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Abstract. This professional paper presents a case study in the use of CodeRunner, a Moodle plugin, at 
the University of applied sciences Velika Gorica. The paper demonstrates how three of our 
undergraduate courses, Programming, Programming language C, and Algorithms and data structures, 
have been improved by using this plugin. A short introduction to Moodle and the CodeRunner plugin 
is covered by the paper before it moves on to present a concrete programming practice and exam task 
examples, both before and after CodeRunner implementation. Compound student results before and 
after the implementation of the plugin are compared. Finally, the paper presents results of a poll which 
encompassed two generations of students and examines student satisfaction with our implementation 
of the CodeRunner plugin. 
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1. Introduction
The authors of this paper describe an e-learning method used in some of the programming 
courses at the University of applied sciences Velika Gorica. While a Moodle system called 
Gaudeamus has been in use at the university for many years, several courses have recently 
started using an automatic programming task grading tool, a plugin called CodeRunner. 
CodeRunner was developed by Richard Lobb and Tim Hunt and has (along with its 
predecessors) been used by the University of Canterbury. Since CodeRunner is a free, open-
source plugin, the authors as well as other institutions have started using it. At the authors’ 
institution the use of this plugin has greatly reduced the teaching staff workload and has 
received praise from the students. For these reasons the authors have conducted a survey on 
student satisfaction with this way of presenting and grading programming tasks and have 
analysed the results of it along with a short description of the systems (Moodle and 
CodeRunner) it depends on in this paper. It is the hope of the authors that the paper will help 
introduce this plugin to other programming teachers and encourage its use in even more 
institutions and other courses of our own which have yet to move away from manual grading 
of programming tasks. 
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A similar paper, which describes the use of the same plugin at the Conventry University, was 
recently published by David Croft and Matthew England (Croft & England, 2020) and the 
principal author of the plugin, Richard Logg along with Jenny Harlow published his own 
paper in 2016 (Lobb & Harlow, 2016). These previous papers focused on presenting 
CodeRunner itself and made only short mentions of student satisfaction and results. This 
paper presents a more thorough analysis of a satisfaction survey and exam results before and 
after CodeRunner. While the programming tasks themselves are likely to be quite similar 
between the different institutions, for completeness sake, we have included a short description 
of the Moodle e-learning system in chapter 2 and the CodeRunner plugin in chapter 3. 
However, we highly recommend readers whose interest in CodeRunner is peaked by this 
paper also to read the aforementioned ones, as they will provide a better picture of the plugin. 

2. Moodle e-learning system
Moodle is a learning platform designed to provide educators, administrators and learners with 
a single robust, secure and integrated system to create personalized learning environments 
(Moodle HQ, 2020). The name Moodle is actually an acronym that stands for Modular 
Object-Oriented Dynamic Learning Environment and it is known as a Learning Management 
System (LMS) or a Virtual Learning Environment (VLE). Moodle was originally developed 
by Martin Dougiamas and the first version was released on the 20th of August 2002. Today, 
Moodle is exceptionally popular around the world and is currently used in 234 countries, on 
110 thousand websites, has over 180 million users and over 2 billion quiz questions already 
created by users. These numbers make Moodle the world’s most widely used learning 
platform. Users range across academic and enterprise level usage. Moodle is written in PHP 
and it is free for download as an Open Source software, under the GNU General Public 
License. It is free to be deployed on a private secure cloud or a wide range of web servers and 
can be adapted, extended and customized for commercial and non-commercial use without 
any licensing fees. Its multilingual capabilities with over 120 languages are making it 
available around the world. Moodle can be configured by enabling or disabling its many built-
in features and external tools. It is flexible and it can be fully customized by a modular set up 
and available plugins and add-ons. There is also the possibility for developers to create 
plugins and integrate external applications for specific functionalities. At the time of writing 
this paper, there were over one thousand and six hundred plugins free for download and over 
nine hundred registered developers on the moodle.org website. 
The Moodle interface can be extensively adapted and customized to suit an organization’s 
visual identity. Moodle is a web application and its main interface is designed in the form of a 
web portal. The central section displays key content while the side columns contain additional 
modules for system management and navigation. This allows for management of files, events 
through a calendar, users, course attendance, activity results, settings and many other aspects 
of the system. The types of administration options available to a user depend on the system 
settings, the number of optional modules installed, and the privileges or roles of the logged in 
user.  
University of Applied Sciences Velika Gorica has been using Moodle for many years now 
under the name Gaudeamus at the web address gaudeamus.vvg.hr (Figure 1).  
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Figure 1 Implementation of the Moodle system - Gaudeamus 

Gaudeamus enables e-learning for five undergraduate study programs and three graduate 
study programs with over 150 courses. The undergraduate study program Computer Systems 
Maintenance includes, among other courses, courses concerning programming, namely 
Programming, Algorithms and Data Structures and Programming Language C. These use a 
plugin called CodeRunner which enables a special question type that requires students to 
submit program code of given specifications. This plugin has gradually been implemented in 
the mentioned programming courses since 2017. and its use is the primary focus of this paper. 

3. CodeRunner plugin
In a paper published by its principal developer CodeRunner is described as “a free and open-
source Moodle question-type plug-in that lets teachers set questions where the answer is 
program code” (Lobb & Harlow, 2016). We use CodeRunner for programming tasks in our 
Programming, Programming language C and Algorithms and Data Structures courses. This 
chapter gives one example of these programming tasks for the programming language Python 
and one example for programming language C. Examples demonstrate questions that are 
given to students in exercises and mid-term exams. The examples have been translated to 
English for the purpose of this paper, as actual classes (and the corresponding programming 
tasks) are conducted in the Croatian language. 

3.1 Creating CodeRunner questions 
Creating a CodeRunner question is similar to creating any other Moodle question. All 
questions (including CodeRunner questions) must be placed in the “Question bank” inside the 
course on Moodle. Such questions can be grouped by category. 
When creating a new CodeRunnner question it is necessary to choose one of the available 
programming languages. The selected programming language will be used for checking the 
student’s solution. 
One other important property is grading and penalty. The student can check their solution 
multiple times. Questions can be set so a penalty is applied every time a student submits their 
solution, i.e. reduce the maximum number of points by a certain percentage. 
For every CodeRunner question, test cases must be supplied. Test cases can be visible or 
hidden to students. Test cases are used to determine whether a solution is correct.  

3.2 Programming language Python task example 
We use Python in the courses Programming and Algorithms and Data Structures. These 
courses require students to write programming codes to solve given tasks. 
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CodeRunner supports Python versions 2.x and 3.x. When creating a CodeRunner question for 
Python it is necessary to choose the correct version (python2 or python3). In our courses we 
use Python version 3.x, so it is necessary to select python3 for our CodeRunner questions. 
Figure 1 shows an example of a CodeRunner question. The student is required to write a 
function which counts uppercase letters in a given string. This function must return the result 
(integer number) to the caller. 
CodeRunner questions contain written instructions for the student and examples for unit 
testing (test cases). Two such examples are shown in Figure 2. These examples are visible to 
the students. There are also hidden examples that are visible only to teachers and are used for 
determining the correctness of the student code. 

Figure 2 Example of CodeRunner question for the programming language Python 

After inputting an answer, students can check their solution by clicking the button Check. The 
CodeRunner plugin uses a separate server, called Jobe server, to execute the student code and 
to compare the output of the student’s solution to the expected results of the unit testing (test 
cases). Results of the unit testing are shown to the student, but only for those tests which are 
configured as visible tests. If there are hidden tests, students are notified that their solution has 
failed a hidden test case. Students can’t see which of the hidden tests their solution had failed. 
In an exam situation multiple Checks may or may not impose a percentage point penalty each 
time they are used. So far, our courses have not made use of this penalty system and have 
allowed infinite testing. It can be argued that this makes tests too easy and we are still 
considering this decision but the option of removing the penalty is certainly useful for many 
non-exam situations such as regular programming exercises. The figures below show the 
interface students see when their solution is incorrect (Figure 3) and when their solution is 
correct (Figure 4). 
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Figure 3 Incorrect answer Figure 4 Correct answer 

In the authors experience, this interface is highly functional and loved by the students. Since 
the “Got” column in the response interface can display interpreter (or complier) errors, we 
have seen examples of students forgoing the use of IDLE, an integrated development 
environment (IDE) for Python which we use in our courses, completely. Of course, 
CodeRunner is not an IDE and the results of its exclusive use have varied highly with student 
skills. As expected, lower skilled students are slower and less successful when working like 
this. We do not forbid writing code directly into CodeRunner but do discourage it. The 
recommended workflow for programming tasks in our courses is to write code (and test it) in 
an IDE and copy it into CodeRunner when satisfied with the initial testing. 

3.3 Programming language C task example 
For programming language C, CodeRunner supports two types of questions. These are 
c_program and c_function. 
Questions of type c_program allow the creation of tasks in which students need to write an 
entire C program. The solution must contain include statements and a main function. The 
solution can contain additional functions. Test cases for this type of question must contain 
input and/or output data (depending on the question the teacher created). As before, teachers 
can select which test cases are visible to students. 
Questions of type c_function are designed for tasks in which students are required to write 
only additional functions. In this case, Include statements and the main function are part of the 
question and not written by the student. Teachers must specify the name of the function or 
functions that the students are required to create. Teachers are required to supply the body of 
the main function. For every question, teachers must supply the input and/or output data for 
use in the test cases. They must also choose which test cases will be visible to students. In this 
type of question, students don’t see the include statements and the main function. Students 
only see the body of the main function (that the teacher wrote) and the test cases. 
Figure 5 shows an example of a CodeRunner question for programming language C. This 
example shows a question with test cases (body of the main function as well as input and 
output data), the correct answer and the interface for giving a correct solution. 
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Figure 5 Example of a CodeRunner question for the programming language C 

4. Student survey results
In order to gauge the success of our implementation of the plugin and the conversion of our 
programming exams to it we conducted a student survey covering two generations of students 
at the University of Applied Sciences Velika Gorica. To help keep the survey anonymous we 
refer to these generations as generation A and B. The survey asked students to compare their 
experience with programming tasks on two courses, the Programming course which used 
CodeRunner for practice tasks and mid-term exams and the course Algorithms and Data 
Structures which did not. The courses are otherwise similar, as they both require students to 
complete programming tasks in Python and are held by the same teachers. Because of this, 
these courses were selected as the focus for our survey. 
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The survey was anonymous, completely voluntary, consisted of 10 questions and was hosted 
on Google Forms. To attempt ensuring that the survey was indeed completed by students 
only, it was open only for a brief period during classes for the appropriate generations. All of 
the questions, except question 6, were answered by selecting a number between 1 and 5, with 
1 being the worst grade and 5 being the best. Question 6 had three possible options which 
consisted of answers in sentence form and are shown in the list below. 
The survey was completed by a total of 86 students, 36 from generation A and 50 from 
generation B. The questions and the aggregated responses, split by generation, are listed 
below: 

1. Grade your satisfaction with the Gaudeamus (VVG Moodle) e-learning system.
• Generation A average: 4,24
• Generation B average: 4,28

2. Grade the quality of programming tasks (are they easy to understand, of appropriate
difficulty, do they help you understand the curriculum) on the Programming course.

• Generation A average: 4,47
• Generation B average: 4,04

3. Grade the implementation of programming tasks using CodeRunner on the
Programming course.

• Generation A average: 4,47
• Generation B average: 4,38

4. Grade the quality of programming tasks (are they easy to understand, of appropriate
difficulty, do they help you understand the curriculum) on the Algorithms and Data
Structures course.

• Generation A average: 4,24
• Generation B average: 3,44

5. Grade the implementation of programming tasks (without CodeRunner) on the
Algorithms and Data Structures course.

• Generation A average: 4,32
• Generation B average: 3,39

6. Which method of conducting programming tasks do you prefer:
a) I prefer programming tasks using CodeRunner.

• Generation A total: 27
• Generation B total: 36

b) I do not think using CodeRunner in programming tasks makes a significant
difference.

• Generation A total: 7
• Generation B total: 9

c) I prefer programming tasks without CodeRunner.
• Generation A total: 2
• Generation B total: 5

7. Grade your opinion of CodeRunner functionality.
• Generation A average: 4,32
• Generation B average: 4,44
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8. Grade CodeRunner ease of use.
• Generation A average: 4.53
• Generation B average: 4,54

9. Which grade did you get on the Programming course (if any).
• Generation A average: 3,73
• Generation B average: 3,64

10. Which grade did you get on the Algorithms and Data Structures course (if any).
• Generation A average: 3,41
• Generation B average: 3,86

Overall, the combined result to perhaps the most important question, question 6, shows an 
overwhelming support for CodeRunner use among the students. As shown in figure 6, this 
support amounts to almost three quarters of students preferring programming tasks with 
CodeRunner. 

Figure 6 Combined answers to question 6 

Despite this, the earlier questions (2-4) regarding programming task quality showed very 
similar results for both courses in generation A and a preference for the Programming course 
(CodeRunner tasks) in generation B. This discrepancy might be caused by the fact that 
generation B is mid-term with the course Algorithms and Data Structures while generation A 
has already completed the course. The result might be different if both generations finished 
both courses and this was the chief reason for keeping the generations separate in the survey. 
The results of these questions are presented in figure 7. 
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Figure 7 Programming tasks student grading 

When asked to give a general grade of CodeRunner without considering concrete 
programming tasks on either course (questions 7-8) both generations gave CodeRunner very 
high marks (4 or higher), as shown in figure 7 

Figure 8 CodeRunner student grading 

Questions 1 (general Moodle satisfaction), 9 and 10 (grade achieved by students on the 
courses) were added as an attempt to link dissatisfaction with the Gaudeamus implementation 
of Moodle or low student performance on the course to (a possibly low) satisfaction with 
CodeRunner. However, we could establish no such relation. Students which got low grades 
from these courses or expressed a dissatisfaction with Moodle still graded CodeRunner 
highly. The number of cases was too low to consider a statistical analysis of this correlation. 
Finally, we compared results of mid-term exams before and after CodeRunner 
implementation to further assist in judging usefulness of the CodeRunner module. For this 
purpose, we compared mid-term written exam results of the Programming Language C 
course. This course recently switched over to CodeRunner so results before and after the 
implementation of the plugin were readily available. We did not use this course as part of the 
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student survey because it is an electoral course and has a significantly smaller number of 
students then the (mandatory) courses used in the survey. The numbers used for statistical 
analysis below might not seem that low, but they encompass entire generations. We suspect 
only a portion of these students would fill out the voluntary survey, so we decided against 
trying to test this course in a survey and have instead compared mid-term average marks and 
pass rate results. 
We have seen an overall increase in average marks (slight decrease in 1st mid-term and 
increase in 2nd) and a huge increase in pass rate for this course. The improvements were as 
follows: 

• 1st mid-term exam: a 3.5% decrease in average marks with a 40% increase in pass rate;
• 2st mid-term exam: a 22.4% increase in average marks with a 50% increase in pass

rate.
However, the hypothesis that CodeRunner has an effect on mid-term average marks failed a t-
test with a significance level α=0.05 for both mid-term exams. The results of the two-tailed t-
tests were: 

• Comparison of non CodeRunner generation 1st mid-term results (M = 8.32, SD = 7.20)
with CodeRunner generation (M = 8.03, SD = 7.03) showed no significant
improvement t (59) = 0.16, p = 0.87.

• Comparison of non CodeRunner generation 2nd mid-term results (M = 4.96, SD =
5.53) with CodeRunner generation (M = 6.07, SD = 5,92) showed no significant
improvement t (50) = -0.65, p = 0.5.

Similarly, the pass rate increase, while it seems huge and was certainly a pleasant surprise to 
the teaching staff, has failed the x2 test with the same significance level. The results of the 
statistical significance analysis were as follows: 

• 1st mid-term exam: x2(1, N = 61) = 0.1985, p = 0.655914
• 2st mid-term exam: x2(1, N = 52) = 1.1226, p = 0.289351

A similar comparison of pre and post CodeRunner results was presented in 2020 by Croft and 
England. Their paper presents results achieved by Coventry University students on the 
4000CEM course where they achieved an average exam mark 7% higher and a pass rate 10% 
higher than before (Croft & England, 2020). However, no statistical significance analysis 
results are presented in that paper. 

5. Conclusion
Students have shown an overwhelming preference for automatically graded programming 
tasks which were conducted via CodeRunner as opposed to traditional manually graded 
programming tasks. While we have not seen a significant impact on student grades it is 
undoubtable that using the CodeRunner plugin is preferred by students and has saved a lot of 
time for the teaching staff which would have otherwise been spent manually grading the 
exams. An institution already using Moodle can make use of this free plugin with a minimum 
investment: a standard plugin addition to Moodle and the maintenance of an additional server 
which acts as a sandbox and runs the student code - Jobe server (Lobb & Hunt, 2016). 
A paper by Lobb and Harlow concluded that both staff and students enjoyed using 
CodeRunner and the staff were particularly pleased with not having to manually grade hand-
written code (Lobb & Harlow, 2016). The autohors of this paper fully agree with this 
assessment from a teacher’s point of view and the survey confirms the student attitude. 
Based on the above, as well as their own experience with the plugin, the authors highly 
recommend using the CodeRunner module to improve programming courses. 
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