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Abstract: The paper presents a web-based application (App) that can be used to solve the problem of “giraffing” in an examination
environment by ensuring that students offering the same course are not seated together. The development of the App is related to graph
colouring and k-partition problem; which was solved in this contribution with Harmony Search Algorithm (HSA). The implementation of
the algorithm into the process of coding the seating generation modules was done with the use of object-oriented programming available
in newer versions of PHP. The coding and design of the seating arrangement module to take multiple courses and assign them in all the
classes selected was sorted out by multiple increments. The pairing of each student to individual courses was solved by the system of
object-oriented programming in JavaScript. When tested, the proposed examination seating arrangement App achieved all its specified
functions which include: Implementation of administrative login modules; addition of class and course data through a graphical user
interface (GUI) into the database; addition of student data into the database; automatic arrangement of students writing examinations
such that students writing the same examinations are not positioned together. After the arrangement has been generated, the
administrator is presented with the option of printing which makes the system all the more convenient.
Keywords: Giraffing, PHP (Personal Hypertext Pre-processor), object-oriented programming, database, and module.

1. INTRODUCTION
Examination malpractice is regarded as any process of exploiting wildcat methods to get unjustified advantage in an
examination or test with the aim of achieving success. It may include cheating before the examination, that is, students
having access to the question papers prior to the commencement of the examination, cheating during the examination
which involves copying from textbooks, impersonation, and giraffing, an act of stretching one’s neck in order to see and
copy the work of a student seated nearby [1-3]. Malpractice may also occur after the examination has taken place, this
usually involves students persuading their teachers with personal gifts and favours in order to get better grades.
The syntheses of examination wrongdoing among examinees are dreadful and annihilating; this is because it ruins the
basis and framework of educational architecture. It makes formal assessments misleading, educational targets unachievable
and forecasts a dim time yet to come for a given state. The coming of electronic cheating has also contributed to the
problems of carrying out believable and unquestionable examinations; consequently, a holistic approach; which will
involve all stakeholders, and the use of technological, and non-technological solutions, must be come up with to deal with
this behemoth.
In order to prevent education sector from ruins due to examination misconducts, various suggestions have been
proposed by education and technological researchers. For instance, [4] has identified three main approaches that can be
used in curbing examination malpractice. These include: Ethical, Engineering and Enforcement approaches. One of the
ways of applying ethical approach proposed by [4], according to [5] is by inculcating honesty and discipline into students.
In line with [4] engineering approach, a multi-card operating system that can be used in tackling examination malpractice
is proposed by [6]. The proposed system houses the biometric templates of the candidates for a given examination. During
the examination, candidates present their cards and the verification of personality and legitimacy to write a particular
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examination is confirmed. This procedure, despite being quite efficient is only able to solve the problem of student
impersonation.
To curb examination misconduct in Universities and high schools, [7], [8] and [9] proposed the use of e-examinations
platforms; which is a method of writing an examination with the use of Information and Communication Technologies.
The platform offers Multiple Choice Questions (MCQs) and Short Essay Questions (SEQs) examinations, automatic
grading and quick certification. With the platform, it becomes quite impossible for questions to be leaked prior to the
commencement of the examination. The proposals of [7], [8] and [9] only solve the problem of maintaining questions’
integrity.
A Faraday cage that can be used to curb examination malpractice with the use of technological devices is proposed by
[10]. The proposed cage creates a metal to shield the examination hall, and as such blocks electromagnetic waves from
mobile phones or other electronic devices from propagating into the examination hall. The system proposed by [10] was
improved upon by [11]. The system proposed by [11] has ability and capability to detect all mobile devices using the radio
frequency spectrum with a wavelength of 30 cm at 872 to 2170 MHz. The detector can be brought into the examination
hall and use to uncover the utilization of a mobile technology by a student by a beeping or blinking indicator. As the device
gets closer to the source the blinking becomes more intense hence making it easy to apprehend a culprit. The [10] and [11]
proposed systems that can only solve the problem of cheating with the utilization of cellular phones, and other
communication devices in the halls where examinations are taking place.
In order to reduce complications in the allotment of examination rooms and issuing of examination dockets to
examinees during examinations, [12] therefore proposed an examination hall and seating arrangement application using
PHP. The docket is used in establishing the eligibility criteria of an examinee of a given department. The App proposed by
[12] can only provide a way to apportion examination room for each examinee less any skirmish.
It is evident from the foregoing that curbing examination malpractice which has to do with giraffing has received little
or no attention in open and technical literature. And it is worth noting that this constitutes a major problem in conduct of
examination in universities and colleges; and as such, solving this problem of cheating during the examination forms
motivation for this work. One of the ways of solving the problem is by making sure that no two students offering the same
examination or course are positioned close to each other [3]; and this is achievable by scattering students using seating
arrangement. Currently, the seating arrangement for examinations is done manually in most of citadels of learning in
developing economies. The Faculty Examinations Officer (FEO) has to collect all students’ information which includes
names, departments, matriculation numbers, and list of registered subjects for the examinations [3]. The FEO then collates
the total number of registered students, selects the classes and divides the students among the classes selected. After this,
he needs to prepare a students’ list for each examination. He also needs to prepare the seating arrangement list for each
class based upon the count. All this work needs to be done for each instance of an examination, which is very tedious and
error prone; hence the need for an automated seating arrangement. In this work therefore, a web-based examination seating
arrangement application (App) is developed and proposed. The proposed App created a web-based software program that
arranges students sitting for examinations in an examination hall such that no two students offering the same course are in
close proximity to each other. This will help eliminate the problem identified above.
2. METHODOLOGY
2.1 Problem Formulation
The proposed App arranges students sitting for examinations in an examination room in such a way that no two students
offering the same course are in close proximity to each other. It is a graph colouring and the k-partitioning problem; where
the vertices of a chart are coloured in such a way that no two neighbouring vertices divvy the same colour. A basic graph
colouring example is shown Figure 1.

Figure 1: A basic graph colouring
The problem is likened to dividing 𝑛 number of students among 𝑘 number of seats available in an examination venue for
different types of papers to be taken over a given period in a day; so as to ensure that the problem of cheating that has to do
with giraffing is minimized. To achieve this goal, the proposed App will have to meet the following objectives:
• Students offering different courses should be seated on the same seat or adjacent to one another;
• The number of students on each seat should be same.
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According to [13], the problem of building the seating architecture can then be fixed using a binary matrix 𝜔𝑛×𝑛 . The
elements of this matrix are
1, 𝑖𝑓 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑖 𝑎𝑛𝑑 𝑗 𝑎𝑟𝑒 𝑡𝑜 𝑏𝑒 𝑠𝑒𝑎𝑡𝑒𝑑 𝑎𝑝𝑎𝑟𝑡
𝜔𝑖𝑗 = {
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(1)

With this input matrix, the problem becomes partitioning 𝑛 students into 𝑘 subset of students 𝑆 = {𝑆1 , . . . , 𝑆𝑘 } ;
consequently, the objective (fitness) function becomes
𝑓1 (𝑆) = 𝑚𝑖𝑛 ∑𝑘𝑖=1∀𝑖,𝑗𝜖𝑆𝑡 :𝑖<𝑗 ∑ 𝜔𝑖𝑗

(2)

The task of establishing the beingness of solution to this problem according to [14] is analogous to the 𝑁𝑃 −
𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑔𝑟𝑎𝑝ℎ 𝑘 − 𝑐𝑜𝑙𝑜𝑢𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑟𝑜𝑏𝑙𝑒𝑚. In the problem, the graph G is defined as
𝐺 = (𝑉, 𝐸)

(3)

In equation (3), the 𝑉 = vertex set = {𝑣1 , … , 𝑣𝑛 } and 𝐸 = the edge set = {{𝑣𝑖 , 𝑣𝑗 }: 𝜔𝑖𝑗 = 1⋀ 𝑣𝑖 , 𝑣𝑗 𝜖𝑉} ; in other
words, each student represents a vertex, 𝑣𝜖𝑉 , and two vertices 𝑣𝑖 and 𝑣𝑗 are regarded to be contiguous, if and only
if, 𝜔𝑖𝑗 = 1. It can therefore be stated that, colours correspond to seats, and the task is colouring 𝐺 using 𝑘 colours.
The objective function defined in equation (2), provides solution to the first objective of realizing the goal of the study.
The solution to the second objective, that is, making sure that the number of students on each seat is the same can be
achieved using this objective function [14]:
𝑛

𝑛

𝑘

𝑘

𝑓2 (𝑆) = ∑𝑘𝑖=1 (𝑚𝑖𝑛 (|𝜏𝑖 − ⌊ ⌋| , |𝜏𝑖 − ⌈ ⌉ | ))

(4)

In equation (4), 𝜏𝑖 represents the number of students assigned to each seat 𝑖; and is defines as
𝜏𝑖 = ∑∀𝑣∈𝑆𝑖 𝑆𝑣

(5)

2.2
Implementation of the application
2.2.1
Algorithm
There are many algorithms that can be used to solve the problem at hand like the Tabu Colony, Partial Colony, Greedy,
Degree of Saturation (Dsatur), Hybrid Evolutionary, Ant Colony, Hill-climbing, Backtracking Dsatur, and Harmony
Search algorithms [13-14]. In this contribution, the Harmony Search Algorithm (HSA) is used because of its simplicity and
search efficiency [15] [16].
The HSA is inspired by music phenomenon; where musical performances seek to find pleasing harmony as determined
by an aesthetic standard. In music extemporisation, each player sounds any pitch within the possible range, together
making one harmony vector. If all the pitches make a good harmony, that experience is stored in each player’s memory,
and the possibility to make a good harmony is increased next time [15]. In order to use the HSA, the following parameters
must be set: Harmony Memory Size (HMS) which ranges from 10 to 100, Harmony Memory Consideration Rate (HMCR)
which ranges from 0.7 to 0.99, Pitch Adjustment Rate (PAR) which ranges from 0.1 to 0.5, the difference between two
adjacent values in case of discrete variable δ, and Fret Width (in case of continuous variable) FW [15] [16]. Figure 2
presents the steps of the HSA [15] [17] are as follows:
Step 1: Initialize the HSA parameters
Step 2: Initialize the harmony memory (HM). This can be actualized by
Generating randomly vectors 𝑥11 … 𝑥𝑛ℎ𝑚𝑠 as many as 𝐻𝑀𝑆,
Storing vectors generated in HM in matrix form,
Evaluating the fitness function 𝑓(𝑥 𝑘 ) corresponding to each solution vector:
𝑥11
HM = [ ⋮
𝑥1ℎ𝑚𝑠

…
⋱
…

𝑥𝑛1
⋮
𝑥𝑛ℎ𝑚𝑠

|𝑓(𝑥 1 )
|⋮
]
ℎ𝑚𝑠
|𝑓(𝑥
)

(6)

Where, 𝑥𝑖𝑘 = seat of the 𝑖 𝑡ℎ students in the 𝑘 𝑡ℎ seating arrangement; and 𝑓(𝑥 𝑘 ) = fitness function,
Step 3: Improvise a new harmony from the HM with the probability𝐻𝑀𝐶𝑅 (0 ≤ 𝐻𝑀𝐶𝑅 ≤ 1),
Pick the stored value from HM with probability of 𝑃𝐴𝑅 (0 ≤ 𝑃𝐴𝑅 ≤ 1),
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Modify the solution chosen with the bandwidth (BW) value using:
𝑥𝑖𝑘+1 = 𝑥𝑖𝑘 + 𝑟𝑎𝑛𝑑 × 𝐵𝑊

(7)

Step 4: Is 𝑥𝑖𝑘+1 better than the 𝑥𝑖𝑤𝑜𝑟𝑠𝑡 in HM? Replace 𝑥𝑖𝑤𝑜𝑟𝑠𝑡 with 𝑥𝑖𝑘+1
Step 5: Repeat step 2 to 4 until termination criterion (𝑤ℎ𝑒𝑛 𝑖 ≥ 𝑁𝐼) is satisfied.

Figure 2: The flowchart for HSA
2.2.2
Program
The implementation of the algorithm into the process of coding the seating generation modules was done with the use
of object-oriented programming available in newer versions of PHP. The PHP is deployable in this contribution because it
can be used on many web servers and operating systems; and can be used with many relational database management
systems (RDBMS).
Figure 3 presents a sequence diagram for the App, which shows how the four essential objects that are involved in
operations of the App are sequentially arranged, and their timely interactions. It is evident from the figure that the App is
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linked to the database, Administrator (Admin), and printer. The function of the database is to hold the details of students’
information, various halls for examinations, and courses to be examined in the examinations. The needed students’
information includes; names, matriculation numbers, and list of registered courses for the examinations. The Admin has
shown in the figure, creates or updates the data in the database. He instructs the App to generate the seating arrangements;
and also gives details of what the App is to be done after it generates the seating arrangements, either to only view or print
the generated seating arrangements. In a situation where there is need to print the seating arrangement, the App sends the
information to the printer for the execution.

Figure 3: Sequence diagram of the proposed App

Figure 4: Data flow diagram for the seating arrangement system
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Figure 4 depicts the data flow diagram that was used for the coding of the proposed App. The Admin is in charge of the
proposed App. The App expects the Admin to first and foremost logs on to the system. If the login fails, the App will ask
the Admin to log in again and again. In a situation where the login is successful, the App will ask the Admin whether he
wants to generate examination seating arrangement or just to update the existing data on the database. If he is interested in
updating the contents of the database, the proposed App is expected to let the Admin do that and thereafter logout of the
App. If the Admin is interested in generating seating arrangements for a given examination at a given period of the time,
the App is expected to let the Admin selects various examination courses that would be done at that period; and rooms that
are available for the examination at that period. Based on this information supplied by the Admin, the App is expected to
execute HAS to carry out its function. After the generation of the seating arrangement, the App is expected to present to
the Admin the option of printing.
The PHP, HTML, MYSQL, and Apache [18-20] were employed to develop Server-Web, Front-End, Back-End and
Web-Server softwares respectively of the App. In order to prevent redundancy and make the App more responsive,
JavaScript was employed; and it is responsible for Pop-Ups that are used for data intake. In this App also, XAMPP was
used for the installation and testing of PHP, MySQL, and Apache.
2.3 Creation of Database and Insertion of Data
In the App, the use and creation of a database is inevitable. A database which contains all the lists of students, courses
registered by each student for a particular semester and numbers of classes as well as the capacity of each class were
created. The database design of the system was created in the PhpMyAdmin module available in the XAMPP installation.
A table containing administrative login information was also created in order to prevent unauthorized access to the system.
A screenshot of a successful creation of the entire database needed for the web application using PhpMyAdmin is shown in
Figure 5. The creation of these databases will enable the Admin to add new students, delete students and rectify any
discrepancy that might exist in the system.

Figure 5. Creation of database in MySQL using phpMyAdmin
2.4 Project Modules
To develop the proposed App, four modules were developed. They are:
Login Module: This module is used by the administrator to log on to the App; using his or her unparalleled user ID and
PIN. For security purposes, it is only the administrator that is empowered to access the module.
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Database Module: This module is used by the administrator to update the student, course, class and departmental
information. It is imperative because inaccuracy in class capacity, departmental size and student information may lead to
misallocation of students.
Allocation Module: This module is responsible for the allocation of students; based on the parameters selected by the
administrator. After the allocation of students is completed, this module passes the generated chart to the display module.
Display/Report Module: This module collects data from the allocation module and generates a report of the seating
arrangement while displaying the seating chart
2.5 System Requirement and Specification
The App presented in this contribution is cross platform and web based; hence the hardware requirements are very basic as
any internet enabled device can be used to access the system. The following hardware specifications support the App:
Operating System: Windows 8.1 Pro, Processor: Intel Core i3-4005U, and RAM: 8GB
2.6 Installation and Launching of the App
• Install XAMPP or WAMP
o Start XAMPP
o Start Apache on XAMPP window
o Start MySQL on XAMPP window
o Minimize XAMPP
o Extract the project files from Zip folder that contains the Giraffe Software App
• Move all the extracted files to the htdocs folder
o Open your browser
o Navigate to localhost/phpmyadmin
• Create a new database
o Click new
o Give the database a name e.g. exam_seating
o Choose utf-8 unicodcci as the encoding format/collation
o Click create
o The database has been successfully created
• Launching of the App
o On your browser, navigate to localhost/database name
o Login to the App with your username and password
3. RESULTS AND DISCUSSION
3.1 Flow Analysis
In launching the proposed App, the Admin is first presented with a login platform which can only be accessed with the
correct credentials. If there are numerous administrators, unique credentials are generated for each of them. The login page
is shown in Figure 6.

Figure 6. Administrative login page
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After successful login, the administrator is presented with three data input options and the generated options. The data
input options include:
Add Student Details: This option allows the system administrator to add any number of students into the database based on
the courses that each student is offering. This module is shown in Figure 7.
Add Registered Classes: This option enables the administrator to add halls/rooms that have been designated for the
examinations to take place. During this process, the administrator has to enter the rows and columns in a particular class
and the system generates the number of seats that are available. This option is shown in Figure 8.
Add Courses: This option allows the administrator to add individual courses that examinations are to be taken into the
system. This module can take as many courses as are available. The add courses module is shown in Figure 9.

Figure 7. Add students module

Figure 8. Add exam classes module

Figure 9. Add courses module
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The information received from all the data input options is stored in a MySQL database. The seating arrangement
application has a graphical interface that can be used to access the database. Here, student information, classes and courses
can be viewed, modified or deleted when necessary. The graphical databases implemented in the application are shown in
Figures 10, 11 and 12.

Figure 10. Class database

Figure 11. Student database

Figure 12. Course database
3.2 Discussion
The App presented in this contribution automates the arrangement of students in an examination so as to ensure that no
two students writing the same examination are seated close to each other. The seating arrangement module gathers all the
information that has been stored by the administrator in the database and uses the graph search algorithm considering the
courses being offered and generates the arrangement of students into the various halls/rooms selected. Once the
administrator selects the courses to be taken at a particular time and classrooms available for the examination, the system
automatically generates the chart. The selection of courses and subsequent generated chart of students are shown in Figures
13, 14 and 15.
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Figure 14. Selection of examination classes
Figure 13. Selection of examination courses

Figure 15. Generated sitting arrangement
A careful examination of Figure 15 shows the seating chart generated. It can be seen that no two students offering the
same examination are positioned next to each other. The arrangement module requires a minimum of two (2) courses and a
maximum of ten (10) courses to be offered at any instance of an examination in order to ensure and improve efficiency. At
any point in time, the more the number of courses being offered, the more efficient the App becomes in arranging the
students; because the sample space of courses must have increased.
4. CONCLUSION
The study shows that eliminating the examination malpractice, which has to do with giraffing has received little or no
attention in the literature; and that this constitutes a major problem in the conduct of examinations in universities and
colleges. One of the ways of solving the problem is by making sure that no two students offering the same examination or
course are positioned next to each other; and this is achieved by scattering students using seating arrangement. Presently,
the seating arrangement for examinations is done manually; which is very tedious and error prone; hence the need for
automated seating arrangement. In this work therefore, a web-based App that arranges students sitting for examinations in
an examination hall such that no two students offering the same examination or course are in close proximity to each other
is therefore developed and proposed.
After adequate testing, the proposed examination seating arrangement App achieved all its specified functions which
include: Implementation of administrative login modules, addition of class and course data through a GUI into the database,
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addition of student data into the database, automatic arrangement of student writing examinations such that students
writing the same examinations are not positioned together. After the arrangement has been generated, the administrator is
presented with the option of printing which makes the system all the more convenient.
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