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Abstract—Computer programming requires skills in designing algorithms, understanding syntax, writing programs, as well as the
ability to correct errors in order to produce good programs. These skills can be developed through much practice on a continuous
basis. The students’ proficiency in programming is measured by the number of exercises that can be solved correctly within a
specified period. From past observations, it is discovered that most students were able to solve the problems given during laboratory
sessions. However, their performances did not carry over to laboratory tests. This situation points to the possibility that the students
might not have performed adequate self-practice in preparing for laboratory tests. In a student-centered learning environment,
fulfilling the notional learning hours is essential to ensure that students are prepared to take their subsequent classes. Based on a
constructivist-learning framework, this article reports the development and evaluation of a prototype system to assist in the self-
learning of programming. The online Auto-marking Programming Exercise System was developed based on the UVa Online Judge as
a benchmark. The system can provide real-time feedback to students immediately after the students submit their programs. This
instant feedback is an essential characteristic of the constructivist approach to learning. This will help students learn to programme in
a useful way. The system is tested and evaluated for usability by selected users from among instructors and former students of
computer programming course.

Keywords— competition based learning; self-practice; notional hours; continuous learning; instant feedback.

I. INTRODUCTION Programming is a skill acquired through continuous

Computer programming is one of the core courses in thePractice. Students should always practice mastering this skill.
STEM study field, which comprises Science, Technology, To assist students |n_hon|ng thelr sk|IIs_ in-programming,
Engineering, and Mathematics. Programming requirementsass'gnmem' and exercises covering a variety of topics should
in this field have made programming a compulsory course inP€ Provided. The number of problem-solving assignments
most courses offered at the higher education level especiallypd Programming exercises completed by the students can
for students in Computer Science and Information reflect the _Igvel of programming skills mastered by them [4].
Technology. It is essential that students master the basic COMPetition based learing approach or also known as
concepts of programming so that they can prepare for late©OMPpetitive learning as a programming training medium has
studying of new languages and tools [1]. In the era of the Athattracted s_tudents to _the programming flel_d_. This is because
Industrial Revolution, programming is an essential elementProgramming competitions have a competitive edge to them,

in the learning system. Developed countries such as the>Uch as that presented in games, in which students are most
United States and Japan have begun to introducelnterested in as compared to the conventional methods [5].

programming from as early as in the primary. In the United Through competition approach, students will be motivated to

State, there have been a string of developments designed tgompete with their friends in order to achieve victory. ACM-

bring Computer Science education into every primary and ICPC, Aizu Online Judge, gnd PKU Judge OnIing are among
secondary school [2]. Recently, the government of Japanthe well-known programming competition websites which

adopted new policy strategies, including a plan to make &€ participated by programmers all over the world.

computer programming compulsory at all public elementary However, the questions in most programming competition
schools from 2020 [3]. websites are challenging and only suitable for skilled

programmers. Students who are still in the beginner stage
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need questions that are more appropriate to their level.spent by the students in revising and carrying out self-
Hence, a learning environment for programming which practice cannot be ascertained. Further studies are needed to
applies the competition approach for programming courseinvestigate how to encourage and ensure that students do
students at the basic level is highly essential [6]. self-practice on programming outside the classroom. Self-
Programming promotes meaningful learning, which practice is important to improve the students' skills in
challenges the students’ thinking. This is embedded throughprogramming.
a constructive process, which requires students to build and Based on research [8], outstanding students have their
develop knowledge by linking concepts that are newly initiative to do additional exercises and to ask the lecturer or
acquired with the existing knowledge and concepts that theytutor if they encounter problems. On the other hand, other
have. Computer programming can be a great way to improvestudents mostly feel the training and the examples provided
computational thinking skills and build problem-solving by the lecturers are adequate, and they have no effort to do
skills [7]. additional exercises. One of the excuses given is the
To produce a skilled programmer is a long process anddifficulty in understanding the errors obtained in the
requires many problems solving experience. Students' skillsprogram. The difficulty of seeking assistance or asking
and abilities in solving problems can be analyzed through questions further breaks their spirits to do self-practice.
three different phases. The first phase: the student's The method of encouraging self-practice is to provide a
knowledge and experience are less organized and difficult tocompetitive environment that provides instant feedback in
achieve. The second phase: knowledge becomes hierarchicairder to increase the students’ self-esteem so that they can
and easy to achieve. The third phase involves theimprove themselves for the better.
reorganization of knowledge and the ability to link the
knowledge learned to build unique knowledge and skills. Il. MATERIAL AND METHOD
This is the same as the requirement for a student to master Learning programming involves both theoretical and

prob!em-sol\(/;ng skills mf mathematics. Progr_ammmgh also hactical learning. Both of these elements are important and
requires students to perform continuous training to sharpenyierconnected. Practical learning is necessary to apply the

thelrhmlnds and skills mdprograrTn;nmg. Training provides haqries learned in lectures, whereas theoretical knowiedge
much experience to students. The extensive experience g neeqed during practical training. In order to develop a

succgssfully solving programming problems then makes_ it system that will aid in the self-learning of programming, it
possible for a programmer to have resources and materlal%ust be based on a specific learning framework. The
avaHatr)]Ie to beluse?c tofsolve chersp_roblems IcT the Lutulre. learning framework implements the constructivism theory,

At the Faculty of Information Science and Technology, ypich helps students build their knowledge and skills
Universiti Kebangsaan Malaysia, the first programming through the experience of solving various programming

course 1s req%*”ed for all students. Th!s course mCIUd_eSproblems. This learning framework is also integrated with
lectures, tutorl_als, and Igboratory sessions. The Ieam'ngcompetitive learning models by way of providing a medium
outcomes of this course give a strong emphasis on aspects Qf. <,dents to compete in solving programming problems.

program writing skills. Students are given wraining in each of the components of this framework is explained
program writing during lab sessions every week. Assessment, 0.

of programming skills is done through three laboratory tests
on topics taught. From observations in the last few sessionsA. Student Centred Learning
most students were able to solve the problems given during gy dent-centered learning is a strategy in which students
laboratory sessions. However, their performances in thep|ay an essential role and actively involve themselves in the
laboratory tests were somewhat less promising. This|earming process [12]. Lecturers become facilitators who
situation may be because the students copied each otheyige students and allocate more time to carry out learning
during the laboratory sessions and did not do enough self-¢ijvities, whether in groups or individuals [13]. In this
practice in preparation for the laboratory tests. approach, students control the teaching process. Control here
Many studies related to basic programming course havemeans that the students are the ones controlling the
been conducted. Among them is an analytical study on theyrgcedures, time and evaluation to meet their different needs.
student’s interest and attitude to identify problems in writing Through this approach, students are trained to engage in
programs [8], as well as a study on students’ perceptionSieaming sessions actively. The burden of communicating

towards the use of PC2 to check lab assignments [9].qyring learning sessions is given to the students. Techniques
Nevertheless, there is still a lack of research on the notional;ch as problem-solving that require critical and creative

hours of students learning time outside the class. Theiinking; involving students in simulation and role-play

notional hour's guideline Malaysian Institutions of Higher ethods, using self-study and co-operative learning can also
learning is that one credit is equivalent to 40 notional e ysed as methods for this approach. Overall, the
learning hours [10]. Thus in a student-centered |eam'ngimplementation of student-centered learning strategy

environment, fulfilling the notional hours is essential 0 encourages teachers to provide opportunities for students to
ensure students are prepared to take the next class [11]. FQg4.n independently.

example, after going to lectures, students need to review the
topic before following through with tutorials and lab B. Competition Based Learning

sessions. Furthermore, after finishing the lab sessions, Competition in learning takes place when students
students will still have to try additional questions to improve compete with each other for the best grade in the classroom.
their problem-solving skills. However, the amount of time stydents will be encouraged to complete an assignment or
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test, faster and better than their peers. However, as a rule forequested answer and others in which each keyword has a

every game speaks, if there is a winner, there will be a loserspecific meaning.

Likewise, in a competition based learning environment,

there will be unsuccessful students who lose in competitions.D: Methodology

This kind of thing can trigger situations whereby students The use of an appropriate development model is essential

will face disappointment and feel inferior when comparing to ensure the smooth running of the project and to ensure

themselves to their winning peers [14]. quality work. The methodology used in the development of
A competition based learning environment can make this system is the waterfall model. This methodology is

students feel more enthusiastic about winning, rather thanchosen because of its structured approach that helps

learning. Besides that, a hostile and tensed situation can béevelopers to stay on the right track and away from

easily created when there is a gap between the winningproblems. There are five phases in the waterfall model that

students and the losing students. In a competitiveare the needs analysis phase, the design phase, the

environment, some combination of personality dominance development phase, the testing phase and the maintenance

and individual level of competence will define the values of phase. System specification and system design is the

the process, inevitably marginalizing weaker and less skilledoutcome of the requirement analysis phase and design phase

team members [15]. respectively. The system is developed based on the
Competition in learning will possibly work when all specifications, design, tested using black box testing

students in the classroom understand and master the learningtrategies, and usability tests. The system is improved based

materials tested. Furthermore, if a student considers theon the results of the test.

competition as a fun game that does not merely focus on

winning or losing, competition based learning will be a [ll. RESULTS ANDDISCUSSION

useful learning style in the classroom. This section will discuss the specification and design,

A competition which is structured and well-balanced can implementation as well as testing of the Auto-marking
be a useful and harmless way of motivating students to dOProgramming Exercise System (APES).

their best. Having competitions as part of competition based
learning can also help students to face the real world, whereA. Specification and Design of the Auto-marking
they have to compete with other people for their job and so  Programming Exercise System

on. Competition based learning will also give students Because a student’s confidence in programming can only

valuable moral experience and lessons to prepare themselvgse obtained by doing many self-exercises that provide

for work or business. instant feedback on a continuous basis, a support system is
C. Online Program Assessment System needed to help accomplish the process.

A programming competition is a competition, which 1) system Specificatiorig. 1 illustrates the use case
requires participants to solve the problems given by giagram for the APEs. The actors in this system comprise of
producmg.a program. The ACM International Colleg|ate students, problem setters, lecturers and  system
Programming Contest (ACM-ICPC) and the International 4gministrators. All users need to be registered by the system
Olympiad of Informatics (IOl) are among the organizations gqministrator to get access to the system.
responsible for organizing regular competitions. ACM-ICPC  1phe proposed Auto-marking Programming Exercise
is the premier global programming competition conducted System has extensive programming exercises and can
by and for the world’s universities. For nearly four decades, respond immediately to students so that students can proceed
ICPC has grown to be a renowned competitive educationaly, g the next exercise as soon as possible. Questions are of
program that has raised aspirations and performance ofarying degrees of difficulty so that students can practice
generations of the world’s problem solvers in computer gnq |earn according to their performance and rhythm. After
sciences and engineering. On the other hand, UvVa Onlingggin, the student can conduct the exercises, view the
Judge, Aizu Online Judge, and PKU JudgeOnline host onlineqglivery |ist of exercise answers, view the questions in the
programming competitions, which are participated by eyercises, send the answer to the exercises and view the
programmers from around the world. scoreboard. Problem setters have only access to questions,

Currently, most programming competitions use the online g,ch as adding and updating questions as well as test data.
assessment concept. Online assessment is a system that USErs acturers. on the other hand. can create exercises and

can send solutions for questions provided for automatedgjasses, search for students, view questions, view answers,
system checks [16] [17] and gives instant feedback [18]. Theang view scoreboards. Lastly, the system administrator has
solution will be tested with the test data set provided. Testccess to all components of the system.
results will result in keywords such as Accepted, Wrong 2y system Architecture Desigithe system architecture
Answer, Run Time Error, Output Limit Exceeded, Time for APEs consists of APEs web applications and automated
Limit Exceeded, Memory Limit Exceeded, and Compile 4s5sessment applications, as shown in Fig. 2. Functional
Error. Accepted means the received program uses the Co"e‘gpecifications for APEs web applications have been
algorithm, the. memory usage and time do not exceed theexplained in the previous sections
prescribed limit, and the program produces the output as per The gutomatic assessment application integrated into this
asked by the question. The wrong Answer means that theapg system is the MOE Contest Environment. The program
program produces an output that is not the same as th@gge sent by the user will be compiled based on the selected
programming language and implemented by entering a test
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data set. The output generated from the implementation ofon the scoreboard. Fig.3 illustrates

the program is then compared to the output test data to verifyassessment process.
the program. The results of the assessment will be displayed

Register user

Create class

Create / Edit
questions

System admin Lecturer

Create exercise

Wiew result

d—

Submit answer ‘/

View question

Problem setter Student

View scoreboard

View exercise

Fig. 1 The Auto-marking programming exercise system use case diagram.
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Fig. 3 Automated assessment process
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student dashboard displays a list of exercises assigned for
the class the student is registered with (Fig. 4). The
information displayed consists of (a) the exercise set title, (b)

The Auto-marking Programming Exercise System timestamp when the exercise starts and (c) end, (d) its status
consists of six modules. The modules are user managemen{pngoing or completed) and (e) a button for users to select
question bank management, exercise management, clasthe exercise. For ongoing exercises, students are allowed to
management, and scoreboard and automated progranrgubmit answers while for completed exercises students are
assessment. Each module is explained in the next section. only allowed to review questions and answers.

]_) User Management ModulelJser management module The dashboard for the system administrator, instructor,
function is to register users into the system. Only registeredand problem setter allows them to view APEs current
users can |Og into and have access to the System_ There agperations. The dashboard displays a list of active exercises.
four user categories namely system administrator, problemThe status for active exercises may be completed or ongoing.
setter, instructors, and students. Users are categorized basezystem administrator and other users can also monitor other
on their roles. The only system administrator can registerusers and graders (instructors) who are currently active.
new users. Once a user logs into the system, the useptatus for auto-marking is also displayed to ensure it is ready
dashboard will be displayed. APEs provides two types of to receive answer submission from students.
user dashboards, one for students and a different type for the
system administrator, instructors, and problem setter. The

B. Implementation of the Auto-marking Programming
Exercise System

APES

Auto-marking Programing Exercise System

# Dashboard

Choose Exercise

Please choose one of the available exercises.

i Start Time

2014-03-04 11:44:13) 2014-05-31 11:44:20
2014-03-05 14:48:13) 2014-03-06 14:48:20

© (d) (

@
-

Fig. 4. Student dashboard

2) Question Bank Management ModulBrogramming 4) Exercise Management Modul&@hrough the Exercise
guestions are entered into the system via this module. OnlyManagement Module instructors can prepare programming
users who are assigned the role of problem setter have accesgxercises for students. Instructors can select suitable
to the module. Details of the problem include problem name, questions prepared by question setters according to a specific
author's name, time limit, memory limit, problem description, topic. This module requires instructors to set a time duration
input format, output format, sample input and sample outputfor students to solve programming problems. Only problems
as shown in Fig. 5. Problem setter will also have to preparefrom the questions bank can be selected for exercise. If
input and output test data sets to be used during prograninstructors want to create their problems, they have to log in
assessment in the auto-marking module. Other instructorsas problem setters. When students click on a specific
while forming programming practice session according to ongoing exercise of a particular topic, a list of problems will
topics can use questions in the question bank. be displayed as depicted in Fig. 6(a). Next, students select a

3) Class Management Module:Class Management SPecific problem, and the question will be displayed in the
Module is developed to assist instructors in monitoring and ACM-ICPC format. Each problem has problem description,
helping students in their programming practice sessions.iNPut, and output formats, as well as input and output
This module allows instructors to form classes for a specific Samples. Button to submit solution (b) and remaining time
practice session. Instructors can select students registered p{pr Submission (c) are also displayed in this screen.
the administrator to join a specific class. Students practice
programming and compete amongst each other in this class.
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FACULTY OF INFORMATION SCIENCE & TECHNOLOGY

APEs

Automarking Programming Exercise System

W Problems | [ New Problem

Add Problem
Name
Busthor
Tirme Limit seconds
Memory Limit )
Statement

TInput Far
The mrs2 fine Comang 2 Singie IMTRGET T, GENOTING ThE MUTIONT Of TRSICASED. FOT 480N LAICIE, <CoTTINUER
Output Formst
Far each testcase, <comimes
Sampie Input
0
Sample Output
o
Explanstion
Constraints

®1cT2m
*1cnzim

® lgx e s emEX

Fig. 5 Input problem interface

W Problems
R FACULTY OF INFORMATION SCIENCE & TECHNOLOGY
g AKULT! TEKNOLOG! & SAINS MAKLUMA
=
Aut king Pr i ise System
(a)
W Problems | & TRAILING SIFAR || B Submit Answer © 526:18:06 remaining
2 Prosiems TRAILING SIFAR
() ©
i Memory Limit 10MB
EC
ED Problem Description
EE Siflar is amalay word for zero or 0. Tn mathematics, traling sifé is a sequence of Os in the decimal representation of
number after which no other digits follow. The number of trailing sz in the decimal representation of N1 (5 <= N <=
®F 1,000,000} is simply the multiplicity of the prime factor 5 in V. Given a decimal integer N, you are to find the aumbe
Ee 1 of trailing 5 ifar for N1For example. 10! = 3,628 800. Thus, the number of trailing sifar for 10! is 2.
EH Input
- Each line of input contains an integer N where 5 <= N-<=1,000,000. The input is terminated with a line containing 0.
Output
EJ i
For each test case, the output contains a line in the format Case #x: M, where X is the case number (tarting from 1) an
4 M is the number of trailing sifar for M

Fig. 6 Student exercise interface

To submit a solution, students will click on the submit

button and a dialog box as shown in Fig. Seven will pop up. AITRAILING SIFAR| (@)

Next, students need to select a targeted (a) programming Conouane.
language, (b) upload the program solution file and (c) send Java 5
the solution for auto-marking. When a student submitted a XS ©

program, the list of all submissions will be displayed as [ Browse_ ] Nofie selected
depicted by Fig. 8. Information related to each submission
include (a) the list of problem answered, (b) selected ancel
programming language, (c) timestamp of submission, (d) ®)
auto-marking verdict i.e. AC (Accepted), CE (Compile
Error), WA (Wrong Answer), RTE (Runtime Error) and Fig. 7. Problem solution submission dialog box
TLE (Time Limit Exceeded), and (e) icon to access details
of auto-marking results.

5) Scoreboard Module: A score is given to every
problem solved by students based on the duration and the
number of attempts required to solve the problem. Students
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are penalized 20 minutes for every failed attempt. The C. System Testing
overall score is displayed on the scoreboard in ascending
order. A student with the lowest score means that he or Sh?he b
is the fastest to solve the problem. Fig. 9 shows the
scoreboard interface.

Testing for APEs is divided into two strategies namely
lack box testing and usability testing. During the black
box testing, each function is tested to ensure the modules
developed to operate as stated and the outputs are by the
6) Automatic Assessment:This is the most important system requirement. The black box test is divided into
module in the Auto-marking Programming Exercise System. security testing, input data testing as well as out data testing.
Each submitted program solution is compiled automatically.
If the submitted program has a syntax error, the system will
give error feedback, and the solution will not be accepted. If

the submitted program is successfully compiled without users to use the system test the system interactively. The

error, the program will be evaluated with associated input selection of respondents for the usability test is by randoml
test data. The generated output will be compared against thé P y y y

output test data. If they match perfectly, the submitted asking lecturers involved in the teaching of pr(_)gramming
program is accepted and regarded as the correct solution, an nd former students who h_aye takgn programming cOurses.
the score collected will be displayed on the scoreboard. In h total 11 respondents participated in this test.

contrast, if outputs compared are different, the system will

give wrong answer feedback and score will not be recorded

Users to identify bugs, to test system effectiveness and
to ensure that the system fulfils user’s requirements, carry
out usability testing. Individuals who require the individual

@ Submissions & Ciarfications & Scoretoard

m b FACULTY OF INFORMATION SCIENCE & TECHNOLOGY

testing

Auto-marking Programing Exercise System

mission List 02 9.55
(b) (©) (d) (e)
submitted
Showing submissiof 1 through 12 from 12 total
"]
Wl Prablem Language -]
12 A|TRAILING SIFAR C++ 2014-05-21 18:03:59 Q
11 H|RAINFOREST CANOPY Java 2014-05-21 02:41:32 Q
10 A| TRAILING SIFAR C+ 2014-05-07 01:39:47 Q
9 Jjus C+ 2014-03-05 08:21:28 Q
8 HIRAINFOREST CANOPY Java 2014-03-05 08:20:37 = Q
7 G|RICE SACK C++ 2014-03-05 08:19:44 o AC Q
6 F|SAHUR & IMSA C++ 2014-03-05 08:19:07 Q
5 E|THE SULTAN'S CHAPATI C+ 2014-03-0508:17:01 o AC Q
Fig. 8. List of submitted exercises
testing
Auto-marking Programing Exercise System
= Scoreboard © 224:18:50 remaining
[l | e oses JafsfclolelF o] ] ]
5 Student 4 4042 ‘[3&\1{; Al Al 109230 109235 141236J~F3—’£:.;1 0/~ {1238
i 0, S A S B
Fig. 9. Scoreboard interface
The primary aspects evaluated by users include: agree, 9% answered not sure, and none of them answered

1) System usabilitySystem usability is evaluated based disagrees or strongly disagrees.
on whether it is easy to use fulfills the user's demand and 2) System abilitySystem ability is evaluated based on its
requirement, and the user’s readiness to recommend theapability and effectiveness in performing all processes and
system to students. Results from the test show that 58% ofmodules in the system based on the models and approaches
the respondents answered strongly agree, 33% answeredsed. The result from the questionnaire shows that majority
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of respondents agree that the APEs has the expected
characteristics. The details result shows 24% of the
respondents strongly agree, 76% agree, and none has chosen
not sure, disagree or strongly disagree. (2]

3) System user interfaceThe system user interface
evaluation is carried out based on the functionalities and
supports provided by the system. Also, the aspects of user-
friendliness and understanding are also evaluated. The resulg]
from the questionnaire shows that 51% strongly agree, 49%
agree, and none of the respondents have chosen not sure,
disagree or strongly disagree.

IV. CONCLUSIONS (4]

The Auto-marking Programming Exercise System has
been developed and tested to evaluate its functionalities and
usability. The APEs can provide some support. Firstly, it (5
creates a question bank of programming exercises complete
with their associated input and output data sets. Secondly, it
supports a new class, supports for creating a new exercis
based on selected questions from the question bank. Thirdly,
it supports for accepting and evaluating programs submitted
by students for selected exercises. Lastly, it supports for
calculating, recording and displaying students’ scores on a
class’s scoreboard. However, it can be further improved.

The auto-marking feature for APEs can perform the same[sg]
functionalities as top online programming contest systems
such as UVa Online Judge, Aizu Online Judge, and PKU
JudgeOnline. It is also equipped with a question bank that isyg;
designed in such a way so that it is appropriate for novice
programmers. The system also provides class management
and user management functions so that teachers can monit(ﬁo]
student performance in their respective classes.

It is every instructor’s dream to provide a platform where [11]
students can perform self-exercise to improve computer-
programming skills. Through such systems, instructors can
monitor and identify students’ weaknesses in specific topics
and devise plans and methods to help them understand ang2]
master the topics.

By calculating the strategy of competition-based learning [13]
in the system developed it is hoped that instructors can
create a healthy competitive environment to motivate
students to perform programming exercises. To avoid [14]
students who sit at the bottom of the scoreboard from having
low self-esteem, losing interest and focus towards [;5)
programming courses, the instructors must explain the
purpose of using such system in the teaching and learnin
process. Such a system should not emphasize on the ratirﬂd
on the scoreboard but rather on the efforts put in by students
in practicing developing solutions to programming problems [17]
to gain experience through solving as many problems as
possible.
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