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Abstract. This paper presents a global framework based on ontologies to
generate effective feedback for students getting error messages while learning
to program. The proposed framework includes several ontologies: one of the
domain, one of possible mistake types and one of the causes of these mistakes.
They are connected by an intermediary ontology. The feedback is adaptive and
depends on contents or students profiles (derived from interaction data) and is
supported by a fifth ontology. Possible compilation errors in an introductory C
programming course are presented as an example of this framework.

Keywords: ontology, adaptation, feedback, education

1 Introduction

Students often run into problems while trying to solve a programming task. Making
mistakes and getting error messages is part of their learning process. In those cases,
they need to review course materials or look for information in Internet forums to try
to find the specific information that can help them solve their problem. Searching for
a solution can be time consuming and does not always imply a better learning
experience. If a system can generate effective feedback that guides students to the
solution, the learning process can be more effective. In addition, depending on each
student, the generated feedback can be adaptive based on their previous interactions.

The use of an ontology framework that models the subject domain, the possible
mistakes and their connection, can be a base for generating adaptive effective
feedback. In this paper, we present an ontology framework for the generation of such
adaptive feedback for students. The framework is illustrated with a specific example
about the generation of adaptive feedback for students getting different compilation
errors in a C programming course.

There are other systems that provide student feedback using semantic web
technologies. Jovanovic et al. [1] and Jeremic et al. [2] give feedback based on
parameters such as students’ evaluations while feedback depending on the students’



knowledge level is also possible (e.g. [3]). All three, however, are not focused on the
content’s relationships of the domain ontology. Moreover, Kazi et al. [4] provide
feedback for a medical environment based on the appearance of several words in a
free text and compare it with a domain ontology, but this work does not connect
predefined mistakes with a domain ontology and does not implement adaptation. The
importance of compilation errors has been addressed in [5] where different statistics
about them are provided.

2 Overview of the Ontological Framework

The proposed ontological framework is composed of five ontologies: (1) A subject
domain ontology. This ontology describes the different concepts to be taught in the
course and includes all the concepts related to the possible errors. (2) An error
ontology. This ontology describes the different errors a student can get. (3) A cause of
error ontology. This ontology describes the different possible causes for each possible
error. (4) An ontology that relates causes of error to the subject domain concepts. (5)
An ontology that matches different possible adaptations depending on students
profiles and the corresponding generated feedbacks in relationship with the subject
concepts.

3 An Example in an Introductory C Programming Course

A part of the subject ontology that models part of the C programming concepts related
to variable types and variable declaration can be seen in figure 1. Boxes represent
classes while arrays represent inheritance or a specific property. Figure 2 shows part
of the ontology that describes several compilation errors. The selected errors are the
more common ones on the course, as analyzed in [6]. Figure 3 shows part of an
ontology describing the different possible causes for the Variable undeclared error.
An ontology that relates causes of errors with the different concepts involved in the
course will enable further insights for students getting such errors. For example, a
shouldbereviewed property can be part of this ontology to determine the different
concepts that are related to a cause of error and that should be looked at again. In this
way, the extern concept can for example be reviewed when the Extern needed error is
present. Finally, an adaptation ontology must be defined to adapt the feedback to the
different students. The ontology must contain information about the students’ profiles
that will have different feedback, the exact delivery of the feedback, and its
presentation.
This adaptive feedback can be generated automatically based on the presented
ontologies and the students' interactions with the system, i.e. their usage data, that is
being logged as CAM (Contextualized Attention Metadata) [7]. Ontologies are suited
for describing data models that may change over time as they can be adapted easily,
e.g. to include a student's learning curve. The decisions about how to make the
adaptation, and thus building the ontology, can be made based on the analysis of the
students’ previous interaction data. A detailed description about what events are



logged for the C programming course and how the students’ key actions are detected
can be found in [6]. Based on these CAM it is possible to see which error messages
the students get and how often, what they did before the compilation and how they
react to the error message.
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Fig. 1. Part of a subject domain ontology for C programming

Non-static

Classified by

| Compilation_error |
7y

I I ]
| Declaration_error| | Function_error || Punc‘ruation_error| lPointers_error| | Loop_error |

| Expecte'ez | Expected_(|

| Var_undeclaredl | Several datatypes |

| Function invocation | | Expected_stat || Deferencing _pointer” C99 mode |

Fig. 2. Part of an ontology about students’ compilation errors

: can_be_caused by
Not defined Var undeclared

can_be caused by
can_be_caused_by | can_be caused by

| Incorrect_de finition l% Tncorrect_syntax
Bad scope _ can_be caused py __
|D1fferent_number_words|

Incorrect place

an_be| caused by

Extern needed ” Definediafter| Incorrect_type | | Incorrect_var_name|
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The CAM data in combination with the ontologies can be used to personalize the
system’s feedback for each student. For example, for some students, the system can
start a dialogue with them about all possible causes of the Variable undeclared error
(using the ontology of figure 3), or give information not only about the Extern
concept but about those that are connected to it as well, depending on whether this is a
common error for this student or not. Many other aspects, such as the probability for a
certain cause of error for each student based on his previous mistakes, can be taken
into account as well.

4 Conclusion

In this paper we presented an ontological framework for generating adaptive feedback
for students’ mistakes, illustrating it on the basis of a C programming course. The
feedback is based on the subject topic information and its relationship with students’
mistakes and their causes. As future work, we plan to develop the corresponding
ontologies for the entire C programming course and implement a complete system
that allows adaptation based on this ontological framework. The framework can be
easily generalized for other learning domains in which there are different topics,
students’ errors, and their related causes. The same five ontologies presented in
section 2 would have to be defined for new learning domains.
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