
331

Computer-based concept mapping: a review of a cognitive tool
for students

Eric Bruillard & Georges-Louis Baron
Institut National de Recherche Pédagogique (INRP)

91 rue Gabriel Péri, 92120 Montrouge, France
E-mail: bruillar@citi2.fr

Abstract
This text is devoted to a literature review of concept
maps and concept mapping. An overall idea
emerges: on the one hand, concept maps are useful
tools for designers, to structure their products, but,
on the other hand, ready-made concept maps might
not be so useful for learning. For the learner, the
process of creating and/or modifying concept maps
seems to be much better. Evidence is collected from
different studies about advanced organisers and
about hypertext design and uses for learning.
According to these results, computer-based concept
mapping tools provide very interesting possibilities.
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Introduction
Concept mapping has been a subject of investigation
for some time now, giving rise to a new interest
since computer based tools have rendered the easy
creation and modification of concept maps. In
education, it is a tool for research, a communication
tool and an efficient means of teaching and learning,
notably as a process of establishing relationship
between concepts.

The following text presents a synthesis of a review
of the scientific literature we did in the context of a
European project (REPRESENTATION, MM 1045)
devoted to studying the issues related to computer
based concept mapping as learning tools. First, we
shall briefly present the notion of the concept map,
and research results about their uses. Then we shall
study links with hypermedia and, finally, conclude
with an analysis of computer-based concept
mapping tools.

An overview of concept maps
In this section, we will explain the notion of concept
maps or concept mapping and give some examples
of their usage.

Definition
According to Jonassen et al. [1], concept maps are
"representations of concepts and their
interrelationship that are intended to represent the
knowledge structures that humans store in their
minds."

Usually, concept maps are defined as semantic
representations of declarative memory presented
graphically (Jacobi [2]). The restriction to the
declarative knowledge that is implied by using the
term concept makes certain authors (e.g. Stoyanov
[3]) prefer the term cognitive mapping.

Contrary to semantic networks, concept maps allow
the links between the nodes to be labelled in very
different ways. A simpler view of cognitive
cartography has also been proposed under the term
of mind maps (Buzan [4]) where only concepts and
their proximity are represented, without any
particular meaning imposed on the relationships.

From a more concrete viewpoint, concepts maps are
formed by nodes and links. The nodes are
represented as lexical labels, and the links are
represented as lines. These lines are often oriented
and named.

Concept maps are important when one adopts a
constructivist view of learning. The theory behind it
is that each individual develops mental schema or
“mind maps” which serve to inform future thinking
or action. These schemas are fundamental to the way
we understand all experience. As babies we begin to
build up schema, which enable us to distinguish a
human face from its background. More abstract
conceptualisation involves the same process of
constructing meaning and pattern from a jumble of
sensory information. These schemas then enable us
to function with confidence in a complex
environment. Effective learning depends on the
creation of new schema, or on existing schema being
revised, extended or reconstructed.
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Uses of concept maps
In 1976, Novak [5] pointed out the importance of
elaborating materials enhancing meaningful learning
by centring on concept organisation. The seminal
work that led to the definition of concept maps
focused on representing knowledge and knowledge
evolution in children's science learning. Novak and
Gowin [6] insisted on how fundamental it was to
focus on ‘knowledge elaboration’ in spite of
‘knowledge discovering’. In their opinion, indeed,
knowledge is constructed through the observation of
events or objects with reference to the concepts that
are already known.

Concept maps are interesting in that they can be
considered from different points of view.

Accessing representations
First of all, they help to access representations.
Learning involves creating new representations and
modifying existing ones. From the researcher
viewpoint, an important question is how to account
for the students' representations at a given state in
learning. Concept maps seem to offer a tool for
doing this. They are indeed a very useful way to
gain access to the representations of learners, and to
assess whether their learning is influenced by prior
knowledge. For that purpose, concept maps are an
intermediary solution between drawings and
language production, since they do not force the
representation to be as linear as language production
would do.

Communicating
Secondly, concept maps are communicational tools.
Graphics can represent information in a way that
sometimes may be more appropriate to
communicating both contents and an idea about the
complexity of content. Concept maps are not limited
by linearity and are convenient to represent what can
be complex and intricate. Furthermore, they allow
collaborative construction of knowledge.

Co-operating
Finally, concept mapping is also useful for co-
operative activities. In this context, it is often viewed
as a preliminary stage that allows the bringing
together of more knowledge.

Concept maps can also be used as a means of
identifying experts engaged in complex activities.
This has been investigated by Quintin and Depover
[7]. In this study, software to teach about a

specialised domain of mechanics (Zincast) was to be
developed. The authors collected the concept maps
of several experts in order to analyse them as the
basis for designing the content of the software.
Moreover, with little modification, the maps were
then used as a navigation tool within the hypermedia
software in order to facilitate information searching
from the knowledge base of the teaching assistant.
The view of expert concepts presented through a
concept map has many advantages since it makes it
possible to propose a structure for a given domain.
We will later examine this assertion, but before this,
we will elaborate about the interest of using concept
maps as teaching tools.

Concept maps as teaching tools
As regards teacher's activity, concept maps also have
some interesting properties. Constructing concept
maps allows the lesson designer to identify the key
concepts and the relationship between them; this
process can even be extended to building the whole
structure of a given curriculum. The preparation
phase may use concept maps as a content analysis
tool.

Concept maps may help teaching as a technique of
presentation of the structure of the to-be-learned
domain before or during the learning phase (thus
playing the role of advance organiser) as well as
being used after the learning episode (as an
integrative tool). Jacobi [2] noted that in both cases,
some limitation may occur in their efficiency that
are related to their semiotic quality. This use of a
concept map necessitates using one map as the
reference.

Such a presentation typically uses maps constituted
by experts. In this case, the underlying conception of
teaching is that learners must acquire this
representation, and that the closer a learner’s map is
to the expert’s one, the better the result. Often it has
been demonstrated that learners who had the closest
map compared to the expert’s one, achieved better
grades in evaluation. However Jonassen et al. [8]
contested this view, provided that the goal of
teaching is not always to replicate the expert
representation in the learner's mind. Moreover, since
experts present important inter-individual
differences, the problem of choosing a reference
remains insoluble on objective grounds.

Another method consists of comparing one learner’s
map to those of his/her peers. This enables the
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teacher to observe how the pupil’s representation of
the domain changes compared to previous states of
knowledge or compared to the other pupils. In this
case, concept maps and concept mapping are used as
assessment tools in teaching practice, aiming for
instance at monitoring the learning process.

Concept maps are often presented as having another
advantage as a communication tool to use in
teaching, in that these combine both conceptual and
graphical aspects. Indeed, as Paivio's work
demonstrated [9], memory of a given material is
better when this material is encoded from different
formats. Hence the dual coding theory predicts that
if pupils are offered the same conceptual material in
a concept map format, versus a more normal, non-
graphic format, the concept mapping approach
would lead to better memorisation of the material.
This is actually observed by many educational
researchers, particularly in science teaching.
However it must be noted that researchers have
hardly ever tried to distinguish the benefits of the
presentation mode from that of constructing the
map, although it would be an issue of considerable
theoretical and practical interest.

Concept maps as learning tools
From a theoretical point of view, concept mapping
can be a rather effective way of learning because it
requires explication and reflection (making explicit
what is normally implicit) and may help the pupil to
develop auto-monitoring techniques and so enhance
their critical thinking (Hammond [10]). For
McAleese [11], the process at the core of concept
mapping is the auto-monitoring technique, for
personal or group knowledge presentation or RE-
presentation. Ideas are ‘created on the fly’ and the
learner has tools to use and operates through a series
of stages (Figure 1).

The benefit comes from the learner being more
aware of the necessary regulation of her learning
processes in relation to the abilities to acquire. Using
concept maps permits one to represent one’s current
state of knowledge. Thus Huai [12] states that
concept maps could act as a cognitive looking glass
for one’s own conceptual model. Also in the process
of constructing concept maps, the learner could
notice not only her knowledge and its gaps, but also
her learning strategies. Such an identification of
certain aspects of her cognitive styles could warn the
learner about deficient procedures, and allow her to
change them or to compensate for them by other

means. In this vein, Huai [12] showed that using
concept maps helped pupils who had extreme
cognitive styles to compensate for the learning
strategies they engaged in spontaneously.

Figure 1: The stages of auto-monitoring (McAleese
[11])

Many authors underline the importance of concept-
formation tracking as a tool for monitoring pupils'
conceptual growth over time (Anderson-Inman et
al., [13]). So, as a learning strategy, concept
mapping is most effective if it is conducted on an
ongoing basis over the course of instruction.

Research about uses of hypermedia for learning lead
to similar results.

Links with hypermedia learning
A classical, but rather simplistic, view of hypertext
describes it as a network of nodes and links. The
contents of the nodes can be labelled by a concept
name and such a structure is very similar to concept
maps (Bruillard and de La Passardière [14]). Using
concept maps in the context of hypertexts therefore
seems natural. In an educational framework, they
can be used to help designers in designing
hypermedia or, as navigational tools, for helping
learners to find an appropriate path through a lot of
documents (the contents of which they do not
necessarily know very precisely):
• Several questions may be posed;
• Are concept maps good tools for hypertext

design?
• Are they appropriate navigational aids?
• What can be considered as the best strategy for

the learner to acquire knowledge in using
hypertext documents?



334

Concept maps and hypermedia design
With the evolution from 'drill and practice' tutorial
software to hypertexts for learning, the point of view
has shifted from a logic of transmission of
knowledge to the learner to a logic of construction
of knowledge by the learner. But the structure of
knowledge to be transmitted or to be acquired,
remains a major issue. This structure will serve to
provide the learner with navigational clues, in order
to facilitate navigation through the materials and,
possibly, the construction of new knowledge.

In organising a corpus to be learned, it is possible
either to begin with a set of materials that are poorly
structured or even have no prior structure at all, or
with a strongly structured set of materials. In the
first case, it seems useful to organise the corpus by
using concept maps. For Paquelin [15], concept
maps can give at the same time a global and partial,
synthetic and descriptive view of a domain of
knowledge. His “ Terre-à-sol ” project aimed at
facilitating the learning of concepts linked to ground
fertility and of the relations between the different
methods of preserving it. In this context it appeared
that concept maps can be used, as formulation and
communication tools between experts coming from
different areas, with different points of view that are
not easy to assemble.

As a tool to assist in designing educational
hypermedia, concept maps are especially useful
when authors cannot rely on existing well-structured
documents. Another approach thus begins with a set
of well-structured electronic documents, and sets out
to generate a hypertext in an automatic or semi-
automatic manner. For example, Wentland-Forte
[16] suggests transforming an electronic document
in an educational hypertext in two steps: marking up
the initial document and then generating
navigational maps. The benefit for the author is to
rely on already written texts about what she wants to
teach, the hypertext generated taking into account
semantic links and, for the learner, to use
visualisation tools which are able to facilitate the
understanding of concepts.

Concept mapping is used in other cases, for example
in connection with adaptive advice to teach reading
comprehension (Carlson and Larralde [17]),
integrated in the design of an intelligent hypertext
demonstration system (Scott and Ardron [18]), or in
systems like TextVision (De Vries and Kommers
[19]), mixing hypermedia and concept mapping.

Many design approaches have been tested, and the
techniques used by authors depend on the existing
materials, their level of initial structuralisation and
the intended type of control over navigation.
Concept maps intend to organise knowledge and to
show, in a more or less explicit manner, the internal
conceptual network. There is a strong consensus that
concept maps facilitate hypertextual organisation of
knowledge, but many studies suggest that they are
not as useful for learners as could be wished.

Concept maps as navigational tools
Considering that concept maps should help learners,
Zeiliger et al. [20] decided to offer (college students)
navigational tools associated with this mode of
presentation. They thought that concept maps would
allow learners to construct their own vision of the
domain and facilitate the emergence of links
between main concepts. For that purpose, they
designed a graphical tool for the creation of concept
networks about an existing hypermedia. Their
experiment gave no probing results and they
observed that nothing indicated that the visualisation
of the links between concepts improve the
effectiveness of educational software.

Other experiments gave similar results. For example,
Stanton et al. [21] suggest that providing a map
results in poorer performance, less use of the system,
lower perceived control, and poorer development of
‘cognitive maps’, when compared to a condition
with no map present. They concluded that it is
wrong to assume that a map will always aid
performance and that care needs to be taken in
analysing what tasks the learner will need to perform
before designing navigational aids. Van Oostendorp
[22] also found negative effects when using a
structuring format equivalent to a concept map.

For Beasley and Waugh [23] maps can help to
reference and then facilitate information research in
a domain, but can be an obstacle for learning in a
non-familiar domain in which the learner has to
construct his own maps. Chou and Lin [24] suggest
that navigational maps can have an effect upon the
steps of information research, the efficiency of the
research and the development of cognitive maps.
But Dias and Sousa [25], in their investigation of the
role of navigational maps as help tools in
information retrieval tasks, found that such maps
lead to no specific improvement.
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One of the reasons justifying the above, is that for
learners, concept maps are rather unusual objects;
this lack of knowledge about them can explain some
of the difficulties they face in using them as
navigational aids. Furthermore, reading with
hypertext requires new and specific skills that are
not yet developed by users. Other experiments are
not conclusive about the value of concept maps
(Calvi [26]).

To sum up all the preceding remarks, the interest of
concept maps as navigational aids depends on the
task (information retrieval, learning…) and the level
of prior knowledge of the domain. Tricot et al. [27]
suggest also that the knowledge of the rhetorical
structure of documents plays an important role.

Learners as designers
Many research studies have focused on ways of
overcoming two major problems in hypertext
navigation: disorientation and cognitive overload.
Relying on an experience with Intermedia, Landow
[28] affirms that orientation is not a major issue. His
view is supported by other experiments (for example
Legget et al. [29]). In an educational setting, it is the
assigned task that provides structure and gives a
global meaning to the search (provided that the
documents are well structured), reducing the risks of
disorientation.

Other authors have a more radical point of view and
consider that overcoming disorientation is the
responsibility of the learner: ‘getting lost does not
then depend on the fact of having a card, but on
building one oneself’ (Mayes et al. [30]). Entrusting
the reader with the responsibility of choosing
pertinent paths for finding information and
constructing meaning places more demands on her
and may generate an important cognitive load.
However, in a constructivist approach, it might be a
necessary condition of effective learning (Jonassen
and Grabinger [31]).

Therefore, providing a concept map to a learner is
not always an efficient solution, but such maps seem
very useful for designers to organise their material.
A specific case must be considered: learners as
designers who use concept maps in their design task.

Many authors agree on the fact that engaging a
group of learners in producing something is very
useful, from an educational point of view. It can be
done with adults at university or to overcome

learning difficulties, even with illiterate or young
pupils (Papert [32]). According to Jonassen and
Reeves [33], the people who seem to learn the most
from the systematic instructional design of
instructional materials are the designers themselves.
Some of the best thinking results when pupils try to
represent what they know. Hypertext design seems
to be a particular case of a very general pedagogical
principle.

In a recent study, Liu and Pedersen [34] have
explored whether being hypermedia designers could
have an effect on fourth graders’ motivation and
their learning of design knowledge. The findings
showed that engaging pupils in hypermedia
authoring could enhance their motivation, and
allowing pupils to be hypermedia designers could
support the development of design knowledge and
higher order thinking skills.

Computer based concept mapping
tools
If we agree that learners should construct their maps,
computer based concept mapping software
(henceforth called CBCM) may play an important
role. What problems are encountered in drawing
concept maps and what advantages can be expected
from computer based concept mapping tools?

Several problems have been revealed by
experiments in classrooms. In a study designed to
test the effectiveness of a concept mapping tool in
aiding pupil learning from a hypertext system,
Reader and Hammond [35] found that use of this
tool enhanced the scores on a post-test when
compared to standard note taking. They also
observed that only one of the eight subjects
produced a well structured concept map. ‘Often
concepts, some of which had been spatially
organised, remained unlinked, concepts that had
been linked using organisational links often
remained so, with little attempt by subjects to
specify them as structural relationships’. This
indicates that pupils may need more support in the
formation of structural relationships, and
encouragement to revise maps.

Anderson-Inman et al. [13] observe that concept
mapping is rarely used spontaneously by pupils,
because it is difficult and that the process of map
modification is messy and cumbersome. So, if we
agree with the fact that modifying maps is essential
because it allows learning to occur and conceptual
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understanding to grow, we have to offer learners
more support in constructing networks and more
encouragement to revise networks. Computer Based
Concept Mapping (CBCM) tools can have a
determinant role for that purpose, since revisions are
much easier than on paper.

Anderson-Inman and Zeitz [36] describe the benefits
of concept mapping using computer software over
traditional pencil and paper methods of organising
information. They found that classroom use of
Inspiration (one of the most well-known CBCM)
encourages users to revise or change the maps. They
manipulate concepts and revise conceptual
relationships.

‘The practical advantages of constructing concept
maps electronically are similar to those of using a
word processing program to write. There is an ease
of construction, an ease of revision, and the ability
to customise maps in ways that are not possible
when using paper and pencil’ (Anderson-Inman et
al. [13]).

With CBCM, concept representations and their
respective links are no longer static; both can be
expanded as knowledge or elaboration of an idea
increases. Errors in describing an idea can be easily
corrected and adapted. Most computer assisted
concept mapping tools allow the user to point and
drag a concept or group of concepts to another place
on the map and automatically update all the
appropriate links (Anderson-Inman & Zeitz [36]).

Another key point is that software usually allows the
user to change his/her map to different electronic
formats (e.g. from outline to graphic). These
electronic formats can then be stored, sent,
manipulated, used, printed, and deleted just like any
computer file. Digital storage is especially important
if concept maps are to be re- used, completed by the
person or others. It can facilitate co-operative tasks.
A concept map in digital format can easily be sent as
an attached file with e-mail messages, or included in
a WWW page.

Several other authors sum up all these advantages:
easy restructuring, highlighting, comments,
presentability, export or ease of adaptation and
manipulation, dynamic linking, conversion,
communication, storage (Plotnick [37]). But, as
Anderson-Inman et al. [13] advocate, the advantages
of computer-based concept mapping for learning

may go beyond such practical matters. The fluid
environment of the computer seems to invite
information manipulation activities that help pupils
build a more coherent view of the topic they are
studying. It is possible that computer-based concept
mapping helps to ‘reorganise mental functioning’ in
ways not possible outside the electronic medium.
Pupils may therefore be more easily involved in the
learning process, and maps are an artefact of a
process by which learning occurs. Pupils can benefit
from learning visually. The overload associated with
revisions can be alleviated.

Perspectives
Several CBCM products are available. All of them
look alike at first sight. But they are not quite
identical, having different interfaces, proposing
different functions. The products differ in the
constraints they set. In constrained approaches, the
links will be strongly typified. In unconstrained
approaches (like finding ideas on a given subject)
the focus will be more on the relative positions of
graphics.

In the European project Representation, we use both
Inspiration (www.inspiration.com), which appears to
be the most effectively adapted to elementary
students and Representation, software specifically
designed for the project. Preliminary results show
that concept maps appear to be a useful tool to get
access to pupils’ representation (of computer
systems) and concept mapping to be a useful process
in learning activities.
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