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Abstract. Although concept maps have been found to be effective in
science education research, these are critiqued for being informal due
to informal usage of relation and attribute names thereby resulting in
ambiguity. Refined concept mapping, a development over the regular con-
cept mapping is an approach towards introducing rigor and parsimony in
representing knowledge. The method proposed suggests to substitute the
ambiguous relation names with well-defined relation names to concepts
consistently while mapping a domain. We suggest the use of this method
for introducing rigor in concept mapping and position it among the other
models of knowledge representation in an inverse semantic spectrum.
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1 Introduction

Concept map, a two-dimensional representation of knowledge, is a simple graphi-
cal form of knowledge representation method comprising of nodes (concepts) and
arcs (linking phrases). Although concept maps have shown to have significant
impact in education[1], the knowledge representation community critiqued it
for being informal [2,3]. In an analysis of four different types of knowledge
representation models [2], concept maps, being one among them, are claimed
to be informal. Although concept maps are easy to construct, the maps drawn
by different persons of the same domain often do not match. This is due to the
choice of different linking phrases, though the concept names chosen are often
the same. While this may serve the purpose of eliciting the knowledge of the
learner, often due to lack of discipline (rules) the propositions cannot express
the intended meaning since the linking phrases are chosen from natural language.
Examples given in section 2. This obviously prevents them from being fit for a
formal representation [4], but also the free usage of linking phrases does not
lead to rigor in representation of scientific knowledge [5]. We shall propose a
simple methodology to refine concept mapping so as to make the representation
more clear and rigorous. We suggest how this method can help students become
rigorous by re-representing concept maps as refined concept maps. We also relate
the program with existing attempts to represent knowledge for machines, and
how it can play the role of a bridge method linking the informal models and
formal models of conceptual structures.

M. Croitoru, S. Ferré, and D. Lukose (Eds.): ICCS 2010, LNAI 6208, pp. 199–202, 2010.
c© Springer-Verlag Berlin Heidelberg 2010



200 M. Kharatmal and G. Nagarjuna

2 Refined Concept Maps—A Methodology for
Introducing Rigor

Refined Concept Mapping (RCM) uses a finite set of well-defined relation names
consistently to represent a body of knowledge. The Novakian or Traditional
Concept Mapping (TCM) uses linking words such as—is a, can be, have, may
be, etc. Since these linking words do not portray the exact meaning, we propose
to replace them with semantically well-defined relation names such as—part of,
includes, surrounded by, located in, has function, etc. Explicit use of conceptual
relations (predicates) exemplified with constraints in conceptual graphs have also
been one of the insights that we have drawn from for focusing on well-defined
relation names in representing knowledge [6]. Since our domain is of biology, we
draw from the Open Biological and Biomedical Ontologies (OBO) [7] foundry
which is collaboratively developing and publishing well-defined relations—the
OBO Relation Ontology (RO) [8]. For e.g. the OBO defines part of as: For
continuants: C part of C′ if and only if: given any c′ that instantiates C at a
time t, there is some c such that c′ instantiates C′ at time t, and c part of c′ at
t. Similarly, located in is defined as: C located in C′ if and only if: given any c
that instantiates C at a time t, there is some c′ such that: c′ instantiates C′ at
time t and c located in c′. In OBO, the relation names are categorized as foun-
dational, temporal, spatial and participation [9]. The relation names are chosen
based on the classification scheme—inclusion (class, meronymy, (component-
object, member-collection, portion-mass, stuff-object, phase-activity, place-area,
feature-event), spatial), possession, attachment, attribution, antonym, synonym
and case [10].

Now, we shall illustrate the methodology to transform informal (natural lan-
guage) propositions into refined propositions by replacing merely the relation
and attribute names with well-defined ones. This is how we propose rigor can be
introduced. The following are the propositions from the traditional maps:

(1) [sharks]→(can be)→ [great white shark, tiger shark]
(2) [shark teeth]→(can be)→ [big, small]
(3) [nucleus] → (is a)→ [double layered membrane structure]
(4) [nucleus]→ (is one of the)→ [organelles in a cell]
(5) [nucleus]→(is present in)→ [each living cell]
(6) [nucleus] → (is small)→ [in animal cell]

The corresponding RCM propositions following the same order are:

(1′) [sharks] → (includes) →[great white shark, tiger shark]
(2′) It is possible that, [shark teeth]→ (has size)→ [big, small]
(3′) [nucleus] → (enveloped by)→ [double layered membrane structure]
(4′) [nucleus]→ (kind of)→ [organelles in a cell]
(5′) [nucleus]→(part of)→ [each living cell]
(6′) [nucleus]→ (part of)→ [animal cell]; [nucleus] →(has size)→[small]

We eliminated ambiguous relation name can be by resolving it into includes
in (1′), has size in (2′), and appropriate possibility modality expressed by can
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be is inserted. In the propositions (3-6), one single relation name is a is being
ambiguously used for four different meanings. This ambiguity is eliminated when
substituted by appropriate relation names—enveloped by, includes, part of, has
size, respectively shown in (3′-6′). The ambiguity of is a link is already being
pointed by experts in the field of semantic network [11]. Unlike in TCM, in RCM
we propose the possibility of inserting tags for modalities and quantifiers. Thus,
along with rigor, the substitution also helped in enhancing expressivity.

We proposed this methodology for science education suggesting the transfor-
mation of conceptual structures of novices into experts and hypothesized that
roots of rigorous representations lie in predicate terms [5,12,13]. The methodol-
ogy adds weight to and is coherent with semantic holism [14], where the meaning
of a node (term) arises by virtue of its position in the neighbourhood of the node,
rather than from the node itself.

3 Discussion

Cognitive development studies, in the context of teaching-learning, compared
the conceptual structures of novices and experts in terms of coherence, ab-
stractness, parsimony, integration, explicitness etc. [15,16,17]. Following [16], we
attempted to make the implicit meaning explicit by re-representing the relation
names. Therefore, the suggested transformation method of RCM can be used in
teaching-learning context. Although, the set of relation names in RCM are part
of a natural language, the rigor is introduced by following well-defined terms
consistently.

Knowledge Representation (KR) studies by both cognitive and computer
scientists also suggest gradual transitions from less formal to more formal rep-
resentations, implicit to explicit, more ambiguous to least ambiguous giving rise
to an inverse spectrum as shown in Fig. 1 (partially adapted from [18]).

The current semantic web project is also making knowledge more and more
explicit to enable partial interpretation by computers. Our suggested method-
ology of RCM may also contribute to meet the objective of semantic web by
focusing on the predicate terms instead of object terms.

Fig. 1. Semantic spectrum presented indicating the inverse relation between ambiguity
and rigor. The KR models on the left are more ambiguous and less rigorous whereas
on the right are less ambiguous and more rigorous. The position, scale and the models
presented are merely an indicative of the idea and not comprehensive.
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