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Abstract: 
A web application for supporting the organization of entrance exams is 
described in this paper. It is intended for university examination purposes. 
From a functional point of view, the application consists of three parts: the 
registration of candidates, planning the seating arrangements of candidates, and 
the evaluation of exam results. This client-server application is implemented 
within the NetBeans visual development environment using the open-source 
XAMPP package. The presentation level is realized with standard HTML 
and CSS web technologies, the business logic is written in the PHP program-
ming language, while data level is implemented using the MariaDB database 
management system.
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1.  INTRODUCTION

During the last decade, contemporary society has experienced an ex-
tremelly rapid technological progress primarily due to connecting people 
over the world by the global computer network – the Internet. Significant 
changes have occured in all areas of the society, including the area of 
education [1]. In the higher education domain, new web-based learning 
methods, new ways of taking exams and assessing students, as well as 
distance learning facilities have emerged. These advances are primarily the 
result of an intensive use of various education software solutions. In the 
education field, the web-based approach is primarily focused on students, 
then teachers, and finally on adimistrative staff.

Although education software tools cover a wide range of functionali-
ties, from simpler tools with specific purposes [2] to complex, universal 
applications [3], few of them are dedicated to school administration 
activities. Administrative staff in higher education mostly uses an infor-
mation system to efficiently perform everyday tasks. However, they are 
constantly faced with the lack of applications intended for some tasks 
that are important for the institution, but rarely performed (for example, 
entrance exam organization, student internship planning, alumni associa-
tion events planning, etc.). 

The SEEO (Support for Entrance Exam Organization) application is 
intended only for administrative staff. Its aim is to provide an assistance 
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in organizing entrance exams at a higher education insti-
tution. The organizers of entrance exams can encounter 
various problems. For example, in case of a large number 
of candidates, searching for the information about the 
specific applicant can be hard to perform. In this case, it 
often happens that the documentation about the candi-
date is incomplete. After the exam seating arrangement is 
made, each change in the availability of classrooms implies 
a serious time-consuming problem. Since candidates al-
ways expect final results to be released as soon as possible, 
errors in the ranking lists are not rare, which also causes 
some inconvenience and may require additional time for 
correction. The SEEO application organizes and keeps 
all the information about the candidates who applied for 
the entrance exam in a systematical manner. Also, in a 
simple way it creates the exam seating arrangement and 
updates it if needed. After the exam is over, the applica-
tion automatically generates the ranking list of candidates 
according to their achieved results. 

In the open literature, applications dedicated to en-
trance exams are rarely found. Existing applications are 
mainly intended for students as a help in preparing the 
entrance exam. In our environment, an application of-
fering support for the entrance exam at the School of 
Electrical Engineering, University of Belgrade, attracts 
one’s attention [4]. It is a part of their information sys-
tem and enables the organization of entrance exams for 
more schools with different profiles and specific grading 
rules at the same time. The exams can take place several 
days at arbitrary locations, which indicates that this is a 
comprehensive and versatile software tool. 

This paper consists of four parts. After an introduc-
tion, the functionalities of the SEEO application are de-
scribed. Details about the implementation of this applica-
tion are presented in section III. Finally, the conclusion 
briefly summarizes the features of the application and 
gives some suggestions for future improvements.

2.  FUNCTIONAL DESCRIPTION

Only a registered user can start working with the 
SEEO application by logging in with his username and 
password. Registration is allowed only for the staff in-
volved in the entrance exam organization. 

Regarding its functionality, the SEEO application 
consists of three parts:

 ◆ Registration of candidates
 ◆ Planning the seating arrangements of the candi-

dates
 ◆ Evaluation of the results

Registration of candidates

Application of candidates for entrance exam on a 
higher-education institution assumes collecting some 
necessary information about a candidate: basic personal 
data, the record about success in high school, and his 
wishes and choices regarding the department, model of 
studying, etc.

Basic personal data of a candidate include: first name 
and family name, name of a parent, personal identification 
number (PID), phone number and an e-mail address. 

When accepting the personal identification number 
which consists of 13 digits, the system performs a check 
of its validity. Each digit is associated with a letter of 
the alphabet (first digit with a, and so on), and then the 
control digit is calculated as:

11-((7(a+g)+6(b+h)+5(c+i)+4(d+j)+3(e+k)+2(f+l))%11)

If the control digit matches the last digit of PID, it is 
considered valid. Otherwise, it is required to enter PID 
once again. 

Candidates’s achievement during high school educa-
tion (GPA, as well individual grades for specific courses 
relevant for the higher-education institution for which 
the candidate is applying) are compiled in an aggregate 
score according to the official rules before it is entered 
into the application. 

During application process, a candidate also expresses 
his preference for the desired department and the model 
of studying. The department is chosen from the offered 
list of available ones. Within the department, the can-
didate can choose a specific module, if available. The 
candidate also chooses between two models of studying: 
state-funded or self-financed. 

After the application is completed, the candidate is 
automatically associated with a unique identifier in the 
form of:

xyznnn

where x is – a department ID, y – a module ID, z – 
the model of  studying, and nnn – the ordinal number of 
application on a department and module. 

The stored data about a candidate (excluding his iden-
tifier) can be modified if neccessary. Also, a candidate 
can be removed from the entrance exam registration list. 

The SEEO application provides  a spreadsheet of all 
registrated candidates sorted by their identifiers. It also 
enables to search for the candidates using appropriate 
parameters (name, PID, etc.). 
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Planning the seating arrangements

In order to generate the seating arrangement for the 
entrance exam by the SEEO application, it is neccessary 
to define the set of classrooms for this purpose. The set 
of classrooms can be modified only before the assigning 
of seats to candidates has started.

For each new classroom two items are needed: its 
label number and its capacity (the number of available 
seats). While arranging the seating plan, the application 
automatically updates the numbers of remaining available 
seats in classrooms. 

Planning the seating arrangements for an entrance 
exam is an iterative process on the round-robin basis. 
Registered candidates are picked  from the list sorted by 
their identifiers and iteratively allocated to a classroom in 
the increasing order of classroom label numbers (the first 
candidate goes to the first classroom, etc.). When the first 
round is over, and each classroom obtained one candidate, 
the next candidate from the list goes to first classroom 
again. When a classroom is filled up (the capacities of the 
classrooms are generally different), it is not considered 
any more in the next round.

During the process of application, the identifiers are 
assigned to the candidates sequentially as they apply. 
The round robin seating assignement avoids the situa-
tion where two candidates who know each other (they 
applied together) are meant to be seated in the same 
classroom, next to each other. In this way, it contributes 
to the regularity of an entrance exam. 

After the seating arrangement is completed, an appro-
priate list of the candidates for each classroom is gener-
ated.  Additional statistics on availability of classrooms 
and numbers of free seats can be obtained. 

Candidates who registrated later are assigned to class-
rooms in the same way, starting from the current state of 
classrooms’ availability. 

Evaluation of the results

After the entrance exam is over and the work of the 
candidates is graded, the score achieved for each candidate 
is entered into the application. It is accumulated with the 
points assigned according to the success in high-school 
education and ranking lists sorted by the total score are 
generated. A separate ranking list is generated per each 
department and module (Fig.1). 

On each ranking list two borderlines are clearly high-
lighted. The first borderline on the list is set before the 

first candidate with a score lower than 51% points. The 
candidates above this limit are enrolled as state-financed 
students. The second borderline is set before the first can-
didate with a score lower than 30% points. The candidates 
between two borderlines are also allowed to enroll as 
self-financed students. The candidates below the second 
borderline are not eligible to enroll. 

Fig. 1. An example of the ranking list.

3.  IMPLEMENTATION

The SEEO application is implemented using the model 
of three-layer client-server architecture, as it is illustrated 
in Fig. 2. 

The first layer represents the presentation level which  
realizes the user-application interface. It is implemented 
in a standard way using HTML technology [5]. The web 
browser on a client computer interprets HTML code 
and results are  displayed to the user. Uniform format of 
web pages within the application is obtained using  CSS 
technology [6].

The second layer implements the business logic of the 
application. This layer is realized in PHP programming 
language [7,8]. The PHP code doesn’t require compilation 
since it is interpreted on the web server. As it is primarily 
intended for web programming, the PHP code can be 
embedded into HTML elements, which facilitates the 
development process and makes it more efficient. In ad-
dition, PHP offers various libraries to support different 
databases. These features make it very convenient for 
linking and synchronizing the presentation level and 
data level.

The third layer enables storing of data relevant for the 
application and preserves their security and integrity. The 
data layer is based on the database management system 
(DBMS). This application employs MariaDB DBMS. It has 
been chosen as it is a free-lincenced open code software 
which took the place of MySQL after its commercializa-
tion. Until recently, MySQL was a standard for use in 
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a small-scale and middle scale application, so it can be 
expected that MariaDB can take its place in the future 
because of their compatibility and certain enhancements 
(faster execution, multithreading in handling queries, etc.)

Fig. 2. Application architecture.

General functioning of the application will be illus-
trated using the example of registration of a new candi-
date. When a user clicks the Add candidate button, the 
web browser on the client computer interprets a cor-
responding HTML code and opens  a page for entering 
data about the candidate. After data are entered into 
appropriate fields the user cliks the Save field. The web 
browser sends to the server a HTTP request for storing 
data into the database. The eeb server reads the database 
with the PHP code which implements the update of the 
database. The contents of the database are forwarded by 
the web server to the PHP interpreter for handling. Then, 
the interpreter performs the syntax analysis of the scrypt. 
Since in this case the scrypt contains the instructions for 
database access, PHP establishes the connection with the 
database server and sends an appropriate query to it. The 
database server executes the query by storing the received 
data about the candidate into the corresponding table in 
the database and sends the result to the PHP interpreter. 
This component completes the scrypt handling. It also as-
sumes the formatting of the outcome of the query into the 
HTML code which is then sent to the web server. In this 
situation, the outcome of the query is the display of data 
about the candidate in the list of all candidates already 
registrated in the system. The web server forwards the 
obtained HTML code to the web browser which presents 
it to the user.

The entire implementation of the SEEO application 
is based on open source software. NetBeans IDE 8.1 [9] 

was chosen for the development environment. This en-
vironment is widely used nowadays and offers a very 
comfortable editor which, among other, supports the 
programming languages used in this case, HTML and 
PHP. In addition, it is intended for work on different 
platforms (Windows, Linux, Mac). 

During implementation the XAMPP  Control Panel 
v 3.2.2 [10] software package is exploited. This package 
enables the testing and development of the application on 
a local computer and consists of independently created 
programs which operate on different platforms. In build-
ing our application, we used the following components of 
the XAMPP package: Apache web server, MariaDB DBMS 
[11] and the PHP interpreter. Yet another tool from the 
package was actively used – the phpMyAdmin applica-
tion [12]. It provides graphical interface for convenient 
management of database. 

In the design of the SEEO application the modu-
lar approach is followed. The implementation of system 
functionalities is organized into three basic modules: 
Candidates, Classrooms, and RankingLists. The Candi-
dates module encompasses the functions for entering 
data about candidates and their choices for intended 
studying. The Classrooms module consists of the functions 
which enable the setting of available classrooms, their 
seating capacities and seating arrangements of registered 
candidates by classrooms. The RankingLists module cov-
ers the functions for entrance of data about the results 
achieved on the entrance exam and creates the ranking 
lists for different departments/modules. There is also an 
additional module with utility functions for application 
and registration of the candidates, display of information 
in page headers, transition between displays, termination 
of the application, etc.

4.  CONCLUSION

In the last decade, we evidenced a rapid expansion of 
high-level education, prevalently because of emergence of 
private institutions. Besides traditional state universities, 
numerous private high-level education institutions such 
as universities and colleges have appeared. Because of a 
wide variety of study programs and models of studying, 
the number of those who finished high schools and who 
are interested in continuing their education has increased. 
The government also encourages this trend in an effort to 
increase the percentage of population with a high-level 
education degree. The legal obligation of all high-level 
education institutions is to organize entrance exams in 
the process of selection of prospective students. In many 
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occasions the number of applied candidates is very high 
(sometimes several times higher than the number of en-
rollees), the organization of the entrance exam is a serious 
task. First of all, the regularity of the exam (preventing 
cheating, unallowed help, etc.) must be preserved which 
increases the number of classrooms and required staff. 
Also, before ranking lists are created, a fast, efficient and 
reliable handling of exam results must be provided. 

All these requirements are practically impossible to 
meet without an appropriate software tool. However, there 
is lack of applications that could assist in the organiza-
tion of entrance exams in our environment. This was just 
motivation for development of the SEEO application.

From a functional point of view, the SEEO application 
provides different conveniences in creating the consist-
ent and complete data set for candidates, in organizing 
an entrance exam and forming well-organized and ex-
pressive ranking lists. The application also supports the 
configuration of available classroom pool for conducting 
an entrance exam. The change of classrooms, alloca-
tion of new ones and deallocation of existing ones are 
easy to manage. The main feature is planning the seating 
arrangement according to available classrooms on the 
round-robin basis. The evaluation of achieved results is 
itemized by departments and modules with highlighted 
borders for differents means of student financing.

From the aspect of implementation, the SEEO ap-
plication represents a standard web application whose 
development employed the usual open source web tech-
nologies (HTML and CSS on the client side and PHP and 
MariaDB on the server side). The advantage of web-based 
implementation also include the fact that the classroom 
attendant has on-line data available during the exam and 
can perform checks, if necessary.

The SEEO application represents an advanced version 
of the application previously developed for administra-
tive staff of High Engineering School of Applied Studies 
Tehnikum Taurunum, Zemun, Serbia. It is expected that 
future experience will give the estimation of its usefulness. 
A more detailed consideration of organizational needs of 
the entrance exam should lead to additional functional 
requirements and further improvement of the application. 
After that, the SEEO application can be offered to other 
universities and colleges as support in the organization 
of their entrance exams. 

In order to further upgrade the SEEO application we 
intend to thoroughly consider its security aspects (since it 
is a web application), as well as enhance its functionality. 
Adding new functions should be a permanent process un-
til it becomes a comprehensive system which will provide 

not only its main entrance exam related functionality, but 
also support for numerous activities specific to higher-
level education institutions.

There is an imminent need to upgrade the application 
by adding a feature that will be able to manage the staff 
on an exam and appoint attendants across the classrooms. 
Moreover, it should increase flexibility in terms of fulfill-
ing candidates’ wishes. If a candidate doesn’t achieve the 
score required for the enrollment in the desired depart-
ment but has sufficient score for another, this option 
should be offered to him. The possibility of archiving 
entrance exam results should also represent a significant 
advantage. It would allow to follow and compare the 
results of an entrance exam for the higher education in-
stitution over a longer period of time. In this way, some 
relevant information can be obtained which could have 
an impact on the structure and improvement of study 
programs.
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