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Abstract. Teaching and learning software design patterns (DPs) is not an easy 
task. Apart from learning individual DPs and the principles behind them, stu-
dents should learn how to apply them in real-life situations. Therefore, to make 
the learning process of DPs effective, it is necessary to include a project com-
ponent in which students, usually in small teams, develop a medium-sized soft-
ware application. Furthermore, it is necessary to provide students with means 
for easy discovery of relevant learning resources and possible collaborators. In 
this paper, we propose an extensive project-based collaborative learning envi-
ronment for learning software DPs that integrates several existing educational 
systems and tools based on the common ontological foundation. The learning 
process in the suggested environment is further facilitated and augmented by 
several context-aware educational services. 
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1   Introduction 

The major concern of today’s software engineering (SE) education is to provide stu-
dents with the skills necessary to integrate theory and practice; to have them recog-
nize the importance of modeling and appreciate the value of a good software design; 
and to provide them with ability to acquire special domain knowledge beyond the 
computing discipline for the purposes of supporting software development in specific 
domain areas. Software engineering students should learn how to solve different kinds 
of software problems both on their own and as members of a development team. As 
stated by many researchers [1], problem solving in SE is best learned through prac-
tice, and taught through examples. In addition, it is essential that students learn how to 
exploit previous successful experiences and knowledge of other people in solving 
similar problems. This knowledge about successful solutions to recurring problems in 
software design is also known as software design patterns (DPs) [2]. However, the  
increasing number of software DPs, described in several different patterns’ forms  
and stored in many online repositories, makes it difficult for students to find an  
appropriate pattern that could be used in a specific situation.  
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All the above mentioned specificities of learning software DPs indicate the need 
for the social constructivist approach in SE education, as well as educational services 
that provide students with right in time advices about learning resources and possible 
collaborators. In particular, an active learning paradigm is needed which recognizes 
that student activity is critical to the learning process [3]. Following this paradigm, we 
have developed DEPTHS (Design Patterns Teaching Help System) [4] - a learning 
environment for project-based and collaborative learning of DPs. DEPTHS integrates 
an existing Learning Management System (LMS), a software modeling tool, diverse 
collaboration tools and relevant online repositories of software DPs. The integration 
of these different learning systems and tools into DEPTHS environment is achieved 
by using the ontologies. We have also built context-aware educational services that 
are available throughout the DEPTHS environment. These services enrich and foster 
learning processes in DEPTHS in two main ways: 1) by recommending appropriate 
learning content (i.e., Web page(s), lessons or discussion threads), and 2) by recom-
mending peers (students, teachers or experts) that are currently dealing with or have 
experience in the same or a similar software problem. 

In this paper, we describe pedagogical background that this comprehensive learn-
ing environment is based on – project-based learning and collaborative learning, as 
well as context-aware educational support provided in the form of educational ser-
vices available within each system and tool integrated into DEPTHS.  

2   Project-Based Learning in DEPTHS 

Having in mind that effective learning of software DPs requires a constructivist ap-
proach to be applied in the teaching process, we have identified two most important 
theories in this field: Project-based learning (PBL) and Engagement theory. PBL is a 
teaching and learning model that organizes learning around projects. Projects com-
prise complex tasks and activities that involve students in a constructive investigation 
that results in knowledge building. The engagement theory is based upon the idea of 
creating successful collaborative teams that work on tasks that are meaningful to 
someone outside the classroom [5]. Its core principles are summarized as “Relate”, 
which emphasizes characteristics such as communication and social skills that are in-
volved in team effort; “Create”, which regards learning as a creative, purposeful ac-
tivity; and “Donate”, which encourages learners to position their learning in terms of 
wider community involvement. Later research inspired by this approach, suggests a 
generic framework called “Genex framework” [6], that describes four phases a crea-
tive process will most likely pass through, “Collect”, which regards searching and 
browsing digital libraries, visualizing data and processes, “Relate”, “Create” and 
“Donate”. Based on the guidelines for teaching SE to students (e.g., [1]), and our own 
teaching experience, we believe that the presented theories provide a solid base for effec-
tive learning of software DPs. Accordingly, we based the DEPTHS framework on them. 

A typical scenario for learning software patterns with DEPTHS assumes a PBL ap-
proach with collaborative learning support (Figure 1). In particular, a teacher defines 
a specific software design problem that has to be solved in a workshop-like manner 
by performing several predefined tasks: brainstorming, creating and submitting solu-
tions, evaluating solutions etc. These activities enable and even foster active learning 
that has strong foundation in the engagement theory and Genex’s framework. 
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Brainstorming has foundation in two Genex’s phases, collect and relate. First, a stu-
dent is asked to present his ideas about possible ways for solving the problem under 
study and to discuss and rate his peers’ ideas. In order to get enough information to 
perform this task, he needs to search online repositories about software DPs and other 
related course content. DEPTHS makes this search more effective by providing seman-
tically-enabled context-aware learning services for finding related online and internally 
produced resources (Figure 1B). Moreover, to get some initial directions on the per-
forming task, the student uses semantically-enabled peers finding service (Figure 1A) 
to find people who have shared interests and are engaged in similar problems.  

 

Fig. 1. An example learning scenario with DEPTHS: problem-based learning with collaborative 
learning support (titles in clouds indicate Genex’s framework phases) 

Genex’s phase create is found in several DEPTHS activities, namely exploring ear-
lier works on similar problems, creating design artifacts using software modeling tool 
or evaluating peers’ solutions. Having acquired the required knowledge, students 
should complete the deliverable using the software modeling tool. This kind of learn-
ing activity requires students to externalize their knowledge, to analyze possible solu-
tions and to provide a design rationale. After completing the project, students are 
asked to evaluate their own and other students’ projects. Students reflect critically on 
their own and others’ contributions, and acquire knowledge about other possible  
solutions. Genex’s donate component in DEPTHS stresses the benefits of having  
authentic deliverables that will be meaningful and useful to someone else.  
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3   Educational Services in DEPTHS 

During the last couple of years context-aware learning has gained a constantly in-
creasing attention of the e-learning research community. Despite different interpreta-
tions of the term ‘context’ by different authors, researchers seem to agree that a  
learning context is about the environment, tools, resources, people (in terms of social 
networking), and learning activities. Being more specific, context in learning systems 
is mostly characterized by the learners, learning resources and a set of learning  
activities that are performed in the light of a specific pedagogical approach [7].  

In order to provide effective, context-aware learning in DEPTHS we have devel-
oped supporting services: Semantic Annotation and Context-aware Learning Services.  

Semantic Annotation Service is used for annotating online resources in publicly ac-
cessible repositories of DPs, as well as software models created by students. It analy-
ses the text of each resource, recognizes specific domain topics (i.e., software DP’s 
name), creates the semantic-rich metadata (based on the ontology of software DPs) 
and stores them in the DEPTHS’s repository of LO. 

Context-aware learning services are accessible to all systems and tools integrated in 
the DEPTHS framework and are exposed to end users (students) as context-aware 
learning features. They are based on Semantic web technologies, and include: 

- Web resource finding. Based on the student’s current learning context, this ser-
vice generates a list of recommended Web resources from publicly accessible reposi-
tories of software DPs. To do this, it computes the relevance of each resource (i.e., 
Web page) available from these repositories for the student’s current learning context 
and selects the most relevant pages for the student. The computation of relevancy of a 
Web resource is based on two kinds of semantic metadata: 1) the semantic metadata 
assigned to the resource by the Semantic Annotation Service and 2) the formal (i.e. 
ontology-based) representation of the student’s current learning context. 

- Discovery of relevant internally produced resources. This service suggests inter-
nally created resources (e.g., discussion threads, comments…) that could be useful for 
a student to solve a problem at hand in the given learning context. The computation of 
relevance is done in a similar manner to the one applied for external, Web resources. 

- Experts, teachers and peers discovery. Based on the current learning context, this 
service suggests other students or experts as possible collaborators. Collaborators are 
selected and sorted using an algorithm which considers their competences on three 
different levels: same content (i.e. current software problem), similar or related learn-
ing content (i.e. similar software problem) and broader content (i.e. software problem 
in the same course). Estimation of the peer’s competence on each level is performed 
through assessing three types of competence indicators: 1) participation in learning 
activities, 2) knowledge level estimated by the teacher and through peers’ evaluations 
and 3) social connections with the peer asking for help. 

We have implemented DEPTHS by leveraging open-source solutions and extend-
ing them with Semantic web technologies. Specifically, we have integrated Moodle 
(http://moodle.org) LMS, ArgoUML (http://argouml.tigris.org) software modeling 
tool, OATS (Open Annotation and Tagging System) tool for collaborative tagging 
and highlighting (http://ihelp.usask.ca/OATS) and LOCO-Analyst tool to provide 
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teachers with feedback regarding students’ activities [7]. Moreover, we have extended 
both Moodle and ArgoUML with the above described context-aware educational ser-
vices and developed a Moodle module for project-based collaborative learning. 

4   Evaluation 

The evaluation of DEPTHS was conducted in February 2009, in the context of a 
course on software development taught at the Department of Computer Science of 
Military Academy in Belgrade, Serbia, with a group of 13 students of the fifth year of 
the computer science program. The students were divided into 4 groups (3 groups 
with 3 students and 1 group with 4 students), based on the teacher’s subjective opin-
ion about their knowledge and their grades in courses related to SE. 

The aim of the evaluation was to determine how effective DEPTHS is for learning 
DPs. Specifically, we wanted to check if active students involvement in real world 
problems and the employment of context-aware educational services could ensure 
more effective way of imparting knowledge in the domain of software development.  

We used an interview to collect data about the students’ satisfaction with and atti-
tudes towards learning with the DEPTHS system, as well as their perceptions regard-
ing the effectiveness of learning with DEPTHS. The DEPTHS system received high 
marks from the students. Majority of them (53.85%) reported they have learned as ef-
fectively as in traditional way, and 30.77% reported that they have learned more than 
in traditional way. The students reported it was intuitive and very easy to use 
(76.92%), but they also have reported some technical issues caused by a software bug 
in the software modeling tool. The students felt educational services provided in 
DEPTHS are very helpful: Web resource recommendation – 92.30%; course content 
recommendation – 84.61%; and peers recommendation – 76.92%. They also thought 
that the activities provided within the tasks considerably contribute to the learning 
process (brainstorming – 76.92%, and evaluating each other’s works – 100%). 

5   Discussion and Conclusions  

The work presented in this paper is related to two favored research fields: collabora-
tive learning in the domain of SE and context-aware learning. Even though extensive 
work has been done in both research fields, to the best of our knowledge there were 
very few attempts in developing collaborative learning environments that support 
knowledge creation and sharing through the collaborative learning process based on 
the active learning principles.  

Unlike other learning environments that rely upon a similar PBL-based approach 
(i.e., students learn collaboratively by solving practical problems), such as the one 
presented in [8], DEPTHS offers higher learning potential by providing access to 
relevant learning resources, allowing for sharing and commenting of produced learn-
ing artifacts, and facilitating context-aware learning (i.e., context-aware retrieval of 
peers, formal and informal learning content). In addition, having grounding our ap-
proach in pedagogical theories and best practices of collaborative learning, we can 
expect to provide students with better learning experience than systems (such as the 
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one presented in [9]) that do consider the learners current context when recommend-
ing learning resources but fail to provide adequate pedagogical baseline, or systems 
(e.g., [10]) that fail to consider students participation in learning activities as one of 
the relevant factors determining their competence in a given topic.  

Aiming to develop a learning environment that would allow for effective learning 
of software DPs, we leveraged semantic technologies to integrate several existing 
learning systems and tools, and develop context-aware educational services. Our pre-
sent implementation and first evaluation results convince us that this environment 
could significantly contribute to effective teaching and learning of DPs. Semantic 
Web technologies facilitate development of beneficial educational services that makes 
search for relevant resources and possible peers fast and effective.  

We are encouraged with the results of the initial evaluation study that show very 
positive students’ attitude toward learning in DEPTHS learning environment. Stu-
dents’ perception of system’s usefulness is valuable and encouraging for our further 
research. However, the results we got still do not have a statistical power, as the par-
ticipants’ sample was too small. Further research is required that would include suffi-
cient participants to ensure the general applicability of the findings. In addition, in our 
future work we intend to do a more precise evaluation of each specific educational 
service as well as a quantitative evaluation of the students’ learning effectiveness.  
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