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INTRODUCTION

There are many ways in which information technol-
ogy (IT) can be integrated into the curriculum. IT
can, for example, enable access to learning material
and resources, it can feature learners’ communica-
tion, and also provide instructional elements for the
learners. The exact method by which IT is applied to
the learning situation is however dependant upon the
scenario in which it is required. This article is about
computer-supported collaborative learning scenarios.
These are characterised by the fact that two or more
learners work together to acquire knowledge about
a particular topic. Learners may sit together in front
of the same computer screen and work in a learning
environment, or they may be spatially or temporally
separated and use IT for their communication as well
as for access to the learning environment. This com-
munication may use chatrooms, newsgroups, or one
of the forms of audio-visual communication, such as
videoconferencing. The method of communication
should be adapted to best fit the learning scenario for
which it is being applied (Ertl, Kopp, & Mandl, 2007).
Whether or not the collaboration partners are in the
same place, the computer screen and its contents are
always the central element in the computer supported
learning environment. The information displayed on
the screen is used to focus the collaborative learning
process on particular aspects of the learning task, for
example, on ontologies and argumentation moves
(Ertl, Fischer, & Mandl, 2006; Suthers & Hundhausen,
2003). Consequently, the design of the screen is of
great importance, and an improvement in this area can
be an improvement in the instructional make up of a
learning environment. It must be noted that the term
‘design’ in this case is not used to mean the particular
aspects of usability, but refers to development of an

instructional prestructure of the shared screen (Ertl
et al., 2006; Fischer, Bruhn, Grisel, & Mandl, 2002;
Suthers & Hundhausen, 2003). This structure can be
seen as an external representation of the instructor’s
knowledge about the topic at hand, and is given to the
learners as instructional support.

BACKGROUND

The term ‘external representations’ is very broad and
can be described as knowledge and structure which are
displayed by physical symbols, objects, or dimensions
(Zhang, 1997). External representations comprise of text
information, such as a book, visualisations, or structure
and guidelines (e.g. in the style of templates) (Lohner
& van Joolingen, 2001; Zhang, 1997). External repre-
sentations offer different features for varying scenarios
of collaborative learning. They provide a permanent
display of knowledge and structures (Larkin, 1989;
Péchter, 1996) and allow learners a permanent access
to contents (Dennis & Valacich, 1999).

External representations may also guide the learning
process if they provide an instructional prestructure to
the learners; for example, verbal guidelines or visual
structure for aspects that are of particular importance
to their task. This representational structure focuses
learners’ attention on aspects that might otherwise be
neglected. Suthers and Hundhausen (2003) call this
‘representational guidance.’ The creator of the structure
or guideline decides upon which aspects the learners
should focus. The existence of this kind of structure
may influence learners’ perception of a task (Zhang
& Norman, 1994), and this may in turn influence the
learners’ ability to solve the task. When provided with
a beneficial representation, learners may perceive the
problem in a different manner, enabling them to deal
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with its content more swiftly (Zhang & Norman, 1994).
Their studies showed that learners experience benefits
to learning if they receive a supportive task structure
(Zhang, 1997; Zhang & Norman, 1994). This mecha-
nism can be used for providing instructional support
for the learners.

INSTRUCTIONAL SUPPORT BY
EXTERNAL REPRESENTATIONS

When external representations are applied as ameans of
instructional support, they are mainly directed towards
the conceptual level of a task. They aim at facilitating
learners’understanding of a particular problem. For this
purpose, content specific facilitation highlights central
characteristics of the learning material by representing
important content structures. Such prestructuring of the
shared screen can make important task characteristics
salient and can thereby function as a representational
guide to learners’ content specific negotiations (Suthers
& Hundhausen, 2003). The broad variety of structures
for external representation (Léhner & van Joulingen,
2001) lead to a wide variety of facilitation methods,
differing in the degree of freedom that learners have,
and in the degree of support they receive when working
with them. In general, one can distinguish between three
different classes of support: simulations, conceptualisa-
tion tools, and templates. All three classes have the fact
that learners interact with the external representations
and that external representations guide the learning
processes in common.

Simulations (e.g., Roschelle & Teasley, 1995) allow
learners to simulate scientific processes; learners work
with simulation software, which models the respective
processes dependent on specific parameters. Roschelle
and Teasley (1995), for example, provided learners
an ‘envisioning machine’. This machine simulated
Newton’s Law in respect to the concepts of velocity
and acceleration. Learners were able to modify the
vectors of velocity and acceleration in the Newtonian
world and could directly see the effects of their changes
within the simulation. Thus, the general principle of
simulations is that an external representation provides
parameters for learners to modify. Based on these
modifications, the learners get direct feedback on this
change within the simulation. In this way, simulations
aim at understanding the influence of particular factors
on a whole (simulated) system.

In contrast to simulations, conceptualisation tools
allow the modeling of relations by the learners. In this
case, the tool provides objects of different styles and
different relations important for the content area and
the learners can create their own representation of the
structure of a particular content (Fischer et al., 2002;
Suthers & Hundhausen, 2003). Fischer et al. (2002)
presented a tool for structured visualisation. Learners
were given the assignment to make a lesson plan for
a class and to take different motivational issues into
consideration. The tool provided cards for the learn-
ers to visualise lesson elements and other cards to
visualise motivational aspects. Furthermore, they had
different kind of lines to visualise relations between
the lesson elements and the motivational issues. The
tool enabled learners to get an image of the pros and
cons of different lesson elements and to decide which
lesson elements to use. Thus, conceptualisation tools
aim at deeper understanding of structures within par-
ticular content area.

Templates prestructure a content domain (Brooks
& Dansereau, 1983; Ertl et al., 2006; Suthers & Hund-
hausen, 2003). They are mainly in the style of tables
and provide categories, which are particularly important
for content specific negotiation. Learners fill the empty
spaces in the template and thereby focus on important
categories (see Table 1). However, learners cannot
change the structure of the template and model new
relations. Therefore, templates aim to help learners to
understand important aspects of a content area. In the
following, this article provides an example of a content
scheme, which is related to the class of templates, to
illustrate the possible application of external representa-
tions for computer supported collaborative learning.

CONTENT SCHEMES

Content schemes provide templates for learners that
comprise of placeholders for important aspects. They
often provide tabular structures (e.g., Brooks & Dan-
sereau, 1983; Ertl, Reiserer, & Mandl, 2005; Suthers
& Hundhausen, 2003). This structure of the scheme re-
mains salient during collaboration and focuses learners
on the aspects introduced by the placeholders (Suthers
& Hundhausen, 2003). This style of guidance can be
important for promoting important aspects of a task
implicitly, which means that learners use this structure
without being directly told to do so. Therefore, such
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