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Abstract 
Over recent decades, the process of teaching/learning has become ever more complex. The in-
creasing school population, and the advent of new IT applications and of networking, together 
with the requirement for continuous training, have comprehensively overturned the simplistic 
approach to the process that had previously been pursued. As a result, the evaluation of the proc-
ess has also been overhauled – having once been a selective practice, it is now considered to be 
an activity that generates quality in teaching. However, it appears that the tools used to carry out 
evaluations have been lagging behind in terms of innovation. In an effort to close this gap, the 
authors here offer a study of the possibility of using closed tests that can be analysed in terms of 
rigorous algorithms, are replicable through automated software and use the concept map structure 
in a variety of ways. 
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Introduction 
 Recent decades have seen an increasing awareness that the adoption of refined procedures of 
evaluation contributes to the enhancement of the teaching/learning process. In the past, the 
teacher’s evaluation of the pupil was expressed in the form of a final mark given on the basis of a 
scale of values determined both by the culture of the institution and by the subjective opinion of 
the examiner. This practice was rationalised by the idea that the principal function of school was 
selection - i.e. only the most fully equipped (outstanding) pupils were worthy of continuing their 
studies and going on to occupy the most important positions in society. 

According to this approach, the responsibility for failure at school was to be attributed exclu-
sively to the innate (and, therefore, unalterable) intellectual capacities of the pupil. The learn-
ing/teaching process was, then, looked upon in a simplistic, linear way: the teacher transmits (and 
is the repository of) knowledge, while the learner is required to comply with the teacher and store 
the ideas being imparted. 

The rapid economic and social progress that has taken place since the second half of the 20th cen-
tury, alongside the diffusion of the concept of democracy among more and more peoples of the 

world, has led to a redefinition of the 
role of the school and of its evaluation 
practices. It is not by chance that one of 
the United Nations' stated objectives is 
to ensure the provision of primary edu-
cation for all by the year 2015. The new 
goal of school is to train free-thinking 
persons, promoting their personal devel-
opment while respecting their individu-
ality. As such, evaluation has become 
the crucial element, the yardstick with 
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which to determine what represents high-quality education/training and what does not. Against 
this new backdrop, no educational activity is delivered without taking evaluation into account as 
an intrinsic part of the activity. 'Evaluation' is here intended as the series of operations (concern-
ing both the teacher and the learner) that accompanies the training process, providing constant 
feedback on its progress, and giving rise - in response to the information supplied - to adjustments 
that are geared towards compensating for the weaknesses exposed and are calibrated to meet the 
needs of the learners, with a view to reanalysing the results achieved at the conclusion of a given 
educational activity. 

Accordingly, it can be said that evaluation has today become a continuous, systematic form of 
monitoring, which has as it main aims the regulation of educational actions on the one hand, and, 
on the other, the provision of support to learners in their efforts to develop their own potential.  

In line with the approach taken by the scientific community of reference, it is possible to map out 
the elements that, as a whole, constitute the evaluation process: 

• initial/diagnostic evaluation, aimed at collecting data on the starting point of the learners, 
in order to then identify their resources (strong points) and those areas in which they are 
lacking (weak points). This evaluation makes it possible to draft and implement educa-
tional strategies that, in all probability, will allow each learner to reach his of her training 
objectives fully  

• formative evaluation, which also plays a diagnostic role in that it is geared towards defin-
ing the compensatory intervention should the monitoring operations (carried out at vari-
ous phases in the teaching/learning process) show that the learner is having difficulties 
progressing through his or her training programme  

• summary evaluation (final), aimed at evaluating the skills and knowledge acquired by the 
learner after having completed a substantial part of the training programme.  

It is also important to note that, to take sufficient account of the evaluation process, it is necessary 
to look at the set of tools that it is recommended to prepare and deploy during the various phases 
of the process itself. While a tool in itself is never entirely neutral, it must meet certain condi-
tions:  

• it must be valid, meaning that it must clearly allow for the monitoring of performance in-
dicators that are related to the objectives which it has been established are to be assessed   

• it must be reliable, meaning that it must allow for the collection of data in the most un-
ambiguous way possible.  

For the most part, it is possible to create assessment tests through tools that provide closed stimuli 
and open stimuli. For each of the two types of stimuli, there will be corresponding possibilities of 
response.  

The information given above defines the frame within which the authors are operating, and it also 
represents the condition that gave rise to the approach the authors intend to flesh out through this 
work.  

In particular, the issue highlighted can be attributed to the evaluation environment in online edu-
cational scenarios, since these are scenarios that - compared with face-to-face situations - have 
new levels of complexity, due, above all, to the need to make explicit those functions that, in 
face-to-face-situations, are implicit and can be understood in terms of the cognitive and emotional 
states of the learners. It follows that, in distance-learning, the monitoring of the teaching/learning 
activities assumes greater importance, since it becomes an "element of regulation" in relation, 
amongst other things, to the emotional openness of the learners, the consolidation of learning and 
the differentiation of the training programme. Moreover, faced with such complexities, it is essen-
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tial that every phase of the assessment in which monitoring takes place should be highly analyti-
cal in order to allow for appropriate adjustments to be made, at different levels, to the training 
programme. 

Our Proposal: Ontologies and Maps for Evaluation 
The structuring of the disciplinary context in an ontological key is something that has always 
been present in education, but has been significantly grounded by the methodological and techno-
logical evolution of e-learning – in other words, by the strategic re-engineering of training proc-
esses that has resulted from the availability of new, online digital technologies. 

In other words, there has been the necessity, on the one hand, to enhance the quality and versatil-
ity of educational material deriving from the responsibility to substitute, in the delivery of the 
content, the person-to-person lesson, and on the other hand, the potential for the dynamic recon-
struction of documents and the use of graphics afforded by digital technologies, which involve 
the possibility/necessity of designing and constructing documents intended to represent the map-
ping of consciousness and interactive modes based on these documents. To a large extent, the aim 
is to characterise ontologically the information (the "learning message"), increasing its semantic 
transparency and interoperability in order to promote its use, on the part of the learner, as a tool 
through which to interpret reality. 

Disciplinary ontology, in a "metagenetic" relationship with the representation of consciousness 
through concept maps (the term "metagenetic", borrowed from the field of biology, where it de-
notes precisely the relationship between the gamic and agamic forms of ascomycetes, works very 
well as a definition for the relationship between ontologies and concept maps: the ontology is 
transformed into a map through graphical representation, and the map thereby constructed in col-
laborative form is both a tool for analysing the context and an ontological composition in itself), 
is then a fundamental tool in educational development linked to the use of innovative technolo-
gies, and is extraordinarily effective in terms of the potential it opens up within educational proc-
esses, in relation to making consciousness dynamic, in relation to the interaction between the 
stakeholders of the training process (in particular, those inclined towards constructivism: the col-
laborative construction of the map-based/ontological structure makes the example undeniably 
concrete), in relation to the representation/management of the cognitive context and, last of all, 
(though this relates to interaction as a whole) in relation to the evaluation of learning. 

How, then, can concept maps be used in the ongoing and ex-post evaluation of training proc-
esses? The tool created by Novak, which is generating considerable interest on the part of the sci-
entific and educational communities, has various potential methods of utilisation that differ mark-
edly from each other. In order to highlight certain possible applications of concept maps to the act 
of evaluation, let us look now at the fundamental elements of which they are composed – i.e. con-
cepts and relationships. The concepts can be translated into nouns (indicating the objects) and 
adjectives (the properties of those objects), whereas the relationships can be translated into verbs 
(actions or states) and adverbs (specifications of those actions or states).  

While this division between concepts and relationships is not rigorously strict (think, for example, 
of the concept of reification in the semantic web: a concept may contain two terms, as well as the 
relationship that binds them together), it does clarify Novak's intuition and, at the same time, 
proves its usefulness in relation both to the macrostructural dimension (the hierarchical index of a 
cognitive context, which we can find in a specific essay or we can draw from the essays generally 
available in the sector, can be developed into a conceptual map through the insertion and labelling 
of non-hierarchical relationships between the topics it contains), and to the microstructural di-
mension, as demonstrated by numerous instances of the application of maps, including in primary 
educational contexts, to the graphical transposition of single phrases. The objective tests that use 
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structural maps can, then, refer both the macrostructural aspects of the context and to closer, more 
specific analysis of the different topics. 

The construction of objective tests of the evaluation of learning can be developed in the two ways 
indicated above – i.e. open and closed. In the former case, the analysis of an open test occurs at 
the structural, conceptual and semantic levels. From the structural level, it is possible to draw 
some indications about the cognitive style of the subject. From the conceptual level it is possible 
to reconstruct the cognitive paths taken by the subject (taking into consideration the correspon-
dence between single concepts and specific categories, as well as the relationships between mul-
tiple concepts). The semantic level, in contrast, allows for information to be gleaned about the 
subject's capacity for comprehension in relation to a text: the text is taken to represent the out-
come of an act of communication (not simply, then, texts in verbal language, but also images, 
sounds, electronic objects  – i.e. anything that, in accordance with the type of language used, re-
quires competence in order to be understood). At the semantic level, the test can be used to verify 
the acquisition and comprehension of the cognitive/relationship-based fabric of the discipline. 
This is, then, an important result if one considers the limits to which even complex closed texts 
are subject: the use of a single linguistic code (verbal language) in the construction of the mes-
sage, and the reference, in many cases, to notional or purely mnemonic notions.  

This research is currently oriented towards the latter direction – i.e. the composition of closed 
tests that can be analysed in line with strict algorithms (meaning they can be replicated through 
software automation) that use the structure of concept maps in a variety of ways. The first method 
is the reconstruction of the map relating to a context that is inherent to the discipline (a general 
context or one that is specific to a certain part of the context) through the combination of the con-
ception-based and relationship-based elements supplied in two separate lists (or, alternatively, in 
a single list: the recognition of the character of the concept or relationship can also be part of the 
test) that are complete ("complete" in the sense that they contain all of the elements of the map to 
be reconstructed: the lists may, on the other hand, and with a view to rendering the tests more 
complex, not be "exclusive", meaning that they can also contain other distracting elements). In 
other words, and to give a small example, the test consists of the reconstruction of the concept 
map, inherent to the discipline of Graph Theory, and includes the following concepts: 

1. graph  

2. linked graph  

3. tree 

4. oriented graph  

5. nodes 

6. arcs  

and the following relationships (the indication of the two syntagms separated by a slash indicates 
the different readings of the relationship starting from the two concepts that it links):  

1. belongs/includes  

2. is composed by N/N compose 

3. is composed by N-1/N-1 compose 

4. is composed by/compose 

5. is greater than/less than a (this relationship is a distractor).  
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The test is correct if the following are linked: 

the concept of the "tree" to the "graph" and to the "linked graph" with the relationship 
"belongs/includes"  

the concept of the "linked graph" to the "graph" with the relationship "belongs/includes"  

the concept of the "oriented graph" to the "graph" with the relationship "be-
longs/includes"   

the concepts of the "nodes" and "arcs" to the "graph" with the relationship "is composed 
of/compose" and the same concepts to the "tree" with the respective relationships "N 
compose/is composed by N", "N-1 compose/is composed by N-1". 

The evaluation derives from the relationship between correct indications, erroneous indications 
and omissions: an initial approach assigns two points to correct indications, minus two points to 
erroneous indications and minus one to omissions. In the case of the example shown above, the 
maximum score that can be achieved is, then, 14 points, and the definitive test score is recalcu-
lated on the basis of the proportion between the score achieved and the maximum possible score. 
Naturally, the "quality" of the test (meaning its validity and reliability) is proportional to the size 
of the relationship-based fabric to be reconstructed – i.e. to the number of nodes and arcs indi-
cated. We feel that, as a rule, any sufficiently complex problem must contain at least 20 concepts 
and 15-20 types of relationships. 

A second method, which is similar to the first but slightly simplified, involves supplying a net-
work of concepts and relationships in which the concepts are identified from the start by labels, 
and the relationships must be selected and positioned on the map by the learner on the basis of a 
complete, but not exclusive, list. The opposite approach - i.e. when only the relationships are in-
dicated - can be discounted as being overly similar to a "puzzle", and is aimed more at highlight-
ing oversights on the part of the learner rather than his or her ability to reconstruct the context. 

The third method, which is based on the learner's observational and critical skills, involves sup-
plying a complete map containing errors, such as indications of non-existent relationships, the 
erroneous labeling of existing relationships and the insertion of concepts outwith the context. In 
such cases, the evaluation depends on the quantity of errors detected, with different scores 
awarded on the basis of the different types of errors, as a proportion of the total quantity of errors. 

Alongside these three methods, there are also others, some newly designed and some based on the 
interpolation of the pre-existing methods. As such, it is important to underline that the choice of 
the method adopted, the composition of the test and the explanation of its functionality to the 
learners (through an initial made-up example) are complex activities, and so the teacher must pay 
a great deal of attention to the natural difficulties of calibrating such an innovative evaluation 
methodology and to considerations of the impact of such innovations on learners who are not ac-
customed to working with conceptual maps.  

Conclusions 
The purpose of our study is to set in place a testing structure that effectively meets the needs 
highlighted by e-learning in relation to the question of evaluation. In practice, it is necessary to 
demonstrate, on the one hand, the presence or absence of a significant relationship between the 
results of the evaluation through objective tests carried out using maps (which are extremely use-
ful in testing comprehension of the relationship-based fabric of the discipline) and, on the other, 
to carry out traditional, oral-based tests (based on subjective judgement) and structured (objec-
tive) tests. We feel that such a composite approach will make it possible to demonstrate the valid-



Concept Maps as a Learning Assessment Tool 

312 

ity and reliability of evaluation methods based on maps, which are currently used only to a very 
limited extent in education, and to verify the "distance" of the result in relation to the others. 
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