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Abstract Self-assessment capabilities, that enables the student to have an insight on
his own learning process, are a very desirable skill on any higher education student.
It is even more important for transnational students as it allows them to successfully adapt to their new international learning environment. Present work proposes
an online tool to help computer science students to develop their self-assessment
skills while learning Java programming. It consists on a plug-in for the widely popular Moodle learning management system to work with source code for the Java
programming language. The developed plug-in lets students to upload source ﬁles,
analyzes the code and presents a report to the student using industry standard tools.
The report includes both errors, points of improvement and a general comparison
with the rest of his classmates, from the software quality standpoint. This way, the
student is provided with a framework against to which compare the correctness of
the solution he/she has programmed before it is delivered to the teacher for evaluation. The teacher is able to access all this information too, facilitating an insight of
how the class, as well as individual students, is progressing. It is expected that the
shortening on the classical loop of the student problem solution and teacher feedback
will enhance the student self-awareness and will improve his overall performance in
programming courses.

1 Introduction
Formative assessment can be deﬁned as employing appropriate activities to provide
feedback to enhance student motivation and achievement during instruction—as students learn. Providing helpful information while learning occurs contrasts with providing feedback solely after instruction (examination).
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According to [6]
“Self-assessment is more accurately deﬁned as a process by which students (1) monitor and
evaluate the quality of their thinking and behavior when learning and (2) identify strategies
that improve their understanding and skills. That is, self-assessment occurs when students
judge their own work to improve performance as they identify discrepancies between current
and desired performance.”

This ability of being capable to understand how learning is taking place and what
can oneself do to progress in this task is very valuable for everyone, but specially for
people on their formative years. This can be seen as a crucial ability for students of
higher education and more precisely, those pursuing STEM-related (science, technology, engineering and mathematics) degrees [3]. This kind of studies are characterized for being rich in complex problem-solving tasks involving also abstract
concepts and multiple ways of tackling the same problem. This has been recognized
by the European Higher Education Area (EHEA), which stresses the need for students to develop key cross-curricular skills such as “problem solving”, “information
management” or “critical thinking” [4].
This is especially true in computer science studies, where students are taught how
to build automated solutions to real-life problems or to manage already existing complex systems to perform these tasks on a daily basis. This area of knowledge is particularly prone to this kind of self-assessment activities, since usually students can
test whether the solution they have designed works or not by running a test on a regular computer system. Present work focuses on computer programming courses, but
the underlying principles could be extended to other IT disciplines.
Usually, programming practical lessons follow a similar scheme: the teacher proposes a problem which will be solved by writing code in a certain programming
language. A very well deﬁned set of requisites is delivered to students for their solutions to comply with. Students then design an algorithm needed for the solution and
implement it. After that, the teacher collects all the proposed solutions and checks
them (according to the requisites). Finally, feedback is given to the students (probably along with a numerical mark) by the teacher.
Since students in this area—and increasingly in many others nowadays—are used
to have access to interactive ways of learning, it seems quite natural to have a system
to guide them when completing the proposed tasks, rather than waiting for the teacher
to either give direct feedback during class sessions or ultimately mark their exercises
to assess the quality of their work.
To overcome this limitation, the aim of the proposed system is to automate the
feedback loop for the students and therefore reducing the time frame when they
receive assessment on the quality of their work. This would make it more ﬂexible,
as students do not need to be in the same classroom as the teacher. It will also add a
way to compare their work with that of their classmates in order to provide a context
to reinforce the self-awareness of the students [8, 10]. The main characteristics of
the proposed web tool are described in the following sections.
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2 Related Work
There are many other eﬀorts being developed and tested in order to help university
students master complex concepts through the help of technology [10]. This trend
has been even emphasized in later years, with the wake of MOOCs (Massive Open
Online Courses) systems, that provide access to courses of diﬀerent disciplines to
hundreds or even thousands of students at the same time.
Some of those systems are used for disciplines such as Physics [11], Chemistry [2]
or Mathematics [3], among others. There are other ones that are aimed at lowering
the input barrier for beginner students to programming courses [12]. Some eﬀorts
even go one step further, creating adaptive paths of exercises for students according
to their progress on previous tasks in the platform [5].
In present case, the proposed tool has some speciﬁc characteristics that make it
diﬀerent from the others. First of all, the tool is aimed at students who have mid-level
expertise in programing. That means that, probably, they have already mastered the
basics of the topic and are learning more advanced concepts. Therefore, the output of the tool is based on industrial standards, rather than simplifying the information for everyone to understand. That way, students start to relate with the outputs
oﬀered from professional tools, while they are shielded to a certain degree from all
its complexity. Additionally, it is speciﬁcally programmed to enable the tasks to be
completed by a group of students, automatically sharing the results of a test with all
the group members. This is meant to encourage collaborative work among students.
Another advantage of the proposed tool is that it enables students to compare their
performance with the rest of the course (in an aggregated anonymized way). Again,
this feature presumes some maturity from students in order to interpret the obtained
results. This intends to reinforce the aspect of self-assessment, indicating if the student should make an eﬀort to reach the same progress state where the rest of students
are or not.

3 Proposed Automated Self-Assessment Web Plug-In
3.1 Objectives
The main objectives of the tool designed for each student to perform self-assessment
are:
From the teacher point of view: The tool must be able to detect and highlight errors
or malfunctions in the code written by the student. It must be ﬂexible enough to let
the teacher decide which are the errors that he/she wants to highlight for the students,
including the feedback given to the students. It would be also interesting to spot other
errors in an automated way, to help the teacher with the task.
The tool should be able to present the teacher diﬀerent levels of information detail
about the assignments. The tool should present the teacher with an overview of the
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classroom progress per assignments. It should be able to objectively measure this
according to standard measures of software quality. It should also be able to disaggregate this information for diﬀerent assignments and individual students (or group
of students).
From the student point of view: The information presented to the student should be
clear and informative. The process of self-assessment should be as straightforward
as possible for the student. The student should see the application as a helpful tool
for his learning and not the other way round.
The students should see the tool as a help and guide for his own self-assessment,
but let him complete the progress by himself. It is important for the student to internalize the process of reﬂecting about his work, ﬁnding errors or weak spots in his
reasoning... as a summary, to let him engage in the problem-solving dynamic. The
tool should not appear to him as a trial-and-error way of completing the assignments.
The tool will also let the students (or group of students) to compare his progress
to the rest of his classmates.

3.2 Tool Description
The tool is implemented as an extension of the well-known Moodle Learning Management System [7]. This has mainly two advantages. Firstly, as it is one of the most
widely spread LMS, both teacher and students are probably familiar with the basic
workﬂow of the tool. Second, the user authentication system, assignment setting and
many other aspects of LMS are already implemented, letting us focus on the speciﬁc
task of programming self-assessment.
The software is then programmed using standard languages and tools for web
programming (PHP and MySQL mainly). It is divided into several modules, which
relate to diﬀerent aspects of the teaching-learning management. In present work,
authors have extended the module of “Tasks” (speciﬁcally the “assignment-upload”),
which is the part that implements the workﬂow for delivering assignments to be
graded by the teacher.
What the extension does is altering this basic structure by performing some automated actions when the student uploads the source code for the assignment, providing both the student and the teacher with complete information about the quality
of the proposed solutions. Up to now, the extension is devised for the assessment
of programming assignments implemented in the Java programming language. In
order to do so, it relies on the results obtained from two of the most used libraries for
testing the correctness and quality of source code: jUnit [13] and PMD [9]. The ﬁrst
is used to check the functionality of the program proposed by the student (unitary
tests), while the second one is used to analyze problems or suggest best practices on
the codiﬁcation of the program (static code tests). The use of JUnit implies that it
is the teacher the one responsible for deﬁning the exact behavior that is required on
the students program and the feedback that will be given to them when the behavior
presented does not match the requested speciﬁcations. Students will see the task as
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any other upload assignment task in the course. The diﬀerence is that, as soon as
they upload their answer (implemented as Java source code); they will be provided
with an exhaustive feedback automatically obtained from the teacher’s jUnit tests
and PMD analysis results. This process is limited to a certain number of tries (set
by the teacher), in order to prevent students to engage in a trial-and-error process;
rather than a reasoned solution to the weakest aspects of the assignment.
As depicted in Fig. 1, the typical workﬂow for using the proposed tool would be
the following:

Fig. 1 User (teacher/students) interaction with the proposed system

1. The teacher designs a new programming assignment and prepares the jUnit tests
that will be used to check its correctness along with its description; in the way
Test Driven Development (TDD) [1] is performed in the industry.
2. The teacher creates a new programming assignment task in the Moodle system,
and sets the task as usually. For this task, a suite of jUnit tests is also required.
Additionally, the maximum number of tries for each student to use the autocorrect tool can be set. In Fig. 1, this is labeled as “1”.
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3. The students works on the assignment and ﬁnally get the requested program. They
are advised to do their own tests while working on the assignment. When they
think the program is complete enough an want to check it, they can upload a copy
into the correspondent task space (as a zip ﬁle). In Fig. 1, this is labeled as “2”.
4. The upload is analyzed in the server by using the ANT [14] library to automatically perform the tasks of compiling, running tests, saving the results, calculating
statistics and formatting all the information to be presented to the user (teacher
and student). If the uploaded ﬁles complies with some rules and can be compiled
correctly, a summary of the errors and/or advise to improve their program are
shown to the users. The amount of details for this feedback is set by the teacher
when creating the task. In Fig. 1, this is labeled as “3”.

Fig. 2 Overview of the results obtained from the unitary and static code tests that are displayed
to students. The user can select any group of errors for further inspection. Automatic feedback for
each individual error, included by the teacher, is also shown (on demand) to the student
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5. Students can visualize both an overview of results or each one of them individually, for further details. A high-level comparison with the rest of the classmates
is also oﬀered to students, comparing the errors of their assignment with an average of the class. They can choose to read this on the Moodle web application or
download a report in PDF format for later analysis (Figs. 2 and 3).
While students are uploading their answers, the teacher can access at any time
to a summary or snapshot of how the whole class is working on the assignment,
presented as an aggregation of the individual errors from each one of the students.
For a deeper knowledge of students performance, the teacher is able to select a given
student and analyze in detail the source code uploaded and the exact errors produced.
To do this, access to both the student uploaded ﬁle (with the source code) and the
same report the student has received as feedback (on web and PDF form) is given

Fig. 3 Overview of the summary of errors of the whole class for a given task, when accessed
by the teacher. Details about how many errors each group of the class has is also included in the
data shown. The teacher can also obtain details about each individual error in the delivery of each
student/group
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to the teacher. This is a great insight into the progress of the class and can be used
to prepare the next class sessions to better help their students by focusing on those
issues where students are having problems.

4 Planned Experiences and Expected Results
The presented software is a completely functional tool, that has passed all software
testing needed in this type of software. For the ﬁrst ﬁeld testing to be performed, the
tool will be used to assist students with the assignments of programming classes on
a second-year subject from the bachelor studies in the Computer Science Degree at
the University of Burgos. This subject is one of the most diﬃcult ones for students,
since it requires them to master complex concepts and students are still not proﬁcient enough with their programming skills (although they have already completed
two basic programming subjects). It is expected that the tool will help them complete their assignments by informing about their errors before they deliver the ﬁnal
code for marking, so they can reﬂect on why their program is failing and how to correct these errors. This should improve over the usual dynamic in which the students
receive the feedback on their work at the same time of their marks and have already
moved on to complete the next task, so very little reﬂection is done over the ﬂaws
and errors of previously completed tasks.
The on-line approach of this tool makes it especially suitable to be used by the
students from the on-line Computer Science bachelor degree already being implemented at the University of Burgos. Since the interaction of the group of students
with the teacher becomes more reduced in this type of studies, the advantage of
having a mean to automatically assess about the correctness of the tasks in a more
ﬂexible way than e-mail or forums should be quite appreciated.
Finally, the proposed web application is quite convenient for international/
transnational students. Moodle is a tool that has been translated into many diﬀerent languages. Following the same approach, the developed auto-assessment tool is
also prepared to be easily translated into any language (already including English
and Spanish). This would be very easily integrated in courses that require student
to move between diﬀerent countries, as it can be used to help them follow courses
taught in a diﬀerent location with less eﬀort. If a student ﬁnds it diﬃcult to follow
the teacher of understand some of the explanations because of the language, it will
be much easier for him/her to work with the developed tool.
This can help also to incoming international students. For future incoming students is easy to provide them with a sample of the work local students are required to
complete at a certain moment (with the exact same exercises and feedback). For current students, having the choice to receive feedback using their own language with
very low eﬀort (or practice a diﬀerent one) could also be considered an interesting
advantage.
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5 Future Work
The system is regarded as a very interesting tool for supporting any programming
assignment to university students. This means that it may not be the best way of
introducing programming to inexperienced students, since it assumes students are
familiar with reading requisites and complying with strict programming rules; but it
could ﬁt very well with undergraduate students from their second course on to the
ﬁnal courses.
As this was the initial setup for the software, it shapes a bit the main improvements and future work to be done in the system. Up to this moment, the system is
not prepared to cope with problems mainly raised with students in their very ﬁrst
programming tasks: inﬁnite loops, compiling problems, very sub-eﬃcient solutions
(time and resource wise); that could aﬀect the performance of the system and even
blocking access to other users.
Also, as versions of the Moodle system and the other tools (jUnit, PMD, ANT,
etc.) are released regularly, the software should be updated, taking into account the
requisites that newer versions of Moodle imposes to its modules. At the same time,
the latest Moodle versions give the solution for this same problem: Moodle currently
complies with the Learning Tools Interoperability (LTI) v.1.1 standard. This means
that it includes several modules that enable Moodle to communicate with any other
web tool that implements this speciﬁcation. This way, both pieces of software can
evolve at their own pace, maintaining their functionality intact. One of the clearest
ways of improving the proposed auto-assessment system would be to implement the
system in its own, dedicated server.
Finally, the ultimate goal of the system is not only to help students with the assessment of their work in a rather static way, but also to analyze their answers to diﬀerent proposed task and guide them into new problems that could help them master
concepts that are still missing from their learning, creating a personalized pathway
through their programming courses, maximizing their engagement and learning outcomes.
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