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Abstract

This dissertation presents the design and development of a web application for attendance
tracking and course distribution in a university setting. Traditional manual methods, such
as paper sign-in sheets and printed timetables, are slow, error-prone, vulnerable to proxy
attendance, and difficult to update. To address these limitations, the proposed application
unifies both processes within a single, role-based platform serving administrators, teachers,
and students. Attendance is captured reliably through a teacher-generated QR code combined
with GPS location verification to prevent fraud, while course distribution manages teachers,
classes, sessions, and assignments without conflicts. The system was modeled using UML
diagrams and implemented with modern web technologies around a coherent relational data
model. The result is a centralized, real-time tool that reduces administrative effort, improves

accuracy, and aligns with Algerian university regulations on attendance.

Keywords - Examples: web application, attendance tracking, course distribution, QR code,
GPS.
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Introduction

Introduction

1. General Context

The gradual digitalisation of administrative processes represents a notable advance in con-
temporary institutional governance, enhancing efficiency, transparency and the quality of the
services delivered to users. In the higher-education sector in particular, academic manage-
ment is becoming increasingly complex as student numbers grow and programmes diversify.
Within this landscape, two processes stand out for their direct impact on the quality of teach-
ing and on the daily experience of students, teachers and administrators alike: the tracking
of student attendance and the distribution of courses across teachers, groups, rooms and time
slots.

For decades, these two processes were carried out manually, through sign-in sheets circu-
lated in the classroom and printed timetables posted on notice boards. Despite the simplicity
of this practice, it reveals growing operational limitations: it consumes teaching time, it is
prone to human error during transcription and tabulation, it is vulnerable to fraud through
signing on behalf of absent colleagues (proxy attendance), it makes archiving and review
difficult, and it delays the delivery of updates to students whenever a timetable changes.

Web applications emerge as an innovative solution capable of addressing these chal-
lenges, since they centralise data in a single database, provide real-time, role-based access
from any browser or device, and automate the capture of attendance, the calculation of at-
tendance rates and the generation of absentee lists. This direction is reinforced in Algeria by
an explicit national digitalisation policy, embodied in the higher-education digital platform
(PROGRES) and the national digital master plan; indeed, the regulations in force (Minis-
terial Decision No. 1165 of 2025) explicitly mandate the digital recording of absences and
their entry through the digital platform, which makes the development of a dedicated appli-
cation for attendance tracking and course distribution both a practical need and a regulatory

requirement at the same time.
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2.

Problem Statement

Despite the clear advantages, designing and deploying a unified application for attendance

tracking and course distribution requires careful study of multifaceted challenges that go

beyond mere technical implementation. This study is framed around the following main

research question:

3.

How can a web application be systematically designed and developed to unify
attendance tracking and course distribution, so as to improve usability, accuracy
and operational efficiency while complying with the regulatory requirements of

the Algerian university?

This central inquiry gives rise to the following sub-questions:

How can attendance be captured accurately and reliably while resisting fraud (proxy
attendance), through mechanisms such as QR codes and geographic location verifica-

tion?

How can the course-distribution functions and timetable management be designed so

as to avoid conflicts between teachers, groups and rooms while reducing manual effort?

How can the university's organisational structure (administrator, teacher, student) be
translated into a tiered system of roles and permissions that respects Algerian regula-

tions?

What mechanisms can enable the production of transparent, real-time attendance re-

ports, together with absentee and exclusion lists, accessible to all relevant stakeholders?

How can the system's scalability and reliability be ensured so as to maintain consistent

performance during the intensive-usage periods typical of the start of class sessions?

Which evaluation methodologies are most appropriate for assessing usability and user

satisfaction in the context of academic-management applications?

Objectives

This dissertation aims to design and implement a web application for attendance tracking

and course distribution that prioritises user-centred design and operational robustness. The

specific objectives are:

* To develop an intuitive, accessible user interface that allows the different roles (admin-

istrator, teacher and student) to navigate and perform their tasks smoothly.

2
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* To implement a reliable, fraud-resistant attendance-capture mechanism that combines
a QR code generated live by the teacher with location verification through the external
GPS system.

* To design a course-distribution and timetable-management module that avoids con-

flicts, reduces manual work and allows rapid republishing whenever a change is made.

* To implement transparent mechanisms for aggregating and publishing attendance data
and for producing absentee and exclusion lists, in line with the regulatory requirements

of the Algerian university.

* To adopt rigorous software-engineering practices to ensure the platform's reliability,

scalability and responsiveness under realistic operating conditions.

* To unify attendance tracking and course distribution within a single, coherent data

model that eliminates duplication and preserves consistency.

* To carry out empirical usability testing and iterative improvement based on user feed-
back.

4. Structure of the Dissertation
This study is divided into three main chapters:

* Chapter 1: A general overview of attendance tracking and course distribution systems
(the state of the art).

* Chapter 2: The design of our platform, with a particular focus on its modelling using
UML (Unified Modeling Language) diagrams.

* Chapter 3: A description of the tools used to implement the platform, followed by
a detailed account of its practical application with examples of the main interfaces

developed.
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Chapter 1

Attendance Tracking and Course

Distribution Systems

1.1 Introduction

The management of academic activities in higher education institutions has grown increas-
ingly complex as student populations expand and as universities are expected to deliver ser-
vices that are fast, transparent and accurate. Among the many administrative processes a
university must handle, two stand out for their direct impact on the quality of teaching and
on the daily experience of students and staff alike: the tracking of student attendance and the
distribution of courses across teachers, groups, rooms and time slots. For decades these tasks
were performed manually, on paper and through informal arrangements, which made them
slow, error-prone and difficult to audit.

This situation is now changing rapidly under the pressure of a broader digital transfor-
mation. National authorities increasingly treat the digitalisation of academic management
not as a convenience but as a strategic priority; Algeria, for example, has adopted a digital
master plan and has progressively integrated dozens of digital service platforms into a single
higher-education information system, with the explicit aims of improving efficiency, reduc-
ing paper and coordinating services for students, teachers and administrators [1]. Within this
movement, the web application has emerged as the natural delivery model.

A web application is well suited to academic management because it requires no instal-
lation on the user side, can be reached from desktops, laptops and smartphones alike, cen-
tralises data in a single database, and cleanly separates the user interface, the front end, from
the data and business logic, the back end, hosted on a server [2]. The architectural conven-
tions that make such applications scalable and maintainable, including the resource-oriented,
stateless client-server style now dominant on the web, are themselves the product of sus-
tained engineering research [3]. This chapter establishes the state of the art that frames the

present work. It begins by tracing the evolution of academic management systems from pa-



Chapter 1: Attendance Tracking and Course Distribution Systems

per records to integrated web platforms. It then examines, in turn, attendance tracking and
course distribution, defining each concept, justifying its importance, contrasting traditional
and digital practice, and reviewing the principal families of existing solutions. The chapter
situates these processes within the organisational structure of universities and within the spe-
cific regulatory environment of Algerian higher education. Finally, it surveys international
experience, identifies the recurring challenges reported by researchers and practitioners, and

outlines the solutions that motivate the design choices made in the chapters that follow.

1.2 The Evolution of Academic Management Systems

Academic management has passed through several distinct stages, summarised in Figure 1.1.
In the earliest stage every record was kept on paper: attendance was collected by circulating
a signed sheet during the lecture, timetables were typed and posted on notice boards, and
registration was handled at a physical counter. The approach is intuitive but fragile. Records
are easily lost or damaged, consolidating them at the end of a semester is laborious, and the
information they contain is available to only a few people in one place at a time [4].

A second stage introduced standalone desktop software. Spreadsheets and local database
applications reduced some of the manual effort and improved legibility, but the data remained
trapped on individual machines, was difficult to share between departments, and offered no
remote access. Storing institutional data in a properly designed database, rather than in scat-
tered files, was itself an important advance, because a database management system provides
controlled, concurrent and consistent access to shared data while shielding applications from
the physical details of storage [5].

The decisive change came with the third stage, in which the web became the dominant deliv-
ery model. Web-based systems store information centrally and expose it through a browser,
so that administrators, teachers and students can each consult and update the data appropri-
ate to their role from wherever they happen to be [6--8]. This model also made it natural to
distinguish categories of user and to grant each of them different rights over the same shared
data, a separation of roles that recurs throughout the systems reviewed in this chapter. The
current stage is one of integration and automation. Institutions increasingly rely on student
information systems, learning management systems and dedicated modules for scheduling
and attendance that exchange data with one another rather than operating in isolation. The
literature shows a clear trend towards combining a web platform with complementary tech-
nologies, whether biometric sensors, radio-frequency identification or mobile applications,
so that data capture is automatic and the resulting information feeds directly into reporting
and decision-making [7, 8]. Algeria's national PROGRES platform, which centralises the
academic life of students within a single ministry-run information system, is a concrete em-

bodiment of this integration stage [1]. The application proposed in this thesis belongs to the
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same stage: a single web application that unifies attendance tracking and course distribution

within one coherent data model.
The LMD system in Algerian higher education

Cycle 1 Cycle 2 Cycle 3
Licence Master Doctorate

Baccalaureate 3 years - 6 semesters 2 years 3 years
180 credits +120 credits Research

1 credit = 20-25 hours per semester ¢ 30 credits per semester * 60 per year

Figure 1.1: Evolution of academic management systems from paper records to integrated
platforms.

1.3 Attendance Tracking

1.3.1 Definition of Attendance Tracking

Attendance tracking is the process of recording, storing and verifying the presence of students
at scheduled pedagogical activities such as lectures, tutorials, laboratory sessions and work-
shops. A complete attendance system associates each presence or absence with a specific
student, a specific session and a precise date and time, and makes this information available
for later consultation and analysis. It is useful to distinguish attendance monitoring, the act
of capturing whether a student is present, from attendance management, the broader handling
of that data, including its aggregation, the calculation of attendance rates, the generation of
absentee lists and the triggering of administrative consequences. Viewed as an information
process, attendance tracking has three core components, shown in Figure 1.2. The first is an
input mechanism that captures a piece of information unique to each student. The second is
a processing layer that interprets and validates that information, for example by matching it
against enrolled students and against the scheduled session. The third is a storage and presen-
tation layer that records the result durably and displays it to authorised users in an appropriate
form [4]. The whole forms a data lifecycle that begins with capture and ends with reporting,
and the value of a system depends on how reliably it carries information through every stage

of that lifecycle.
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Core components of an attendance tracking system

Input / Capture Processing Storage & Presentation
Capture a unique —> Validate and match —> Record, compute rates,
student identifier to student & session generate reports

Data lifecycle: capture - validation — storage - reporting

Figure 1.2: The three core components and data lifecycle of an attendance tracking system.

1.3.2 The Importance of Attendance Tracking

Interest in accurate attendance data is not merely administrative. A frequently cited large-
scale study found a significant positive relationship between how regularly students attend
and the marks they ultimately achieve, suggesting that attendance is a meaningful early in-
dicator of academic engagement and risk [9]. Other authors have linked weak attendance to
poor retention, framing attendance data as an instrument for identifying students who may be
drifting away from their studies before they formally withdraw [10]. These findings give at-
tendance data a value that extends well beyond compliance. For teachers, attendance records
reveal patterns of behaviour and allow at-risk students to be identified while intervention is
still possible. For administrators, consolidated attendance information supports operational
and strategic decisions and supplies the evidence needed to apply institutional regulations
fairly [1, 6]. At the level of the whole institution, the same data feed the statistics that univer-
sities and supervising ministries use to monitor the functioning of their programmes. Reliable
attendance information therefore serves several stakeholders simultaneously: it protects the
integrity of assessment by ensuring that only students who genuinely took part are credited,
it supports communication with students and, where relevant, their families, and it underpins

both pedagogical and administrative decision-making.

1.3.3 Traditional vs. Digital Attendance Methods

In the traditional method the teacher either calls out names or circulates a sheet of paper for
students to sign. Although simple and requiring no equipment, this practice has welldocu-
mented weaknesses. It consumes valuable teaching time, and for a class of around fifty stu-
dents the roll call alone can take several minutes that are lost from instruction [4]. It is prone
to human error during transcription, and it is vulnerable to fraud, since a present student can
sign on behalf of an absent colleague, a practice known as proxy attendance. The same vul-
nerability affects automated but token-based methods, where the swapping of identification

cards, sometimes called buddy punching, defeats the purpose of the system. Finally, paper
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records are difficult to archive, to search and to relate to earlier sessions [7]. Digital atten-
dance methods address these shortcomings by automating capture and centralising storage.
Once a session is opened, presence is recorded electronically and is immediately available for
reporting, for the automatic calculation of attendance percentages and for the generation of
absentee lists. Digital systems reduce the administrative burden, minimise transcription er-
rors and make tampering more difficult, while allowing teachers and administrators to consult
the data remotely [6, 8]. The principal trade-off is a dependence on supporting infrastructure,
such as devices, sensors or a network connection, which must be considered carefully during
design. In short, the move from traditional to digital attendance is not simply a change of
medium but a change in what becomes possible: real-time access, automatic computation,

durable archiving and resistance to a range of common abuses

1.3.4 Types of Attendance Tracking Systems

Although attendance systems share a common foundation, almost all of them communicate
over an internet-protocol infrastructure, they differ markedly according to the identification
technology used to recognise the student, and these differences translate into distinct pro-
files of cost, speed, accuracy and reliability [4, 6--8]. The principal families reported in the

literature are summarised in Table 1.1.
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Identification technology

Main advantages

Main limitations

RFID cards

Fast reading, high accuracy

and reliability

Equipment and mainte-

nance cost; cards can be
swapped, lost or forgotten

(proxy attendance)

to deploy

Bluetooth Low cost, low power, rea- | Limited operating dis-
sonably reliable tance; depends on device
addresses that change fre-
quently
Barcode / QR code Inexpensive, accurate, easy | Slower registration; codes

can be shared, copied or

photographed

Fingerprint biometrics

Strong uniqueness, hard to

forge, cannot be lost

Slower per-user capture;

sensitive  personal data

raises privacy concerns;

sensitive to dirt or injury

Face recognition

Contactless and fast under

ideal conditions

Accuracy degrades with
lighting, camera angle and
appearance; privacy and

algorithmic-bias concerns

Voice recognition

Simple to use, no extra

hardware

Low recognition accuracy;
serial (one-by-one) registra-

tion is slow

Pure web technology

High customizability, low
cost, reachable from any

browser or personal device

Depends on network avail-

ability; needs safeguards
against remote (off-site)
registration

Table 1.1: Comparison of identification technologies used in attendance tracking systems

Radio-frequency identification (RFID) is among the most widely deployed approaches; a
representative example uses ultra-high-frequency RFID tags read by a single-board computer,
with the captured events transmitted wirelessly to a web application that lets faculty, students
and the department head monitor attendance and even generate a seating plan [7]. Biometric
solutions are equally prominent. Fingerprint-based systems pair a capacitive sensor with a
microcontroller and a web back end, so that a student is recognised through a one-to-many
template match before the corresponding record is written to the database [4], whereas facial
recognition systems compare a live camera feed against stored facial descriptors and may

add a location check to discourage fraudulent marking [8]. Mobile approaches exploit the

9
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smartphones that students already carry, using technologies such as near-field communica-
tion, quick-response (QR) codes and satellite positioning to confirm presence without the
institution having to purchase dedicated hardware [11]. Purely web-based systems go further
still and dispense with special identification hardware altogether: the teacher opens a ses-
sion in the browser and students confirm their presence from a personal device, an approach
valued for its low cost and high customisability but one that must guard against oftf-site regis-
tration [6]. Regardless of the capture method, these systems share the same overall structure,
illustrated in Figure 1.3: client devices used by different roles communicate over the web
with a server that holds the application logic and a central database. A recurring conclusion
of the literature is that no single technology dominates on every criterion; the appropriate
choice depends on the institution's budget, its tolerance for error, its privacy obligations and
the quality of its network, which is why hybrid designs that combine a web platform with a

chosen capture method are increasingly common.

General architecture of a web-based academic system

Client devices (browser)

f ) HTTP requests
Administrator e ~
\ J Web Server
( h queries -
[ Front end (Ul) ] .—_>_
Teacher @———| Database
\ J
[ Back end (logic) ] data
( N
Student ~ o
\ J

Figure 1.3: General architecture of a web-based academic system, with role-specific clients,

a web server and a central database.

1.4 Course Distribution

1.4.1 Definition of Course Distribution

Course distribution, often referred to in the operational-research literature as university course
timetabling, is the process of assigning the teaching events of a programme, that is, the
pairing of courses with the teachers who will deliver them, to the limited resources avail-
able, namely student groups, rooms and time slots, in such a way that no conflict arises and
that institutional rules are respected [12]. In a typical university the task therefore involves

two related decisions: allocating courses to qualified teachers, and placing the resulting ses-
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sions on a weekly grid without clashes. Figure 1.4 represents this problem schematically, as
the transformation of a set of resources into a feasible timetable under a set of constraints.
The timetabling literature usually separates several variants of the problem. Class-teacher
timetabling, characteristic of schools, assigns a fixed group its teachers; course timetabling,
characteristic of universities, schedules courses that students choose individually; and ex-
amination timetabling schedules assessments under their own particular constraints [12, 13].
The present work is concerned chiefly with course timetabling in the university sense, where
the same student may belong to several different course groups and where the avoidance of

clashes between those groups is central.

The university course timetabling problem

Inputs (resources)

Time slots

[ Courses J
r N
[ Teachers J Scheduling process
Hard constraints Feasible,
[ Groups } (must be satisfied) —> clash-free
timetable
Soft constraints
[ Rooms } (preferred)
[ J \ y,

Figure 1.4: The university course timetabling problem: resources are scheduled into a feasi-

ble timetable subject to hard and soft constraints.

1.4.2 The Importance of Course Distribution

A well-constructed distribution has consequences that reach far beyond the administrator
who prepares it. It determines whether rooms and laboratories are used efficiently, whether
teachers' workloads are balanced and compatible with their availability, and whether students
can follow all of the modules required by their curriculum without overlaps. Conversely, a
poor distribution produces double-booked rooms, simultaneous sessions that a student cannot
all attend, and uneven use of facilities, each of which degrades the quality of teaching and
generates continuous administrative rework [12]. The importance of the task is amplified by
its instability. Timetables frequently have to be revised during the year as staff change, as
enrolments shift and as rooms become unavailable, and under a manual regime the cost of
rescheduling and of communicating each change is itself a significant burden. A distribu-

tion that can be regenerated and republished quickly is therefore not a luxury but a practical
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necessity, which is one of the strongest arguments for moving the process onto an online

platform.

1.4.3 Traditional Course Registration Methods

Traditionally, course distribution and the associated registration have been handled by hand.
A member of staff, often a department head, builds the timetable on paper or in a spreadsheet,
drawing on personal knowledge of the constraints, and the result is then printed and displayed
on a notice board. Student registration in the course offering is similarly manual, carried out
at a counter or through paper forms. This way of working is slow and laborious, it depends
heavily on the individual who performs it, and the resulting documents are easy to misread,
miscopy or forget. Beyond its inefficiency, the manual approach scales badly. As the number
of courses, groups and rooms grows, the number of potential conflicts grows far faster, and
a human scheduler can no longer be confident of having found a clash-free arrangement,
let alone a good one. Any change forces the whole notice-board cycle to be repeated, so
updates reach students late and inconsistencies between successive versions are common.
These limitations motivated several decades of research into automating the construction of

timetables.

1.4.4 Automated Course Distribution Systems

Automated course distribution is a long-standing research subject precisely because the prob-
lem is computationally hard. University timetabling belongs to the class of NP-complete
(NP-hard) problems, which means that the effort required to find an optimal solution grows
very rapidly with the number of courses, groups and rooms, so that exhaustive search be-
comes impractical for realistic instances [12, 13]. A foundational distinction in this field is
between hard constraints, which must never be violated, such as a teacher being scheduled in
two places at once, and soft constraints, which are desirable but not mandatory, such as avoid-
ing undesirable time slots; a timetable is feasible when it satisfies all hard constraints, and the
aim is then to satisfy as many soft constraints as possible [12]. The methods proposed over
the years fall into a small number of families, summarised in Table 1.2. Early work applied
exact operational-research techniques, including graph-colouring formulations, integer and
linear programming, and constraint satisfaction, which can guarantee optimality on small
problems but do not scale well [12, 13]. Constructive heuristics build a feasible timetable
quickly by ordering events according to rules of thumb, and are often used to produce an
initial solution. Metaheuristics then improve that solution: single-solution methods such as
tabu search, simulated annealing and the great deluge algorithm refine one candidate using
memory or relaxed acceptance rules, while population-based methods such as genetic and

evolutionary algorithms, ant colony optimisation and particle swarm optimisation evolve a

12



Chapter 1: Attendance Tracking and Course Distribution Systems

whole population of candidate timetables against a fitness function [12, 13].

Approach family

Representative

techniques

Characteristics

Exact / operational

research

Graph colouring; integer
and linear programming;

constraint satisfaction

Can guarantee optimal
solutions on small
instances but scale poorly

as size grows

Constructive heuristics

Sequential and
graph-colouring ordering

rules

Build a feasible timetable
quickly; final quality
depends on the chosen

ordering heuristic

Single-solution

metaheuristics

Tabu search; simulated

annealing; great deluge

Iteratively improve one
solution, using memory or
acceptance rules to escape

local optima

Population-based

metaheuristics

Genetic and evolutionary
algorithms; ant colony;

particle swarm

Evolve a population of
candidate timetables
against a fitness function

expressing the constraints

Hybrid / service-oriented

Genetic algorithm with
tabu search; multi-agent
and web-service

architectures

Combine the strengths of
several methods and
deliver scheduling as an

online, integrated service

Table 1.2: Principal families of approaches to automated course timetabling

Comparative studies report that hybrid schemes, which combine the rapid feasibility of
heuristics with the optimising power of metaheuristics, tend to outperform any single tech-
nique, and that memory-based and evolutionary searches in particular give strong results on
standard benchmark instances [13]. The more recent and most relevant trend for this thesis,
however, concerns delivery rather than the algorithm itself: scheduling logic is increasingly
embedded in service-oriented or multi-agent web architectures, so that a timetable can be
generated automatically, integrated directly into a wider university management system, and
published online to students and staff [12, 13]. This trajectory mirrors the general evolution

described in Section 1.2, from isolated single-purpose programs towards web-based, inte-
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grated and automated services, and it is precisely the niche that the proposed application

occupies.

1.5 Academic Institutional Structure

1.5.1 Definition of Academic Institution

An academic institution, in the sense used in this thesis, is an organisation whose purpose
is to provide higher education and to conduct research, and which is empowered to award
recognised qualifications. Universities are the most prominent example, but the category
also includes institutes, higher schools and university centres. What distinguishes such in-
stitutions, from the point of view of an information system, is the regular, cyclical nature of
their activity: cohorts of students enrol, follow a structured programme organised into mod-
ules and semesters, are assessed, and progress or graduate, while the same teaching resources,
teachers, rooms and time slots, are reused from one period to the next. This cyclical regularity

is exactly what makes the activity amenable to systematic, software-supported management.

1.5.2 Organizational Structure of Universities

Universities are typically organised as a hierarchy, illustrated in Figure 1.5. At the top sits
the central administration, the rectorate, headed by a rector and supported by vice-rectorates
responsible for areas such as pedagogy, post-graduate studies, scientific research and external
relations. Beneath this level the university is divided into faculties or institutes, each led by a
dean and grouping cognate disciplines. Faculties are themselves subdivided into departments,
which are the operational units closest to teaching and which are run by a department head

assisted by section and specialisation coordinators.
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Organisational structure of a university

[ pectorate |

[ Faculty / Institute A ] [ Faculty / Institute B ] [ Faculty / Institute C ]

N

[ Department X ] [ Department Y ]

[ Teachers I Groups / Sections ]

Figure 1.5: Typical hierarchical organisation of a university, from the rectorate down to teach-

ing groups

This layered structure matters directly for the design of an academic management system,
because authority, and therefore the right to read or modify particular data, is distributed
across the levels. What an administrator may do differs from what a department head, a
teacher or a student may do, and a faithful system must reproduce this distribution of respon-
sibilities through a scheme of user roles and permissions. The role separation observed in
the reviewed systems, where administrators, teachers and students each see a different view
of the same data, is thus not an arbitrary design choice but a reflection of how universities
actually function [6, 7].

1.5.3 Core Functions of Academic Departments

The department is where most of the processes addressed by this work actually take place.
It is responsible for offering the modules of its programmes, for assigning those modules to
its teachers in line with their specialisation, for organising students into groups and sections,
and for building and maintaining the timetable. The department also oversees the day-to-day
monitoring of teaching, which includes the supervision of attendance: it is at department
level that absence reports are gathered and that the lists of students affected by attendance
rules are prepared. Because attendance tracking and course distribution are both rooted in the
department, an information system that serves the department directly is well placed to unify
them. The teacher allocations and group arrangements produced when the department builds

its timetable are the very same structures against which attendance is later recorded; man-
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aging them within one system therefore eliminates duplication and keeps the two processes

consistent. This observation underlies the central design decision of the present thesis.

1.6 Educational Regulations in Algeria

1.6.1 Higher Education Laws and Policies

Algerian higher education is governed by a framework of laws and executive texts. The
orientation law on higher education, Law No. 99-05 of 4 April 1999 [14], as subsequently
amended and supplemented, defines the general organisation of the sector and established the
three-degree architecture of Licence, Master and Doctorate for most disciplines, with certain
fields such as medicine, pharmacy, dentistry, architecture, veterinary and agronomic sciences
retaining longer single-cycle programmes [15]. The reform that introduced this architecture,
widely known by its French acronym LMD, was enacted through Executive Decree No. 04-
371 of 21 November 2004 [16] and has been applied progressively in Algerian universities
since the 2004--2005 academic year, aligning the national system with the European Bologna
Process [15]. More recently, the sector has pursued an explicit policy of digitalisation. Under
a national digital master plan the ministry has integrated a growing number of digital service
platforms into a single higher-education information system, intended to streamline academic
management for students, teaching staff and administrators and to move the sector towards
a paperless mode of operation [1]. The central instrument of this policy is the PROGRES
platform, which manages the academic records of students nationwide. This regulatory and
policy context is significant for the present work, because it shows that a web-based academic
management application is not only technically desirable but actively encouraged by national

policy.

1.6.2 Attendance Requirements in Algerian Universities

Attendance is treated by the Algerian regulatory framework as an essential component of
academic evaluation rather than as an optional formality. Under the ministerial decision
governing registration, the organisation of training and assessment in the Licence and Master
tracks (Ministerial Decision No. 1165 of 4 October 2025), students are required to attend
the various pedagogical activities, lectures, tutorials, laboratory work, workshops and field
placements, regularly. The decision provides that accumulating five absences, whether jus-
tified or unjustified, in the tutorial, laboratory, workshop or field-placement sessions of a
given module leads to exclusion from that module for the semester concerned; an excluded
student may not sit any makeup examination in that module, and compensation between

modules, units or semesters does not apply in such a case [17]. Crucially for the present
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work, the same decision specifies the operational mechanism by which attendance is to be
monitored. Teachers are responsible for checking presence in each session and for preparing
detailed absence reports that are transmitted to the department before the end-of-semester
examinations, while the department head enters the absence data through the ministry's dig-
ital platform and draws up the lists of excluded students [17]. This explicit requirement for
systematic, session-by-session capture and for the digital recording of attendance provides a
direct regulatory justification for a dedicated attendance-tracking application, and it defines,

in effect, several of the functional requirements that such an application must meet.

1.6.3 Course Registration Procedures (LMD System)

Within the LMD system, study is organised into semesters and measured in credits, as out-
lined in Figure 1.6. Each Licence comprises six semesters and corresponds to one hundred
and eighty credits, while the Master adds a further one hundred and twenty credits over two
years; a student capitalises thirty credits for each validated semester and sixty for each vali-
dated year [15]. Teaching is structured into teaching units, which group together component
subjects delivered in different forms, lectures, tutorials, laboratory work and the like, and
each subject carries a coefficient and is assessed on a scale of zero to twenty. A teaching
unit is validated when its average reaches the pass mark, and credits, once obtained, are cap-
italisable and transferable from one course to another; validation may also be achieved by
compensation between subjects or units, within the rules laid down by the regulation. Reg-
istration and re-registration in these tracks are themselves framed by ministerial decision,
which sets out how students enrol in the course offering and progress through the cycle [17].
For a course-distribution module, these rules are important because they define the units, co-
efficients and group structures that any timetable and any registration record must respect;
the regulation thus shapes the data model as much as the regulations on attendance shape the

monitoring process.
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The LMD system in Algerian higher education

Cycle 1 Cycle 2 Cycle 3
Licence Master Doctorate

Baccalaureate 3 years - 6 semesters 2 years 3 years
180 credits +120 credits Research

1 credit = 20-25 hours per semester « 30 credits per semester « 60 per year

Figure 1.6: Typical hierarchical organisation of a university, from the Structure of the LMD

system and the credit framework in Algerian higher education.

1.7 International Examples

1.7.1 Pioneering Countries in Academic Management Systems

The modernisation of academic management has advanced in parallel across many countries,
often driven by broader reforms of higher education. In Europe, the harmonisation pursued
through the Bologna Process encouraged institutions to standardise programmes and to adopt
information systems capable of handling credits, mobility and comparable qualifications; it
is this same movement that Algeria joined through the LMD reform [15]. Europe has also
been the home of a sustained research community around timetabling, exemplified by the
Practice and Theory of Automated Timetabling series and by international timetabling com-
petitions, whose benchmark instances have allowed competing algorithms to be compared
rigorously [12, 13]. Beyond Europe, universities in East and South-East Asia and in Africa
have been particularly active in publishing prototypes that combine web platforms with iden-
tification hardware. The examples reviewed below, drawn from North Macedonia, Finland,
the Philippines, Malaysia and Japan, illustrate both the geographical breadth of this activity
and the diversity of the technical choices that institutions make when they set out to replace

manual procedures with automated, data-driven ones.

1.7.2  Case Studies on Successful Implementations

Several documented implementations illustrate what such systems can achieve, and they are
summarised together in Table 1.3. In North Macedonia, a web-based attendance solution
built entirely with free and open-source technologies, HTML, CSS, JavaScript, PHP and
MySQL, was deployed at a university and evaluated through a survey of teachers, students

and managers; respondents reported that the system was easy to use, that registration was
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fast and unobtrusive, and that managers valued the ability to review all teaching activity for
planning and decision-making [6]. In Finland, a bachelor's thesis project integrated a capac-
itive fingerprint sensor and a microcontroller with a web application built using a modern
front-end framework and a document database, demonstrating accurate, real-time recording
with substantially reduced administrative effort compared with the paper method [4]. In the
Philippines, a classroom system combined ultra-high-frequency RFID with a motion sensor
and a single-board computer, feeding a web application that allowed faculty, students and
the chairperson to monitor attendance and to manage seating, explicitly with the goal of re-
ducing opportunities for forgery [7]. In Malaysia, a real-time web-based system used facial
recognition to display student details and an approximate location for each enrolled course,
again as a means of preventing fake attendance [8]. In Japan, an earlier proposal showed that
students' own mobile devices could be used together with a web application to register atten-
dance, anticipating the now-common idea of reusing personal hardware to avoid dedicated

equipment [11].

System / source Country Core technology Distinctive feature
RENAP [6] North Macedonia Web only (HTML, | Open-source, fast
CSS, JS, PHP, registration on a
MySQL) local server
Savonia thesis [4] | Finland Fingerprint sensor Biometric capture
+ microcontroller + | with real-time web
web display
ReBICTE system | Philippines UHF RFID + Seating-plan
[7] single-board generation and
computer + web anti-forgery focus
WAS-FR [8] Malaysia Web + facial Live face matching
recognition combined with a
location check
Mobile/web Japan Students' mobile Reuses personal
system [11] devices + web app | devices, avoiding
dedicated hardware

Table 1.3: Synthesis of representative web-based academic systems reviewed in this chapter.

Taken together, these cases confirm that web-based academic systems are technically

feasible across very different settings, that they are generally well received by their users, and
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that they deliver measurable gains in speed, accuracy and administrative efficiency. They also
show a common architectural pattern, a central database and server exposing role-specific

views to administrators, teachers and students, that the present work adopts and extends.

1.7.3 Lessons Learned from Failures

The same body of work is candid about shortcomings, and these lessons are as instructive as
the successes. Evaluations of biometric and recognition-based systems repeatedly note ac-
curacy limitations; facial-recognition accuracy, for example, degrades sharply with changes
in lighting, camera angle or appearance [8]. RFID and card-based approaches, although fast,
remain vulnerable to card swapping and to students forgetting their cards. Purely web-based
solutions, for their part, depend on network connectivity, so that a failure of the connection
can block registration entirely, and they create the possibility of a student registering without
being physically present unless additional safeguards are built in [6]. Two further lessons
recur. First, commercial subscription platforms often lack the flexibility that individual in-
stitutions need, because requirements differ markedly from one country and one institution
to another, which argues in favour of custom, locally adapted solutions. Second, several au-
thors stress the importance of thorough early testing, since compatibility problems between
hardware and software discovered late in a project are costly to resolve [4]. On the course-
distribution side, the corresponding lesson from the optimisation literature is that algorithms
validated only on simplified, artificial models often fail to transfer to real institutions, which
underlines the value of testing any scheduling component against genuine institutional data
[13]. These observations directly inform the design priorities adopted in this thesis: customis-
ability, resilience, realistic validation and careful attention to the integrity of the captured
data.

1.8 Challenges and Solutions

1.8.1 Common Challenges in Attendance Tracking

The literature reviewed above points to a consistent set of difficulties in attendance tracking.
The first is fraud, principally proxy attendance, in which a present student records the pres-
ence of an absent one, whether by signing for a colleague, swapping an identification card or
registering remotely. The second is accuracy and reliability, since biometric and recognition
technologies are sensitive to environmental conditions and to the quality of the captured sig-
nal. The third is cost, both of acquiring specialised hardware and of maintaining it over time.
The fourth is privacy and data protection, because biometric and personal data are sensitive

information that must be stored securely and handled in conformity with the applicable rules.
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The fifth is dependence on infrastructure, especially network connectivity, on which web-
based capture relies [4, 6]. A sixth, more practical challenge is integration: an attendance
system that cannot exchange data with the institution's registration and scheduling records

duplicates effort and risks inconsistency.

1.8.2 Common Challenges in Course Distribution

Course distribution presents challenges of a different nature, rooted in combinatorial com-
plexity. As an NP-hard problem it cannot, in general, be solved optimally by exhaustive
search for realistic instances [12]. The numerous and sometimes conflicting constraints, the
avoidance of clashes between teachers, groups and rooms, respect for teacher availability and
room capacity, and the desire to satisfy soft preferences, make any manual solution labori-
ous and any automated one demanding to design and to tune [12]. Frequent in-year changes
compound the difficulty, since each modification can propagate clashes elsewhere and must
then be recommunicated to everyone affected. A further challenge, again, is integration with
the rest of the academic information system, so that the groups and units used in scheduling

are exactly those used in registration and in attendance.

1.8.3 Proposed Solutions

In response to these challenges the recurring recommendation of the literature is to build
a custom, web-based and integrated solution. A web architecture provides centralised, real-
time, role-based access from ordinary browsers and devices, which simultaneously addresses
remoteness, currency of information and infrastructure cost; adopting well-established archi-
tectural conventions for such applications helps to keep the result scalable and maintainable
[2, 3]. For attendance, the risk of fraud can be reduced by combining session opening con-
trolled by the teacher with appropriate verification, and by recording each event with its pre-
cise time so that anomalies become detectable; designing the system around free and widely
supported technologies, rather than expensive proprietary hardware, keeps it affordable and
customisable [6]. For course distribution, embedding heuristic and metaheuristic algorithms
in the web platform allows feasible timetables to be generated quickly while leaving a hu-
man administrator in control of the soft preferences [12, 13]. The decisive insight, however,
is that attendance tracking and course distribution are not independent problems but two
faces of the same underlying data: the assignment of courses, teachers, groups, rooms and
time slots produced by the distribution process is exactly the structure against which atten-
dance is later recorded. Unifying them within a single web application, governed by one
consistent data model and one scheme of user roles, therefore avoids duplication, removes
the inconsistencies that arise when separate tools are used, and gives each category of user,

administrator, teacher and student, a coherent view of the information that concerns them.
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Sound software-engineering practice, in which requirements are analysed before the system
is designed and the design is validated before deployment, then translates this insight into a

dependable product [18, 19]. This unification is the central proposition of the present work.

1.9 Conclusion

This chapter has set out the conceptual, technical and regulatory background against which
the proposed system is designed. It traced the evolution of academic management from paper
records towards integrated web platforms, and it examined the two processes at the heart of
this thesis. Attendance tracking was defined and justified by its documented link to academic
performance and retention, the weaknesses of the traditional roll call were contrasted with
the advantages of digital capture, and the principal identification technologies were com-
pared. Course distribution was defined as a constrained, NP-hard assignment problem, its
main variants were distinguished, and the move from manual timetabling towards automated,
web-delivered solutions was reviewed across the major families of algorithms. The chapter
then placed these processes within the organisational structure of universities and within the
Algerian regulatory framework, which not only attaches strong consequences to attendance
through the rules on exclusion but also explicitly mandates its digital recording and actively
promotes the digitalisation of academic management. International case studies confirmed
the feasibility and benefits of web-based academic systems and revealed a common role-
based architecture, while the reported failures yielded clear design lessons concerning accu-
racy, cost, privacy, connectivity, realistic validation and the value of customisation. Finally,
the analysis of challenges led to the central argument of this thesis: that attendance tracking
and course distribution share the same data and are best addressed together, within a single
web application. The next chapter builds on this foundation by analysing the requirements

of such a system and specifying its functional and non-functional characteristics.
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Chapter 2
Chapter 2: Desing

2.1 Introduction

In the previous chapter, we focused on studying attendance tracking and course distribu-
tion systems in higher education institutions. This study allowed us to analyze existing ap-
proaches, identify their strengths and limitations, and collect the information necessary to
understand the requirements of the proposed solution. From this analysis, we extracted a
set of functional and technical requirements that will guide the design of the future system,
ensuring that it satisfies user needs and improves the management of attendance and course
scheduling processes. At this stage, we will use UML (Unified Modeling Language) to model
and describe the main components of the system design. The UMLStar tool will be used to
create and represent the different diagrams of the proposed attendance tracking and course

distribution system.

2.2 Unified Modeling Language (UML)

The Unified Modeling Language (UML) is a standard language used to create the blueprints
of software systems. UML can be used to visualize, specify, construct, and document the

artifacts of a system with a strong software component [20].

2.2.1 The importance of using the Unified Modeling Language (UML)

 Enables professional software design.
+ Allows for easy and low-cost modifications and maintenance.
* UML diagrams help developers quickly and easily understand the system.

» Acts as a communication language between developers and designers.
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* Provides documentation of the design before programming begins.

* Is independent of any specific programming language or development process [20].

2.2.2 Types of UML Diagrams
In UML, there are 14 types of diagrams divided into two main categories:
* Structural Diagrams

* Behavioural Diagrams

As shown in Figure 2.1 [20]:

UML Diagrams

Structural UML Diagram Behavioral UML Diagram
Class Diagram Object Diagram Activity Diagram Use Case Diagram
Component Diagram Comp%si;tgrg’;[lucture Timing Diagram Interac[;cilggrg)r\{qerwew
; ‘ State Machine Communication
Deployment Diagram Package Diagram Diagram Diagram
Profile Diagram Sequence Diagram

Figure 2.1: Types of UML Diagrams

2.3 Diagrams Used in the Design

Various types of diagrams are used in software modeling. In our project, we have chosen to

use four key diagrams, which are listed below:

2.4 Use Case Diagram

The Use Case Diagram is employed to collect and describe the requirements of the system's

stakeholders.It illustrates the interaction between the actors and the system by identifying the
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specific use cases and the corresponding actors responsible for executing them.This diagram
is foundational in capturing functional requirements and provides a high-level overview of
how external entities interact with the system.Two fundamental concepts underpin the use

case diagram:

» Actor: An external user or another system that interacts with the system under devel-

opment

» Use Case: A specific function or service that the system provides in response to an

actor's interaction [ 18]

As illustrated in the figure:

Use case diagram of the student attendance tracking system.

=<includes>

: ! <<include»>
Admin <<includes» . : :
o e L

<<includes> m
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_ssinclude>> _

-------

Teacher <<includess =2 <f[r_|p,lude>> ;

1o

<<include>* i

z<include>:= <<In(§hjde>>

Student

GPS

<]

Exte
System

Figure 2.2: Use case diagram of the student attendance tracking system.
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Discraption:
This diagram illustrates how three types of users interact with the various functions of the

attendance tracking system.

Actors:

* Admin: Has the highest level of permission. Can manage users and departments,
assign teachers to courses, create attendance sessions, generate QR codes, and monitor
attendance reports.

* Teacher: Responsible for recording student attendance (using QR code scanning or

other methods) and downloading course materials. Can also use a smart assistant.

* Student: Participates in attendance sessions (by scanning a QR code). The student has

no management permissions.
* GPS External System: An external system that interacts with the attendance system to
verify student locations during attendance recording (for example, to prevent cheating).
Use Cases:

Use Cases for Admin:

* Manage Users: Managing user accounts (students, teachers) including add, edit, and
delete.

* Manage Departments: Managing academic departments including add and edit.
+ Assign Teachers to Courses: Assigning teachers to specific courses.

* Monitor Overall Attendance Reports: Monitoring general attendance reports for all

students.
* Track & Review Attendance: Tracking and reviewing student attendance records.
* Send Course Materials to Students: Sending educational materials to students.
* Create Attendance Session: Creating a new attendance session for a specific lecture.

* Generate QR Code: Generating a QR code for the attendance session that students

will scan.
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Use Cases for Teacher:

* Record Attendance: Recording student attendance.

* Scan QR Code: Scanning the QR code generated by the admin or system to verify

student attendance.

* Download Course Materials: Downloading educational materials sent by the admin-

istration.

» Use Smart Assistant: Using a smart assistant (possibly for inquiries or reports).

Use Cases for Student:

* Manage Sessions: Managing their own sessions (such as attending lectures). The

student relies on the external GPS system to record attendance.

Relationships:

Include Relationship:

The <<include>> relationship means that one use case cannot be completed without executing

another use case.

* Monitor Overall Attendance Reports includes Track & Review Attendance: You
cannot monitor general attendance reports without first tracking and reviewing atten-

dance.

+ Assign Teachers to Courses includes Track & Review Attendance: When assigning

a teacher to a course, there must be a system to track their attendance.

* Send Course Materials to Students includes Track & Review Attendance: Sending

materials requires knowing which students are present to receive them.

* Create Attendance Session includes Generate QR Code: Creating an attendance

session requires generating a QR code for it.

* Record Attendance includes Scan QR Code: Recording attendance cannot happen

without the student scanning the QR code.
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2.4.1 Sequence Diagram

The sequence diagram is a type of interaction diagram within the Unified Modeling Lan-
guage (UML) that captures the dynamic behaviour of a system by modelling the sequence
of interactions between various structural elements over time. It visualizes the objects and
classes involved in a particular scenario and the chronological order of message exchanges
among them to realize specific system behavior. Sequence diagrams are typically linked to
use cases as they provide a detailed logical representation of system execution. This diagram
is also referred to as an event diagram or an event scenario in some contexts [21]

1) Sequence Diagram “Login”:

Sequence Diagram - User Authentication (Login)

User Login Interface l l Authentication Service l [ Database l User Dashboard

Enter email and password

[
>

Send credentials

Verify user credentials

>
.(..F.*.‘?.‘.L.‘.’.'?.!J..S.‘?T.FF?'.‘.’:.'?‘!?EJ..’.J.?'FE'.U

| alt /  [Valid Credentials]

Generate session token

Authentication successful

- Redirect to role-specific dashboard
View dashboard

alt / [Role = Student]

. Display Student Portal (EduFlow)

Y

[Role = Teacher]
e T S

[Role = Admin]
*__[_]_i_s play Admin Console (School OS)

Authentication failed

< Display error message

Uf’?\" Login Interface | ‘ Authentication Service | | Database | | User Dashboard

Figure 2.3: Sequence Diagram “Login"

Description:

This Sequence Diagram illustrates the user authentication (login) process in the School
OS system. The user enters an email and password through the login interface, which sends
the credentials to the authentication service. The service verifies the information with the

database and retrieves the user role and account data. If the credentials are valid, the system
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generates a session token and redirects the user to the appropriate dashboard based on their
role, such as Student Portal, Teacher Panel, or Admin Console. If the credentials are invalid,
the system displays an authentication error message.

2) Sequence Diagram “Admin Dashboard and Quick Stats”:

Admin Dashboard & Quick Stats

' Ul [ DashboardService

Open Dashboard

>
Get Dashboard Data

]
I
!
]
>
Fetch Counters & Stats -

PRl (L L AL

< D2shboard Summary |

| I
R L AR e

-«

Figure 2.4: Sequence Diagram “Admin Dashboard and Quick Stats"
Description:
This Sequence Diagram describes how the admin dashboard displays system statistics. The
dashboard service retrieves information such as the number of users, departments, classes,

and sessions, as well as role-based statistics for students, teachers, and admins. The interface

then renders these statistics as badges and progress indicators.
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3) Sequence Diagram “Add New User”:

Add New User

Admiﬁ [ Ul ] [ Service ] —
Open Add User Form >
Enter User Details
>

Create User

! Save User !
: >
| Success [
: User Created :

< Show Success Message | :

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
| |
Figure 2.5: Sequence Diagram “Add New User"
Description:

This diagram represents the process of adding a new user to the system. The admin enters

user information such as name, email, and role. The user service verifies that the email is not

already registered, creates the account in the database, and updates the dashboard counters

after a successful operation
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4) Sequence Diagram “Create New Department”:

Create New Department

Department Created |
€

Update List | I
( """""""""""""""""" I |
|

O -
. Y
-
Aam\iﬁ [ Ul } [ Service } \E_)_BJ/
i [ . .
E Open Departments }E i i
. Add Department }: : '
i E Create Department "_i i
i E i Check name }i
| | Qv |
i E : Insert Department }!
i i Success i
i |
i
i

Figure 2.6: Sequence Diagram “Create New Department"

Description:

This Sequence Diagram shows how an administrator creates a new department in the sys-
tem. The admin opens the departments page, enters the department name, and submits the
form. The department service checks if the name already exists, then stores the new depart-
ment in the database. Finally, the interface updates the department list and displays a success

message.
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5) Sequence Diagram “Create New Session”:

Sequence Diagram - Teacher Creates Attendance Session
) o
// \\ N . ‘//\\‘
Teacher , EduPanel Session Service J | QR Generator} I Database | Student

i Click "Sessions” i
T >

Request create new session_
>

Validate teacher permissions

I
—

Teach fied
- Y

Generate unique QR code

e Return QR code image u

Save session details (course, time, QR code)
>

e On A O SAYE N E—

¢ Display QRcode

Show QR code to class
ARSIt H
|

1

1 Show QR code on screen

N

AN

&' | Students scan the QR code

I I
Teagt\er EduPanel Session Service QR Generator Database 5‘“93”‘
) )

N
N\

AN
7N VRN

Figure 2.7: Sequence Diagram “Create New Session"

Description:

This diagram shows how an administrator creates a new session. The admin enters session
information including the session name and schedule. The session service checks for time
conflicts, then stores the session in the database. After successful creation, the sessions table

and counters are updated.
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6) Sequence Diagram “Assigning a teacher to a class or session”:
Assign Teacher to Class

4 \\ ] = | N S
Admin Ul Service | DB

Open Assign Teacher

Y

Select Teacher, Class, Session

|

| I

| I

: i

| >

: | Create Assignment

| | Fal

: : Validate Assignment _
I I -
! | B
| I

: : Save Assignment

| I

! I Success

| | I LT T LT T T T
| I

: | . Assignment Created

|

|

Show Success

Figure 2.8: Sequence Diagram “Assigning a teacher to a class or session"
Description:
This diagram describes the process of assigning a teacher to a class or session. The admin
selects a teacher, class, and session from the interface, then the assignment service validates

the request to avoid duplicates. After validation, the assignment is saved in the database and

the updated assignment list is displayed.
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7) Sequence Diagram “Teacher Dashboard Overview”:

Teacher Dashboard Overview

Teacher l B Serlvioe I DB

Open Dashboard

Dashboard Info

| | . |
! > ! |
: . Get Dashboard Data _ | |
| I }I |
| | . Fefch Statistics N
I I ] Call
! | <Statsbata |
: ! . Fetch Active Sessions ):
| | 1 |
' ' ' Session List '
| | b - e
| | |
| |
I |

Figure 2.9: Sequence Diagram “Teacher Dashboard Overview"
Description:
This diagram describes how the teacher dashboard is loaded. When the teacher opens
the dashboard, the system retrieves summary statistics such as sessions, students, classes,

and quizzes from the database. The interface then displays these statistics along with active

session cards.
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8) Sequence Diagram “Generate Attendance QR Code”:

Generate Attendance QR Code
)

R —

Teacher ul Service QRGen | ‘55~

|
Open Session [

Click Generate Code -

Generate QR Code
>

Check Active Code

; >
' None Found
|L*-“-“-“-“""““""“-“

' Create Unique Code

|

I QR Code Data
%.u..,....“.“.“.,..‘.“..,

|

I Save Code -
: Success

QR Code Created

Display QR Cod
¢ DisPlay QR Code |

Figure 2.10: Sequence Diagram “Generate Attendance QR Code"
Description:
This diagram explains how a teacher generates a QR code for attendance tracking. The
teacher opens a session and clicks the generate button. The attendance service verifies that

no active code already exists, generates a unique QR code, saves it in the database, and sends

it back to the interface for display.
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9) Sequence Diagram “Add New Quiz”:

Add New Quiz

T
) —
Teacher L Ul } [ Service } DB
Open Quizzes : :
Add Quiz Details l I
> | |
Create Quiz | :
: Save Quiz >
}(__S_t_‘?!r_"f?j_ _______________________ :
' Link Quiz to Students '
i >
e .ouccess :
(_9!‘_':?_9@9@@_:

Figure 2.11: Sequence Diagram “Add New Quiz"
Description:
This Sequence Diagram explains how a teacher creates and publishes a new quiz. The
teacher enters quiz details or uploads a file, and the quiz service stores the quiz information

in the database. The quiz is then linked to the assigned students, and the interface refreshes

the quizzes list.
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10) Sequence Diagram “View Real-time Attendance and Al History”:

View Attendance & Al History

-«

N - . ’:,_____.j
Teacher ‘ AttendanceService ‘ ‘ AlService ‘ DB

| I

: Open Al History - :

: Get Attendance Stats - :

| Ll ]

| Fetch Attendance Data o

| | Za

| Stats :

: Attendance Rate !
*__________________________________ I

| ]

: Get Al Insights -

: I Fetch Al Logs >

| I

' | AlHistory

I Al Insights |

| .( ............................................................. 1

|

|

Show Stats & Al Logs !

Figure 2.12: Sequence Diagram “View Real-time Attendance and Al History"
Description:
This diagram illustrates how teachers can monitor live attendance and Al analytics. The
interface requests attendance statistics and Al insights for a specific session. The system

retrieves attendance data and Al history logs from the database, then displays them on the

dashboard in real time.
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11) Sequence Diagram “Student Dashboard and Course Materials”:

Student Dashboard & Materials

./

N

ry

StUdent | ul StudentService IjE!
| 1
I
I
]
I
I
I
1
I
]
I

Open Dashboard

|

> l
Get Dashboard Data :

|

k.
F

Fetch Courses, TD, TP

\J

Materials Data
_{_________________________________________

Fetch Sessions & Quizzes

Attendance Data

R L LT LT L L |
b L0 e
EIOWE S S endancol

|
|
|
|
|
|
|
|
|
|
!
|
|
o
|
|
|
|

Figure 2.13: Sequence Diagram “Student Dashboard and Course Materials"
Description:
This diagram explains how the student dashboard displays academic resources and sched-
ules. The student service retrieves courses, TDs,TPs, quizzes, and session information from

the database. The interface then presents these details as dashboard counters and sidebar

statistics.
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12) Sequence Diagram “Validate Attendance by QR”:
Validate Attendance via QR

s Mobile Service | 55

Scan QR Code

Confirm Attendance

Validate Attendance

Check Session

>

Session Found |

{ ....................................... |
Validate Time & Location :

|

Valid !

{ ....................................... |
|

Save Attendance ’_:
Success :

IR RN Gecebe g S
Figure 2.14: Sequence Diagram “Validate Attendance by QR"

Description:

This Sequence Diagram illustrates how a student validates attendance using a QR code.
The student scans the QR code and confirms attendance through the mobile application. The
validation service checks the session, time, and location before recording attendance and

updating session statistics. A success message is then shown to the student.

2.4.2 Class Diagram

The class diagram is among the most fundamental and widely used diagrams in UML. It
offers a static structural view of a system by depicting its classes and the relationships among
them, including associations such as composition, aggregation, and inheritance. Each class

in the diagram is characterized by three key elements:

* The Class name
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* The Attributes

* The Operations [18].

Figure below presents the class diagram of the student attendance tracking:

Admin

School 0S - Class Diagram

User

+ int id

+ String name

+ String email

+ String password
+ String role

+ login()
+ logout()

Session

+ createDepartment()
+ createClass()

+ createSession()

+ assignTeacher()

Student

+ validateAttendance()
+ viewMaterials()

+ int id

+ String name

+ DateTime startTime
+ DateTime endTime
+ String activeCode

Teacher

+ openSession()
+ generateCode()
+ createQuiz()

Department

+ int id
+ String name

ontains

Ql*

Class

+int id
+ String name
+ int departmentid

+ String status

records racks scheduled in fhas ceives
\* 0,/
* 0.f* 0p*
Attendance -
+intid Assignment RZ
+ int studentld +intid +intid
+ int sessionld + int teacherld + String title
* doupe e it classi * It teachend
+ SDt?geTirrget\ralidatedAt + int sessionid + DateTime createdAt
+ String status

Figure 2.15: Class Diagram "student attendance tracking"
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Relational Model

User (iduser, name, email, password, role)

Admin (iduser#)

Teacher (iduser#)

Student (iduser#)

Department (id, name)

Class (id, name, departmentId#)

Session (id, name, startTime, endTime, activeCode, status)

Assignment (id, teacherld#, classld#, sessionld#)

Attendance (id, studentld#, sessionld#, latitude, longitude, validatedAt, status)
Quiz (id, title, teacherld#, classld#, createdAt)

Legend: underlined = primary key ;  attribute# = foreign key.

Inheritance: Admin.id, Teacher.id, Student.id are each at once the primary key and a foreign key ref-
erencing User(id).

Foreign keys: Class.departmentld — Department(id) ; Assignment.(teacherld — Teacher, classld —
Class, sessionld — Session) ; Attendance.(studentld — Student, sessionld — Session) ; Quiz.(teacherld

— Teacher, classld — Class).

2.5 Conclusion

At the end of this chapter, we have completed the analysis and design phase of the attendance track-
ing system by presenting the different UML diagrams and the overall architecture of the platform. We
also explained the main functionalities of the system, including attendance validation, QR code gen-
eration, user management, session scheduling, and dashboard monitoring. In addition, the database
structure and the relationships between the different entities were introduced to ensure efficient data
management. In the following chapter, we will focus on the implementation phase, explaining how

the proposed design is transformed into a fully functional attendance tracking system.
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Chapter 3
Implementation

3.1 Introduction

In this chapter, we will design a web platform for electronic voting. We will present the tools,
programming languages, and operating system used in the development process, as well as some

interface examples that represent the main functions of the implemented platform.

3.2 Development Environment

In this section, we present the software tools, programming languages, development platforms,

and the operating system used in the implementation of our electronic voting platform.

3.2.1 Characteristics of a Computer

Device Name Features
RAM: 8GB
CPU: Intel(R) Core(TM) 17-8650U CPU @ 1.90GHz (2.11 GHz)
Hard Disk: 300GB HDD
Operating System: Windows 11

DELL

Table 3.1: Used hardwares
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3.2.2 Software Tools

1. HTML:

HTML is the standard markup language used to create the structure of web pages. It defines

the basic layout and elements such as headings, paragraphs, images, and input forms [22].

HTML

Figure 3.1: HTML
2. CSS:

CSS is used to style HTML elements, making the interface more appealing and organized.

It defines visual aspects such as layout, colors, fonts, and spacing [23].

Figure 3.2: CSS
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3. JavaScript:

JavaScript is a client-side programming language used to add interactivity and dynamic be-
havior to web pages. It enhances user experience by responding to events and managing logic
on the client side [24].

JavaScript

Figure 3.3: JavaScript
4. PHP:

PHP (Hypertext PreProcessor) is a programming language whose main application is the
management of dynamic websites. It can create the content of HTML pages according to dif-
ferent parameters. The capabilities of PHP extend beyond web pages to include image manip-

ulation, PDF creation, and database connectivity [25].

Figure 3.4: PHP
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5. XAMPP:

XAMPP (X (cross) Apache MariaDB Perl PHP) is a set of software to easily set up a web
server and a File Transfer Protocol (FTP) server. This is a distribution of free software with

good flexibility of use, known for its simple and fast installation [26].

XAMPP

Figure 3.5: XAMPP

6. Visual Studio Code:

Visual Studio Code (VS Code) is a source code editor created by Microsoft, compatible with
Windows, Linux, macOS, and web browsers. It offers features such as debugging support, syn-
tax highlighting, intelligent code completion, code snippets, code refactoring, and integrated

version control using Git [27].

Figure 3.6: VS Code
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7. Grok:

xAI Grok is an artificial intelligence system developed by xAl, a company founded by Elon
Musk. It is used to help users answer questions, search for information, write texts, and provide
fast and accurate responses. Grok is known for its ability to understand natural language and
interact with people in a simple and easy way. It is also connected to the X platform, which
allows it to access recent posts and updated information. Grok is considered one of the mod-
ern technologies in the field of artificial intelligence that aims to make human life easier and

improve communication and learning methods [28].

Figure 3.7: Grok

3.3 Presentation of the Main Interfaces

This section presents the main interfaces of the application, organized by user role. We begin with
the shared authentication page, then present the administrator's dashboard and its related interfaces,

followed by the teacher's dashboard and its interfaces, and finally the student's interface.

3.3.1 Authentication

The login page is the common entry point for all users. Each user signs in with an email address and
a password; the side panel summarizes the platform's main features (GPS-verified attendance, an Al
study assistant, course/TD/TP materials, and quizzes and schedules). A link also allows new users to

create an account.
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3.3.2 Administrator Interfaces

. EduPortal

Your all-in-one platform for smarter
learning, seamless attendance, and
Al-powered study support.

Q GPS-verified attendance
@ Al study assistant
M Courses, TD & TP materials

B Quizzes & schedules

© 2026 EduPortal. All rights reserved.

Welcome back &

Sign in to your account to continue

EMAIL ADDRESS

(8 lyou@university.edu

PASSWORD

[ Remember me

@

Forgot password?

New here?

Don't have an account? Create one free —

Figure 3.8: Authentication (login) interface.

Dashboard

The administrator dashboard provides a global overview of the system. A set of cards displays the

key figures (total users, departments, classes, and sessions), while a *"Quick Stats" panel breaks the

user population down into students, teachers, and administrators. From the left-hand menu, the ad-

ministrator can reach every management function of the platform.

MANAGE

School OS
Admin Console

6

Total Users
B Dashboard

° Assign Teacher e

Departments

6

o Classes Total Users
J Sessions
© veers e

Quick

a Quick Stats

Teachers

Admins

) Adauser

Figure 3.9: Administrator dashboard.

Departments Classes Sessions
Departments Classes Sessions
“- Welcome
2 Manage every part of your school from one place.
3 « Departments, classes, sessions
1 « Students, teachers, role-based access

« Live system insights
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Department Management

This interface allows the administrator to manage the academic departments. A simple form on the left

adds a new department by its name, while the table on the right lists the departments already created.

a School 08 6 1 1 3

Admin Console Total Users Departments Classes Sessions

MANAGE

@ oreoese J 0 o

a Assign Teacher 6 1 1 3

Total Users
Departments
a Classes

Sessions

1 math
a Users
+ Add

Q

Departments Classes Sessions

® AddDepartment Departments

Name
# NAME

n AAdA llear
Figure 3.10: Department management.

Class Management

Here the administrator creates the classes (groups). The form specifies the class name and the depart-

ment to which it belongs, and the table on the right displays each class together with its department.

School OS
Admin Console

MANAGE

3

G Dashboard Total Users Departments Classes Sessions
° Assign Teacher
® AddClass m Classes
w' Departments
Name
# NAME DEPARTMENT
@ Classes
1 n math
Department
Sessions
Select
a Users
+ Add
Quick
) rdduser

Figure 3.11: Class management.

Session Management

This interface is used to define the time sessions. For each session, the administrator enters a name

and the start and end date-times; the table on the right lists the existing sessions with their start and
end times.
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- - |
a School OS 6 1 i1 3
Admin Console
Total Users Departments Classes Sessions
MANAGE
o Bashboard @ Add Session (L Sessions
Name
4 # NAME START END
° Assign Teacher
1 math 19:04:00 20:05:00
J Departments Start
z math 21:34:00 22:35:00
A mm/dd/yyyy ==:-- ==
a Classes
3 jsiisa 22:37:00 23:38:00

End
® Sessions
mm/dd/yyyy --:-- --
a Users
+ Add
QUICK
o Add User

Figure 3.12: Session management.

Assigning Teachers

This interface links a teacher to a class and a session. The administrator selects the teacher, the
class, and the session, then confirms the assignment; the *Current Assignments" table summarizes

the teacher--class--session links already defined.

School OS
Admin Console e J

MANAGE

G Dashboard Total Users Departments Classes Sessions
2 Assign Teacher
& AssignTeacher = Current Assignments
i ' Departments
Teacher
TEACHER CLASS SESSION
“ , Classes Select teacher
haithem berra n math
s Class
el hhhh n math
Select class
a Users souha n math
Session

Select session

e
Add User
& Assign

Figure 3.13: Assigning teachers to classes and sessions.

User Management

This interface manages the system's users. The central table lists the registered users, while a side
form allows a new student or teacher to be added by specifying the role, full name, email, password,

identification code, and phone number.
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Role

Student

Full name

Email

khatim

Password

Code (Student/Teacher ID)

Phone

&' Add Student / Teacher X

Figure 3.14: User management (adding a student or a teacher).

3.3.3 Teacher Interfaces

Dashboard

The teacher dashboard summarizes the teacher's activity through several indicator cards (number of

sessions, students, validated attendances, classes, and quizzes). A set of tabs (Overview, Sessions,

Quizzes, Al History) organizes the teacher's tools, and the list of the teacher's sessions allows a session

to be opened directly.
w TEACHER

souha
e Online

MENU

IE Overview

@ Quizzes

& Al History

QUICK ACTIONS

® math b

<] Logout

souha

Saturday, May 23 - Teacher Dashboard

8 © =
Total Sessions Total Students Validated Classes

18 Overview Sessions @ Quizzes & Al History

SESSION CLASS DEPARTMENT STUDENTS VALIDATED

math 1 math 2 0

Figure 3.15: Teacher dashboard.

Opening a Session and Generating the Attendance Code

Q)
0

Quizzes

ACTIONS

b 8 ¢ @ g

When a session is opened, the teacher sees the number of students, the number of validated atten-

dances, and the attendance rate. The " Attendance Code" panel lets the teacher generate a code that

the students use to validate their presence, while the list of validated students is updated in real time.
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math
Class - 1

2 Wirco

math

n (© 19:04 - 20:05

<« Dashboard

o,
2 0 0%
TOTAL STUDENTS VALIDATED ATTENDANCE RATE

== Attendance Code & Validated (0)

No active code. Generate one so students can validate their
attendance.

No student has validated yet.

Figure 3.16: Opening a session and generating the attendance code.

Quiz Management

This interface allows the teacher to add and manage the quizzes intended for the class

. The ""Add
Quiz" button uploads a new quiz, and the list displays the quizzes already created.

U TEACHER a
2 © = @
souha
e Online 'I 2 O -l o
Total Sessions Total Students Validated Classes Quizzes
MENU
I Overview
Sessions @ Quizzes @& Al History
Sessions
cuizze- (N T
& AlHistory
QUICK ACTIONS
® math S
No quizzes yet
< Logout Click Add Quiz to upload your first quiz for students.
Figure 3.17: Quiz management.
Al History

This interface lets the teacher monitor the questions that students have asked the Al study assistant,
providing insight into how the students use this feature.
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d2UUIIa

a EduPanel % Friday, May 22 - Teacher Dashboard
EACHER

souha
e Oniine

MENU

2 &

1 2 0 1

.: Overview otal Sessions Total Students Validated Classes

O

fs)

uizzes

E Sessions

E Sessions 7 Quizzes & Al History
@ Quizzes
Student Al Queries 0 total queries

QUICK ACTIONS

® math o

<] Logout No Al queries y6t

Figure 3.18: History of the students' Al assistant queries.

3.3.4 Student Interface

The student dashboard is rather long, so it is presented here in two parts: the upper part (overview and
profile) and the lower part (recent materials and tools).

Dashboard -- Overview and Profile

The upper part of the student dashboard greets the student by name and shows the current date and class
group. Four indicator cards summarize the student's situation: the number of available materials, the
number of sessions attended out of the total, the attendance rate, and the number of quizzes assigned.
Below them, a profile card recalls the student's identity (code, group, department, and phone number).
A highlighted banner informs the student when the teacher has an active session and invites them to
confirm their presence through the **Validate Now" button.
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GOOD EVENING
EduFlow .
a Sk haithem
Friday, May 22, 2026 - 11
haithem berra
e Student

OVERVIEW e a a
4 0 0%
MATERIALS

Materials Sessions Attended Attendance Rate Quizzes Assigned

f 3 total

@ Courses 1

‘ ™ 2 )
haithem berra
. ™ - (@ 123455 B 1 & math 032223232

Quiz o
Q Validate Your Attendance
Your teacher has an active session. Enter your code to mark yourself present.

© Validate Now

Figure 3.19: Student dashboard (upper part): overview indicators and profile.

Dashboard -- Recent Materials and Tools

The lower part of the same dashboard lists the most recent materials shared by the teachers. Each
card indicates the type of resource (Course, TD, or TP), its title, its author, and its date, and offers a
“"Download" button. The left-hand menu groups the student's tools: access to the courses, the TD,
the TP, and the quizzes; the attendance section (schedule, history, and attendance validation); and the

tools section, which includes the Al study assistant and the sign-out option.

Recent Materials 4 total
‘ ™ 2
m
. ™ 1
Ll ™ COURSE
Quiz 0 1222 vhy 999

TENDANCE

souha - Jan 8 souha - Jan 8 & souha - Jan 8
Schedule 3
,@ History o

e Validate Attendance

a Al Study Assistant
&, Download

a Sign Out

Figure 3.20: Student dashboard (lower part): recent materials and side menu.

Attendance Validation

To validate attendance, the student opens the dedicated window, enters the code provided by the

teacher, and allows the application to capture the current position by GPS (latitude, longitude, and
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accuracy) on a map. Attendance is confirmed only when an active session exists and both the code

and the location are valid.

@ Validate Attendance
Enter the code your teacher gave you

@ No active session for your class.

# Your position N
g Lat: 35 876867

Lng: 3.765632

Accuracy: £500 m

= Leaflet | © OpensStreetMap

ATTENDANCE CODE

Figure 3.21: Student interface: attendance validation with GPS verification.
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Conclusion

In conclusion, the development of this web application for attendance tracking and course distribu-
tion has been a highly enriching experience that allowed us to consolidate the theoretical knowledge
acquired during our studies through concrete, practical application. The project served as a tangible
example of how academic learning, in software engineering, database design, and web development,
can be effectively translated into a tool that addresses a real institutional need, deepening our appre-
ciation for the interplay between theory and practice.

Throughout the course of the project, we navigated a range of technical, organizational, and time-
related challenges, from modelling the system and designing a coherent data model that unifies atten-
dance and course distribution, to reconciling the requirements of three different categories of users
and the regulations governing attendance in Algerian universities. These obstacles strengthened our
abilities in analytical thinking, problem-solving, and decision-making, while also enhancing our ca-
pacity to work efficiently as a team and under pressure. The project further provided us with hands-on
experience using modern web technologies and development tools, broadening our understanding of
the field and exposing us to various professional practices.

Moreover, the project cultivated a strong sense of personal and academic responsibility. It encour-
aged us to engage in independent research and critical inquiry, both of which are vital components of
academic excellence. We also gained a deeper appreciation for the importance of clear documentation,
structured planning, and strict adherence to ethical and legal guidelines, particularly when dealing with
students' personal data and attendance records, whose confidentiality and integrity must be carefully
protected.

Overall, we take pride in what has been accomplished. The challenges encountered and the knowl-
edge gained throughout this process have not only enhanced our technical competence but also con-

tributed meaningfully to our intellectual and personal development.

Perspectives

The future development of the attendance tracking and course distribution platform is guided by a
vision focused on enhancing reliability, intelligence, and accessibility. Several advancements are an-

ticipated across both the technological and operational dimensions:

* Integration of Artificial Intelligence (AI): Al could be employed to analyze attendance pat-

terns, detect irregularities in real time (such as suspected proxy attendance), and provide early-
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warning indicators that identify at-risk students before they reach the threshold of exclusion,

allowing timely pedagogical intervention.

* Automatic Timetable Generation: Building on the course-distribution module, optimization
algorithms (such as genetic algorithms and other metaheuristics) could be integrated to gen-
erate conflict-free timetables automatically, while leaving the administrator in control of soft

preferences.

» Native Mobile Application: A dedicated mobile application for Android and iOS would make
attendance marking, material access, and notifications even more convenient for students and

teachers, complementing the web interface.

* Additional Attendance Methods: Beyond QR codes and GPS verification, biometric options
(fingerprint or facial recognition) could be offered as alternatives, giving institutions flexibility

according to their budget and privacy obligations.

* Two-Factor Authentication (2FA): Strengthening user authentication through dynamic codes
or biometric verification would further reduce the risk of unauthorized access and identity fraud,

especially for administrator and teacher accounts.

* Multilingual Interface Support: To ensure inclusivity, the platform could offer multilingual
support, initially in Arabic, French, and English, catering to the linguistic context of Algerian

universities.

* Integration with Official University Systems: Real-time integration with the national higher-
education platform (PROGRES) and the institution's student information system would syn-
chronize enrolments, groups, and modules automatically, prevent duplicate data entry, and

align the exported absence and exclusion lists with official procedures.

* Security and Data Protection: Cybersecurity and privacy would be embedded at every layer
of the design, from encrypting sensitive personal data to regular security testing and continuous

monitoring, ensuring the system remains trustworthy as it scales to larger numbers of users.

Through these enhancements, the platform aspires not only to digitize attendance and course distri-
bution but to evolve into a comprehensive, intelligent academic-management tool that is more reliable,

inclusive, and aligned with the needs of the modern university.
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