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Abstract

Teaching introductory programming modules in higher education is highly
challenging. In particular, it is hard to motivate novices if there is a lack of
tutoring support and it is also difficult to assess their progress when there is a
large class. Automated assessment and feedback systems help in this scenario.
The use of automated assessment and feedback systems support teaching
programming and motivate the novices in their learning process. This paper
discusses these assessment and feedback systems which enable academics to
assess, grade and support students learning programming. This study mainly
concentrates on whether these systems enable them to understand basic
programming concepts and help to improve their skills. The result of this study
is that they are very effective in scaffolding the teaching of programming and
assessing programming assignments. This study concludes that these systems
still need some development to be more effective to motivate their learning
process.
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1. Introduction

Programming modules are essential for any software development related courses at higher
education institutions all over the world. In Ireland, there are a number of programming
modules with different names (Becker 2019), although many of them have similar content.
The objective of these courses is to give the basic knowledge of programming languages by
introducing syntax and semantics. Therefore, these modules play an important role to make
them comfortable in continuing their education in computing. There are a number of activities
introduced to motivate the novice students in programming modules: e.g. Intelligent tutoring,
real-time problem solving, competence based (Najar A et al., 2012) and computational
thinking (Lockwood et al., 2018). Assessment and feedback are also important to help and
motivate their programming skills (Wang et al., 2017). Once assessment motivates their
confidence, then their interest in programming will increase and the dropout rates will
decrease (O’Brien et al., 2016). Most of the studies found that the traditional feedback system
does not notify students what the errors are exactly, what type of mistakes they made in
programming assignments. It just assesses what they know, what they can achieve and not
where they failed. It will enhance their ability if it points out exact information.

There are a number of solutions that have been found in order to make assessment easy and
feedback to students where they made mistakes or found difficulties. Some of them are
automated assessments and rubric styled evaluation. Automated assessment system (Qian et
al., 2019) evaluates the student’s program submissions and gives the feedback immediately.
There are a variety of automatic assessment systems available to evaluate student
programming assignments. They support automatic evaluation of student submissions based
on different approaches such as natural language processing, machine learning, image
recognition, targeted feedback, and gamified web systems. The objective of this study is to
compare these automated assessment and feedback systems and approaches in order to
motivate and build up the confidence of novice students in higher education.

2. Related Systems

This paper reviews the following assessment systems with regards to assessment and
feedback techniques for first year programming modules. The reason for choosing these
systems is that they are currently practising in some academic institutions.

1. Leed's automated assessment and feedback platform (Evans et al., 2020).
2. CodeRunner — Quiz based programming assessment system (Lobb et al., 2016).
3. VPL, the Virtual Programming lab for Moodle (Rodriguez-del-Pino et al., 2012)
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4. Browser based pedagogical coding environment (Culligan et al., 2018, Azcona et
al., 2018).
5. 2TSW: Gamified Web Based System (Polito et al., 2019).

2.1. Leed's automated assessment and feedback platform

This system (Evans et al., 2020) enables students to receive automatically generated, instant
and personalised feedback. It provides formative feedback to students after each learning
exercise, with feedback usually provided following formal summative assessment. It is
designed for multiple programming languages: C, C++, Python and simulation packages. It
allows electronic submission and students receive the automatic grading with textual
feedback on their submission. It follows a student-centred approach. The drawbacks of the
system are unsuitability for learning management systems as it is a stand-alone system, and
it fails to notify exactly where errors are.

2.2. CodeRunner

CodeRunner (Lobb et al., 2016) is another feedback system which was developed at the
University of Canterbury. It follows the Moodle question type. Therefore, it is suitable for
learning management systems (LMS). It runs millions of student quiz question submissions
in Python, C, JavaScript, PHP, Octave and Matlab. CodeRunner is a Moodle quiz question
type that allows teachers to run a program in order to grade a student's answer. By far the
most common use of CodeRunner is in programming courses where students are asked to
write program code to solve programming problems and that code is then graded by running
it in a series of tests. CodeRunner enables the provision of different possible correct answers
to assess the correctness of student’s programs. These questions can be used in different
computer science areas as well. Adaptive mode is available in Coderunner which allows
students to write the programs to get immediate test case results. If they find any errors, they
can resubmit with correct answers with a small penalty. It is a student-centred approach with
immediate feedback to resubmit for further grading.

2.3. VPL: The virtual programming lab

The VPL (Rodriguez-del-Pino et al., 2012) is an extension to Moodle which enables
academics to assess and grade programming assignments in many programming languages.
It allows students to edit, run and test the computer programs in the browser. It also allows
the academics to automatically evaluate and check plagiarism. It supports many
programming languages: Java, Python, C#, PHP, JavaScript, Matlab and more. It allows the
academics to set up different test cases in order to check student’s submissions. Therefore,
the students are immediately able to receive the feedback about the errors against the test
cases. It helps to manage all the programming assignments on Moodle which makes the
students' learning process easier.



Use of Assessment and Feedback Systems for Introductory Computer Programming Modules

2.4. Browser based pedagogical coding environment (MULE & Einstein)

There are a number of pedagogical coding environments available in use. MULE stands for
Maynooth University Learning Environment. MULE (Culligan et al., 2018) is an on-line,
browser-based pedagogical coding environment, for delivering, marking and providing
feedback on coding assignments. This system evaluates and provides feedback for ‘Java’
programs. The major advantage of this system is providing feedback immediately when
learners submit their programming assignments. However, this tool needs to enhance how it
provides error messages to support novice programmers. It follows the unit testing technique
in order to grade.

Einstein (Azcona et al., 2018) is another browser (docker) based learning system for
programming modules. This is a stand alone virtual learning environment and it is in use at
Dublin City University for a number of programming modules. This system lists out the
programming exercises on its dashboard and allows the students to submit their solutions in
‘Python’ language. This system calculates the grades and provides the feedback immediately
against predefined test cases. These both systems do not notify the student as to where the
errors exactly are, how to improve them and what type of the error. However, they both
provide immediate feedback and allow resubmission for improved grading. Also, they do not
run on LMS as they are stand-alone applications.

2.5. 2TSW: Gamified Web Based System

2TSW is a web based assessment and feedback system to assess complex programming tasks
(Polito et al., 2019). It follows the gamified structure to motivate and engage students in
programming tasks. This is a teacher-centred approach as teachers are able to post different
tasks in the module space and students can submit their solutions. Instead of traditional
grading, it provides batches to reward student’s completions along with grade percentages. It
motivates them to attempt different test cases. For failed results, it provides possible feedback
to reattempt the questions. It supports peer feedback as well.

3. Review Criteria & Discussion

In order to investigate the use of assessment and feedback systems for introductory computer
programming modules, the following criteria has been used for effective review of these
systems.

3.1. Feedback types

This criterion defines the types of feedback the assessment systems provide.
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e Text feedback
e Audio or visual feedback
e Peer feedback

3.2. Assessment approaches

Assessment approaches that the system follows are classified into three types based on the
assessment escalation (Souza 2016).

e Teacher-centred: Teachers initiate the assessment process in these tools, so students
do not get immediate feedback.

e Student-centred: Students get immediate feedback as they initiate the assessment
process in these tools.

e Hybrid: Either student or teacher can initiate the assessment process and students
get partial feedback.

Table 1. Comparison of Automated assessment and feedback systems

List of Feedback
Tool Technology Features Languages Approach tvpe
support P
Leed’s Stand-alone Formative C, C++, Teacher Text
application feedback Python centred
Python, C
Moodle quiz of Y on,_ '
CodeRunner Moodle rogrammin JavaScript, Student Text
plugin pass? nmentsg PHP, Octave, centred
g Matlab
Many
rogrammin
Moodle Immediate progra g Student
VPL . languages Text
plugin feedback . ) centred
including
Python & Java
MULE Stanc_i-algne Immediate Java Student Text
application feedback centred
. . Stand-al | diat Student
Einstein an_ agne mmediate Python uaen Text
application feedback centred
2TSW Stand-alone Summative c Teacher Text &

application feedback centred Peer
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3.3. Features of the tools
This criterion lists out different features that the assessment systems provide.

e  Electronic submission
e  Automatic assessment
e Automatic grading

e Immediate feedback

3.4. Assessment system interfaces
This criterion describes the working environment of the systems.

e Learning management system

e Stand-alone system

e  Web user interface

e Integrated development environment

3.5. Discussion

This study revealed that Leed’s, MULE, Einstein and 2TSW are stand-alone systems which
do not support common learning management systems as Coderunner and VPL do as shown
in Table.1. Every system supports different programming languages. Coderunner, Einstein
and MULE are student-centred as students can start to run the system whenever they need
contrast with others. In conclusion, most of the systems have established that their primary
motivation is to provide the feedback immediately as a student-centred approach to help them
understand where the code went wrong, what type of the errors are in the code and the option
to make the changes and re-submit. The 2TSW allows peer assessment where students can
get feedback from their fellow students. Therefore, these assessment systems help the
students to reflect and enable them to learn from the mistakes.

4. Conclusion

This study reviewed different assessment and feedback systems and looked at how they
assess computer programming assignments, how they provide feedback and grading and how
they help academics in online teaching. All of them are very useful in different ways and for
different requirements. Therefore, these systems help the students to reflect and enable them
to learn from their mistakes. However, this study found that there are some drawbacks with
these systems. The primary one is that they assess the students with the same questions, with
no differentiation for student ability. Adaptive assessment is the process for assessing the
students with different abilities with different sets of questions (Chatzopoulou 2010). It
assesses the students repeatedly until they attempt the correct answer in the level. Therefore,
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it confirms the students’ knowledge in the level and notifies them the area where they lack
competence or have difficulties. This study suggests an adaptive assessment for these systems
which fosters student commitment to complete the programming tasks. It would be better to
implement the adaptive assessment in addition to the automated feedback to enhance the
learning process.
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