interaction: 
• For each candidate in the list, retrieve their choices from the hash table. 
• For each choice, check the category’s seat availability in the hash table. 
• If a seat is available, allocate it to the candidate and update the hash table 
accordingly. 
• Move to the next candidate and repeat the process. 
Summary: 

https://github.com/ka5hifshaikh/automate_admission


                             International Journal of Innovations in Science & Technology 

Special Issue| CSET 2025                                                                               Page |53 

This optimized approach reduces the load on the database and minimizes database 
queries by leveraging in-memory data management and hash tables. By processing seat 
allocation with fewer database interactions, the system becomes significantly more efficient, 
ensuring faster processing and better scalability. 

 
Figure 5. The proposed algorithm for seat allocation 

 
Figure 6. The flow diagram of the proposed algorithm for seat allocation 

System Implementation: 
The proposed system has been implemented as a fully automated admission and seat 

allocation system at the University of Sindh. The key tools and technologies used to develop 
and deploy the system include: XAMPP, MySQL Database, HTML, CSS/Bootstrap, 
JavaScript, PHP, jQuery, SQLYog, PHPStorm, and FileZilla. 
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To ensure the system’s security, it is hosted as a secure site using the HTTPS 
protocol. The system is also protected against Distributed Denial of Service (DDoS) attacks 
through the use of Cloudflare. Additionally, the system has been tested and secured against 
SQL injection and other common cross-site scripting (XSS) attacks. 

Figure 7 shows the login page for the University of Sindh's Admission Portal. 
Candidates can log in using their CNIC (Computerized National Identity Card) number and 
password, or they can create a new account (Sign-up) as first-time users by clicking the 
“New Registration” button. The information required for new registration (Sign-up) is 
displayed in Figure 8, while the candidate’s dashboard on the admission portal is shown in 
Figure 9. 

 
Figure 7. Login Page 
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Figure 8. Sign-up (New Registration) Page 
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Figure 9. Candidate’s dashboard of the developed admission portal 

After candidates complete and submit their application forms on the admission 
portal, they can download a PDF of their filled form (as shown in Figure 10) for their 
records. This feature ensures that applicants can keep a copy of their submitted information 
for future reference. 

Once the admission forms are submitted and the pre-entry test is conducted, the 
automated seat allocation system (as discussed in the previous section of this paper) 
generates the merit lists, which are published on the admission portal (as shown in Figure 
11). The portal provides a transparent system for students to view these merit lists. The lists 
are organized by category and district, allowing applicants to check their status and compare 
it with others in their respective groups. This system ensures both transparency and fairness 
in the admission process. 

 
Figure 10. PDF of the candidate’s filled and submitted admission form 
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Figure 11. Admission portal displaying merit lists (seat allocation) 

The merit lists, as shown in Figure 11, are automatically generated by simply setting a 
few parameters (e.g., program, shift, batch, test type, campus, merit list number, etc.) on the 
"Generate Merit List" page of the automated admission system (as shown in Figure 12). 
Once all the required parameters are selected, the merit list based on the chosen criteria is 
processed and generated with just a click of the "Generate Merit List" button by the admin. 
This method of generating merit lists is both simple and efficient. 

 
Figure 12. Generate Merit List Page (Admin Panel) 
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After the seat allocation process, the admission fee challans for the selected 
candidates are generated through the admin panel, as shown in Figure 13. Once generated, 
these challans appear in the candidate’s online admission portal account. The candidate can 
then view, download, and pay the challan either at a bank or online. 

 
Figure 13. Generating selected candidates' admission fees challans 

 
Figure 14. Promoting candidates to the new upcoming merit list 

To ensure the correct updating of admission records for all qualifying candidates, the 
“Promote Selection List” page in the admin panel, shown in Figure 14, allows administrators 
to move students from their previous seat allocation to their newly assigned program or 
course. 

It is worth noting that, in addition to the features shown in Figures 7 to 14, the fully 
automated admission and seat allocation system includes many other interesting features. 
However, due to space limitations, these additional features are not discussed in this paper. 
Results: 

To evaluate the effectiveness of the proposed automated admission and seat 
allocation system, a performance and comparative analysis was conducted between the 
previous system [1] and the proposed system, as summarized in Table 4. The results shown 
in Table 4 demonstrate that the processing time of the proposed system is significantly 
shorter compared to the previous system used at the University of Sindh. The previous 
system [1] required an average of 0.2 seconds per candidate, resulting in a total processing 
time of 4,000 seconds (approximately 1 hour) for 20,000 candidates. In contrast, the 
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proposed system reduces the processing time to just 0.02 seconds per candidate, cutting the 
total processing time down to 400 seconds (less than 7 minutes), representing an 
improvement of 90%. 

Table 4 Comparison analysis of the previous system and the proposed system 

 
In terms of query processing, the previous system [1] executed approximately 60,000 

queries for seat allocation to 20,000 candidates. In contrast, the proposed system reduced the 
query execution to just three queries for the initial fetch operation, covering all candidates, 
choices, and categories, achieving a remarkable 99.96% reduction in the number of queries. 

The previous system [1], with a complexity of O(n * m), slowed down as the number 
of candidates (n) and choices (m) increased. In comparison, the proposed system improved 
efficiency by reducing the time complexity to O(n) through the use of hash tables and pre-
fetching techniques, ensuring that the time complexity remained consistent regardless of the 
number of candidates or choices. 

When tested for scalability, the previous system [1], due to its O(n * m) complexity, 
started to hang or halt as the number of candidates and choices increased. However, the 
proposed system continued to perform well under the same conditions. 

Finally, when it comes to seat allocation, the previous system [1] achieved a reliability 
and accuracy rate of 85%, while the proposed system improved the allocation accuracy to 
99.99%, representing a 15% increase in accuracy for overall seat allocation. 

To ensure that the system is both flexible and user-friendly, a usability study was 
conducted, involving 9,350 real candidates who used the system to apply for admission at 
the University of Sindh, Jamshoro, Pakistan. 

 
Figure 15. Usability Evaluation Participants’ Information 

Upon completing the usability evaluation, the post-test questionnaire data from all 
candidates is imported into Microsoft Excel for analysis, where various charts and graphs are 
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generated from the data. Figure 15 displays the gender information of the usability study 
participants along with their responses to the first question of the post-test questionnaire. 
Meanwhile, Figure 15 presents the overall summarized results of the usability study. 

 
Figure 16. The mean scores and standard deviations for the 10 usability questions asked in 

the post-test questionnaire 
The graph/chart in Figure 16 displays the mean scores and standard deviations for 

the 10 usability questions. According to existing literature on usability testing and evaluation 
[2][3], a system or product is considered flexible, user-friendly, and usable if its final mean 
score is 4.0 or above on a 5-point Likert scale. Since the mean scores for all 10 usability 
questions exceed 4.0, the proposed automated admission system is deemed a flexible, easy-
to-use, and highly usable solution for admission and seat allocation at public sector general 
universities in Pakistan. 
Discussion: 

In this section, a comparative analysis of the proposed system with several existing 
and relevant systems is discussed. First of all, note that many automated admission systems 
worldwide have been proposed, but they are not designed for Pakistan’s quota-based seat 
distribution. For example, the work presented in [4] exploits neural networks for university 
admissions in Kenya, but in their work [4], the authors did not consider the quota 
management, while the proposed system can handle various types of quota systems. In 
another work [5], a university recommender system for school and college students is 
proposed, but it lacked a dynamic seat allocation feature, while the proposed system is 
capable of it. In [6] and [7], the authors have proposed matching algorithms for school and 
college choices, but they also did not consider the complexity of quota distributions.  

In addition to the aforementioned systems, the proposed system also outperforms 
compared to the previously used semi-automated admission system [1] at the University of 
Sindh (refer to Table 4 in the previous section). In short, the proposed fully automated 
admission and choice selection system uniquely integrates quota management (ie, table 1), 
district-wise allocations (i.e., table 3), and a post-test choice selection mechanism, making it 
more feasible and adaptable to Pakistani public sector general universities’ admission 
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challenges. Moreover, all the aforementioned existing systems [6][7][1][4][5] did not conduct 
a usability study, and hence, these were not tested or evaluated for user experience or user 
satisfaction. In contrast to them, the proposed system was tested and evaluated for user 
satisfaction. The results of the usability study were very promising and suggested that the 
proposed system is an acceptable and feasible solution for the admission and seat allocation 
for public sector general universities of Pakistan.  

Table 5 presents a summary of the comparative analysis of the previous (i.e., before) 
and the proposed (i.e., new) system and highlights the key differences between both of them. 
This table (i.e., table 5) indicates that the new automated admission system improves 
accuracy, fairness, transparency, and efficiency by replacing manual and semi-manual tasks 
with a new fully automated approach that benefits both students and administration. 
Table 5. Comparison: Traditional (i.e., before) vs. Proposed (i.e., new automated) Approach 

 
Conclusion: 

This paper addresses the issues of transparency and inefficiency in the admission 
process of public sector universities in Pakistan. We propose, develop, and implement a fully 
automated admission system that streamlines seat allocation, minimizes human errors, and 
enhances both efficiency and transparency. The proposed system features application 
submission, eligibility verification, entry test administration, cumulative score (CPN) 
calculation, seat allocation, and merit list generation. Additionally, it includes a post-entry 
test choice selection mechanism that allows candidates to choose their programs/subjects 
after receiving their test scores, optimizing seat allocation. The system employs optimization 
techniques such as batch fetching, in-memory storage, and hash tables to reduce database 
queries and processing time. A performance and comparative analysis involving over 20,000 
candidates shows a 90% reduction in processing time, a 99.96% decrease in database queries, 
and a 15% improvement in seat allocation accuracy. The system ensures transparency by 
displaying merit lists online, allowing candidates to check their status and raise objections if 
discrepancies are found in seat allocation. Usability studies confirm that the system is user-
friendly and flexible. As future work, we aim to integrate predictive analytics and machine 



                             International Journal of Innovations in Science & Technology 

Special Issue| CSET 2025                                                                               Page |62 

learning to offer personalized program recommendations based on candidates' cumulative 
scores (CPN) and historical data, further optimizing seat allocation. 
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