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Abstract: The use of topic maps and concept maps has leeg encouraged by
instructional designers as a means of providingaerview of content in study materials.
Educational theory and practice affirm the effegtigss of concept mapping: as a concise
summary of a body of knowledge; as a practical rmdgnwhich students can construct
and record their own knowledge; and as a meanvaluating student understanding.
This paper presents the aims, methodology andiritidings of a project commenced in
Semester 1 2008, to include hyperlinked concepsrag@n enhancement to electronic
study materials. The project aims to evaluate te#ctiveness: in improving student
understanding of the concepts in the course; and m&ans of navigating and accessing
electronic study materials. The course of studg the field of Microcomputer Design.

Introduction

Scaffolding a student’s understanding of conceptsrelationships between those concepts and the
relevance of technical content rate among sombeofitore difficult teaching tasks. An equally
difficult task can be assessing the extent to whiadents achieve understanding of those concepts
(Darmofal, Soderholm and Brodeur, 2002). While breal representations of conceptual information
have been in use for decades, modern electrorfior@ng tools now make it possible for a
hyperlinked concept map to function as an interfaet@veen the student and the course content.

In this project concept maps representing all laycepts of the course content were integrated with
electronic study materials to serve: as a summittyeoconcepts and their relationships; as a set of
navigation pages; and as a means of accessingeooamgent. In this form the concept maps provide
an alternate (non-linear) means for the studeattess:

« traditional course content - text and images, techulata

« multi-media content — audio, video, recorded lexfur

e computer software — to run examples

« online quizzes — for self assessment

* relevant websites — for current and authentic sasgies

e sub-concept maps

While most of these elements are already beingpacated in electronic versions of study materials,
the concept map interface provides the signifieaivantage of continualkgferencingthe student
throughthe concepts that encompass that content. Vegard&iyMarciales and Martinez (1998)
contend this approach helps students integratespt&ian new material, linking it with their cognmgi
structures from previous knowledge. It also prom@esystematic view of knowledge as a result of
the process of integration. It is proposed thaitkegration of hyperlinked concept maps into
electronic study materials as a means of navigatimhaccess, improves the student’s understanding
of course content and the encompassing concepts.
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Concept Mapping

A concept map is a graphical tool for organising egpresenting knowledge. It consists of boxes
containing labels (concepts), interconnected bytatad links/arrows that describe the relationships
between concepts, as shown in Figure 1. Informasiaisually arranged in a hierarchical manner, but
can be used to illustrate a process or sequenoaiNd Cafias, 2006).

[ The Project J

uses enhances—»| Lectures
A/ @
Concept maps [—— overlayed on——| Study Materials
/ iﬁ \ |
drawn with foster linked to includes

[improved understanding J

CMapTools [—»integrated into—»| ICE |«——edited in
[

publishable to

g

Figure 1: A concept map outlining the project

of ——— | Course content
&

“Concept maps can be used in a single course twghe relationships between topics within a
chapter and to show how the material in severalptéis is related. Concept maps have proven to be
an effective tool to improve the effectivenessdaifites and to help students achieve a greatehdsfpt
understanding of course materialCornwell, 2000)

Concept maps can be used to improve understangirtgabing students learn fronreference sebf
concept maps drawn by experts in the field; ankizming students develop their own concept maps.
Turns, Atman and Adams (2000) report that requistuglents to construct their own concept maps
can be useful in assessing a student’s understate course level:

e to quickly gauge understanding in a class roonitiairand acquired knowledge

« in graded assessment - comprehensiveness, legletaif and complexity of a Concept Map

« to characterise learning — that is what studentsepee they are learning

This project utilised both approaches: by providingference set of concept maps covering the
course content and encouraging students to extese tmaps and create their own concept maps.

Methodology

Map creation

Creating a reference set of concept maps for d fiegins by creating a comprehensive glossary of
concepts and terms. The author then posaxcas Questiothat clearly specifies the issue the
concept map set will address, for exampléhat hardware and software design tools, technical
knowledge and methodologies are required to desigricrocomputer system?he author then
identifies the key concepts that apply to this domasually 15 to 25 concepts, and orders them from
the most inclusive to the most specific. At thisnp@ preliminary map is drawn, laying out concepts
in a loose hierarchy from most general to leasegdrdown the page.

The next step of addingross-linksto the concept map is perhaps the most difficailt pf the task.
Cross-links are drawn linking related concepts amdannotated to illustrate how these concepts are
related to one another. It is preferable that tbedimg of the concepts and links be such that a
sentence fragment is formed when the text is f@@tcept-link-concepf’for example:Address
Decoding — defines — the Memory Malpinks are often directed and shown as an arrog,raay be
bidirectional in some cases. Links and annotatamded to the map increase its richness in the
knowledge domain, but only to a point. Once a mapdonfusing crossed links it is time to divide the
map into sub-maps. Indeed the grouping of linkerofiuggests suitable divisions for sub-maps.
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The steps outlined above can be completed usiogn@uter program or simply with a set of sticky
notes laid out on a larger sheet of paper. A metailgd guide for creating concept maps can bedoun
in Novak and Cafas (2006).

Authoring

Many authoring tools are capable of drawing concegys; fewer can integrate hyperlinks and export
to a webpage; even fewer are free. Arguably thle giche tools is CmapTools, by the Institute for
Human and Machine Cognition (IHM@0@®B). This free application provides authoring caligtior
single concept maps or a complete ontology of nmaags. It is very simple to use and allows the sort
of presentation editing capability one expectdrmlar drawing packages, plus the ability to add
hyperlinks to any electronic resource and betweapsnSome of its other features include keyword
search ability, recording of map construction seges and exporting to several document formats. A
sample of what is achievable with CmapTools andesbasic graphics is shown in Figure 2.

BACK TO MAIN HARDWARE DEVEL(
B

SO
Software Development Tools | ¢—— HOSTS Host System CONTROLS
? \
USED TO CREATE DOWNLOADS CONNECTS TO In-Circuit emulator
l /
executable code [——» INTO
Development Board Target System | ¢— REPLACES MICROPROCESSOR IN
E
ANALYSES THE PERFORMANCE OF INTENDED FOR
Logic analyser Final Application

NV
souT:

fulfilling lives

Figure 2: A sample map from Embedded Systems Desi@gs produced by CmapTools

The study materials used in this project were ghbain existing print based external/correspondence
study package for the course titled ‘Embedded &ysteesign’. Original source documents in
Framemaker were converted to Open Office format sisitable source for editing with the Integrated
Content Environment (ICE) system. ICE is an opama® content management system under
development at the University of Southern Queemnis{&fsQ, 2008) which can export content in
several forms for distribution via website, CD oing all under full version control.

Concept maps authored with CmapTools were integjraith the course materials by the addition of
hyperlinks, to course content within ICE. (Note limkable icons under maost concepts in Figure 2.)
Concept maps were then exported from CmapToolssaspages into the resource area of the ICE file
system, where hyperlinks were added from the stoalerials to the concept maps. In the latest
version of ICE these concept maps can be positianddchavigated separately from the content, or
inserted within a section of study material asrarsary of and method of navigation into that section

Resources included with the course such as powet lpcture slides, technical documentation,
examples of program source code etc, were alsalited from concept maps to place these
elements in context and at the finger tips of teent.

Publishing

The completed package was published in two eleictforms from the same source. Web browse-
able content was published to the USQ’s moodle&sedy Desk for delivery to distance education
students. A CDROM was produced with the same cofberon-campus students in place of the
usually available printed study guides. The airthef strategy was to encourage the students tssicce
the content of the course through the concept mpface. The effectiveness of this strategy for
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external students was tempered by the currentnegent that they be provided with printed study
materials. Printery lead times meant that theg# praterials did not include concept maps.

Guidance for students

At the commencement of the semester students wiceluced to concept maps via an explanation
and series of exercises referred to as the ColtaptPrimer. This power point series explained the
structure of concept maps, their purpose, howad swncept maps and how they were to be
employed in the study materials — both as a sumauaglyas a navigation tool. Students were then
given instruction on how to draw concept maps afehaexercises requiring them to create a concept
map from a given set of terms/concepts. For exangple exercise provided the terms — car, driver,
brake, accelerator, steering wheel, road, othex, p@destrians etc — and they were posed the focus
question ‘How do you drive a car safely down a fdad

The final exercise in this introduction requireé gtudents to construct a concept map from a set of
terms/concepts selected from the Embedded Systesigmicourse itself. The intention was two-fold:
to gauge the student’s initial level of understagdn the field; and as a benchmark for comparteon
results from the same exercise repeated at thefadhd semester. Quite predictably the early maps
created by most students exhibited limited linksveen concepts and even less annotation, showing
minimal understanding of the relationships betweamcepts. This approach, also used by Ellis,
Rudnitsky and Silverstein (2004)Jows the lecturer and the students themselvgatge the

student’s initial level of understanding and pr@dd foundation on which students can extend their
knowledge in the field.

This introduction to concept mapping lead direatly the lecturer presenting an overview of the
course using the set of reference concept mapsdtat this point that the hyperlinked concept map
interface was introduced to the students, along aiit explanation of its function and anticipated
manner of use. The instructions given to the studene: to develop an overview each section of the
study materials by reading the associated concapt ta hyperlink through the map to the course
material — particularly for any concepts with whitley were unfamiliar; to read a definition or ghor
section of the material - sufficient to understéimel term/concept; to return to the concept maprand
read the map to establish an appreciation howdheapts were related. From this point students
could read the course materials in a traditiomaddr fashion, access the content via the concgpt ma
in a self directed fashion, or use some combinaiidhe two approaches.

Evaluation

At the commencement of the course all 34 extenndll®8 on-campus students were informed of the
project, and that the effectiveness of the conoegt enhancements and their means as a navigation /
access tool was to be evaluated by an optionaégunstrument and subsequent interviews.
Approximately half of each cohort of students costgdl the survey for a total of 23 respondents. The
survey covered some demographic information, tlecg¥eness of the Concept Map Primer, the
presentation of the maps, the frequency of useagfsnior a small range of purposes, the perceived
benefit of the maps and the students’ preferermesxtending the use of concept maps.

Results
Demographic

The classifications of the demographic sectiontified external/on-campus students; year of study;
VARK learning style preferences; and if they haddisoncept maps before. This information was
used to verify that no particular group of studdrad significantly polarized views.

Effectiveness of Concept Map Primer

The survey revealed that approximately 77% of #spondents read or attended a lecture covering the
introduction to concept maps; and 62% completeadmeept mapping exercises. Of the 77% who
read the primer: 88% of those agreed or stronglgeythat The Concept Map Primer helped me to
understand the concept maps eadsdyd 69% agreed or strongly agreed tHdte Concept Map

Primer helped me to construct my own concept magpisye
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Tables 1 to 3 summarise the results of the survethe following three survey sections.
Presentation of Concept Maps

Table 1: Responses to statements on the presentatiof concept maps (% of total)

Level of agreement| Not Strongly Disagree Neutral Agree Strongly
used Disagree Agree

Statement
The concept maps were visually appealing 4.8 43 26.2 65.2 -
The concept maps were easy to understand - 413 4.3 4.3 69.6 174
The concept maps clearly showed how concepts were - - 8.7 8.7 65.2 17.4
related
The concept maps were easy to navigate - 4|3 4.3 78. 783 4.3
The hierarchy of concept maps was easy to follow - 4.3 13.0 13.0 56.6 13.0
The concept maps hyperlinks were easy to use 17|5 - - 13.0 65.2 4.3

Use of Concept Maps
Table 2: Responses to statements on the use of cgpicmaps (% of total)

Frequency of use| Not Once or Occasionally | Often Very
Statemnent used twice Often
As an overview of the topic of study 22.0 21.7 391 174 -
To define a term or concept 34.8 8.7 43.5] 13.0
To understand how terms or concepts were related 2 13.0 39.1 21.7 4.3
To navigate from map to map 22.0 39.1 21.7 4.3 13.0
To access a resource associated with a concept 34.8 21.7 17.4 21.7 4.3
To navigate around the study materials 26.1] 21.7 w 30.4 4.3

Concept Maps increasing understanding

Table 3: Responses on the perceived benefits of cept maps (% of total)

Extent to which student’s understanding was increasd | Not No Slight Moderate | Significant
used benefit | benefit benefit benefit

Category
Definitions of terms or concepts 4.3 13.0 43.5 39.1
The general appreciation of the course content 4.3 8.7 30.4 34.8 21.1
How parts of the course relate to other parts 8.7 .83 304 34.8 17.4
How specific knowledge in different parts of the carse could be 4.3 13.0 34.8 30.4 17.4
combined

Potential for extending the use of Concept Maps

The last section of the survey investigated thdestts’ preferences for extending the use of concept
maps. In response to the statemémtduld benefit greatly from the inclusion of coptmaps in other
course§ approximately 61% agreed or strongly agreed)evB9% were neutral. In response to the
statementConcept maps that covered even more detail ofdbese would help me understand the
material better, approximately 45% agreed or strongly agreed]evb2% were neutral.

Discussion

Analysis of the survey results reveal that studdatsitely perceive a benefit from the inclusidn o
concept maps in their study materials. Of the radpots: an average of 36% responded that they
gained a slightly better understanding, 36% a ratdbr better understanding and 15% a significantly
better understanding of the course material.

There is an apparent discrepancy in the percemtagiedents indicating they didot use’the concept
maps, between thHpresentation’and‘use’ sections of the survey. Feedback from intervieavealed
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that this was because students had made a distifmtween their initial evaluation of the concept
maps under ‘presentation’ and the way in whichntilags were ‘used’ during their studies. This
occurrence indicates the need to review the sungtyument prior to its next use.

Conclusion

This study has re-affirmed the effectiveness ofce@h maps in assisting students to understand a set
of concepts and their relationships. Over two thwofirespondents indicated a strong preference to
extend the use of concepts into other coursesl&@imimbers indicated that the introduction to
concept mapping presented provided valuable guelandhis methodology.

Students used the hyperlinks in the concept mape pften to gain an understanding of the course,
topics and concepts, than as a means of navigatiagcessing the course content. Feedback from
interviews suggested this was due to the lackaaking on which material was accessed, a desire by
the student ttmake sure they covered all the materiafid a tendency by most students to continue to
approach their studies a traditional linear fashidespite this about 25% of students used the
hyperlinks as a form of navigation often or verteof indicating some perceived value to this
capability. This level of usage may possibly reflet¢ack of richness in the linked resources.

The initial results of this study are encouraging an extension of the project is already plannéal i
two other courses in 2009. More detailed analys@tlmer aspects of this study is in progress.
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