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ABSTRACT

As the knowledge base in the Computer Science is growing, many new programming languages are being
introduced. On one hand the software industry, while hiring a computer programmer, expects him to be a
proficient in computer programming. But on other hand there is deficiency of computer programmers who are
skilled in programming. So to bridge this gap it’s crucial to assess the programming abilities of students.
Testing and grading programming assignments manually requires more time and are less efficient as far as its
correctness is concerned.

Today, many software systems are available for conducting choice based assessment that are capable of
assessing a student’s knowledge but not his skills. We have implemented system for assessment which is
based on programming assignments that are submitted by students. The system in turn compiles these
programs online. After compiling it successfully the teacher of the corresponding subject can test it using this
system, and grades it based on how many tasks have been accomplished. This paper reports about the design
and implementation of automatic assessment of programming assignments. Report of the sample usage of this
software system is included.
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INTRODUCTION

Today, there are many online compilers to tools available which allow users to write, edit, compile and run
programs online. Such systems are proving to be crucial for developing programming skills. But many of
them just check for the syntactical errors or they just execute a program and provide its output. They don’t test
or evaluate the performance based on the results of test cases.

Another issue is that many new programming languages are being introduced in the field of computer
science education. A teacher can’t learn all of them, so there has to be system which will test the programs
written by students and evaluate these programs and will provide the teacher its analysis

Assessment is an essential element in learning processes. It is therefore not unsurprising that almost all
learning management systems (LMSs) offer support for assessment, e.g., for the creation, execution, and
evaluation of multiple choice tests. We have designed and implemented generic support for assessment that is
based on assignments that students submit as electronic documents. In addition to assignments that are graded
by teachers, we also support assignments that can be automatically tested and evaluated, e.g., assignments in
programming languages, or other formal notations. In this paper, we report about the design and
implementation of a service-oriented approach for automatic assessment of programming assignments. The
most relevant aspects of our “assessment as a service” solution are that on the one hand the advantages of
automatic assessment can be used with a multitude of programming languages, as well as other formal
notations (as so-called back ends); on the other hand, the features of these types of assessment can be easily
interfaced with different existing learning management systems (as so called frontends). We also report about
the practical use of the implemented software components at our university and other educational institutions.

Background and Motivation

The advantages for the learning processes are even more substantial when the online submission of
students’ programming assignments is combined with automatic testing and grading. Automatic assessment
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allows timely, nearly instant result for students, which is an added advantage of the system. Content
Management Systems are far more efficient for managing the learning process.

The website used by the workgroup has been built on Plone [16]. In past too, e-learning or online learning
systems have been used in learning process. With increasing interest in e-learning and in the ways in which e-
learning technologies can be integrated into existing structures and technologies (organizational, as well as
technical), the idea of enhancing Plone with additional components, in order to convert Plone into an LMS,
arose. As they were unwilling to administer and maintain a second native LMS, which provides a good
portion of the same functions as a CMS, they have designed, implemented, and deployed a number of
modules for Plone which extend the CMS with specific e-learning functionality. These modules—collectively
called eduComponents [17] —provide specialized content types offering the following main functions ([6]
and [7]).

e ECLecture is a product for managing lectures, seminars, and other courses. It also serves as “portal”
to all course-related materials and handles registration for courses.

e ECQuiz supports the creation and delivery of interactive multiple-choice tests. It can be used for
formative tests to quickly assess the performance of a class without the need for extra grading work.

e ECAssignmentBox allows the creation, submission, and grading of essay-like assignments. The
assessment process is semi automated, i.e., the assessment is done by the instructor, who is aided by
the tool during the process of grading students’ work and giving feedback.

The eduComponents modules can be used separately, or in combination and, since many basic functions
are already provided by the CMS. Deploying the eduComponents turns Plone into a full-fledged, tailor-
made LMS. However, they wished to offer their students more timely feedback and more detailed discussion
on their programming assignments too. In addition to the more conceptual aspects, programming includes
practical aspects as well, e.g., techniques of testing and debugging programs and the use of a programming
environment. Therefore, students should be given frequent programming assignments, but assessing a large
number of such assignments is a time consuming and labor-intensive task.

LITERATURE REVIEW

The edu Components Approach

E-learning platforms are systems that support six activities in an educational context: Creation, organization,
delivery, communication, collaboration, and assessment. Furthermore, we have concluded that modern Web
content management systems support five of these activities. This means that few of these activities are
educational—the one exception is assessment.

So, one could say

E-learning = Web + assessment.

To allow system administrators to adapt the platform to the needs of their users, the CMS should not just be
“modular” in a general sense, but individual modules should be deployable individually. This requirement
implies a component-based architecture [24] or possibly a service-oriented architecture [25].

Design and Implementation
Design Considerations

The eduComponents are a new approach to the architecture of an e-learning platform. The design of
the eduComponents tries to overcome the technical problems with conventional e-learning platforms, as
described in the previous chapters, and to enable new approaches for deployment.
Instead of re-implementing CMS functionality—as conventional e-learning platforms do—, the
eduComponents rely on a general-purpose CMS to provide (1) a rich development environment and a basis
for deploying components, and (2) a reliable implementation of basic document management functions.
Furthermore, the eduComponents approach relies on a component-based architecture, which makes it possible
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to install only the required components and to combine components from different sources. The third point is
to use a uniform content representation, in our case; documents are the central objects, and tests are
documents just like lecture notes.

Zope and Plone

For the actual implementation of the eduComponents they have selected the Plone [16] content
management system as the basis for our components. Plone is built on top of the Zope [26] Web application
framework. Zope provides a platform for building Web applications such as content management systems,
intranets, portals, or other custom applications. Zope is based on a transactional object database (ZODB); it
also includes an integratedWeb server (ZServer), a search engine (ZCatalog), and a workflow engine. It can
connect to all major relational database management systems, interoperate with other Web servers (such as
Apache), and supports further network protocols such as FTP, WebDAYV, and XML-RPC.

PROPOSED METHODOLOGY

System Architecture:

Architecture of the proposed system is given in the figure 3.1. As the figure shows Users of the system will
interact with it via a Graphical User Interface (GUI), which is built in ASP.NET on .NET platform. Users
will have pages to sign up to the system, pages for logging in, for adding their respective information.

Environment:

Environment is the programming environment required to run a program written in a programming
language, e.g. program written Python requires its own interpreter. Environment will be selected for
respective programming languages.

Test Case Provider:

Test Case Provider (TCP) unit is the part where test cases for different programming assignments are stored.
After creation of a new programming assignment, teacher will write test case for this assignments, for testing
this assignment. These test cases will be stored in database, which will be called as Test Case Provider.

!

Graphical User Interface
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User Management Unit

Enivronment;
PEU
(Program Execution Unit)

Database
System

Enivronment,
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(Test Case Grade I
Provider) Enumerator
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Figure 3.1: System Architecture
User Management Unit:

User Management Unit is responsible for managing the users. This unit is specifically used by administrator
of the system. This unit provides features such as adding new user, authenticating access to the user,
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approving the user after sign up etc. Grade Enumerator unit grades the programming assignments based on
test results.

Program Execution Unit:

Program Execution Unit (PEU) collects all necessary data to run a program from all the other units and
generates the results which are then stored in database. Further, users can access these test results based on
their access rights. Assignments created by the teacher are stored in database. Students will read these
assignments from database, and try to solve it. When the user is done with assignment he will submit it,
which will be stored in database. After the deadline for the submission of passes the teacher will auto test the
assignment and the test results will be stored in database.

Grade Enumerator:

Grade Enumerator unit is responsible for assigning grades to assignments submitted by students. Assignments
submitted by students are tested against the test cases written by corresponding teacher. If the tests
successfully then this unit assigns the grade based on following formula. Grade enumerator first calculates
grade points for every programming assignment, i.e. Pgaqe, Submitted by student, as given in equation (1).

L4
"
Pe_.. = ¥} Duteomea(t, ) 1y
e = ) (1)
k=1
Where,
t = the outcome of P for tk‘h test.
n = number of test cases for P.

PGrage = Grade of Program P.

Accumulated grades points of set of programming assignments constitute student’s grade points, i.e. Sgrade-
SGrade 1S calculated using equation (2).
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Where,
P, = Grade of P," program.
m = Number of programming assignments.

Scrde = Grade of Student.

The final stage of grade enumerator is to enumerate final grades based on student’s grade points as given in
equation (3).

T — Beast
Sem =305, €n - Avg. (3)
0 — Worst

RESULTS AND DISCUSSION

The experiments are carried out on various samples and we found that grading every single
programming assignment for large number students manually becomes a tedious task and it is sometimes
inaccurate. Whereas doing same task using our system gives the better and accurate results and that too in
very less amount of time compared to manual grading. The three samples from results generated by grade
enumerator are as shown in table 4.1.
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Tk 9 PGrade SGrade

Si | P T T sum(Ti) | sumPjy; SEnum
P 1 0 1 2

Si P, 0 1 1 2 1.67 Avg
Ps 0 0 1 1
P 1 1 1 3

S, P, 1 1 1 3 2.67 Avg
P; 0 1 1 2
P 0 0 0 0

S3 Ps 0 0 0 0 0 Worst
Ps 0 0 0 0
P, 1 1 1 3

S3 P, 1 1 1 3 3 Best
Ps 1 1 1 3

Table 4.1 Sample output of Grade Enumerator

First of all, admin will come into existence in the system. Teachers will sign up for the system and
admin will approve their accounts. Teacher will create assignments by giving its details such as assignment
title, subject to which this assignment belongs to, deadline for submitting this assignment, inputs, outputs,
method names etc. After creation of this assignment, he will publish this assignment. Once an assignment is
published by a teacher, it will be visible to respective students. Students will read this assignment and will
start implementing it. Once they are done with implementation they will submit this assignment. After the
deadline for submission of this assignment passes the corresponding teacher will start testing the assignments
submitted by his students. Results of the testing of the assignments will be stored in database and same will be
used for grading of these assignments.

CONCLUSIONS

We have developed a software system for C# and Python programming language—for automatic
assessment of programming assignment in Computer Science education. We showed how this system can
enable a frontend, i.e., learning management system, to automatically test and grade programming
assignments. We also have reported about grading an individual programming assignment. Then using this
grade, we can grade the performance of a student. This grading technique may become crucial in assessing the
performance of students in programming subject, which may in turn help the education system to provide the
productive engineers to industry.

Support for automatic testing and grading of assignments in natural language can be developed, but
this surely requires much more research to be done in this area.
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