to the current user, as well as offering
the tools to create a new course from
scratch. The main contributions of this
work are:
• Course representation: We represent
a course and its chapters in such a
way that it can be effectively used by
our system while also providing the
author of the course with flexibility in
terms of which modalities to use and
also the design, structure and size of
the course.
• User representation: Which parts of a
specific course the user has learned,
his/her preferred learning styles, as
well as his/her emotional state
regarding a course or a part of it.
• The integration of emotions and the
user’s learning style in the tutor’s
decision making process (Figure 2).
We use the term “tutorial” to describe
the main building block for a course. A
tutorial can be plain text, a picture, an
audio file or a video file. Important
semantic properties of a tutorial written
in ASP include the subchapters that
denote its beginning and end, as well as
its modality, relative difficulty, its duration, and how suitable it is for the cur-

rent user according to his/her learning
style. A “test” is the method the system
uses in order to understand whether the
user understood a part of the course.
A “course” is the material that the tutor
uses to teach in one or more “sessions”.
It is essentially a collection of tutorials
and tests that are presented to the user.
Each course consists of a number of
“chapters” and each chapter consists of a
number of “subchapters”. Subchapters
are traversed using tutorials and can be
described as nodes in a graph where the
tutorials act as the vectors (Figure 2).
Once the tutorials that comprise a
chapter have been presented to the user,
the tutor presents him/her with a test to
determine whether the user understood
the chapter. If the user passes the test, the
tutor assumes that the user understood
the chapter and proceeds to the next
chapter. If not, the tutor assumes that the
user has not understood one or more of
the tutorials of the particular chapter, but
since it cannot differentiate between
which tutorial was misunderstood and
which not, all the tutorials of that chapter
are labelled as wrong. Consequently, the
course must be modified using “plan-

ning” by replacing the wrong tutorials
with unused tutorials for that chapter.
When all the chapters are completed and
all the tutorials are correct, the course has
been completed successfully.
The work here represents a part of a
PhD in emotional adaptive tutoring systems. Future work includes system
evaluations, linking the system with the
semantic web via the RDF language,
and using machine learning methods to
offer more personalised tutoring.
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Learning Introductory Programming
with Smart Learning Environment
by Boban Vesin (University of South-Eastern Norway), Katerina Mangaroska and Michail Giannakos (NTNU)
Programming Tutoring System (ProTuS) is an adaptive learning system developed to support introductory
programming. ProTuS utilises a cross-platform architecture that aggregates and harmonises learner
analytics coming from different systems and quantifies learners’ performance through a set of indicators.
ProTuS has been successfully used within universities to support teaching and learning.
Programming tutoring system
ProTuS [L1] was developed in the
Learner-Computer Interaction lab [L2]
at the Norwegian University of Science
and Technology (NTNU), in cooperation with the University of SouthEastern Norway (USN). The system represents an effort to develop an adaptive
and interactive environment that provides personalised learning to students
(Figure 1) [1]. ProTuS covers a complex
interplay of learning resources, tasks,
instructions, social dynamics, interactions, and learning analytics aimed at
helping students to learn introductory
programming [2]. The system has been
utilised at several universities for over a
decade [3].
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The current version of ProTuS includes
interactive learning resources from various content providers, developed at
several universities from Norway, USA
and Canada. In addition, the system
offers adaptive features based on content recommendation, automatic assessment and grading.
Interactive learning content
The interactive learning content (i.e.,
resources) included in the system comprises four types of activity that support
individual work. Students can practice
and learn programming through the following learning resources [2]:
Explanations. ProTuS contains reading
content (i.e., tutorials) on 15 topics that

are aligned with the curriculum presented in the introduction to Java
course. The objective behind the
reading content is to allow students to
leverage on their background knowledge on procedural programming (normally taught via Python) and progress
with object-oriented programming
(OOP). To do so, the content provides a
comparison of the syntax and the basic
concepts in Python (procedural) and
Java (OOP).
Interactive examples. For each of the
proposed topics, the students have the
chance to explore different examples,
called Program Construction EXamples
(PCEX). Each PCEX content starts with
7
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Figure1:
Personalisedlearning
inProTuS.

a worked-out example with explanation
of how to write a code for a particular
problem. The explanations (that are
hidden until a student clicks on the lines
of interest) are available for almost all
lines in the example and they focus on
why students need to write a code in a
certain way or why certain programming constructs are used in the code.
Interactive challenges. To allow a
seamless connection between theory
and practice, as well as give students the
possibility to try out the given examples, we present a challenge after each
example. This allows students to solve
one or more challenges related to the
example that they previously viewed.
Coding exercises. This is a type of smart
content that requires students to write
code or complete a given code to
achieve a certain goal. Each coding
exercise has a problem description and
a baseline code. When students submit
their code, it is tested against a set of
predefined unit tests and the student
receives automated feedback on
whether the tests were passed or not.
Interactive examples and challenges
(Mastery Grids, PSEX) were developed
at the University of Pittsburgh, and
coding exercises (PCRS) at the
University of Toronto [2].
Scaling up research efforts to
support introductory programming
As a cross-platform architecture,
ProTuS aggregates and harmonises
learner-generated data from several sys8

tems into a set of meaningful indicators.
Thus, it acts as a learning eco-system
that leverages on various learning analytics to enhance personalised and adaptive learning. To address barriers hindering the usefulness and efficiency of
an adaptive learning system, we examined ProTuS usability and evaluated its
cross-platform learning analytics capacities to support personalised and adaptive learning [1]. The system has been
tested in different universities
throughout Norway and other European
countries, with the results indicating
that it shows promise for supporting
introductory programming.
In the future, the authors plan to further
develop the learning analytics component of ProTuS and provide more
learner-centred visualisations and
cross-analytics (e.g., data coming from
assignments, project-work, course
grading, and third-party software) [2].
Furthermore, the overall goal is to
investigate how analytics derived from
various sources can help us to construct
efficient teaching strategies and support
online and blended teaching and
learning of introductory programming.
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