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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 uset'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 transpatrency.

Keywords: Admission Systems, Seat Allocation, Public Sector General Universities.
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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.

o 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 Sénmez 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 Sénmez
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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 vyear, 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.

Configure
Admission Session
@ Process
Applicaton
Application
Verification
Generate
Admit Card
Admin User
Pre Entry Test
for Admission
Prepare Test
Result
Generate
CGPA
Generate Merit Admin User
List
Generate Fea
Challan

Generate
Student Card

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

Candidates

S.No. | Quota S.No. | Quota
1 Sports Quota 8 FATA Nomination
Quota
2 Female Quota 9 Foreign Nationals
3 Disabled Person 10 Northern Areas
Quota Quota
4 Employee Quota 11 Self Finance Quota
5 Army Personnel 12 | AJK Quota
Quota
6 Atffiliated College 13 Pharmaceutical
Employees Quota Industry Quota
7 Shuhda Waris 14 NCEAC Quota
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Table 2. Category-Wise Seats Distribution

Distribution of Allocated Seats For Bachelor Degree Programmes - 2023
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Faculty of Arts
Arabic (BS) 20 15 35 12 10 2 1 1 0 0 26 15 5 25 45 106
Art History (BAH) 20 15 35 12 10 2 1 1 0 0 26 15 5 25 45 106
[Communication Design (BCD) 50 15 65 12 10 2 1 1 i 0 0 23 5 25 53 145
English Applied Linguistics (BS) 80 15 95 12 10 2 1 1 2 0 28 30 2 25 60 183
English Language and Litrature (BS) 160 15 175 12 10 2 1 1 2 0 28 30 5 25 60 263
English Language Teaching (BS) 80 15 95 12 10 2 1 1 2 0 28 30 2 -] 60 183
Fine Arts (BFA) 50 15 65 12 10 2 1 1 1 0 27 23 5 25 53 145
Persian (BS) 20 15 35 12 10 2 1 1 0 0 26 15 5 25 45 106
Philosophy (BS) 20 15 35 12 10 2 1 1 0 0 26 15 5 25 a5 106
Sindhi (BS) 50 15 65 12 10 2 1 1 1 0 27 23 5 25 53 145
Textile Design (BTD) 70 k) 85 12 10 2 1 1 1 0 27 28 ] 25 58 170
Urdu (BS) 50 15 65 12 10 2 1 1 1 0 27 23 H 25 53 145
TOTAL 670 180 850 144 120 24 12 12 11 0 323 270 60 300 630 1803
Faculty of Commerce and Business Administration
Banking and Finance (BS) 50 15 65 12 10 2 1 1 1 0 27 23 5 25 53 145
Business Administration BBA (Hons) 164 42 206 12 10 2 1 1 2 10 38 61 5 25 91 335
(Commerce (BS) 100 15 115 12 10 2 1 1 2 0 28 36 5 25 66 209
Forensic Accounting and Fraud Examination (BS) 50 15 65 12 10 2 1 1 1 0 27 23 5 25 53 145
TOTAL 364 87 451 48 40 ] 4 4 6 10 120 143 20 100 263 834
Faculty of Engineering and Technology
Electronic Engineering (BE) 25 10 35 0 2 0 1 0 0 0 3 10 1 1 12 50
Telecommunication E ing (BE) 25 10 35 0 2 0 1 0 0 0 3 10 1 1 12 50
Data Science (BS) 41 21 62 12 10 2 1 i 1 0 27 2 5 25 52 141
Information Technology (BS) n 21 92 12 10 2 1 1 il 0 27 30 5 25 60 179
Software Engineering (BS) 2} 21 92 12 10 2 1 1 1 0 27 30 5 25 60 179
TOTAL 233 83 316 36 34 ] 5 3 3 0 87 102 17 77 196 599
Table 3. District-wise Seat Distribution
ALLOCATION OF SEATS (DISTRICT QUOTA ORIENTED BACHELOR DEGREE PROGRAMMES)
5.No. |Name of District BE (EE) BE(TE) | PHARM-D | BS(DS) BS(IM) BS (SWE) BS(CS) | LLB(HONS) | BBA (HONS)
1 |Hyderabad 3 3 4 4 10 10 10 8 24
2 |Tando Allahyar 2 2 2 2 4 4 4 4 10
3 [rando Muhammad Khan 2 2 3 3 6 6 6 6 12
4 |Matiari 2 2 3 3 6 6 6 6 12
5 |Badin 2 2 2 2 4 4 4 4 8
6 |Thatta 2 2 2 2 4 4 4 4 8
7 |sujawal 1 1 1 1 2 2 2 2 4
8 |tharparkar 1 1 3 3 6 6 6 6 12
9 |Mirpurkhas 2 2 5 5 6 6 6 10 16
10 Jumerkot 1 1 2 2 4 4 4 4 8
11 |sanghar 1 1 2 3 4 4 4 10
12 |padu 2 2 5 5 6 6 6 10 16
13 |jamshoro 2 2 4 4 6 6 6 8 16
14 |shaheed Benazirabad/Nawabshah 2 2 3 3 3 3 3 6 8
15 [sukkur 1 1 4 4 4 4 4 8 8
16 |Ghotki 1 1 2 2 2 2 2 4 4
17 |shikarpur 1 1 2 2 2 2 2 4 4
18 |lacobabad 1 1 2 2 2 2 2 4 4
19 Larkana 1 1 2 2 2 2 2 4 4
20 |Kambar / Shahdadkot 1 1 2 2 2 2 2 4 4
21 |Kashmore / Kandhkot 1 1 2 2 2 2 2 4 4
22 |Khairpur 1 i 2 2 2 2 2 4 4
23 [Karachi Division 1 1 1 1 1 1 1 2 2
24 |Naushahroferoz 1 1 2 2 2 2 2 4 4
TOTAL 35 35 62 62 92 92 92 124 206

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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— 1. Admission configuration is carried out by the admission office

2. Candi fill the issi ilcation form after signing up in
the system (i.e. eportal account creation)

3. Candidates' admission forms are verified by the system
4, System generates pre-entry test admit cards/slips

|| 5. Testing center office uploads candidates' test scores in the system
after the conduct of pre-entry test

Methodology of Proposed
. 6. Syst 1k lified candidates id t-entry test
Automated Admission ¥ hoice selection and upload required documents
System

7. System calculates qualified candidates' CPM

—— 8. System runs seat allocation and merit list generation algorihm to
generate merit lists

9. Merit lists are displayed on web portal

1 10. Admission feeschallans are generated in selected candidates'
eportal accounts

11. Repeat steps 8, 9 and 10 to generate next merit list and fees
challans until required number of seats are filled

12. System generates roll numbers of all the admitted students
13. System generates student 1D Cards of all the enrolled candidates

Figure 2. Flow diagram of methodology

Candidate Application Form Process Choice Selection and Seat

Allocation
Start Admission
Process Generate Merit List
Complete
Admission Form

v
Scrutinize
Application

Calculate
Cumulative
Percentage

Generate Fee Challan For
Test Selected Candidate

Qualified?

No

Is Verified?

Aptitude Test

h 4

> End Application Enrolled Student

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.

Select Degree Program ]—b[ Select Campus ]_|
Upload Paid Receipt

Adg:::::)n::;::::: ! Scrutinize Application Generate Admit Card for
Qualifications Detail for Aptitude Test Aptitude Test
Select Category H Select Program / Discipline H Review Application Form H Submit Application Form ]

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:

Paid via
Online / Bank

Download Application Process
Fee Challan

Upload
Test Result
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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:

o Candidates gain insight into the disciplines realistically attainable for them,
minimizing rejections and unmet expectations.
o 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 0.
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:

o 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:
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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.
BEGIN
// 8tep 1: Execute main queries
candidatesList «+ fetchAllCandidatesOrderByCPN()
choicesList « fetchAllChoices()
categoriesList « fetchAllCategories()

/I Step 2: Create hash tables
candidateToChoicesHash «— createHashTable(choicesList, "candidate id")
programToCategoryHash « createHashTable(categoriesList, "program id")

// Step 3: Allocate seats
FOR each candidate IN candidatesList DO
candidateChoices «— candidateToChoicesHash[candidate id]

FOR each choice IN candidateChoices DO
program <« choice program id
category «— choice.category_id

IF programToCategoryHash[program][category].seatsAvailable > 0 THEN
allocateSeat(candidate, program, category)
programToCategoryHash[program][category].seatsAvailable -= 1
BREAK // Move to the next candidate once seat is allocated

END IF

END FOR
END FOR
END

Figure 5. The proposed algorithm for seat allocation

Candidate
Available?

Yes

Test Qualified Sorted
Candidate List CPN
Wise

Select Candidate
No

Select Choice

i

> Pre-req

WL

Choice No
Available?

Dart_abase

Yes

h

Check Pre- Noj
requisite End Selection List
Yes

Select Category

Category No
Available?

es

Check No
Vacant
Seat

Yes
Add Candidate in
Selected Candidate
List
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.

CNICNo.@®@  Passport No.O
CNIC No.* (without dashes)

Password*

m Forgot Password?

New Student? click below for Registeration

New Registration

Figure 7. Login Page
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Welcome to University of Sindh Admission Portal

Registration Form

* Use your own CNIC or B-Form Number to Register.

¢ CNIC/B-Form number can not be changed after Registration. Please enter your own CNIC or B-Form Number carefully.

« If your CNIC/B-Form No. is already registered, there is no need to register again. Simply log in to your account to access the
Online Admission Form.

CNIC No. / B-Form No.* (without dashes)

Form Number (

CNIC Numbe

Re-Type CNIC No. / B-Form No.* (without dashes)

Re-Type CNIC Number or B-Form Number (1234567891234)

Email Address *
kscsm32@gmail.com
Mobile Number*

PAKISTAN 0092 3332691464

Provide following information as per Matriculation Record / Certificate
Full Name *

Full name (Spelling as per Matric Marks Cel

Father's Name *

lame (Spelling

ng as per Matric Mark

Gender*

--choose--

Country *

PAKISTAN
Domicile Province / State *

--Choose--

Password *

Re-Type Password *

Re-Type Pa

Profile Image *

Choose File | No file chosen

Figure 8. Sign-up (New Registration) Page
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LS Certificate Program Degree Program University Of Jamshoro For The Academic Year 2025
& Application Form @

[®) pownload Admissoin Registration Challan Upioad Personal Information Quallfication Choose Category  Choose Degree Program Gomplete:
Challan
Online Admission Form Status Admission Form Information
[ Admission
Announcements Form Status DRAFT Application Form T —
Form Remarks
B Registration Fee
=] Download Profile Photo Challan
Application Challan
Form Review
Registration Fee Nt Verifed / R
G]' Logout Challan
Your uploaded challan image is not verified that's why Pre Entry Test Admit
your Admit card will not be issued. If you have paid the Card
challan within due dates, please visit Directorate of
Admissions, University of Sindh, Jemshero along with Pre Entry Test Score

original paid copy of your challan upto Monday
14.10.2024 within office hours (09:00am to 03:00pm) OR
you can send it through email at
admissiong@usindh.edu.pk

PETCPN

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.
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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.

= £ &) kashiF v

Q Search Candidate

@5 Entry Test Setup
Program * Shift * Batch Year * Test Type * Campus *
Pre Admission < BACHELOR v MORNING v 2025 v BACHELOR GENERAL 2025 v UNIVERSITY OF SINDH, JAMSHOF
£ Admission Setup
ListNo * 1S OBJECTION / PROVISIONAL OBJECTTION * 1S_SPECAIL_SELF *
[l Fee MIS < 1 v YES v NO v
_ Choose Multiple Program PROG_LIST_IDPROGRAM NAME
[E Selection / Merit List ) 5 BBA(HONS)
B.ED. (HONS) ELEMENTARY 150 B.ED. (HONS) ELEMENTARY
& Challan Setup BACHELOR OF ART HISTORY 141 BACHELOR OF ART HISTORY
[BACHELOR OF COMMUNICATION DESIGN 158 BACHELOR OF COMMUNICATION DESIGN
BACHELOR OF EASTERN MEDICINE AND SURGERY 285 BACHELOR OF EASTERN MEDICINE AND SURGERY
E Roll No Setup BACHELOR OF FINE ARTS 140 BACHELOR OF FINE ARTS
[BACHELOR OF TEXTILE DESIGN 159 BACHELOR OF TEXTILE DESIGN
e, FE(E =t Pt [ =30 Te) 258 BE (ELECTRONIC ENGINEERING)
£ Fee Setup [BE (TELECOMMUNICATION ENGINEERING) 57 BE (TELECOMMUNICATION ENGINEERING)
IS (ACCOUNTING ANO EINANGE) 45 BS (ACCOUNTING AND FINANCE
BS (ANTHROPOLOGY AND ARCHAEOLOGY) ¢ )
B General Branch BS (ARABIC) 116 BS (ANTHROPOLOGY AND ARGHAEOLOGY)
BS (ARTIFICIAL INTELLIGENCE) m BS (ARABIC)
BS (BANKING AND FINANCE) 284 BS (ARTIFICIAL INTELLIGENCE)
User Info BS (BIOCHEMISTRY) 234 BS (BANKING AND FINANCE)
BS (BIOTECHNOLOGY) 78 BS (BIOCHEMISTRY)
FEiERIEL ) 160 BS (BIOTECHNOLOGY)
BS (CHEMISTRY) 1 BS (BOTANY)
9 BS (CHEMISTRY)
275 BS (COASTAL AND MARINE SCIENCE)
BS (COMPUTER SCIENCE) PRE-COMMERGE 10 BS (COMMERCE)
169 BS (COMPARATIVE RELIGION)

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.
@ 4 &) KasHIF v

Q, Search Candidate
Generate Candidate Challan

&5 Enlry Test Setup < Challan Type Generate By Program Type Demerit Part Semester Valid Upto

ADMISSION Selection Lis' ~ BACHELOR v ANNUAL FEI ~ FIRSTYEAR ~ ANNUAL ~ ~
B Pre Admission

C1s PROVISIONAL O Calculate Paid Fee [ Add Enrolment Fee [ Calculate Due Fee

¥ Admission Setup < -

[E Fee MIS
Session Campus shift Selection List No.

& Selection / Merit List < 2025 JAMSHORO v MORNING v ‘ FIRST MERIT LIST v

©F Challan Setup < SL APP ROLL FIRST FATHER LAST PROGRAM ENROLMENT [ITNIRXT LATE PAYABLE PAID REFUND
s¢ cH# D D # NAME NAME  NAME TITLE CATEGORY BOARD REMARKS FEE AMT DUES FEE  AMT AMOUNT ~ AMOUNT  STATUS

B Roll No Setup
B3 Fee Setup
[& General Branch

B User Info

fa} Form Status Ranort

Developer Team ©2019, IT Services Center, University Of Sindh, Jamshoro

Figure 13. Generating selected candidates' admission fees challans
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ErEet ot ¢ Program * shift* Batch Year * Test Type * Campus *

~Choose— ~ ~Choose-- - ~Choose— v ~Choose-- ~ ~Choose- v
£ Admission Setup
ListNo® Is Specail Self*
ElFee MIS stho s Specall Sel
—Choose- ~ -Choose-- &

[ Selection / Merit List <
& Challan Setup 4
E Roll No Setup

5 Fee Setup

El General Branch

E User Info

e Developer Team ©2019, IT Services Center, University Of Sindh, Jamshoro
fnl Form Status Renort

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

Metric Previous System [18] The Proposed System

Automation Semi-automated Fully automated admission
(only student selection system
part is automated)

Processing Time per | 0.2 seconds 0.02 seconds

Candidate

Database Queries Multiple queries Only 3 required for initial
(per candidate query) tetch operation

Average Time Complexity O(n*m) O(n)

Scalability Limited High

Accuracy/Reliability 85% 99%

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.

Photocopy

) i :
Gender %a ge Form Filled By: Shop Keeper or

MOther Eriend or Relative / E?Zh?:;
0.44% 4.55% -

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.

Overall Mean Score and Standard Deviation for all the usability evaluation guestions

I

5

=

w

"

MeanScareand Standard Deviation

E

L Thesystem provides 3 Theregstration 4 Theonline challan 5, Thebasic & Thecategory 7. Thechoice selection & Theadmission 9 Thewebinterfaceis 10, The admission 11, The overall
clear instructions for |process is payment feature is informationand selection processis  featureisflexibleand  systemprovides  visually attractiveand system s mobile and experience of wsing the
eachstep. straightforward and user-friendly. edumtiondetails  simpleand effident  meets user needs, kwhen  easy jigat ive. system s satisfactory.

easy to complete section is clearand errors occur,
concise.

Usability Study Questions
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 (ie., 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

Aspect

Form Filling &
Data Entry

Discipline
Selection Timing

Basis for Seat
Allocation

Seat Distribution
Accuracy

Transparency

Opportunities for
Students

Scalability &
Time

ional or Previous System

Students fill out paper forms by hand. Staff then
enters each one manually into the computer a slow
and tiring process that often leads to mistakes.

Students are asked to choose their preferred
programs before taking the entry test, often
without knowing for what they actually qualify for.

Seats are allocated mostly based on preferences,
with little alignment to test scores.

Mistakes are common due to manual filtering or
transferring data between systems. This can lead to
wrong seat assignments and wasted seats.

Popular disciplines get too many applicants, while
others stay empty. This imbalance is hard to fix
manually.

Because of manual steps and scattered data,
students can’t easily track how seats were given
leading to confusion and complaints.

Many eligible students miss out on programs they
actually qualify for, ust because they chose
wrongly before the test.

With thousands of forms, the process takes weeks
or even months to complete. The more students
apply, the harder it becomes.

Proposed Automated System

Students fill their forms online directly.
The system captures the data instantly,
reducing time and chances of emor.

Students choose their programs after the
test, based on their actual scores making
their decisions more realistic.

Allocation is based on both student
preferences and their merit (CPN),
ensuring a fairer outcome.

The system uses rules and algorithms o
allocate seats accurately, minimizing
chances of error.

The system balances choices with mexit,
helping ensure all programs get filled
fairly.

Everything is processed centrally and
published online. Students can clearly see
how and why seats were allocated.

Students can pick programs that match
their performance mereasing their chances
of getting into a suitable discipline.

The system can handle thousands of
applications in minutes, making it practical
even for large universities.

Error Risk High due to manual entry, repeated checks, Very low because the process is
separate systems, and human oversight centralized, automated, and needs minimal
manual work.

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

I am grateful to my supervisor Prof. Dr. Yasir Arfat Malkani for his kind, generous
and extraordinary help and guidance during my Master's thesis as well for the successful
development, implementation and testing of this system at the University of Sindh,
Jamshoro, Pakistan, I am also thankful to my co-developers at ITSC and at admission office,
University of Sindh for their continuous feedback and support. I also thank all those people
who directly or indirectly took part in the development and successful implementation of the
proposed system.

Author’s Contribution: This project is a result of teamwork in which all the authors have
equally contributed, apart from system implementation, testing, and evaluation, which is
mainly carried out by the first author.

Conflict of interest: There is no conflict of interest of any type between the authors about
publishing this manuscript.

Project details: N/A

References:

[1] R. Tharwani et al., “Modelling Choice Selection System of a Public Sector General
University in Pakistan,” Sindh University Research Journal - SUR]J (Science Series), vol. Vol.
48 (4D), pp. 127-134, Oct. 2016.

2] M. A. Khan and S. A. Khan, "Quota System in Pakistan — A Critical Analysis,"
Journal of Public Administration, vol. 1, no. 1, pp. 1-15, 2024.

[3] D. Gale and L. S. Shapley, “College Admissions and the Stability of Marriage,” 1962.
[4] M. Balinski and T. So Nmez, “A Tale of Two Mechanisms: Student Placement*,”
1999. [Online]. Available: www.idealibrary.com

[5] A. Abdulkadiroglu and T. Sénmez, “School Choice: A Mechanism Design

Approach ,” American Economic Review, vol. 93, no. 3, pp. 729-747, Jun. 2003, doi:
10.1257/000282803322157061.
[6] F. Kojima, “School choice: Impossibilities for affirmative action”, Games and

Economic Behavior, vol. 75, no. 2, pp. 685-693, 2012. doi: 10.1016/j.geb.2012.02.001.

[7] A. Roth, “The Origins, History, and Design of the Resident Match,” JAMA : the
journal of the American Medical Association, vol. 289, pp. 909-912, Oct. 2003, doi:
10.1001/jama.289.7.909.

[8] F. Kojima and P. A. Pathak, "Analyzing Matching Patterns in Marriage: Theory and
Application to the U.S. Marriage Market," Quantitative Economics, vol. 14, no. 2, pp. 665-
698, 2023. doi: 10.3982/QE2306.

[9] F. Kojima and P. A. Pathak, "Review of the Theory of Stable Matching and Contract
Systems," Game Theory and Economic Applications, vol. 39, no. 1, pp. 23-45, 2023.

[10]  E. M. Fenoaltea, J. C. Rodiguez, and L. A. S. Barlow, "The Stable Marriage Problem:
An Interdisciplinary Review from the Physicist's Perspective," arXiv:2103.11458, Mar. 2021.
[Online]. Available: https://arxiv.org/abs/2103.11458.

[11]  A. E. Roth, “The college admissions problem is not equivalent to the marriage
problem,” ] Econ Theory, vol. 36, no. 2, pp. 277-288, Aug. 1985, doi: 10.1016/0022-
0531(85)90106-1.

[12]  D. Fragiadakis and P. Troyan, “Improving matching under hard distributional
constraints,” Theoretical Economics, vol. 12, no. 2, pp. 863-908, 2017, dot:
https://doi.org/10.3982/TE2195.

[13] T. Kamada, T. Shishido, and Y. Kobayashi, "Doctor distribution model for urban
and rural areas in Japan," Journal of Health Economics, vol. 32, no. 4, pp. 731-739, 2013.

Special Issue | CSET 2025 Page | 62


https://arxiv.org/abs/2103.11458

N
OPEN (5 ) ACCESS . . . .
International Journal of Innovations in Science & Technology

[14] M. A. Khan and S. A. Shah, "Government policies for balancing doctor distribution
and ensuring healthcare access in rural communities," International Journal of Health Policy,
vol. 12, no. 2, pp. 115-122, 2019.

[15] 1. E. Hafalir, M. B. Yenmez, and M. A. Yildirim, “Effective affirmative action in
school choice,” Theoretical Economics, vol. 8, no. 2, pp. 325-363, 2013, doi:
https://doi.org/10.3982/TE1135.

[16]  U. M. Dur, S. D. Kominers, P. A. Pathak, and T. S6nmez, “The Demise of Walk
Zones in Boston: Priorities vs. Precedence in School Choice,” Apr. 2013. doi:
10.3386/w18981.

[17]  O. Aygun and I. B6, “College Admission with Multidimensional Privileges: The
Brazilian Affirmative Action Case,” Am Econ ] Microecon, vol. 13, no. 3, pp. 1-28, Aug.
2021, doi: 10.1257/mic.20170364.

[18]  R. K. Tharwani, "Modelling Choice Selection System of a Public Sector General
University in Pakistan," Sindh Univ. Res. Jour. (Sci. Set.), vol. 48, no. 4D, pp. 127-134, 2016.
[19] F. Wabwoba and F. Mwakondo, “Students Selection for University Course
Admission at the Joint Admissions Board (Kenya) Using Trained Neural Networks,” Journal
of Information Technology Education Volume, vol. 10, Oct. 2011, doi: 10.28945/1529.

[20]  S. Fong and R. Biuk-Aghai, An Automated University Admission Recommender
System for Secondary School Students. 2009.

[21]  J.R. Lewis, IBM Computer Usability Satisfaction Questionnaires: Psychometric
Evaluation and Instruction for Use. International Journal of Human-Computer Interaction,
L. Erlbaum Associates Inc. Hillsdale, NJ, USA, Jan. 1995. 7(1): p. 57 - 78.

[22]  J. Nielsen and J. Levy, Measuring Usability: Preference vs. Performance. in
Communications of the ACM, April, 1994. Vol. 37 Issue: 04, pg. 66-75.

[23]  R. Bierton, and R. Bates. Experimental Determination of Optimal Scales for
Usability Questionnaire Design. in Proceedings of Human Computer Interaction (HCI-
2000). 2000.

@ Copyright © by authors and 50Sea. This work is licensed under
Creative Commons Attribution 4.0 International License.

Special Issue | CSET 2025 Page | 63



