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Abstract. The success of intelligent tutoring system depends on the retrieval of
relevant learning material according to the learner’s requirements. Therefore, the
ultimate goal is development of the intelligent tutoring system that provides
learning materials considering the requirements and understanding capability of
the speciﬁc learner. In our previous research, we implemented a tutoring system
named Protus 2.1 (PROgramming TUtoring System) that is used for learning
basic concepts of Java programming language. It directs the learner’s activities
and recommends relevant actions during the learning process based on the
personal proﬁle of each learner. This paper presents the implementation of collab‐
orative tagging technique for content recommendation in Protus 2.1. This tech‐
nique can be applied in intelligent tutoring systems for providing tag-enabled
recommendations of concepts and resources. We investigated and identiﬁed
tagging practices of students and their evolution over time.
Keywords: Collaborative tagging · Java tutoring system · Protus ·
Personalization

1

Introduction

The learning process in traditional e-learning systems is performed by simple presen‐
tation of learning material regardless of motivation and knowledge of participating
learners [1]. However, in real classroom, learners are actively involved in learning
process. They interact, communicate and share their knowledge. In order to improve
teaching process in e-learning systems, learners should be provided with possibilities to
communicate with each other and share their thoughts about subjects and lessons [2].
With the rapid development of web 2.0 technologies, various means for describing
digital learning resources have been investigated and proposed such as social tagging
[3]. Same idea can be used in e-learning systems for organizing, ﬁltering and recom‐
mending of learning resources [1]. Recommender systems are promising technology in
e-learning environments for presentation of personalized content and suitable learning
resources to users in order to help them through the e-learning process [4]. Collected
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tags in e-learning environments can be used by integrated recommender systems to
suggest useful and most appropriate resources to learners.
Social tagging is the activity of annotating and classifying digital resources with
keywords (tags as metadata). It is used by most of web-based information systems for
the collaborative indexing of massive amount of information [5]. Tagging represents an
action of reﬂection, where the tagger sums up a series of words into one or more summary
tags, each of which stands on its own to describe some aspect of the resource based on
the tagger’s experiences and beliefs [6].
The creators of metadata need no longer be experts from the ﬁeld or authors of the
educational resources [3]. Instead, educational metadata is generated by the users of the
educational resources, who can describe teaching material with tags that are meaningful
to them and that can enable search options and retrieval among of learning resources.
In this paper, we discuss issues related to collaborative tagging as a means for
describing resources within tutoring system. Protus 2.1, a tutoring system that is used
for learning programing basics is presented. We will concentrate on approach for
providing personalized recommendation using collaborative tagging in Protus 2.1. This
paper aims to analyse capabilities of integration recommender systems based on collab‐
orative tagging techniques into adaptive and intelligent web-based programming
tutoring system – Protus 2.1 that takes into account pedagogical characteristics of the
learner.
The paper is structured as follows. Section 2 summarize the recent research on the
eﬀects of the use of collaborative tagging for knowledge building and learning.
Section 3 provides an overview of Protus 2.1 system, which was used for applying tag
based recommender system. Evaluation of the proposed approach will be presented in
Sect. 4. In Sect. 5, conclusions and ideas for future work are given.

2

Related Work

Recommender systems have been used in e-learning environments to recommend useful
resources to users [4]. Several studies have investigated the anticipated beneﬁts of tag
based recommendation within e-learning systems. These studies provided evidence
about potential of social tagging of resources to enlarge their metadata descriptions, and
for improving search and recommendation of educational resources.
Within the literature covering collaborative tagging in e-learning, there are existing
works that have investigated the expected beneﬁts of tagging when applied in describing
educational resources: PLEM [7], CROKODIL [8], SOAF [9], TaCS [5] and TAK
system [10].
PLEM is a social bookmarking service for learning purposes. It is developed to act
as an aggregator and ﬁlter by supporting learners in retrieving, reusing and sharing
learning resources. These resources, called learning entities, can be bookmarked,
managed in collections and can be classiﬁed as learning resource collections [7].
CROKODIL is a platform that oﬀers collaborative semantic tagging, recommenda‐
tions and social network functionality to support the learning community. The concept
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presented in the paper proposes to use contextual information in folksonomies to rank
learning resources in a personalized recommender system for e-learning [8].
In [9], authors proposed a system architecture called SOAF for the semantic indexing
of learning objects from a repository. This architecture combines automatic techniques
of information retrieval with collaborative tagging of documents made by users. In [5],
authors investigate how social tagging could be used in education as a support for
learning processes with use of Tag-based Collaborative System (TaCS), meant for
supporting social and collaborative learning.
An online collaborative reading platform based on Web 2.0 social tagging techniques
that allow learners to annotate various online resources (materials) with freely chosen
tags has been proposed in [10]. Authors presented the TAK (tag-based prior knowledge
recommendation) system, which is comprised of two key components: a tag-based
article reading interface and a tag-based prior knowledge recommendation tool. These
components help learners retrieve and apply their knowledge eﬀectively and eﬃciently,
and improve their learning performance [10].
Previously mentioned studies provided evidence that collaborative tagging has the
potential to enlarge metadata descriptions of learning resources. Other examples of using
social tagging in metadata creation in the context of e-learning repositories have been
examined in [11–13]. All this systems are more collection of learning resources from
diﬀerent sources rather than provide original material through speciﬁc courses.
More in depth studies are needed regarding the use of tagging within intelligent
tutoring systems, specialized for speciﬁc courses. We will present Protus 2.1, tutoring
system that is used in learning programming that shows how recommendation of lessons,
learning material and resources is achieved through tagging.

3

Protus 2.1

Protus 2.1 is a tutoring system designed to provide learners with personalized courses
from various domains. It is an interactive system that allows learners to use teaching
material prepared for appropriate courses and also includes parts for testing acquired
knowledge. The ﬁrst completely implemented and tested version of the system was for
introductory Java programming course [14]. The course is designed for learning
programming basics for learners with no previous object-oriented programming expe‐
rience.
The implemented system presented in the paper, can deploy an unlimited number of
personalized courses from diﬀerent domains as also implements various forms of
personalized learning materials to each individual learner.
3.1 System’s Architecture of Protus 2.1
Model and architecture of Protus 2.1 tutoring system consists of clearly deﬁned adapt‐
able, expandable and separated components [15]. System enables easy modiﬁcation of
adaptation options and personalization of learning materials that are oﬀered to learners
(Fig. 1).

Protus 2.1: Applying Collaborative Tagging for Providing Recommendation
Personalisation
Learner

Recommendation
Collaborative tagging

Course
1th lesson (concept)
Resource 1 Resource 2

... Resource m
Test

2nd lesson (concept)
Resource 1 Resource 2

Learnerís actions

Learner model
Learner model
repository

239

... Resource m
Test

...
nth. lesson (concept)
Resource 1 Resource 2

Course
author

... Resource m
Test

Fig. 1. Protus 2.1 architecture

The learning content is divided into units, each of which consists of several lessons
(Concepts). Every lesson contains several resources (presented in diﬀerent tabs – Fig. 2):
Introduction, Basic info, Theory, Explanation, Examples, Syntax rules, Activity, etc. To
every lesson an arbitrary number of resources and tests can be attached. Their number
can be increased by teachers using an appropriate authoring tool. Protus 2.1 adminis‐
trator’s module contains additional functionalities for adding new learning material:
lessons, resources and tests.

Fig. 2. Course options within Protus 2.1

One or more appropriate tests of learners’ knowledge are attached to each lesson.
Based on the results of tests, system determines the level of learner’s progress, update
the learner’s model and generate further personalization options.
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When a learner is logged in, a session is initiated based on learner’s speciﬁc data and
sequence of lessons is recommended to him/her (Fig. 2). A learner has possibility to
change order he/she will attend lessons by choosing the options from lesson/course
sidebar. After selecting a lesson, from the collection of lessons available in Protus 2.1,
system chooses presentation method of lesson based on the learner’s preferred style.
During sessions, learners visit certain resources and solve various tasks. When the
learner completes the sequence of learning materials, the Protus 2.1 system evaluates
the learner’s acquired knowledge. Tests, designed for every lesson, contain several
multiple-choice questions. Protus 2.1 provides feedback on learners’ answers and gives
the correct solutions after every question. The learners’ ratings are interpreted according
to the percentage of correct answers.
Application of tag-based recommendation is used in Protus 2.1 in order to person‐
alize the system. This process will be explained in more detail in Sect. 3.2.
3.2 Tag-Based Recommendation in Protus 2.1
Collaborative tagging activities in e-commerce caused the appearance of tag-based
user’s proﬁling approaches, which assume that users expose their preferences for certain
contents through tag assignments [16]. Thus, the tags could be interesting and useful
information to enhance recommender system’s algorithms. The innovation with respect
to the e-learning system lies in their ability to support learners in their own learning path
by recommending tags and learning items, and also their ability to promote the learning
performance of individual learners.
A tag is a keyword assigned by a user to represent the subject content, format, utility
or aﬀective characteristics of a bookmark, photograph, video, audio, post, wiki, blog or
other online resources. The goal of tagging is to make a collection of resources easier
to search, to discover, to share and to navigate [17]. Using tags for characterizing digital
educational resources is commonly referred to as collaborative tagging, whereas the
collection of tags created by the diﬀerent users individually is referred to as folk‐
sonomy [3].
Learners could beneﬁt from writing tags in several important ways. Tagging is
proven to be a meta-cognitive strategy that involves learners in active learning and
engages them more eﬀectively in the learning process. As summarized by [18], tags
could help learners to remember better by highlighting the most signiﬁcant part of a text,
could encourage learners to think when they add more ideas to what they are reading,
and could help learners to clarify and make sense of the learning content while they try
to reshape the information.
Tagging interface in Protus 2.1 (Fig. 3) provides possible solutions for learners’
engagement in a number of diﬀerent annotation activities - add comments, corrections,
links, or shared discussion.
Learning resources in Protus 2.1 have been created using the authoring tools by
instructors and they have been stored in a resource repository. Along presentation of
resources to learner, user interface also contains options for creating and reviewing tags
for every resource. Therefore, learners are able to view and rate the resources.
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Fig. 3. Tags menu

To create a tag in Protus the learner simply starts by clicking on active learning object
in the content and enter arbitrary keywords in the appropriate textﬁeld (Fig. 3). The
system allows participants to enter as many tags as they wish, separated by commas.
Whenever the learner returns to that particular learning object, the list of tags he/she
has previously made will re-appear. When particular tag is selected, two options are
presented: Edit/Remove, which give learner option to modify or delete this tag.
The most popular tags added by other learners, appear under Others’ Tags. Learner
has ability to add any tags from the Others’ tags to My tags list.
According to the comparative analysis of tag-based recommender algorithms that
we performed, the recommended tags list is generated according to the learners’ and
experts’ tags based on Ranking with Tensor Factorization model which produced more
accurate recommendations then existing state-of-the-art algorithms [19].
3.3 Tag Browsing
Tag browsing, in terms of an individual learner, is an interface to automatically cate‐
gorize information based on tags. This functionality can be accessed through the tag
menu, and provides three options: My Tags, Others’ tags, and Community Tags.
Information provided by the individual learner is located under My Tags in the inter‐
face (Fig. 4). My Tags list presents all the tags the learner has been used, which are
ordered from the most to least frequently used tag. When individual tag is selected, an
option Visit selected lesson is presented, which links the learner to the lesson that was
tagged. Textﬁeld named Name ﬁlter adds functionalities for search among tags.
By expanding the Others’ Tags section, the list of active learners in community and
the tags they entered.
By expanding the Community Tags section, the most popular tags are shown in
descending order of number of times used according to the overall use of tags, inde‐
pendent of individual learner who speciﬁes tags. This gives the learner an idea, at a much
higher level, the overall view of all the content. The learner can get a sense of what are
the most important terms and/or ideas at a course level. By choosing one of the tags, the
learner can visit lesson that was tagged. If a learner chooses to search for any speciﬁc
tag, corresponding lesson and learning object will be displayed.
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Fig. 4. My tags section

4

Evaluation

In this section, we will present and discuss the results of evaluation of tagging process
in Protus 2.1, with focus on tagging trends and categories of collected tags. We will
describe the dynamics of tag usage over time, and present observations regarding the
evolution of individual learners’ tagging activities.
In order to test the tagging interface and activities of the learners, we conducted an
experiment with a group of students at Centre for young talents, Novi Sad. The group
of 33 students were chosen for this experiment and were asked to use and test the system.
They were encouraged to use the tagging interface of Protus 2.1 and to express their
thoughts, opinions and plans by tagging learning resources. They had been using Protus
2.1 for six weeks and were encouraged to use implemented tagging options.
We collected quantitative data by gathering information from the tags repositories
in Protus 2.1. We extracted tagging data (tag values and their timestamps) and identiﬁed
major categories of tags that emerged during evaluation process. During study, total of
314 diﬀerent tags have been entered. Figure 5 presents how the number of entered tags
evolved over time. Gross number of tags increases until 5th week, then dropped in the
last week. This suggests that students accommodated over time on tags and tagging
process in Protus and they ﬁnd it more and more useful as learning continues (and tags
repository increases).
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Fig. 5. Tagging in Protus

Gathered data also indicated that tags use increased over a testing period, and that
students found them more and more helpful. Increased number of tags could be the
consequence of their increased attention on tagging interface. The fact that we only
counted number of newly entered tags (and not entering of already existing tags) explains
the drop that has occurred in the last week.
Further, focus in the experiment was to identify the most popular tags and their
categories. Based on some previous ﬁndings on the categories of tags in social tagging
systems, we set an initial set of tags categories by their role and goals (General, Technical
and Self-referring) [20–22]. The experiment revealed that there was a higher use of tags
concerning the usability and usefulness of learning resources (useful, diﬃcult, not
understandable, recommend, etc.) rather than more technical ones (loop use, syntax,
task. etc.) or self-referring (return to, cover later, important, for the test, etc.). Figure 5
presents the distribution among diﬀerent categories of tags during experimental period
of six weeks.
The popularity of 3 categories of tags used by the students in the given period varied,
although some trends were clearly visible. The distribution shows that, use of self-refer‐
ring tags increase the fastest over testing period. This category of tags had the slowest
start as students probably realize later in the process that they can use tagging reference
as a way to remind themselves of previous thoughts about the subjects, lessons or
resources.
For the future work, we will try to identify patterns and categories of users based on
tagging practices. By analysis at tagging practices, we could identiﬁed diﬀerent cate‐
gories of tags, their popularity and how it reﬂects interests of users. We will also analyse
who are the most active users in tagging and identify possible clusters of users according
to their tag usage. The goal is to gather details on tag usage that could beneﬁt the subse‐
quent recommending process.
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Conclusions

This study provides a new learning method for learners, based on gathering tags in order
to better explain learning resources. This way of characterizing digital educational
resources is referred to as collaborative tagging and is deﬁned as the process of adding
keywords, also known as tags, to any type of digital resource by the users rather than
the creators of the resources. Our approach extends the application of social tagging by
designing a tag-based interface for recommendation of learning resources that provides
opportunities for learners to interpret contents of learning resources and ﬁnd knowledge
connections.
We presented approach for providing personalized recommendations using collab‐
orative tagging in Protus 2.1. It is a tutoring system that performs personalized courses
from various domains. We discuss issues related to collaborative tagging as a means for
describing resources within tutoring system. These techniques allow learners to annotate
various online resources with freely chosen tags.
The Protus 2.1 architecture is comprised of two key components, that is, a tag-based
learning resource interface and a tag-based recommendation tool. These components
help learners retrieve and apply their knowledge eﬃciently, and improve their learning
performance.
Tags were used to combine the concept of tutoring system with collaborative tagging
methods to assist the learners studying basics of Java programming language. Tagging
certain activities can help learners summarize new ideas and quickly grasp the structure
and concepts of programming basics. System identiﬁes suitable supplementary material
for learners based on the collected tag repository.
The main goal was to demonstrate that the proposed approach beneﬁts the learners
by embedding the additional information in learning resources. Collaborative tagging
of educational resources is an important issue to study since educational resources are
not meant to be used only by their creators, but ideally to be re-used in diﬀerent context
and diﬀerent purposes. One issue to investigate further is the possible inﬂuence of
learners’ tagging motivation to the resulted enlarged metadata descriptions and how
student’s background and learning style inﬂuence the resource tagging.
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