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Abstract: Concept maps have been considered as effective tools for meaningful learning and knowledge development as well as for evaluation
of knowledge gained and skills acquired during the process. These are also helpful in studying the changes taking place in cognitive structures
of the learner, specially in the subject domains where content is in structured form. Many researchers have used concept maps as tools for
creating constructivist learning environments for teaching different subjects and as tools to assess conceptual knowledge development among the
learners. In addition to this, concept maps can also be used for analyzing the effectiveness of a learning system. This paper focuses on all these
aspects and is divided into three parts. First part discusses the use of concept maps in designing teaching learning component in a Constructivist
Learning Environment(CLE) along with different concept mapping tools to create a concept mapping network. Second part aims at studying and
comparing different assessment methods available to measure both conceptual knowledge as well as skills acquired in applying the conceptual
knowledge in practical scenarios. Third and the last part identifies and compares different tools available to analyse the results obtained from
assessing concept maps. These tools can be used to draw conclusions while assessing the effectiveness of the learning system.
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I. INTRODUCTION

In traditional classroom environment, concepts are
taught by the teachers and it is assumed that there is
complete transmission of knowledge from teacher to the
students. However, this is not true practically. Every student
comes with some pre-notions about the concepts on a
particular subject. Hence, it is equally important to consider
these pre-notions in order to remove the misconceptions and
create new, more acceptable knowledge. Modern educational
theories, specifically, the constructivist approach, take into
consideration this fact and propagate the involvement of
learners more actively so that they are part of their own
learning process. This, in addition to correcting their
misconceptions, also leads to actual knowledge construction
which helps them in applying the learnt concepts in solving
practical problems. Concept maps provide an effective tool
for implementing the constructivist approach in the form of
constructivist learning environments (CLE) and there are
many tools available that can be used for the purpose. To
ensure that the quality of knowledge has really been
improved, the learning outcomes should be measurable and
the testing methods should be both valid and reliable. Again,
concept maps have been proved to be equally effective in
measuring learning outcomes among the learners. Various
assessment tasks and scoring strategies can be used for the
purpose, depending upon the knowledge component to be
assessed.

Il. RELATED WORK

Use of concept maps in teaching learning and assessing
has been an active area of research in subjects like physics,
biology, history etc., where knowledge structures can be
defined in hierarchical manner. Research concerned
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specifically with computer science education is a relatively
recent field of interest [11], hence no established models of
learning are available and most of the studies are empirical
in nature. Some of the related work in the field of education
is given below.

Meena Kharatmal and G. Nagarjuna[24] in their paper,
used refined concept maps (RCM) as teaching aid in school
students and showed that it was easy and feasible to use
RCM by the school students as compared to other modes of
knowledge representation. Michael E. Kane finds concept
mapping as an appropriate learning strategy for
understanding accounting-related processes by deaf and hard
of hearing students in the classroom at the collegiate level in
his research project [32]. Dev Thain[47] points that teaching
through hierarchical concept maps has an advantage in the
recall of science concepts when compared to other visual
organizers with limited hierarchy. Deré Langford [27] used
concept maps to teach chemical equilibrium to grade 12
physical science students. He concluded that learners became
actively involved in the process of concept mapping as well
as learning and there were no definite differences between
higher performing and lower performing learners.

Thomas Hubbard [21], in his work, concludes that a
shared understanding between various stakeholders increased
using concept maps for software engineering. Sungwoo
Cho[6] presents results of his studies and states that
concept mapping supported by self-explanation activities is
most effective method in learning a new programming
language. A detailed research in assessing the knowledge
development in computer science education has been carried
out by Andreas Michael Mihling [33]. This work uses
concept landscapes consisting of concept maps drawn by
several learners to investigate the state and development of
knowledge structures using concept maps. Instead of
focusing on the assessment and evaluation of single maps,

143



Minakshi Sharma et al, International Journal of Advanced Research in Computer Science, 5 (8), Nov-Dec, 2014,143-151

the data of many persons is aggregated and data mining
approaches are used in analysis. Ambjorn Naeve et al [35]
present  knowledge manifold, which is an information
architecture consisting of a number of linked context-maps,
whose concepts can be filled with content. These are
developed using a concept browser named Conzilla which is
a knowledge management tool that supports the construction,
navigation, annotation and presentation of the information in
a knowledge manifold.

I11. RESEARCH OBJECTIVES

Different students have different needs of learning based
on previous knowledge and misconceptions, if any. Hence, it
is important that process of learning is different for different
individuals. Learner himself must be given a choice to decide
on his misconceptions and correct them in order to promote
self-guided learning with minimum teaching input This will
enable the learner to choose his/her own path of learning.
However, continuous assessment of the knowledge
development should also be done with regard to the concept
learning in individual students throughout the process to keep
a continuous check on whether the learning is taking place in
the right direction. Thus, two main components of a
constructivist learning system should be- teaching and
learning component and a component to assess the learning
outcomes. There are many tools and methods available to
design these components in order to create an effective CLE.
The objectives of this study are to identify and compare
these tools and methods. These objectives can be listed as
given below-

a. To study the effectiveness of concept maps as tools
for designing teaching learning component of a CLE
and compare different tools for developing concept
map networks.

b. To study the use of concept maps as tools for
assessing the conceptual knowledge gained by the
learner during the learning process.

c. To study and compare different assessment methods
and scoring strategies to assess  the acquired
knowledge in the learner, which is represented in the
form of concept maps.

d. To study the available methods to measure the skills
of applying attained conceptual knowledge for
problem solving.

e. To study different analysis techniques available to
infer the results of testing the acquired knowledge.

All this study has been done keeping in view the
application of CLE under study in teaching learning
programming.

IV. SIGNIFICANCE OF THE STUDY IN TEACHING
LEARNING PROGRAMMING

In many science subjects where the content is
hierarchical in nature, researchers have proposed
constructivist models using concept maps in teaching but in
the field of computer science education, not much work has
been done. Establishing such models and tests for computer
science is a valuable and necessary area of research [29].
Although many areas of computer science are well suited for
constructivist approaches [34], its application in the field of
programming needs to be explored. This is because it has
been considered as one of the areas that are difficult to
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understand by the students. A. Miihling emphasizes that “To
become a competent computer scientist as well as a
competent programmer, a person must acquire a certain set
of skills as well as a certain body of knowledge” [34].
Moreover, this conceptual knowledge should be highly
connected in order to to apply it to solve practical problems.
“Even basic programming skills require factual knowledge
about syntax elements and conceptual knowledge about
program flow” [33]. As the study of programming languages
is based on the structured content, it can be effectively
represented using concept maps. Hence, designing teaching
learning as well as assessment models based on concept
maps can be an important area of further research.

V. THEORETICAL FOUNDATION

CLE in this study is based upon three main components -
Theory of Constructivism, the educational theory providing
the pedagogical base; Concept Maps, scaffolds or tools used
to implement the theory; and Methods used for assessing and
testing the learning outcomes. All of these are discussed, in
brief, below -

A. Theory of Constructivism:

The constructivist view of learning was given by Piaget
in 1975 which assumes that learning cannot be transmitted
passively, but is attained through well-defined stages by
active participation of a learner. Hence, theory of
constructivism defines teaching and learning as a process
where learners are actively involved in construction of their
own knowledge. Learning activities based on constructivist
theory allow learners to form their own representations of
knowledge and uncover inconsistencies between their pre-
existing knowledge and the newly acquired one. This allows
learning to occur within a social context, where interaction
between learners, peers and other members of the learning
community takes place [17]. Hence, students are actively
involved in identifying their misconceptions and removing
them, leading to more acceptable knowledge.

There is also a change of role of teachers as
constructivist approach advocates minimal teaching.
Teachers are more of facilitators who may create scaffolds to
give a direction or content related help or may emphasize on
important concepts.

Further, cognitive constructivists advocate that learning
environments should be designed in such a manner that
learners are able to independently explore the knowledge
repositories to get the content and information about related
concepts. Also, these environments should be able to provide
multiple paths or multiple representations of the reality to the
learners which they can explore. Thus, in constructivist
learning environment, the responsibility of learning is on the
learners themselves, hence, encouraging learner-centered
approach.

B. Concept Maps:

The technique of concept mapping is fundamentally
based on the ideas of constructivism and meaningful learning
[39]. Concept maps have been successfully used as learning
and teaching aids as well as for the assessment and
investigation of persons’ knowledge structures in countless
scenarios, studies, and subject domains[1]. These include
computer science education like didactics of informatics
[16], computer programming [22] and computer science
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[45][10]. A concept map can serve as an advance organizer
for students, helping them to integrate newly presented
material into their personal cognitive structure [2]. Further,
concept maps can help students to visualize the structures
representing interrelationships of concepts rather than linear
presentation as is done in traditional teaching.

A Concept map has two main components: Concepts
which are represented as labeled boxes and Propositions
which are links between two concepts. These propositions
may themselves be linked [40]. Third component may be
added as a focus question to define a context and help
focusing on relevant aspects more easily [36]. Fig. 1 shows
an example concept map drawn using Cmap tool.
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Figure 1. A Sample Concept Map

This research work proposes to use concept maps both
as a tool for teaching learning as well as for assessing the
development of conceptual knowledge in the students.

C. Assessing and Testing Learning Outcomes:

According to Trumpower et al, “Knowledge requires not
only acquiring facts, procedures, and concepts, but also
having an understanding of the interrelationships among
those facts, procedures and concepts” [48]. Hence, it is
important to learn about the actual knowledge acquired by
the learners, both during the learning period and at the end of
it. Moreover, the capability of the learner to use this
conceptual knowledge in solving practical problems should
also be assessed to have a clear picture about how much
understanding of interrelationships among concepts and
skills has been actually acquired. To assess the conceptual
knowledge and skills, some kinds of methods supporting
externalization of this acquired knowledge are required.
These methods may be divided into two categories. First, the
methods which externalize and test the conceptual
knowledge, i.e., knowledge about the concepts and facts
learnt and second, the methods that test the skills in applying
this conceptual knowledge in problem solving. Different
researchers have been using different methods for assessing
the learning outcomes in the learners. To be effective, the
assessment should be objective and reliable and should
capture something of the structural nature of the subjects’
knowledge” [31]. Also, the methods used should both be
valid and reliable.
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VI. METHODOLOGY

This section further studies the components namely
Teaching Learning component and Assessment and Testing
component. A third study related to various analysis methods
and tools available is also added in order to be able to check
the effectiveness of different CLEs designed using concept
maps.

A. Teaching Learning Component:

Glaser[12] states that structure of organized knowledge
is important for the development of learners as it enables
inference capabilities, assists in the elaboration of new
information, and enhances retrieval. It also provides potential
links between existing and newly acquired knowledge, which
facilitate learning and problem solving. Concept maps can be
used as means to implement CLEs as they provide the tool
which can be used to create an organized structure of the
conceptual knowledge to be developed in the students. This
is because it is easier to represent the interrelations between
concepts using concept maps. Kinchan [25] also notes that
“Concept mapping is a valuable tool that has enormous
potential to support teaching and learning at all levels. Using
concept maps should not be seen as an add-on activity, but as
a core activity to stimulate the processing and synthesis of
information”. Use of constructivism for teaching and
educational presents a completely different environment for
learning. “Above all, it will shift the emphasis from the
student’s ‘correct’ replication of what the teacher does, to the
student’s successful organization of hiS or her own
experience” [13]. So, the learner may be benefitted by having
long lasting change in his knowledge structures as he himself
is involved in the transformation of his misconceptions to
more acceptable knowledge .

Network of inter related concept maps constitutes the
teaching learning component in the proposed CLE and
provides learning stimulus to the learners. Learning stimulus
is defined as the educational processes, learning materials,
activities of the learner etc.[33]. It greatly influences the
acquisition of knowledge among the learners and success and
failure of the process of learning greatly depends upon
effectiveness of the learning stimulus. Following are the
main characteristics of the learning stimulus that should be
present in order to create an effective CLE to teach
programming -

a. Interconnected network of expert designed concept
maps provides an effective format to represent
learning stimulus. These concept maps should be
navigable in two ways. Concept maps having same
concepts should be linked to enable learner to learn
different aspects about a concept. Also, concept maps
explaining the concepts in varying details should also
be linked in order to help learner study a concept in
more detail. This multiple representation of reality is
in accordance with the principles of constructivist
learning as it gives learner a choice to choose from
multiple paths available.

b. Each concept node must also contain links to the
various learning materials and activities in case the
learner wants to self-evaluate his understanding of
concepts.

c.  As analysis of the stimulus is also important, learners
themselves should be able to assess the effectiveness
of the material provided and make additions or
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deletions in content linked in their respective
environment.

a) Tools for Concept Mapping:

There are many tools which are available for working
with concept maps. Many researchers have used these tools
in designing learning stimulus as well as for testing the
learning outcomes among the learners. Some of the
researchers however, create their own tools for the purpose.

Two such tools that are free to download and specially
suit the requirements for designing a CLE are CMap tools
and VUE. CMap Tools is an open source software tool
developed by |Institute for Human and Machine
Cognition(IHMC) and is used to draw concept maps as well
as link them to digital repositories. VUE is a free, open
source concept mapping application written and developed
by the Academic Technology group at Tufts University. It
can also connect to

Table I. Comparison of concept map tools

Features COE

VUE

Method of Information visualization Concept Maps

Concept Maps

Multiple content on concepts and concept | Can be added
relations

Can be restrictively added

Multiple views of a concept
different context maps

Can be achieved by creating | A concept may appear in different contexts

Linking of different concept Maps
linked

Different concept maps can be | Can be linked

Separation of concept and context

Same concept may appear
different concept maps

in | Concept may appear in different concept
maps

neighbourhood

Automatic generation of contextual | Can be created using search option No

Contextual navigation
can be detailed

A concept from one concept map | Can be done

Generation of concept/ context from | Can be done
content

No

Analysis tools
compared

Different concept maps can be | Pathway analysis, Merge maps, Connectivity matrix generation

Semantic web support

to ontology formats

Stored as .cmap. Can be exported | Stored as VUE maps. RDF can be used as backend. Ontologies

can also be used.

and can filter the content of various digital repositories.
Table | lists the comparison between these concept mapping
tools based upon the features specially useful in meeting
characteristics of learning stimulus described above.

Both COE and VUE provide rich set of features that are
useful in designing an effective learning stimulus and choice
between these tools depends upon the requirements of the
designer and the subject domain for which it is to be created.
Both can be used to create inter-connected concept maps and
same concept may be shared in different maps. Although
COE provides better means of providing multiple
representations of concepts and propositions by adding
multiple contents on each node, VUE provides better
analysis tools. However, both of these can be extended to
semantic web so that interoperability and reusability of
concepts and concept maps can be enhanced.

B. Assessment of Knowledge Component:

Glaser [12] states that “all investigators agree that
useful knowledge is not acquired as a set of general
propositions, but by active application during problem
solving in the context of specific goals”. Hence the
assessment should be two-fold. First, the conceptual
knowledge development should be tested and second, the
acquisition of skills for problem solving should also be
assessed.
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a. Assessment of Conceptual Knowledge Development:

In order to test the development of conceptual
knowledge in a learner, it should be externalized, i.e., there
should be some method of representing the knowledge
externally so that it can be visualized, measured and
assessed. Many methods can be employed for the purpose
like interviews, multiple choice tests or proper pen and paper
tests etc. and these methods have been used by various
researchers in their studies. Concept mapping is another such
technique which can be used for externalization and further
assessment of the conceptual knowledge of the learners.
There are many benefits of using concept mapping for the
assessment purposes like -

a) Assessment of conceptual knowledge can be
automated if tests are represented using concept maps,
hence leading to more subjective assessment.

b) It is easier to represent the mental models of the
student’s learning in the form of concept maps.

Novak[37] has listed many successful applications of
concept maps for assessing or evaluating students’
knowledge structures in different fields of study. “During
concept map construction, meaning making occurs as the
learner makes an effort to link the concepts to form
propositions” [4]. Passmore and James [41] integrate schema
theory and concept maps, explaining that concept maps can
be representations of mental models. “In a relatively short
period of time, teachers can glean the following by viewing
student concept maps: prior knowledge, misconceptions, and
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the acquisition and accommodation of new knowledge as
maps are modified over time.” [23]. It further emphasizes
that “the information derived from analyzing student concept
maps can be used to tailor lessons to the immediate needs of
students, resulting in a richer, more meaningful science
learning experience”.

Also, it has been seen in the previous studies that there is
a major difference between the concept maps created by a
novice and that of an expert and also that of rote learners and
meaningful learners [9]. Also, concept mapping may be
useful in assessing misconceptions [31],[19]. The quality of
structure distinguishes between elements of knowledge that
are loosely connected or structured in a logical way [8] and is
related to the level of knowledge.

b. Assessment of Skills:

Regarding the assessment of acquisition of skills, some
problem statement to be solved using programming is
generally given to the students and their programs are
analyzed using various parameters like presence of core
concepts, correct implementation of these concepts along
with actual execution of the program.

To assess the conceptual knowledge of learners, two
techniques are important- assessment methods and scoring
strategies. Both of these are discussed below-

C. Assessment Methods:

Concept maps drawn by the students form the basis of
first type of assessment, i.e., assessment of conceptual
knowledge. These can be quantified using various scoring
methods to monitor the development of conceptual
knowledge. An ideal assessment task “is objective and
reliable, minimizes the influence of context on responses,
and captures something of the structural nature of the
subjects’ knowledge” [31].

There are various methods used by various researchers
for assessing the learner generated concept maps. Ruiz-Primo
[42] has identified various components of concept map
assessments in terms of: (a) an assessment task given to a
student to externalize his or her knowledge structure in the
form of a concept map, (b) a format for the student's
response, and (c) a scoring system by which the student's
concept map can be accurately and consistently evaluated.
Most of the assessment techniques used by researchers have
these components and various tasks under each component
are described in the table I1.

Ruiz-Primo and M. Araceli [43] state that a concept map
task assessment could be characterized along a directedness
continuum from high-directed to low-directed. High-directed
concept map tasks provide students with the concepts,
connecting lines, linking phrases, and the map structure.
These are useful for activating student’s knowledge. In low-
directed concept map tasks, students are free to decide which
and how many concepts they include in their maps, which
concepts are related, and which words to use to explain a
relationship. Hence, low-directed tasks demand more
content knowledge [44]. Fig. 2 shows different mapping
techniques on directedness scale[43]. Moreover, different
concept mapping techniques do not provide the same
information about the students’ connected understanding
[42], [44]. Hence, assessment tasks should be selected
depending upon the skills and type of knowledge to be
judged.

d. Scoring Strategies:

“A scoring system is a systematic method with which
students’ concept maps can be evaluated accurately and
consistently” [42]. Scoring a concept map means assigning
scores in the form of numbers in order to measure the
acquired knowledge. This is done using scoring strategies.
Some of the characteristics which can be considered while
assigning scores to concept maps are- closeness of a concept
map with a master map, number of concepts, number of
relationships, number of valid prepositions, shape of concept
maps and graph based measures. Scoring methods can be
divided into two categories — quantitative and qualitative.

Table II. Components of Concept Map Assessment Tasks[42]

Component Tasks Examples

Assessment Tasks | Task Demands Fill in the blanks in
Define what a student has | the given concept
to do map,  Constructing
to complete the task complete map from
the scratch

Task Constraints Structure of map
The limitations that a | already given e.g.
student has to follow while | Hierarchical

solving a task

Task Content Structure Content to be mapped
Nature of the subject | has a structure e.g.
domain to be hierarchical, cyclic

mapped

High Degree of Directedness

4
T

Loy

Fill-in-the-Map Construct-a-Map
/A\\ (No Concepts, Linking Labels

K \ or Structure Provided)
\

» 4 Construct-2-Map

Fill-in-Nodes Fill-in-Lines v (Concepts Provided)

Construct-a-Map (Concepts
Provided & Stmucure
Suggested)

y

Construct-a-Map (Concepts &
Linking Phrases Provided)

Drawing a map or
taking part in an
interview
Characteristics of the | A skeleton map is
Response Format given on a sheet of
paper

Mapper Concept maps may be
drawn by the
respondent or the
interviewer based on
responses of the
respondent

Response format Response Mode

Figure 2. Concept map techniques according to directedness of the
mapping tasks [43]
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Scoring System Score the components of

the student’s map

Compare the student’s map
with a criterion map

Combination of both
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In Quantitative assessment techniques, a numerical
score is calculated for a given concept map which is then
treated as a measure of a students’ understanding of a
particular domain. These methods arrange the evaluated
maps in some order to represent understanding of different
learners’ and this data can be used for statistical analysis.
Different quantitative assessment techniques are discussed
below.

a) Holistic scoring method:

The holistic method was designed by McClure, Sonak
and Suen [31]. In this method, concept maps are assigned a
score on a given scale to evaluate the learner’s overall
understanding of the domain. It does not supply any
algorithm, heuristics or guidelines to calculate the score.

b) Weighted component scoring methods:

These methods assign scores to certain concepts and/or
links between concepts. The total score of a concept map is
equal to the sum of these individual scores. The values
assigned to components depend on their validity or the type
of structure. Two important weighted component scoring
methods are - the structural and relational scoring methods.

The structural scoring method was devised by Novak
and Gowin [38] and is used to give scores to hierarchically
structured knowledge. Table 11 summarises the structural
scoring scheme.

Table I11. Structural scoring scheme[38]
Component of Concept Map Score
Each meaningful, valid proposition 1

Subordinate concept more specific than the concept drawn | 5
above it

closeness index of two maps is the average closeness index
of all nodes in these maps. Mathematically, the closeness
index can be written as:

1

C(G,G)= ‘?ch

Where G; is the concept map by expert, Gs represents
concept map drawn by the student, V = V. + V; represents
total number of concepts linked in both the concept maps.

Qualitative assessment methods provide descriptive
assessment of concept maps. Instead of providing
guantitative score, these methods provide descriptive
diagnosis of the extent of understanding. Various qualitative
methods include the following -

eV

a) Linkage analysis:

Linkage analysis method was developed by Liu, Don
and Tsai [30] and it aims to identify potential misconceptions
of students by comparing the concepts to which each concept
in a learner’s and the expert’s concept map is directly linked
to.

b) Spoke, Chain, Net Structures:

Kinchin, lan, Hay, David and Adams[26] identify three
types of substructures in concept maps which indicate
different levels of knowledge structures. These are spokes,
chains and nets. Spoke represents a single level hierarchy,
chain, a sequence of concepts and a net denotes a
substructure where a pair of concepts are related to one
another through different propositions. Table V represents
analysis of these three structures.

Each cross-link that is both valid and significant 10
Each cross-link that is valid but not significant 2
Valid examples 1

The relational scoring method was formulated by
McClure, Sonak and Suen and awards points to each link
between concepts in isolation. Higher scores are assigned to
links that are correctly labelled and ones that express a basic
relationship of the domain, such as taxonomical and causal
relationships [31]. Table IV represents scoring scheme in
relational scoring method.

Table V. Analysis of Spoke, Chain and Net substructures [26]
Substructure Analysis
Spoke Learner identifies concepts related to the given

concept, but does not identify how the former
concepts are related to one another.

Chain Chain indicates rote learning because most of the
times sequence indicates the order in which
concepts were introduced in the lecture

Net Concepts are integrated with one another more
strongly, hence represents meaningful learning

Table IV. Relational scoring scheme [31]
Component of Concept Map Score
Link valid but not labeled correctly 1

Link valid and correctly labeled but does not represent a | 2
hierarchical, causal or sequential proposition

Link valid and correctly labeled and also represents a | 3
hierarchical, causal or sequential proposition

c) The closeness index:

The closeness index, was given by Goldsmith, Johnson
and Action [14]. It calculates the similarity between learner’s
and expert’s concept maps on the common concepts and
propositions but ignores the labels of the propositions. The
closeness index of a concept ¢, common between the
learner’s and expert’s map is equal to the number of concepts
directly linked to ¢ in both maps divided by the number of
concepts directly linked to ¢ in either map. The overall
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c) Quialitative Simulation:

Qualitative simulation is a set of techniques which
extrapolate the behaviour of physical systems in terms of
qualitative descriptions and formalises system behaviour by
means of mathematical models [22]. Example of such system
is a qualitative simulation proposed by Biswas et al [3]. It
proposes qualitative simulation model for the assessment of
causal concept maps in which all links describe causal
relations with a specific pre-defined semantics. It is used to
teach an autonomous agent known as ”Betty’s Brain”, about
a particular type of system, by defining the agent’s mental
model.

McClure et al [31] investigated the theoretical and
practical issues of different scoring methods. Each method
was tested with and without a criterion (master) map. In
results all methods except for “structural with master map”
showed a significant validity when comparing the scores
related to the similarity of the concept maps to the master
map. The method “relational with master map”, i.e. scoring
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each proposition on its own and using a criterion map was
found to provide the highest reliability between several
raters.

Novak [40] presents another scoring scheme using a
combination of quantitative and qualitative aspects of
scoring. It is based on two parts- “The taxonomy dealing
with general structure of the concept maps, called the
topological taxonomy and the rubric dealing with the quality
of meanings called the semantic rubric”. The taxonomy is
based on five criteria namely concept recognition, presence
of linking phrases, degree of ramification, depth, and
presence of cross-links and the criteria for the rubric are
concept relevance and completeness, presence of dynamic
propositions, number and quality of cross-links, and presence
of cycles.

As discussed earlier, the choice of assessment
techniques and scoring strategies also depend upon the
knowledge component and its extent to be analysed.

C. Analysing Effectiveness of a Learning System:

In order to study the effectiveness of any concept map
based CLE, results obtained from assessment of learning
outcomes in the form of scored concept maps as well as the
written programs must be analysed and compared with the
similar data received from the groups that were taught using
alternate methods. In constructivist environment, analysis
can focus on two aspects-

a) Effect on the knowledge structures of individual
learners.

b) Effect on the knowledge structures of multiple
learners.

Scored concept maps have been used as a method of
investigating the first aspect. Concept map inputs from
individual learners may be taken at different time intervals
during the course of study, assessed using suitable scoring
schemes and the scores may be analysed using various
statistical techniques to measure the knowledge
development. However, there are different ways of
investigating the knowledge structures of multiple learners.
Larraza-Mendiluze and Edurne [28] use the method of
creation of a weighted graph from a set of maps to be
evaluated and analyzing the resulting map with techniques of
social network analysis. Many graph theory methods like
pathfinder analysis, measuring subgraph frequencies, cluster
analysis etc. can be used for analyzing the results obtained in
the form of scored concept maps. Many tools are available
which have inbuilt capabilities to perform above given
analysis. Some of these tools are free/open source while
others are commercial. Some researchers have developed
their own tools to suit individual requirements.

a. Tools for Concept Map Analysis:

Many tools have been developed for automatic analysis
of concept maps. Some of the analysis measures are included
in concept mapping tools themselves like C-Tools [18],
COMPASS [15] and CRESST [20] etc. But these tools are
not available for evaluation of a large collection of concept
maps for research purposes and are not extensible to include
different types of assessment criteria to a set of maps [5].
Two tools which can be effectively used for analyzing
concept maps obtained from the learners are GNU R and
CmapAnalysis.

GNU R is a language and environment for statistical
computing and graphics. R provides a wide variety of
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statistical (linear and nonlinear modelling, classical statistical
tests, time-series analysis, classification, clustering etc.) and
graphical techniques, and is highly extensible.

CmapAnalysis is a software tool that facilitates the
analysis of sets of concept maps using various algorithms,
rubrics and techniques. It provides a set of assessment
options by default and can be extended by the user to apply
other assessment techniques defined by him. The result of the
analysis is in the form of Excel spreadsheet which contains
one row for each concept map and columns for the desired
measures like count of concepts and propositions to more
complex calculations like identifying the top three most
central concepts in each map. In addition to the analysis
measures already incorporated, users can add other measures
also.

Another tool that can be used for quantitatively
comparing multiple concept maps is Pathfinder Knowledge
Network Organizing Tool (KNOT) developed by
Schvaneveldt. Pathfinder networks[46] are graph based
representations of the similarity (or dissimilarity) of entities
and are useful in capturing latent organizational traits of
knowledge. This tool has extensive analysis capabilities
including simultaneous comparisons between multiple
concept maps as well as the capability of combining multiple
concept maps into a single group network representation [7].
This tool can work with concept maps drawn using CMap
tools. Table VI lists various applications of all these tools.

Table VI. Various Analysis Software Tools
Features CMapAnalysis R KNOT
Functions Can be wused to | Provides a | Can be used to
assess individual | wide range | find
concept maps | of statistical | similarities and
according to | tools and | dissimilarities
different graphical between  two
algorithms. techniques maps.
like cluster | Can also
analysis, combine
graphical multiple maps
functions etc. | into single
network
presentation
for further
analysis
Extensibility Is extensible as | Is highly | Users cannot
users can add their | extensible add their own
own measures measures
Portability Can be used with | Can be used | Works  with
different  concept | with any | concept maps
maps. graphical in drawn with
structure. Cmap tools.

As is evident from the comparison of functionalities of
different tools, each tool offers different types of functions
and depending upon the kind of analysis to be done, either of
them or some combination of these tools can be used.
Further, the list of tools is not exhaustive and there are many
other tools available which may be explored depending upon
the requirement of the study.

VII. CONCLUSION

Constructivist approach has been considered as the best
approach in teaching and learning subject domains where the
content is structured hierarchically. CLEs based upon
constructivist theory have been used successfully in teaching
learning various subjects as well as in assessing the
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knowledge development in these subjects. However, not
much work has been done in the field of computer science
education. Hence, this paper explores the odds of
implementing a CLE in the field of computer science
education, specially, in teaching learning programming with
emphasis on both as teaching learning aid as well as
assessment aid to measure the knowledge gained by the
learner. Various assessment techniques and available
software tools discussed in the paper are in reference to
teaching and learning a programming language. Further, as it
is important to study the effectiveness of the proposed
method, analysis of the learning outcomes received in the
form of concept maps should be done. There are many tools
that are available freely for analysis purposes and three of
them have been compared in this paper. Selection of all the
tools, for creating concept maps, assessing and scoring
methods as well as tools for analysis depends upon the kind
of analysis to be made. Hence, this paper provides a study of
theoretical foundations and tools required to create a
complete CLE with concept mapping network as teaching
and learning aid and use of concept maps for evaluating the
development in the knowledge, both conceptual and skill
based, in the learners.
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