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Abstract: As a basis to improve software engineering education, comprehensive
information is needed on learning and teaching arrangements and experiences that
have been made with these arrangements, covering a wide range of aspects. In
addition, this information needs to be analyzed in a flexible manner in order to
identify suitable arrangements that might be adapted for future use in a specific
software engineering course.

This paper details a software tool called CORE (Competence Repository) that we
are currently developing in order to support the improvement of software
engineering education. In particular, we provide some details on the data model
and the analysis and information retrieval facilities that CORE offers to its user.

1 Introduction

Software engineering has become increasingly important over the last years, not only for
computer scientists. The research project EVELIN (Experimental improVEment of
Learning software engINeering) aims at identifying competencies which students should
have, and didactic approaches that are most appropriate to foster given competencies in
the context of software engineering.

The improvement of software engineering education is a complex iterative process since
courses and their environment are changing over time and need to be adjusted. To
identify didactical approaches which are appropriate to foster students’ competencies in
a given context, new teaching methods need to be tried and tested in experiments, and
results need to be evaluated. These experiments are always performed under certain
conditions. Capturing these variables is essential for measuring the quality of an
experiment as well as the quality of an entire course.

To support instructors enhancing their courses by sharing their knowledge and
experiences, supply recommendations for making didactical decissions, and provide an
overview about the quality and evolution of their courses, we are currently developing a
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software tool called CORE (Competency Repository). In this article we give a short
overview about the intentions of CORE, the current state of development, and future
work.

2 Intentions of CORE

CORE is intended to be a tool for documenting, tracing, and improving software
engineering courses. It is designed as a shared knowledge base of experiences made by
instructors, e.g. through evaluations. Based on these data CORE will be able to assist
instructors of future courses in didactical decisions, e.g. by recommending appropriate
teaching methods depending on the current setting, or in general recommending
experience reports about specific learning and teaching arrangements in a similar
settings, as well as useful literature and resources.

Since the recommendation of suitable experience reports in a given setting is a core
feature of CORE, it is important to know about the intentions of a given course or at
least of a complex of themes. Therefore it is necessary to find a way to describe these
intentions or in general the educational goals, their inter-relationships and dependencies,
as well as resources and tasks used to achieve the educational goals. We want to make
these relationships editable and visible to the user — if desired. This might be also a
useful approach to make decision paths made by the recommender system visible to the
user, since transparent recommendations are more accepted than non-transparent ones
[SRO2]. Therefore we analyzed several existing goal modeling notations like i* and
proposed a own notation for high-level educational goals representing competencies in
[KL14b] and [KL14c]. In accordance to the structured description of educational goals,
we also plan to visually describe teaching methods, as well as their evolution,
dependencies, and suitability to meet a specific goal. One promising approach could be
means-end maps (ME-Maps) as defined in [WSY14]. In combination with ratings and
experience reports, and instructors’ and students’ preferences, these models will be used
as a basis for recommendations for adequate teaching methods.

As discussed in [Ko14], CORE should also be the basis for in-depth analyses giving a
feedback about the quality and evolution of a software engineering course. We want to
generate an integrated quality report based on the combination of multiple heterogenous
data sources. This is also intended to trace the evolution of a software engineering course
over a longer period of time.

In particular, we are searching for ways to see the development process of competencies
of multiple stakeholders in education, namely students but also instructors. Here it is
important to mention that we explicitly do not want to observe individual students, but
the entire group of students for example by calculating the median. This is necessary to
reduce outliers in the data but also guarantees the students’ privacy. In accordance to the
evolution of students’ competencies, we also want to observe the evolution of skills of
an instructor over a longer period. Here we focus on properties that are independent of a
given course, as well as properties that depend on a given course, mainly based on
students’ feedback but also based on self-reflection reports.
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A related aspect that CORE should support is the ability to document and trace the
influences of evaluation results, observations, didactical reflections, and analyzes made
by instructors and educational scientists. This also includes the documentation of the
structural evolution of a course, including iterative changes in the course profile (e.g.
changes in the intended learning outcomes an used teaching method) as well as changes
in the setting (e.g. number of students, available resources, etc.).

Summarizing, it can be stated that CORE should be an intelligent knowledge-base for
experiences made in software engineering education that actively supports instructors by
providing quality analyses and recommendations for didactical decisions.

3 Integration of Available Heterogenous Data Sources

Currently, the two prime features of CORE are generating context-sensitive
recommendations for didactical decissions and offering in-depth analyses about the
quality and evolution of software engineering courses. As a basis, we identified available
heterogenous data sources fitting to our purposes in [Kol4] and categorized them into
“Evaluation Data”, “Domain Knowledge”, and information about the “Context”.

Our evaluation data consists of questionnaieres, transcribed interviews, and experience
reports from multiple stakeholders, namely students, instructors, as well as customers in
the context of, e.g., capstone projects. In addition, common statistical information like
drop-out rates and exam statistics are available in an anonymized form.

Domain knowledge is static in the context of a given course and covers, among other
things, a pool of available teaching methods, SWEBOK [BF14], and several existing
software engineering education ontologies.

The context information covers dynamic characteristics of concrete learning and
teaching arrangements, including, e.g., personal profiles of instructors, group profiles of
participating students, intended learning outcomes (goal profile), lecture notes, available
resources, used teaching methods, as well as environmental parameters.

4 Current State

In [KL14a] we introduced the first operational version of CORE, realized as an
independent Java Enterprise Application with a web-based user interface. This version
already stores a significant amount of educational aspects in a database. It allows users
to enter, manage, and search data in a form-based manner. Competencies and their inter-
dependencies can be visualized as an directed acyclic graph as described in [KL14c].
This version of CORE also offers generic EJB- and REST-interfaces, allowing external
applications to retrieel and manage entities.

However, this version of CORE can still be seen as a passive data repository, without
capability to offer context-sensitive recommendations. The data model of this version
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focuses on storing structural information, but lacks personal profiles als well as
evaluation data for courses that are important for making recommendations and quality
analyses in this context.

5 Summary and Future Work

This article gives an overview about the intentions, the database structure, and the
current development state of CORE, a recommender system for didactical approaches in
software engineering education.

Since the knowledge base of CORE will cover a wide range of educational aspects, it
might be also used for other applications. An additional use case for CORE might be an
assistant for planing and designing curricula. Another application could be a tool for
adaptive learning.
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