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Abstract—Online journal submission systems help lecturers
with time management concerns and student evaluations
processes. The aim of this paper is to explore available tools,
design and develop an interactive web based application which
can be used by computer science students to submit
programming journals and get real-time feedback. The online
application which has been designed and developed within the
scope of this paper consists of an authorization, submission and
analysis component.
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I.

INTRODUCTION

The learning curve is the most important step at the early
stages of using a programming language. Among the most
popular ones taught at universities level [1, 2, 3] are C/C++
and Java. While many of the programming languages follow
the Clike syntax, making it easier for programmers and
developers to become familiar with the programming
environment and syntax, it implies that educational institutes
and universities need to emphasize on full-featured
programming language with an easy learning curve and
support from different communities.
Universities offer programming courses to most of the
science and engineering students. The focus of this paper is on
the authors’ affiliated university, namely the University of
Mumbai, for the Department of Computer Science in which
Programming Principles I & II are the required first year
courses for computer science and computer engineer students.
The nature of the Computer Science Program and its courses
requires that students spend a considerable amount of their
studying time in computer laboratories in order to familiarize
themselves to the programming environment, in our case C++
using Visual Studio.
Journals are given to students on a regular basis, and are
mostly practical in nature, i.e. by demanding actual writing of
source code. In order to evaluate these journals, each
individual’s programming code is checked and executed by
lecturers. As it is well known, this takes valuable time for
lecturers to evaluate and follow student’s performance.
The nature of programming courses allows us to automate
the task of compilation and running the program and retrieving
the result of the software being run. This programming online
journal submission and evaluation system (OJMS) was
developed to be used by both students and faculty members in
collaboration. Instructors are given the opportunity to create

journals clustered in categories, share them with other
instructors and allow the students to attempt to solve some of
them. Students can get real-time feedback about their code –
for example if it was successfully compiled, if it has some
syntax errors or run-time errors, and different analytics on their
performance. The submission system makes it easier for
students to work on journals while it helps instructors to record
students' results for evaluation online, everything in one place.
The aim of this project is to design and develop the journal
submission system and use the submitted data to analyse
difficulties a student may face, while in the same time allow
lecturers to easily manage their journals and help them with the
evaluation.
This paper is organized as follow: we present in Sec. II
some existing tools for automated submission of programming
exercises. Sec. III provides a detailed analysis for the design
and development of our submission system, including the main
tools used and its performance. Sec. IV describes the
implementation according to the specification and functional
requirements. Finally, the last section summarizes, concludes
and suggests possible further improvements of this project.
II.

EXISTING ONLINE SUBMISSION SYSTEMS

Several tools for both static and dynamic assessment of
computer programs have been reported in the literature.
Automatic assessment tools can be used to help teachers in
grading tasks, as well as to support students' working process
with automatic feedback – surveys can be found in [4, 5].
[6] showed that tools that support online programming
lectures can be divided into:
•

visualization tools [7],

•

automated assessment tools [8,9] and

•

support tools [10]

The focus here concerns automated assessment tools.
Literature often focuses on source code analysis [11, 12] with
developments on the semantic and conceptual analysis [13, 14]
of code for a better evaluation. Indeed a weakness of existing
automated assessment tool is their lack of granulation, i.e.
journals are either evaluated correct or wrong. OJMS answer to
a different kind of need, as lecturers of University of Mumbai
need an in-house system, adapted and tailored to the computer
science and computer engineer curriculum. Moreover, a
motivation for developing OJMS was to allow for a peer to
peer collaboration between lecturers at the university by
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sharing exercises across different sections while allowing
individual lecturers to tailor them as they want.
III.

OJMS COMPONENTS

An online journal submission system allows students to
submit securely journals online, and contains a set of tools to
allow lecturers to mark journals online and give the
opportunity to students to get real-time feedback including
syntax error recognition and other compilation and run-time
errors. The submission system was developed using web
technologies for portability and security purposes. OJMS
(Programming Journals Submission System) is used for
submitting C++ programming journals and was developed
mainly with PHP/MYSQL for the server side functionalities or
the backend and HTML/JavaScript for the front-end, which is
the interface interacting with the user.

validation with errors and finally the result. OJMS uses
IDEONE API only for the compilation process using SOAP
protocol. [15, 16]
Simple Object Access protocol (SOAP) is a protocol
specification for exchanging structured information in the
implementation of web services. It uses XML Information Set
for its message format, and relies on other application layer
protocols mostly by HTTP. IDEONE uses SOAP specification
for accessing the methods as it is neutral - it can operate
independently and over any transport protocol (e.g. HTTP and
SMTP), allows for flexibility on the programming paradigm
used and makes use of open standards. Although other
middleware techniques could have been employed, SOAP was
used for its simplicity.

A. Functional Requirements
A functional requirement defines the exact components
needed for a system in order to perform an action and execute
the instruction. Behavioral requirements describing all the
cases where the system uses the functional requirements are
captured in used cases. The overall components of the system
are illustrated in the following use-case diagram of Fig. 1.

Figure 2: SOAP layer representation [17]

Figure 1: The use-case diagram for OJMS

B. IDEONE Introduction
Student’s submission contains a source code which is
compiled and ran against constraints set by the instructor, as
explained in the next section. Compiling source programs
requires a compiler and developing an automated compiler was
out of the scope of this project. In order to process and compile
the student’s code, services like IDEONE.com offer online
compilation and debugging services and let users compile
more than 60 programming languages including C/C++ and
JAVA.
IDEONE is accessed through ideone.com. During the
registration phase of a new student in OJMS, users (students)
are required to sign up with IDEONE in order to get an API
credentials which will be used to send the queries, following
their terms and conditions of use. IDEONE is used to supply
standard input and can be handled like real interactive input.
The API includes methods of data input, submission,

C. Student Registration
OJMS requires each student to login with their “Student
Intranet” credentials – the University Intranet provides students
with on-line access to all the University’s rules and regulations
regarding admission, academics and finance, information on
student life, as well as personal student information (timetable,
exam schedule, academic path, transcript, progress reports,
financial statements, etc.). These credentials are given to the
student upon registration for their program of study. In
addition, as mentioned before, in order to use IDEONE
compiler, students are required to register on IDEONE to
obtain API credential access which later will be used in OJMS
to call the API compilation/debugging methods.
D. System Login/Authentication
There is an API developed for authenticating student
intranet users by supplying their intranet username and ojms
word. In the journal submission system, this API is necessary
to authenticate the students and allow them to access the
platform. Similarly, lecturers are required to login to get access
to the administration area.
E. Journal Submission
Students and lecturers can submit journals without any
limitations for both of the users. Lecturer’s submission data is
not saved for data analysis but student’s data is saved for later
processing. The user interface (UI) was built to be as simple as
possible and to allow users to code online, see the compilation
results and review their submission.
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Submission data should be complete enough to contain the
required data for the analysis part of this project. These data
include:
•

Student/Lecturer ID

•

Timestamps

•

Source Code

•

Time used from writing to submitting the data

•

Errors which include of a set of constraints

F. Management Area (Administration Area)
This administration area is used only by the lecturers to
perform different tasks, e.g., creating categories and journal,
modifying them, view students data submissions and
performing analysis reports.
1)
Category Management: In this section the instructor
is able to create and modify categories – here called chapters.
The important attributes needed in this section are title,
description of the chapter, timestamps and finally a keywords
array which will be used by the analyser to search for
different patterns in the source code by using these keywords
and relate the data together for a better and more accurate
result.
2)
Journal Management: Journal management is also
carried out by the instructor. Each journal belongs to a
category or chapter in order to categorize them. It includes a
title, a chapter id, keywords, the lecturer who created the
journal, the output of the journal, difficulty indicator and
standard input and output. Each specific journal is supplied
with a source code solution together with a series of inputs
and expected outputs. The outputs are used in order to verify
the correctness of the journal, and values that will be bounded
to the journal by the instructor and is expected to be seen in
the result of the journal submitted by the student in order to
be flagged as solved. OJMS uses a series of regular
expressions to extract the data and carry out the comparison.
Moreover an optional source code template can be set by the
instructor if the exercise requires specific formatting or
approach.
3)
Students Management: This component is read-only
in which lecturers can view the solved journal by each
specific student and see the total solved exercises. It is used
for evaluating the student’s performance.
IV.

OJMS IMPLEMENTATION

The application developed for this project is written in
PHP for the server side programming and for the front end
uses HTML, CSS for styling and JavaScript for client-side
interaction.
A. PHP/MYSQL
PHP is used for server side scripting, and MySQL as the
database management system. There is also a web-server
needed to communicate with the client’s web browser. The
most widely used web-server is Apache which is open-source.

WampServer is a Windows web development environment,
allowing users to create web applications with Apache2, PHP
and a MySQL database. Alongside, PhpMyAdmin allows you
to manage easily your databases. WampServer includes all
the required tools for developing the application and is
available under Windows and Linux distributions.
Although MySQL is known for its relatively poor
performance scaling, the initial size of our application is small
enough for it not to be an issue, while its strong data protection
features was essential for an online grading tool. MySQL
provides powerful mechanisms for ensuring only authorized
users have entry to the database server, and powerful data
encryption and decryption functions ensure that sensitive data
is protected from unauthorized viewing [18].
B. Software Design
OJMS has been developed based using Object Oriented
Programming (OOP) approach. Thus it consists of a collection
of classes with their data members and methods interacting
with each other as directed by the application functional
requirements. The application’s entity relationship is shown in
Fig. 3 with the different classes and fields.

Figure 3: OJMS entity relationship diagram

Each entity in Fig. 3 represents a table in the MYSQL
database and is used to relate the component of the system, as
well as the data used throughout the application.
C. Software Components Implementations
In this subsection a detailed description of the major
components of OJMS, together with their functionalities, is
provided. During the functional requirements analysis phase,
which was done in the previous section, each component was
briefly analyzed and the data members needed were specified.
1)
Authentication
The user interface of the authentication components is
simple and user oriented. It asks for a username and a
ojmsword as illustrated in Fig. 4. Students' username and
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ojmswords are their intranet credentials as previously
mentioned. This was done to simplify OJMS use and reinforce
its role as a teaching tool, alleviating the need of new username
and ojmsword for the students. Security being a concern, in
order to secure users’ ojmswords, only the SHA hash is stored
in the database. Upon login by users, only the hashes are
transmitted and compared.

4) Administration & Management
The administration panel as specified in the previous
chapter includes all the required elements. Each exercise has a
title, a chapter in which it belongs, a difficulty level and the
lecturer who created it. The chapters and difficulty levels are
used to analyze students’ performance and, in a future stage of
development of OJMS, for recommendation.
5)
Database Connector & Configuration
Almost all the data used by OJMS are stored within a
relational database. This data might be needed at any point of
time so a configuration file and a database class has been
created and used throughout all the components.

Figure 4: Screenshot of Login

2)
Student Panel – Journal List
Students upon a successful login are directed to the panel
where each chapter is listed with the corresponding exercises.
The UI of our toy example is shown in Fig. 5. The level of
completion is indicated next to each chapter title. Upon
selecting a chapter, students are redirected to the list of
exercises, including the ones already solved. Students have
access to those in order to be able to review them as OJMS
provides both their solution and the lecturer's solution. When
students click on a new exercise, they are sent to the journals
submission page.

Figure 5: Screenshot of Student Panel

3)
Journal Submission
Journal submission page contains a text area where the
source code will be written. The screen is divided into two
areas, with the coding area on the left, containing the optional
source code template. The output box in the right side of the
page is placed to show the compilation result, either the list of
syntax errors, logical errors or indicated the successful
completion of the exercise.
In this page the software makes use of the IDEONE API
methods. The function creates a new SOAP client, and asks for
submission permission. If the result is successful, the results
from IDEONE are retrieved and parsed.

6)
CSS Styling
Cascading Style Sheets (CSS) is a style sheet language used
for describing the look and formatting of a document written in
a mark-up language such as HTML. All the pages share a main
style sheet and make use of the style properties which uses the
University of Mumbai styles and colour in order to provide
consistency and reinforce the importance of this tool as
learning interface.
V.

DISCUSSION, IMPLICATION AND CONCLUSION

“Practice makes perfect”, then practical journals make
programming perfect. Programming journals help students to
gain experience in the programming field and overcome the
learning curve issue. OJMS can be easily integrated in the
traditional universities curriculum of assigning programming
journal by simply allowing students to write the program and
get immediate and accurate feedback for personal evaluation.
The aim of this project was to design and develop a tool where
students and instructors could both benefit. For instructors
evaluation and time management problems were tackled, while
students are now able to spot their difficulty domains and
practice even more on these domains.
A limitation of our approach is its recent implementation,
rendering it difficult to compare with existing work on
automated submission systems [19]. Once OJMS reaches some
maturity, with significant users’ data, we are considering using
a technology acceptance model approach to evaluate it.
Although a slight overall improvement of students’ grades by
the end of the semester was observed, this empirical evidence
needs to be thoroughly and systematically tested once enough
students will have used OJMS. A common feedback received
from students is the lack of intelligent code completion, which
means that some students implement exercises using tools like
Visual Studio and copy their answer on the web page. Novel
approaches are also investigated to simplify another bottleneck
for lecturers to convert their exercises into a format fitting for
OJMS, through sharing of exercises and solutions. Another
weakness of OJMS is that it is currently supporting only one
programming language, thus limiting its use [21].
This project will be further expanded by the development
of a specialized plagiarism tool [20] for detecting code which
is identical during submission process. Current essay based
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plagiarism tools are not adapted to the special case of
programming journals. Further expansions would also include
the implementation of an interface to design and draw analytics
in the web environment for the lecturer to visualize students’
progress. The next implementation phase is to transform our
web implementation into an app, to allow students to submit
their journals on the go. Finally, implementing an algorithm for
a recommender system which basically recommends journal to
students based on their submitted data and other factors is
under consideration.
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