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A pedagogical approach to the design of Learning Objects
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In this paper we describe an approach to the design of learning objects (LOs) suitable to support learning
in complex domains at university level. Our proposal is centred on a costructivist approach where learning
is viewed as resulting from personal activity and comparison with the activity of others. Our pedagogical
approach to knowledge acquisition and to the use of technological tools is realized by means of didactical
units which can be implemented as Learning Objects (LOs) with a variety of structures and aims. In this
framework, we address the issue of supporting students' learning in ways that differ according to the re-
quirements of each situation. Based on an analysis of the literature, we devise possible types of support
that students may need in different learning situations and show how they can be realized by means of our
pedagogically-oriented LOs.
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1. Introduction

In an active approach to learning, oriented to the acquisition of non-trivial knowledge, to the solution of
complex problems and to the development of self-regulation abilities [1-4], students build new knowl-
edge based on their previous one, by means of personal reflection and social interaction [5-7]. In this
framework, an important role for the teacher consists in supporting the students through this process,
increasing their motivation, promoting initiative and control, guiding them in the process of knowledge
exploration and organizing the use of tools that ease this process. Following this theoretical characteriza-
tion, learning is seen as developing from activities of three different kinds, that is, individual, teacher-
guided, and in collaboration with peers. Technology can play a meaningful role in all kinds of activities
by offering non-trivial working tools and individually adaptable hypermedia learning materials, easing
communication and collaboration with peers, supporting self-assessment, as well as by performing some
functions which were traditionally of teachers, such as scaffolding and problem posing.

The increased possibilities of effectively implementing such an active and articulated approach to
learning, due to the current development of ICT, turns out very useful when the object of study are com-
plex domains, as for instance mechatronics education at university level. The design of robot control, as
a matter of fact, requires a particularly strict integration between methodological and operational com-
petence. Actual work on the real tools is crucial for suitable learning in this field, and the use of simple
simulation programs can not be sufficient. For economical reasons, however, labs with different equip-
ment are spread across several universities. This motivates the need to develop tele-presence environ-
ments, including the development of a rich and articulated range of abilities, such as technical, instru-
mental and methodological competence, meta-cognitive and self-regulatory abilities, as well as relational
abilities so to be able to perform collaborative work on complex tasks [8].

In order to meet the needs of this application, we designed an educational framework where Learning
Objects (LOs) are the central tool used to keep a strict connection among theoretical, methodological and
operational competence. This is obtained by defining a typology of LOs. In a previous paper [9] we de-
tailed the characteristics of these LOs, together with the different kinds of tools that we devised as neces-
sary to integrate their correct and effective functioning. In this paper we concentrate on the issue of
suitably supporting students' learning in ways that differ according to the competence of the students and
the characteristics of the tasks addressed. Based on an analysis of the literature, we point out different
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types of support that students may need in different learning situations and show how they can be real-
ized by means of our pedagogically-oriented LOs.

2. Pedagogically-oriented LOs

In order to model and implement a view of learning apt to cope with the requirements of complex do-
mains, we devised a variety of LOs and tools [9], so as to reflect the articulated organization of educa-
tional materials and activities that experienced teachers usually employ in their work. This correspon-
dence is shown in Fig.1.

This gave rise to defining LOs of two different types, that is, Structured LOs and Functional LOs,
together with a set of working tools with different aims (such as communication, manipulation, object
sharing), necessary to develop the various phases of learning. The first class, i.e. Structured LOs, corre-
sponds to the educational modules teachers usually build to address some topic, and constitutes the
backbone of the students' activity. These LOs can take different forms according to the pedagogical ap-
proach they embody. The second class, i.e. Functional LOs, includes support materials of different kinds
that teachers generally use as reference material to complement their lessons.

Structured LOs are articulated in:

* Guided LOs, devoted to introduce some topic under teacher's guidance, and suitable for leading inex-
perienced students in the initial exploration of some new topic;

* Problem LOs, leaving students space to use their ability and creativity on topics where they already
have some experience;

* Mixed LOs, based on a combination of these two types.

Functional LOs, on the other hand, contain complementary material, such as glossary, templates, pres-

entations, guidelines for the analysis of results, etc., and are articulated into sub-classes named after their

function, i.e., Glossary-LO, Template-LO, Tutorial LO, etc. They can be context-dependent or context

independent according to their application range.
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3. Supporting the learning process

From a theoretical point of view, speaking of educational support to the learning process refers to the
interactions that take place within an educational context and give rise to learning. It is sometimes called
“scaffolding”, with an overloaded term which can be used to refer both to support in general and to a
particular kind of it, as specified in section 3.3. The term scaffolding was first introduced within the
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constructivist framework in order to metaphorically represent effective interactions [10]. The idea of
scaffolding is related to Vygotsky’s studies on the “zone of proximal development”, which is the area of
learning where students are not able to proceed by themselves but can do it under expert’s guidance [7].
Distinctions within this concepts were later introduced, emphasizing different points of view on the sup-
porting activity and consequent differences in the didactical planning, as described below.

3.1 Modelling

The term Modelling refers to the kind of support that guides the students to acquire expert behaviour in
problem solving. In this case, attention is focused on the analysis of expert’s results, on what knowledge
they use, on what cognitive and meta-cognitive processes they carry out during a problem solving activ-
ity. Modelling includes the analysis of meaningful cases, and implements an approach to educational
support which is problem-oriented and guided by the teacher.

A particularly interesting aspect of modelling is the study of strategies apt to support the user in the
development of expert reasoning models, and consequently the definition of Structured LOs guiding this
kind of activity. The didactical aim of LOs implementing modelling is thus to lead students to spot and
reflect on the differences between how they tackle problems and how teachers do.

3.2 Coaching

The term Coaching refers to the teacher’s activity supporting students’ efforts to solve some task. In this
case, the emphasis is on students’ work. Here, the teacher follows and regulates students’ activity, by
analysing it and providing feedback and suggestions. This kind of support, hence, develops during the
activity and entails a high degree of interaction between students and teacher. It is not necessarily limited
to class activity, though, since distance communication tools, such as e-mail, CMC platforms or video-
conferences can be used to allow coaching in ICT-based environments.

In our pedagogically-oriented framework, coaching is realized by structured LOs entailing a direct
intervention of the teacher or containing links to Functional LOs and communication tools.

3.3 Scaffolding

The term Scaffolding refers to any incentive or help, adapted to the student’s ability level, intentionally
given in order to help a student to perform some task [11]. In this case, the focus is mainly on knowledge
to be acquired and tasks to be tackled, taking into consideration the systemic factors that may affect
performance. A distinctive characteristic of scaffolding is to decrease over the time and finally disappear.
It can include also some activities which are typical of modelling and coaching, provided they are im-
plemented so as to progressively decrease while the learners acquire the ability to work on their own.

From the point of view of application, scaffolding can be subdivided into categories taking into ac-
count the requirements of the educational situation at hand [12, 13]. It is hence possible to talk of moti-
vational, procedural, cognitive, meta-cognitive and strategic scaffolding. In our pedagogical approach, it
can be realized through the interaction among student, teacher and peers, mediated by Structured LOs.

4. Choosing the right kind of support

It is clear that none of the mentioned types of support can be considered the best one for any case, since
each of them have potentialities which make it more or less suitable in different educational situations.
They should, hence, not be considered as opposite choices, but combined and integrated, even within a
same activity. Figure 2 shows, as example, a guided LO focused on modelling expert reasoning, which
makes use of the three mentioned kinds of support in different phases of the proposed activity.
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Fig. 2 Use of different kinds of support within a Guided LO

Creating an effective support is, in general, a complex task [14]. It is clearly difficult, as a matter of fact,
to find a balance between the current development point of students and possible achievements. In order
to effectively lead to actual learning, moreover, the support given should evolve over the time to follow
the changes of the learning needs [15, 16], but unfortunately it is not easy to devise and implement rules
to guide such evolution. Nevertheless, we can propose some general criteria apt to express at least par-
tially the ever changing nature of an effective educational support, pointing out, for each of them, what
kinds of LOs and tools of our pedagogical framework can be used for that end:

* Develop a pedagogical approach integrating teacher-guided work with autonomous one, by gradually
mixing activities of these two kinds, based on the development reached by the students in the consid-
ered topic. This kind of activities can by realized by means of Mixed LOs.

® Include in an educational path moments in which personal activity comes before the analysis of the
activity of others. This kind of activity, which aims at letting students try to figure out on their own
individual ways to tackle problems, instead of replicating solving approaches of others, can be real-
ized by asking them to hand in their results before accessing educational materials, such as:

*  Best-cases worked out by peers, when the assignment consists in solving a problem or working
out a project.
*  Syntheses and overall considerations of the teacher, when the assignment consists in analysing
some problem situation.
*  Argued evaluation made by teacher’s or peers’, when the assignment is a self-evaluation task.
® Allow students to get help from peers who are possibly on-line.
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® Use evaluation as an occasion of learning, including the possibility for the students to hand in a
second time their work after a first evaluation, making use of the knowledge gained from the evalua-
tion received and from examples of best cases.

® Include the use of adaptable tools, apt to grant different kind of support based on the actions made
with them. For instance, a collection of Frequently Asked Questions can be used as

*  coaching, if students use them to get the answers to implicit or explicit questions;

*  cognitive scaffolding, if students use them to rapidly refer to known procedures and methods
which are functional to a task they are working on;

*  meta-cognitive scaffolding, if teachers ask their students to organize and update them.
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