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Abstract 

Traditional educational pedagogies focus primarily on the behaviorist's view of knowledge 

transfer bom the instructor to the learner through the instructor's interpretation of meaning. 

However, research in education indicates that this method of teaching is not always the most 

effective one. Students often fail to understand the deeper meaning of concepts and relations 

using the behaviorist model. 

Conversely, the constructivist view focuses on a student's own construction and in- 

terpretation of concepts and associated relat ionships. The constructivist approach requires 

individuals to organize and structure knowledge in their own manner which leads to "a more 

complete and coherent understanding' (Scardamalia and Bereiter [6]). This t hesis focuses 

on one specific tool that supports the constructivist method of learning, known as concept 

mapping. The purpose of the concept map is to identiS key concepts and the relationships 

between these concepts in an instructional setting under various levels of abstraction. The 

learner is encouraged to think reflectively about what they have studied using the concept 

map. 

Concept maps are graphical representations created by learners which consist of polygons 

(to represent students' concepts and ideas) and labeled lines connected between polygons 

which represent relationships between concepts and ideas. We will refer to the polygons as 

"nodes" and the lines as "links". Traditionally, paper and pencil has been used to create 

concept maps but this method limits students to a flat representation of knowledge is also 

difiicult to edit. A computer-based tool can allow easy modification of concept maps as well 

as providing high resolution gaphics, Internet resources and multimedia to the user. 

This thesis will describe the design and implementation of a cornputer-based concept 

mapping tool. A small study was conducted to evaluate the ease of user interaction and the 

effectiveness of the tool in assisting understanding. 
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Chapter 1 

Introduction 

1.1 Motivation 

Many curent  educational pedagogies are based on transferring knowledge fkom the in- 

structor to the learner. "Behaviorist transfer" is described as having "limited potential for 

advancing knowledge and is often not even very effective for purposes of memorization and 

organization of knowledgen [6]. In many cases the student simply regurgitates formulas or 

inputs information without getting a full understanding of what concepts are to be learned 

(e-g. simply plugging numbers into the equation E = mc? without understanding what im- 

pact this formula has on the way the world operates and how it was derived). Students are 

also devoid in creating their own interpretations of the material which is particularly crucial 

to those disciplines which require creative thought (Le. what made Sunday Afternoon on 

the Island of LaCrande Jatte such a great piece of art?). 

Recent educational researdi suggests that a new pedagogy known as "const ructivist 

learning" ([6], [?]) can be more effective. In the constructivist approach individuds organize 

and structure knowledge in their own manner, building a foundation upon knowledge that 

they have already constructed. This knowledge building approach is described as "a process 

towards a more complete and coherent understanding" [6]. 

Constmctivism avoids much of the "copy-deleten regurgitation which occurs in behav- 

iorist approaches [6] and requires the learners to move towards a deeper understanding of 

concepts and relationships. Constructivists work on building hierarchical models of learning 

(e.g. building knowledge based on previous knowledge) . 
This move towards constructivist learning can be applied to online learning as well 
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as in the classroom. The Internet's ability to support education is becoming increasingly 

important as it can provide flexibility to students who have jobs, allow students from al1 

around the world to take courses from any institution they wish. reduce crowding at the 

university, and take advantage of Internet online resources. As cornputers decrease in price 

and appear in more homes, they can provide a rich, multimedia environment which can 

support learning ([8], [9]). Many institutions are now providing educational courses online 

and through the Internet. Examples of such projects include Simon Fraser University's 

Virtual U project [IO], University of Illinois' Cyberprof project [12j, the City University in 

Seattle M.B.A. program. and the University of Phoenix business-related Master's program. 

This thesis wiIl focus on presenting a specific method for building and constructing 

knowledge, known as "concept mapping". These concept maps encourage a constructivist 

approach to learning by allowing students to build their own personalized knowledge struc- 

t ures. 

1.1.1 What 1s A Concept Map? 

Concept maps are used to help students and educators see the underlying meanings and 

relationships between concepts [13]. The concept map appears as a graph-like structure, 

with nodes represented by polygons and lines joining them together. The nodes represent a 

central concept or idea, while the lines comecting the nodes represent a link or relationship 

between two concepts. Nodes are Iabelled by the concept they represent and the links are 

labeUed according to the relationship between the two concepts they connect. Figure 1.1 

displays a concept map for flashbulb mernories. 

Concept maps can be constructed differently depending on their purpose and the user's 

own interpretation or preference. Novak and Gowin [13] suggest that concept maps should 

be constructed by first selecting one subject or concept as the focal point of the concept 

map. This should be the most general or broadest concept of the entire map and be the root 

node in the hierarchy. Students can then identify other concepts relating to the key concept 

and draw them below the key concept. Other representations with different constraints 

for construction also exist, such as causal interaction maps and semantic maps [16]. The 

causal interaction map acts as a visual representation for probIem solving and uses nodes to 

represent variables and links to represent input to variables. Causa1 interaction maps have 

been used to visuaIize equations. Semantic maps are used to visually categorize similar 

concepts and group them together using nodes to represent concepts and using links to 
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Figure 1.1: Concept map based on ''flashbulb mernories". 
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represent some relationship between nodes. 

Concept maps have been studied and found to be useful for many applications in ed- 

ucation. Novak and Gowin [13] found that they can be used as  a method of evaluating 

students (e-g. draw a concept map to illustrate your knowledge of the moon's rotation), 

to plan a curriculum (Novak and Gowin used concept mapping to create a course for US. 
Environmental Protection Agency) and to help to extract meaning fkom textbooks and news 

articles (e-g. after each chapter in a textbook the class constmcts a concept map to create 

a clear and concise notion of the main ideas of the material they just read). 

1.2 Using Cornputers To Create Concept Maps 

One of the main problems with traditional concept maps is the difficulty in modi&ing and 

editing them. It often takes several rewrites to lay out the concept map properly. This 

requires a great ded  of time and can be fhstrating to the user. Using the capabilities 

of a computer, it becomes much easier and façter to delete, modify and edit nodes and 

relationships through simple drawing facilities. 

The computer provides a rich, multimedia environment for learning. For instance, let 

us consider students who are developing a concept map for a group project on dxerent 

countries in the world. If students wished to mark al1 countries with its respective flag, 

as well as providing an audio clip of the national anthem, they would require computer 

assistance. This would be impossible using only paper and pencil techniques. This can be 

particularly useful in arts classes, which rely more on audio and irnagery rather than text. 

The computer can also allow users to colour and shape their concepts and relationships. 

Colour and shape can be used to provide grouping and classification of objects. For example, 

we could specify that d l  relationships between objects which are of type "is an example OP 

are red. Since it takes little cognitive time to process colour, the user can quickly identify 

these relationships. The cust omization of ob ject representation also allows the user to 

represent objects in a personal manner. 

In some respects the computer acts as a graph editor in that it will create nodes and 

relationships within nodes and draw the representation, but is tailored to provide the user 

with operations specific to concept rnaps. For instance, we c m  extend the idea of a "noden 

fkom that of a simple object, to one which can act as a resource for the World Wide Web and 

hold multimedia information. Concept maps can also allow nodes to contain other concept 
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maps within them, thus allowing for hierarchical concept maps. For example, if a "beaver" 

concept map was initially created, it could t hen be imported inside a "rodent" node as an 

instance of a rodent. The paper and pencil mode1 cannot support hierarchy among different 

maps without using a piece of paper large enough to support al1 nodes within the hierarchy 

and a great deal of t ime consuming editing. 

Concept maps also differ kom graphs. The links connecting nodes in concept maps can 

contain multimedia and textual data to help define what the relationship is between two 

nodes. 

This thesis will also discuss user interface issues, although the user interface is not 

the primary concern of the research. For the students to take advantage of the richer 

environment, they will have to learn how to construct the concept map using cornputer 

facilitated drawing facilities (not just pencil and paper drawing). In addition, they will 

have to learn how to use Netscape and understand how URLs work to access World Wide 

Web materials. 

This thesis will not cover problems which stem from lack of screen space as concept maps 

grow large. This "screen real estate3 problem is currently being studied by other researchers 

(~41,  ~ 7 1 ,  PI). 

1.2.1 Extending the Concept M a p  to the Internet 

There are many reasons to implement the concept mapping tool on the World Wide Web. 

The first is increased accessibility: students can access the web regardless of platform type 

from their home. Using Sun Microsystems' new ~ a v a ~ ' '  language, we simply require that 

users have a modem and a ~ a v a ~ "  enabled browser (which is available freely to the public 

and is available on many platforms). 

Another advantage is that the students would have access to resources on the World 

Wide Web. This allows the student to relate Internet pages to concepts and relationships 

in their concept map. The World Wide Web provides a wealth of information with text and 

multimedia for students, resulting in a richer, multimedia environment for displaying and 

retaining information. 

Allowing the concept mapping tool to be run over the Internet will also allow students 

to share their concept maps with others. For example, if Student A develops a concept rnap 

l ~ a v a  copyrighted by Sun Miaosystems 
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on whales he/she can simply send the concept map to Student B. It is much easier to share 

resources over the Internet than it  is to share books! It should also be noted that Student -1 

and Student B need not be in the same city, nor the same learning institute, to share their 

concept maps. 

The tool described in this thesis d o w s  learners to take advantage of the World Wide 

Web by allowing direct integration of Web resources into concept maps. Images from the 

World Wide Web are displayable either as content within a node, or as the node itself. 

Audio files are also playable and World Wide Web pages directly referenced. 

1.3 User Studies 

Once a research prototype has b e n  built, subjects will be selected to use the concept 

mapping system. These subjects wili be introduced to the basic ideas of concept mapping 

and then trained using the computerized system. 

Upon understanding the use of the system, subjects will be asked to build a concept 

map based on a specific topic. When subjects have completed the concept map, they will be 

asked to complete a brief questionnaire. Evaluation of the system, as well as suggestions for 

future enhancements, will be obtained by observing the concept maps that subjects build 

and by analyzing the data from the questionnaires. 

The studies will determine the usability of the system and address how the computer 

interface aids in the creation of concept maps. The studies will show di£Ferent methods 

and models that students use to represent their knowledge. Students suggestions fi-om the 

questionnaire will suggest how to improve the system in the future. 

1.4 Thesis Focus 

This thesis will describe the design and implementation of a computer-based tool to con- 

struct concept maps. This tooi wiil allow easy creation and manipulation of concept map 

nodes and relationships. I t  will aiso alIow nodes and links to contain textual and multimedia 

information. Links will also contain textual and multimedia data as well as definitions of 

the relationships between nodes. User studies will be conducted to analyze the features 

provided, to analyze the different models and approaches students have for building concept 

maps, and to obtain user feedback for future modifications. 



Chapter 2 

Literature Review 

Designing a cornputer-based concept mapping tool requires research in several different 

fields. First, one must discuss the learning theories on which concept mapping is based: this 

draws heavily on education research. Secondly, one m u t  look a t  research involving pencil 

and paper concept maps. Once this is cornpiete, it is necessary to examine the translation 

fkom pencil and paper concept mapping to a cornputer interface and look a t  earlier attempts 

at providing such a tool. 

2.1 Constructivism: The Basis of Concept Mapping 

The move towards a new educational pedagogy which features group discussion and places 

a greater onus on students to interpret and organize material in whatever way they wish 

is based on the "constructivistn view. The instructork role is no longer to fully structure 

lessons and ;;teach3 the material to the students, but to support the students in obtaining 

resources and attempt experiments so that they construct and interpret knowledge in their 

own manner. In order to justi& the usefuIness of the concept mapping tool, it is necessary 

to address the question of why constructivism is needed and how it plays a significant role 

in education. 

The behaviorist approach is based on the belief that a bridge can be created between the 

students and the instructor and that learning is created by sending information across the 

bridge (with appropriate feedback from the student). The performance of the student gauges 

how well the bridge has been built. One example might be the reading of a textbook, in 

which the author tries to provide examples, pictures and text to help the student understand 
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a specific concept or idea. If the student cannot connect to the bridge that the author is 

attempting to build, or crosses the wrong bridge (Le. rnisinterprets the author's intent): 

then the student and author ultimately fail. This type of learning is what takes place in 

most educational institutions. 

The premise of a constructivist approach is that individuals organize and structure 

knowledge in their own manner. In the following scenario, the student decides how he or 

she wants to learn material and the instructor's job is to guide and support the student 

rather than to create and define the structure and scope of the knowledge. 

An hypothetical example of constructivism in a classroorn is given below: 

Instructor: (demonstrates the compression of a plastic pop bottle by sucking on the open el 

Instructor: Can anyone tell me what happened here? 

Adam: The bottle is smaller! 

Instructor: Why? 

Adam: Because you sucked on it. 

Instructor: So what? 

Lance: The bottle was empty wasn't it? 

Tim: It was clear, but there was probably air or something inside. 

Adam: So what happened? 

Dave: The air went into the teachers lungs, because he sucked on it. 

Instructor: But what if the air disappeared? Why did the bottle crinkle? 

Lance: The bottle crinkled because there's air on the outside. 

The change in the air pressure causes the bottle to implode. 

Here one can see the type of interchange t hat may occur during a constructivist lesson; 

the instructor ailows the students to determine what happened. Although this is a rather 

simple example, the level of understanding is much greater than if the students had been 

merely told what happened. 

In order to learn new concepts, students must integrate them with previous knowledge 

to create new knowledge. Often one item must be learned before another can be understood. 

For example, a student will have to learn how to add, multiply and divide before calculating 

the cost per square inch of real estate. This requires the learner to master the fundamentals 

of addition, multiplication and division and then use a constructivist approach to apply 
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those fundarnentds to calculate the value of the real estate. It should be noted that this 

hierarchical method of learning can be integrated into concept mapping. 

In "Constructing Scientific Knowledge in the Classroom" , Driver, et. al [7] discuss how 

these basic fundamentals must often be combined with a behaviorist approach before new 

ideas are spawned through constructivist methods. 

"Scientific entit ies and ideas, which are constructed, validated and cornmu- 

nicated through the cultural institutions of science, are unlikely to be developed 

by individuals- t hrough t heir own empirical enquiry ; learning science - t hus in- 

volves being initiated into the ideas and practices of the scientific community 

and making these ideas and practices meaningful at an individual level. The 

role of the science educator is to mediate scientific knowledge for learners, to 

help them to make persona1 sense of the ways in which knowledge claims are 

generated and validated, rather than to organize individual sense-making about 

the naturd world." 

Constructivisrn considers each leamer's representation of knowledge to be unique. The 

representation of knowledge is afFected by a person's unique perspective of the world based 

on individual experiences. Thus learning is contextual, cultural and subjective. The goal of 

the concept mapping tool is to encourage a constructivist learning atmosphere by allowing 

an individual or group to organize and construct a representation of his/her/their knowledge 

space. 

2.2 Examples of Constructivist Learning 

Constructivist learning is used to educate students in many classroorns. Many institutions 

have also placed constructivist activities on the World Wide Web. Several of these examples 

are presented below. 

2.2.1 Calculus, Concepts, Cornputers and Cooperative Learning 

The C4L program at Purdue University was based on constructivist t heoret ical perspectives 

related to the learning of mathematics. The program defines the key aspect of its approach 

as a "decomposition of each mat hematical concept into developmental steps.. . . .based on 

observation of, and interviews with, students as they attempt to learn a concept" [1 l]. 
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C4L uses computer-based learning activities to teach students math. These activities 

are carefully selected so that a mental construction of concepts is created. Exercises are only 

given to reinforce the activities and not as the standard constructivist method of transferring 

the knowledge to the student. 

2.2.2 The Exploratoriurn 

The Exploratorium [17] is an Internet site which uses constructivist methods to teach sci- 

ence to students. Unlike many of the web sites which exist, the Exploratorium creates an 

environment for learning which is based on students running their own experiments and 

building their own knowledge rather than being spoonfed canned textuai material. 

One example is an interactive program which simulates the dissection of a cow's eye 

("Cow's Eye Primer"). Hints and tips are given, but it is ultimately the student who 

experiences and controls the experiment through a computer interface. The student can 

download the program for his/her Windows or Macintosh machine. 

The ExpIoratorium also has exhibits which integrate multimedia into learning. An 

exhibit of the devastation in Nagasaki is featured. Using artistic imagery, the users are 

led through a historicai journey, with commentary provided by people around the gIobe. 

Unfortunately, this exhibit suifers fiom limited user interaction, and could support a more 

constructivist approach by adding a conferencing session which allows students to exchange 

their ideas dynamicdy. 

N.J.N.I.E. 

N.J.N.I.E. (New Jersey Networking Infrastructure In Education) [18] is an Internet-based 

site which presents constructivist learning approaches and Iessons through interactive mod- 

els. Like the Exploratorium, N.J.N.I.E. presents several lessons in science based an real 

world models, and encourages the user to take lessons a t  his/her own speed. Interactive 

lessons using multimedia are offered, where possibIe. 

One sample lesson focuses on statistical analysis based on ocean data. Mathematicai 

concepts are presented to students using these real world a m p l e s .  The students are taught 

how to find the slope of a line in a graph and are given multiple methods of learning (verbal 

cues, images, and mathematical formulas). Examples are then given based on verbal and 

math descriptions of calculations. This site is particularly interesting because it provides 
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multiple methods of learning (verbal, images, etc) and allows the student to select the one 

he/she is most cornfortable with. Cnfortunately, concept maps (or similar representations) 

are not given. 

2.3 Mental Models and Knowledge Representation 

Constructivist learning requires the student to create, shape and structure his/her own 

learning space. The concept mapping tool will have to allow and support such mental 

models in order to be effective. 

David Jonassen 1191 has examined the different mental models of learners. Jonassen 

attempted to distinguish mental models in individuals by studying a group of refrigera- 

tion technicians. Each subject was given a troubleshooting task and then asked questions 

designed to extract the type of mental models each subject was using. Jonassen's study 

concluded that knowledge in the mental models differ within each individual. This study 

demonstrates the need to provide flexible concept mapping for a learner's specific mental 

mode1 and further demonstrates the necessity of constructivist learning. 

Additionally, there is evidence that mental models have spatial representation. Shepard 

and Metzler (1971) ran experiments using images of 3-D objects. Subjects were presented 

a pair of 3-D objects and tried to determine whether the objects were identical but with 

a dsering rotation: or whether the objects were different. The experiment found that the 

greater the rotation between objects, the longer it took the subjects to discern whether they 

were the same object or not. The conclusion was that the subject's conceptually rotate the 

object in their mind. 

Another study which supports the theory that mental models have spatial representa- 

tion cornes fkom Roland and Friberg (1988). Their research measured blood flow in the 

brain when subjects were mentally rehearsing a jingle and when memorizing directions to 

someone's house. These processes seemed to stimulate distinctly different flows within the 

brain, which is evidence that linear and spatial representations are different. Farah, Ham- 

moind, Levine and Calvanio (1988) performed tests on someone who had suffered bilateral 

temporal damage. The subject performed several tests using spatial assessments and image 

recollection and found that the two performances differed greatly. It is possible that the 

spatial portion of the brain was damaged, and could explain the subject's poor performance 

in that area. This is further evidence that the brain does have separate processing for spatial 
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operations. 

This evidence for spatial representation of knowledge within the brain is important to 

concept mapping. If knowledge is stored interndy with some notion of space, it may be 

usefd to view it externally in a spatial representation. Concept maps provide external 

graphical representation of knowledge within a space. 

Many researchers consider mental models to contain hierarchies (which concept maps 

c m  support). Biederman (1987) proposed t hree stages in object recognition: 

object is first segmented into subobjects 

each subobject is classified into one of 36 basic categories called geons (3-d geometric 

icons) 

the object is then identified based on its relationship between geons 

Biederman's justification was based on Biederman, Beiring, Ju and Blickie's (1985) 

experiment where objects were shown in two forms: 

component deletion: one geon was deleted 

midsegment deletion: complete figure is drawn, but in dotted lines 

When subjects were briefly shown (65-100 rns) the two configurations, the component 

deletion form was easier to distinguish. At longer time segments (200 ms), the midsegment 

deletion form was easier to distinguish. Biederman argued that for short periods, the subject 

failed to segment objects into subcomponents, but at longer intervals, the object could be 

segmented into subobjects and the remainder of the object could be distinguished. This 

hierarchical representation of knowledge lends itself well to concept mapping, since concept 

mapping can be hierarchical in design, and the learner can, and is encouraged, to construct 

his/her knowledge in that manner. 

Research also shows that objects which are similar in shape tend to be grouped together. 

This can be incorporated into concept mapping by allowing similar shapes to represent 

similar objects. Tkeisman and Gelade (1980) conducted an experiment creating a "forest" 

of randomly placed Y and Ps. The subjects were asked to find the single T in a forest. 

The same experiment was then attempted with a forest of Z and Ps and it was shown that 

subjects did significantly poorer. Because the Z had more similarity to the T than the Y, 
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the subjects had to do more processing to distinguish the two objects. The processing time 

to distinguish the two "more sirnilar': objects was increased. 

2.3.1 Other Methods of Knowledge Representation 

Other forms of knowledge representation, other than concept maps, have been researched. 

These use graphical representations similar to concept maps, but adhere to more rigid rules 

and apply to a very specific task. Although the main purpose of the concept mapping tool 

. is to specifically create concept maps, the user may choose to impose rules on the structure. 

Two other methods of knowledge representation which are similar to concept mapping are 

discussed - causal interaction maps and semantic rnaps. 

Causal Interaction Maps 

The causal interaction map is geared towards problem solving using a graphical represen- 

tation similar to concept maps. The map mimics simpliiied mathematical functions. Nodes 

are used to represent variables, and links are used to represent the input and output of 

variables. Each node is a function which takes in input and outputs a value based on the 

computation within the node. 

Nodes are represented graphically as circles or squares. Circles represent some value used 

to solve a problem which cannot be quantitatively defined (e.g. class participation), while 

squares represent a value which can be quantitatively defined (e-g. number of correct answers 

in test 3). Students examine different variables which affect a certain result. Typically, this 

is done in several iterations as the student's understanding of the problem grows. 

While concept maps and causal interaction maps are quite similar, they do have sig- 

nificant differences. The relationships between nodes in causal interaction maps are not 

labelled, and have only one relationship type. Causal interaction maps dso specify that 

nodes must only be circula or square. Thus the causal interaction map is a subset of 

concept maps. 

The sample causal interaction map (figures 2.1 and 2.2) displays a function to determine 

whether or not a particular person should be hired. The two main criteria for employment 

are the applicant's skills and character. The Company will evaluate these criteria based on 

job experiences, references, etc. 

The causal interaction map remains a simplsed view of relationships between concepts 
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Figure 2.1: An example of a causal interaction map after the 5rst iteration. 
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Figure 2.2: This is the finished causal interaction map used to determine the qualifications 
of a job interviewee. 
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because it cannot show the different effects of each input variable. Its simplicity and ability 

to quickly show multiple variables and interactions makes it useful for identifying causal 

relationships. 

Semantic Maps 

Semantic maps are another method of knowledge representation designed to build a learner's 

vocabulary. After a student reads a passage, a semantic map is built to organize and 

. categorize the new vocabulary. 

To create a semantic maps, the learner first selects a "key concept". This is represented 

by writing the concept in the centre of the semantic map. Related words are then identified, 

brainstormed, and categorized. The categories are linked (in a circular fashion) around the 

key concept and the related words are then placed underneath the categories to which they 

belong. The structure of the semantic map is h e d ;  it appears as a ring-shaped topology. 

The example shown in figure 2.3 uses the central concept "'guitars". This is typically 

known as a "cluster". Key vocabulary words and headings for each categorization are 

"Types" , "Manufact urers" , etc. 

Research has shown that semantic maps were significantly more effective in providing 

vocabulary acquisition than standard techniques (Jones, 1985). In particular, poor learners 

showed dramatic levels of improvement when using semantic maps (Pittelman, Levin and 

Johnson 1985). A semantic map is a specidized form of a concept rnap, with additional 

rules of structure and a specific application. 

2.3.2 Conceptual Graphs 

Conceptual graphs are the language which was built from John Sowa's initial work on 

conceptual structures [30]. Conceptual graphs are quite dinerent from concept maps because 

they focus on using logic to extract information fkom a fixed knowledge representation. 

They are built to provide "strength and flexibility by translating the theoretical formalism 

into practical applications in different domainsn [32]. However, like concept maps, they 

use nodes to represent concepts and lines to represent relationships between nodes. In 

between connected nodes are additional nodes, known as "relationship nodes", which help 

describe relationship types. The graphical representation of conceptual gaphs  is only used 

to illustrate the underlying data structure. 
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Figure 2.3: This is a sample semantic map based on the key concept guitars 



18 CK4PTER 2 LITEUTURIE REVIEW 

Unlike concept maps, conceptual graphs do not focus on the visual aspects of repre- 

sentations. While conceptual graphs are sirni1a.r to concept maps in that they both try 

to represent knowledge, the conceptual graph's purpose is quite different since it is a data 

structure for handling contextuai information retrieval. This requires t hat the conceptual 

graph have a strongly defined structure (relationship nodes have specific types, it must be 

a connected graph, etc.) and cannot handle information such as images, sound and colour 

easily. The purpose of a concept rnap is to provide a representation which is easily created 

and understood by the user using visual images, while the conceptuai graph's purpose is 

to Provide a representation which can support artificiai intelligence applications such as 

deduction, abduction and inferencing. 

Conceptual graphs may be useful for instructors to evaluate Iearners' concept maps. If 

a concept map could easily be converted into a conceptud graph, instructors could query 

the conceptuai graph to see what information the student had built. However, the mapping 

between concept rnaps and conceptual graphs would require the student to built a rigidly 

defined concept map which conforms to conceptud graph rules or to automatically convert 

ail natural language, images, sounds into a conceptual graph representation. The former is 

too demanding on the student while the latter poses a difficult problem. 

2.4 Research On Concept Mapping 

Now that the need for concept maps has been identified, we can examine work specifically 

related to them. Concept maps have been studied extensively in classrooms using paper 

and pencil models. Novak and Gowin [13], in particular, have done numerous studies on 

the effects and uses of concept mapping within a classroom. This research provides the key 

fundamentals for creating a concept mapping tool for a cornputer. 

2.4.1 The Purpose of Concept Mapping 

The primary goal of concept mapping is to help students and educators build and reflect 

upon knowledge in a constructivist learning environment by identifying key concepts and 

the relationships between them. The concept map avoids what David Ausebel refers to 

as "rote learning" (information memorization and regurgitation) and instead encourages 

"meaningful learning" t hrough constructivist learning t heories. 

An initial view of the world is built by experimenting and interacting with the real world 



(eg. interpreting voices, depth perception). Once this foundation is built, speech, reading 

and writing can be mastered. This hierarchical manner of learning (having prerequisites 

necessary to continue learning) requires building on other knowledge and proceeds most 

efficiently when notions are placed under broad ideas. Concept mapping facilitates this by 

using graphical represent at ion. 

Concept maps also encourage users to find new relationships between concepts and take 

advantage of the human ability to process symbols quickly by grouping together like objects. 

They stimulate reflective thinking by having the user carefully examine relationships between 

concepts. 

2.4.2 Guidelines for Building Concept Maps 

Novak and Gowin (1981) present several guidelines on how to build concept rnaps. The 

initial step is to define either a key concept which is the most abstract item of the concept 

map, or to define several concepts and relationships which will be the basis of the concept 

map (this decision may be based on what the user is trying to accomplish). 

The broadest/main concept is placed at the very top level of the concept map. Novak 

and Gowin state that concept maps should be hierarchical and that the node a t  the top of 

the concept map represents the central and general concept. There is usually only one node 

at the top and we will refer to this as the "key concept". Nodes are represented by some 

user defined geometrical shape and labelled. 

Additional nodes and links are added when a relationship is thought to exist between the 

curent concept(s) and another new concept. For instance, if the key concept is "mammal" 

and the user remembers that "mammals are warm blooded", a node is created at the level 

just below mammals and labelled "warm blooded". The "mammals" node and the "warm 

blooded" node are then connected using a line labelled "aren. Concepts which have the 

same level of abstraction are placed on the same vertical location on the page, making the 

concept rnap similar to a tree. Novak and Gowin suggest that lines connecting nodes not 

be directional, as it adds clutter, and that direction is implied by the hierarchical nature of 

the concept map. 

The concept map should not extend beyond six to eight levels of abstraction. This is 

partly to reduce the clutter and limited size of paper, but more importantly to limit the scope 

of the concept map. If the number of levels get too large, the learners may have problems 

organizing the material. Psychologists believe t hat the mind cannot handle information 
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"chunks" greater than this number. 

It should be noted that Novak and Gowin present these only as guidelines for building 

effective concept rnaps. The tool we wish to design will not enforce these structures on 

the user and u-il1 allow aiternative structures to be constructed. This will dlow greater 

flexibility to users. 

2.4.3 Uses For Concept Maps 

Novak +nd Gowin have studied various applications of concept maps. One application is 

evaluating a student's knowledge on a subject (e.g. as a test question, ask the student to 

draw a concept map of "arachnids"). This type of evaluation reduces rote learning and 

also displays possible misinterpretations of concepts by identifying incorrect links. Thus, 

student errors will be quickly found and the instructor can assist the student. A numerical 

evaluation was also devised based on Ausebel's learning theories. This evaluation credited 

students when correct relationships and concepts were identified. 

Concept maps are also useful for reviewing previously read text or magazine articles. No- 

vals and Gowin have used group brainstorming sessions to build concept maps on information 

they had read or studied. These sessions reduced the amount of student misinterpretation. 

This helps to prevent students fiom continuing with any misconceptions they may have had 

about previously covered materiai. Novak and Gowin also suggest posting these concept 

maps around the classroom as a constant reference. 

Concept maps have also been used by teachers as a means of planning a curriculum or 

specific lesson. For curriculurns it is suggested that broad concept maps are created for an 

overview of the course and more detailed concept maps are used to describe what lessons 

wili be given on a specific day. Novak and Gowin created a curriculum using concept maps 

for the U.S. Environmental Protection Agency and Army Corps of Engineers. 

Another application for concept maps in education is to guide interviews. Interviews have 

been used by Piaget as a means of evaluating students, and Novak and Gowin have appiied 

concept maps to provide organized paths for instructors to follow to question students. 

Concept maps have also been used for interviewing experts to acquire knowledge (McNeese, 

Zaff, Peio, Snyder, Duncan and McFarren 1990). 

Another instance of concept maps is in management systems and decision making ([21], 

[22]). Arguments have been construed using concept maps, such as in the G r a p h i d  Ar- 

gumentation Scheme [23]. It  is believed that visualizing the structure of arguments can 
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provide insight into strengths and weaknesses and allow for more rigorous construction. A 

specSc scheme similar to concept mapping called QOC (Questions, Options and Citeria) is 

presented where nodes are represented either as questions, options or criteria and link- 3 are 

relations between the nodes, which may be directional. The end result was that the QOC 

was quite effective particuiarly in clarifiing poorly understood design spaces. 

Concept maps have also been used in policy studies and philosophy of science as a visual 

representation of arguments. Other fields such as mechanical engineering (bond graphs), 

communications (Petri nets) and mathematics (category graphs) use representations similar 

to concept maps. 

2.5 Extending Concept Mapping To The Cornputer 

WhiIe Novak and Gowin (1984) have studied concept mapping in depth, they have only 

studied it using the traditional paper and pencil approach. Moving towards a computer- 

based, multimedia environment requires careful consideration of how the computer can 

improve upon the paper and pencil models. 

The increased growth of the. Internet as a source of information and the capabilities 

of home computers to present multimedia has prompted research in integrating learning 

with multimedia. Many researchers advocate using multimedia to increase the richness of a 

learners environment. We will examine the use of multimedia to aid learning. 

We will also examine how to take advantage of the fact that cornputer based maps are 

not as constrained a s  paper and pencil models. Specifically, probIems with large concept 

maps and hierarchical learning which exist in paper and pencil modeb are examined. 

2.5.1 Adding Multimedia to Concept Maps 

Stromrnen [20] stresses the need for a child to be "a self-governed creator of knowledge" and 

proposes a "child-driven learning environment" ( CDLE) to promote constructivist learning. 

Stromrnen also believes that technology, such as computers and televisians, should be present 

in a CDLE dong with traditional tools (e-g. pencib, paper). Cornputers, video and other 

technologies give children the facilities that they are accustomed to using in their everyday 

lives and provides them with an opportunity to use these facilities in new and different 

ways other than standard behaviorist methods. Allowing students to create concept maps 
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which can integrate Internet and multimedia objects can act as one component of a CDLE 

environment. 

Lawrence Najjar's believed that if multimedia is rich, then people will "elaboratively 

process information" and make more connections between new concepts and prior knowl- 

edge? so multimedia should improve learning. Studies were conducting with subjects from 

K-12, university and industry. The experiment divided subjects into groups in which some 

were given multimedia content and others learned using conventional schemes. Generally, 

about a thirty-five percent reduction with learning time was found in those using multime- 

dia. However, there is considerable question as to whether the multimedia was the reason 

for the reduced rate or whether the instructional method was the key. The multimedia was 

also shown to be more "grabbing3 to the student and subjects showed a decrease in learning 

rates after eight weeks of using multimedia. 

Multimedia has also been shown to be effective when the media presented is in a form 

compatible with what we perceive a learner's internal representation of knowledge to be 

(Kozma 1991). An example is the study in which maps were found superior for learning 

(using images as a media type) compared to a list (Bartram 1980). Text used in conjunction 

with pictures was found to help people leam assembly information (Bieger and Glock 1986). 

Nickerson (1968) stated tbat visual representations are good for recognition tasks. 

The purpose of adding multimedia to the concept mapping tool is to allow the learner 

to structure information in a personalized way, and thus learn by using their own internal 

representations of objects. The traditional mode1 of concept mapping cannot easily add 

multimedia and colour, which hinders the ability of users to personalize their maps. 

In the example in figure 2.4 given for "Gord's Appearance", the learner has been forced 

to create a concept map, where an image would be far more appropriate. Clearly, the 

concept map is trying to do the job of an image; something you would not ordinarily ask a 

concept map to do. Allowing the concept map to hold images would solve this problem. 

Concept maps are also inappropriate and less effective when dealing with direct informa- 

tion which does not necessarily represent concepts and relationships. In the example of the 

John Olerud concept map (figure 2.5)' which was created from reading a paragraph of text, 

the information may be more effectively presented as a list or text depending on the user's 

interpretation of the material. Thus it may make more sense if this concept map is just 

presented in flat text as the attributes of John Olerud. It  may be preferable to consider John 

Olerud as a single node with properties "hits poorly with runners in scoring positionn and 
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Figure 2.4: Converting an image into a concept map fails (left) while simply providing an 
image succeeds (right ) . 

"may improve all aspects of hitting', instead of forcing a reorganization of the information. 

2.5.2 Large Concept Maps and Hierarchy 

Section 2.3 discussed how knowledge representation is thought to be hierarchical. Problem 

solving also appears to be hierarchical, with the top level being the actual problem itself 

and the lower levels of the hieruchies representing intermediate subgoals, which must be 

solved first (Anzai and Simon 1979, Eylon and Reif 1984). Catrambone [24] also found that 

leaming subgoals helps determine which parts of a problem must be solved first. This hier- 

archical approach to problem solving and knowledge representation lends itself to creating 

hierarchical concept maps. The hierarchy c m  be based spatially within the concept map, or 

it can be represented by allowing certain concepts to contain different levels of abstraction. 

On the computer, each node representing a concept may contain another concept map, 

which has a different level of abstraction f?om the initial concept map. 

When a learner is asked to design a concept map for an area in which they hold particular 

expertise, it can be very difncult to root through the relevant knowledge and create a concept 

map. To demonstrate this problem 1 selected subjects which were both broad and in which 1 

have a good deai of knowledge. They were "guitar playingn, "Gord Niguma" and "hockey" 

(shown in figures 2.6 (a), (b) , and (c) respectively) . 
As can be seen from the examples, the concept maps did not g o w  because the user had no 
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Figure 2.5: View of John  Olerud through a concept map. A user may prefer to have this 
information given as a text Iist. 

direction within the large domain. For instance, guitar playing can encompass many things, 

as can hockey. Hockey could include al1 of the rules 1 know about the game, international 

hockey events, strategies, as well as professional NHL information and players. Constructing 

these concept maps was frustrating because 1 realized that d l  of my knowledge could not 

be displayed on a single map of reasonable size. What is really necessary in this case is to 

create concept maps within concept maps. For instance, we could contain a concept map 

of "Simon Fraser University" in the "Simon Raser University" node in the "Gord Niguma" 

concept map. It is suggested by Novak and Gowin that these concept maps remain separate 

identities and that one can refer back to a L'Simon Fraser University" concept map when 

you encounter it within the "Gord Niguma" concept map. However, this requires finding 

the "Simon fiaser University" concept map. 

This idea of large concept maps can be dealt with by allowing each node to contain a 

concept map within itself which can be accessed simply by clicking on a button. This n-il1 
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Figure 2.6: Concept rnaps which are not well presented because the domain is too large. 
Maps (a) and (b) remain incomplete while map (c) is not well done. AlIowing us to contain 
concept maps within concepts in concept maps would be ideal. 
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Save necessary screen space: you will only see a given concept rnap when it is requested. 

Furthermore, hierarchical concept maps provide an intuitive means of construction by be- 

ginning with broad concepts and adding more detail. Thus: they allow for varying degrees 

of abstraction. 

2.6 Current Concept Mapping Tools 

Currently several concept mapping tools exist for computers. They provide some solutions 

to concept mapp@, but still are inadequate in other areas. 

2.6.1 Concept Maps For Online Learning 

An example of a class using online concept maps is Wayne State University [25]. The course 

(CSC 811), which teaches concept architecture as applied to software engineering at Wayne 

State University, provides a text-based presentation of a concept rnap online. The site 

simply shows an example of a concept rnap (built using ASCII characters with hyperlinks) 

used to outline software design. Tt is not meant to be an interactive system. 

While this is a very simple example, it demonstrates how the interactive concept rnap 

editor couId be useiul in an educational setting. It also demonstrates the deficiencies of 

such a simple concept map; for example, its ASCII characters make it difficult to group 

any related nodes together in a cohesive manner, links cannot be labeled, no multimedia 

content can be stored and it is aesthetically unattractive. Tt should also be noted that 

the construction of the concept rnap would be quite a painful and cumbersome job for the 

instructor since no tools (other than a text editor) are provided. 

2.6.2 Inspiration 

Inspiration from Provantage is designed as a project organization tool which supports con- 

cept mapping. A gridded field and a 2-D display are used for building concepts. Objects 

can be of varying culours, sizes, and shapes and act as the "nodes". They can also contain 

textual information. Links can be used to represent relationships between objects and can 

be labelled by text and assigned a direction. Typical drawing facilities such as delete and 

move objects are supported. Groups are only used to move several 'Lgrouped" nodes through 

the ~oncept map. Several templates are available for specSc jobs such as "Goal settingn 
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and "Project Planningz. 

While Inspiration is a useful tool for creating a concept map, it cannot integrate any 

Internet resources or multimedia for increased learning. Inspiration also lacks the ability to 

store information in a true hierarchical fashion, as discussed in section 2.3, and also does not 

allow links between objects to be defined by more than simply appearance and labelling. 

2.6.3 WebMap 

WebMap j s  a concept mapping tool for the World Wide Web based on the research of 

Gaines and Shaw [26]. WebMap was based upon the open architecture of KMap [26] and 

runs specifically on the Apple Macintosh platform. It allows different concept maps to be 

defined and loaded. Nodes can be added to WebMap with specific attributes such as types, 

head, body, colour etc. Links can also be added and may be assigned a direction. 

Each node is also programmable so that user actions can cornmunicate with other ap- 

plications. The user must program in the OpenScript programming language for the Apple 

Madntosh. This OpenScript architecture allows the user to program each node to perform 

a scripting action based on a user event. 

KMap works as a client helper to Netscape by defining a MIME type with s d i k  ".kss" 

which starts WebMap running on the users local machine. KMap also allows the user to 

generate concept maps by browsing in Netscape. It creates new nodes when new URL's 

are visited fiom Netscape. This functionality is more for navigating the web than creating 

concept mapping. Similar tools include CZ Web [27]. 

KMap also can act as a clickable image map on the World Wide Web. A user can upload 

a concept map to a server and then use it as a clickable image rnap Eom the server. This acts 

as a solution for non-Mac users, as they can view the concept maps and navigate throuph 

the concept map, but it does not allow any editing or configuration. 

While WebMap is useful, we wish to allow the concept mapping tool to run across 

all platforrns. This flexibility cannot allow students to program the nodes to work with 

specific applications (if they have an Apple Macintosh computer), but the gain in being 

able to program nodes is minimal because of the added complexity in having to learn Apple 

OpenScript. This ability to progam nodes only works on Apple machines. Furthermore, it 

becomes difncult to share concept maps since any user must be using a Macintosh computer 

and must have the same applications on his/her machine, if the concept map is using 

programmed nodes to access applications. 



Our links also will contain content and defined types for describing relationships between 

objects, which WebMap does not allow. Since relationships are often used over and over 

again, templates can be stored in our version. We can ais0 store multimedia data for qui& 

retrieval of Web resources within nodes. 

2.6.4 QuestMap 

QuestMap [28] is collaboration software for representing the process of making decisions 

using a graphical map containing icons, text and links. Its purpose is to structure arguments 

for decision and brainstorming solutions~ and, unlike the concept rnapping tools, is not 

geared towards generalized learning. 

QuestMap allows groups to modify and edit a minimalized concept map using a set of 

icons to represent nodes. Each icon takes on a specific meaning and acts as a template. 

For instance, a lightbulb icon is used as a node representing an idea. The icons are similar 

in concept to the nodes in the concept mapping tool and are linked together with coloured 

lines which represent connections between icons. These relationships are not labelled and 

are only distinguishable by colour. 

The user begins by identifying a specific probiem and creates a "question icon" (denoted 

by a ?). Ideas (represented by a lightbulb) are connected to questions using links and 

pro's and con's (represented as '+' 's and '-' 's) are connected using links to ideas. This is 

QuestMap's structure for decision making. 

While QuestMap's application is more specific than the concept mapping tool that we 

present, its importance is as an applied version of a concept mapping device. I t  is limited 

compared to the concept mapping tool we propose because relationships cannot be labelled, 

templates (ie. node types) are fixed, structure is not flexible, it is platform specific and 

the Internet cannot be accessed. Its strength lies in easily used structure, ability to create 

groups through a network, and shared access to a document. 

2.6.5 Open Meeting 

Open Meeting [29] was designed as an asynchronous collaboration and conferencing system 

for Vice President Gore7s "Open Meeting on National Performance Review". The goal 

of the system was to maintain an online meeting with over 4000 participants and allow 

them to build discussions and arguments through online discourse. Open Meeting provided 
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an environment based on theories that identified the interactions needed for productive 

discussion and problem soIving. It was run over the Internet so that many people could 

access the system fiom their home or office cornputers. 

Open Meeting's primary purpose was as an online discussion forum. The National Per- 

formance Review (NPR) needed to discuss proposals for reinventing government operations. 

This required asynchronous methods of discussions for people located across the country. 

Many of the repcrts to be reviewed had common structures, so the discussion was repre- 

sented as concept maps. Each node represented one category or area of discussion, such as 

Oueruiew or ~zecutivé Sumrnaty. Each area of discussion was connected by links to other 

relevant areas of discussion. 

Open Meeting provided an effective environment for discussion and asynchronous confer- 

encing. The use of concept maps was not the prime focus, but is included in this section as 

an example of using concept maps to enhance and aid in group collaboration and learning. 

Open Meeting had fixed structures but could be expanded to further to integrate dynamic 

concept maps to represent conferences. 



Chapter 3 

Concept Mapping Tool Design 

When designing the concept mapping tool, it is necessary to to provide an easy to use 

computer interface and to extend functionality so that multimedia and Internet resources can 

be included. This section will discuss the concept mapping tools design and implementation. 

The first design decision was to select the programming environment. Currently, the 

o d y  programming language which allows rich interaction with the user, runs on multiple 

platforms and is accessible through the Internet, is the Sun Microsystems JavaTM language. 

While .JavaTM does provide us with the functionality necessary, there are also some problems 

with the language. Since it can run on many difkent platforms, ,JavaTM uses the lowest 

common denominator available to ail machines. For example, since the ~ a c ~ n t o s h ~ "  com- 

puters have only one mouse button, al1 ~ a v a * ~  user button-press and button-lift events 

can only corne from one source button. This affects the user interface design. Xnother 

problem is that the JavaTM language is interpreted and not fully compiled, which makes 

the execution slow. 

Even with these constraints, ~ a v a ~ ~  provides us with the necessary tools to create con- 

cept maps. It provides support for audio (au files only at this point), and images (currently 

only gif format) as well as providing full colour graphics support and user interface tools. 

3.1 Creating Concept Maps 

The concept mapping tools interface design was based on commody used tools such as 

superpaintTM and PhotoshopTM '. All of these tools provide the user with two main 

' Photoshop and Superpaint copyright Adobe Systems Designers 

30 
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Figure 3.1: The palette kame is where the user selects which mode or tool is active. 

window types to create objects: 

Palette window: The palette window is filled with graphical icons which change to 

a dark shade when selected. Here the user selects which tool or mode he/she wishes to 

use by clicking on an icon. Only one icon can be selected at a time (figure 3.1). The 

icons respresentations were based on similar operations on typical drawing platforms 

(e.g. both superpaintTM and concept mapping tool use a "hand" to represent a 
"moven operation). 

Drawing window: This is where all of the nodes and links are graphically drawn. It 

acts as the "paper" for the concept map (figure 3.2). 
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m o n s i g n e d  Java A p p l e t  Windoi 

Figure 3.2: An example of a concept map. This window is known as the drawing window. 
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The drawing window is initiaiized to a black background so that it would contrast with 

the user's screen. The palette window is to control al1 user operations and the drawing 

window to handle al1 created objects. 

3.1.1 Starting A Concept Map 

Concept maps can be created, loaded and saved using the Palette window and each rnap can 

act as a separate entity. The user can click on the Palette Window button marked "New" 

to create a new concept rnap or on the button "Load" to load a concept rnap fiom a file. 

The user gives each new concept rnap a name, which acts a s  the concept map's ID. When a 

new concept rnap is created, it has no objects in it and is named "Unlabelled". When a new 

rnap is loaded, the previous names and objects appear. The user can Save these concept 

maps, hide them or rename them, through the Palette Window. Multiple concept maps can 

be open and manipulated at the same time. 

AU files and information is loaded and stored through the remote server file system. 

JavaTM allows the execution of CG1 scripts to run on the remote server. The concept 

mapping program uses ~ a v a ~ ~  code to read and write to an input or output stream and 

Perl code is then executed to read and write from this stream to the local server 2. Since 

JavaTM applets are currently not allowed to write to hard drives, this was the simplest way 

to implement the reading and writing of files. 

3.1.2 Adding Graphical Objects to the Concept Map 

The user can add graphical nodes or links to a concept map. Nodes can be represented 

either by a rectangle, ellipse or an image £rom the Internet (gif files only). Rectangles 

and ellipses were the onIy shapes allowed in the concept mapping tool because they were 

the simplest to draw, manipulate and determine if a mouse was clicked inside them. This 

reduces the amount of computation time, which will be important. Images were ailowed to 

take advantage of gif files on the World Wide Web. In the future, the user should be allowed 

to created their own polygons. 

To create a node, the user simply selects which type of object he/she wishes to draw 

by clicking on the appropriate icon in the Palette window. By clicking and holding on the 

appropriate display panel at the desired location, the user then drags the mouse to control 

'When this program was u~itten, it n-as advised that using a CG1 script was the simplest method of 
reading and u-riting ta files on a remote server. 
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the size of the node. This procedure is similar to the drawing of objects in typical drawing 

programs such as ~ u ~ e r ~ a r d ~ ~ "  3. The initial prototype for the concept mapping tool 

required the user to click on an area and a node of default size was drawn. This method 

was rejected because the users immediately resized the object upon creation and this caused 

unnecessary mouse operations 

Links are created by selecting the link icon in the Palette window, then clicking on the 

appropriate "root" node, dragging the link onto the "destination" node (while holding the 

mouse button down) and then releasing the mouse button. After clicking initially on the 

"rootn node, the concept map will display a line kom the centre of the ''mot" node to the 

current position of the mouse cursor. This is designed to give the user a clear understanding 

of which "root" node was selected and where the mouse is currently positioned. When the 

link is successfully made, a line between the centre of the two nodes will appear dong with 

a "control point" positioned midway between the two nodes. This control point is used to 

label and position the link (moving of the links is further discussed in section 3.2). 

It is important to note the distinction between being the first, or 'Lrootn node selected, 

and the second "destination" node selected. If the link is to be uni-directional, then the 

relationship will exist from the "rootn node to the "destination" node. Such links will 

be displayed with an arrow pointing to the "destinationn node. The arrow cue is very 

usefui for displaying direction in three-dimensional worlds [3] and should be effective in tao  

dimensions. 

Setting Default Values For Nodes and Links 

When a node or link is first created, default values are given for colour, name etc. These 

default values can be changed within the concept mapping tool and allow the user to make 

several nodes of the same type without changing the individual nodes' properties. To change 

the default properties of a node, the user can click on the "Node Set" icon on the Palette 

window. This window will allow the user to change the name of the node, the colour, the 

font type, the font style, and the font colour for the node. If the node is an image, the 

user can change the URI, which acts as the source of the image. When satisfied, the user 

can click on the "Apply Changes" button, which will force the next node to inherit these 

properties and alter al1 currentIy selected nodes to inherit these properties. 

3SuperCard copyrighted by Adobe 



Figure 3.3: An example of a concept map. 
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A user can control all physical properties of a link as well as the contents within the 

link. To bring up the window to change these properties, the user clicks on the "Link Set" 

icon in the Palette window. The window allows the user to fi11 in the text area, add sounds, 

images and URLs as default settings, as well as to control the links' physical appearance. 

such as name, colour and direction. The links can dso be saved and Ioaded as templates, so 

they can be reused. The user can click on the 'Apply Changes" button to force al1 selected 

nodes to inherit the given properties. 

Relationship links in concept maps are generally used more than once within a concept 

map, and thus the ability to duplicate and replicate relationships is quite important. 

Manipulating Objects Within A Concept Map 

Objects can be deleted, moved, resized, and copied in a manner similar to other popular 

drawing programs. 

Delete Node or Link 

To delete a node or link, first select the "scissorsn icon in the Palette window. If deleting a 

node, simply click on the node to delete it. The node will be deleted, dong with al1 links 

to which it is currently connected. To delete a link, click on its control point. While it may 

be easier to click anywhere on a link to delete it (rather than on the control point), it was 

too computationally expensive to determine if a mouse directly hit a point on a link. 

Move Node or Link 

To move a node or link, select the "hand" icon fiom the Window Palette. To move a node, 

the user simply clicks and holds the mouse button on the appropriate node and moves it to 

a new position. Links move based on the new position of the node. The links control point 

will not move, but the connecting line fkom the control point of the link will. To move a 

link, the user clicks on the link's control point and moves it to a new position. To avoid 

confusion, connected nodes do not move. 

The initial design of the concept mapping tool used straight lines between connected 

nodes. The centre of each of the two connected nodes was found and lines were connected 

based upon the simple linear equation y = rn * x + 6. As nodes were moved in the concept 



Figure 3.4: An ~xarnp1e of setting a links' properties. 
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map, the links would repaint themselves based on the new position of the centre of the 

connected nodes. 

There were serious problems with this simplistic model. The inability to create curved 

lines caused a great deal of overlap between links and nodes which led to a very confusing 

concept map. In order to avoid this problem, the user had to keep nodes and links quite 

far apart Lom each other and avoid crossing links, which was quite limiting. Examination 

of p e n d  and paper concept maps showed that curved lines were commonly used to connect 

links for precisely this reason. 

Several options were considered. One option was to design an algorithm to display the 

links to minimize intersections. However, this could possibly reorganize nodes in such a 

way as to be unintuitive and confusing to the user and be computationally expensive. The 

second option was to allow the users to interactively move the links and have the links 

''cwe" accordingly. The initial model was created using a Bezier spline with three control 

points. The three control points consist of the centre of the two nodes which are being 

linked together and a central control point. The cunmture of the link can then be controlled 

by moving the control point. However, the curve does not intersect the control point, which 

can cause confusion. 

The option finally implemented uses two CTB cubic curves [SI. Creating two connected 

CTB curves requires three control points. The first and last control points are both at the 

centre of one of the two nodes. The second control point is initialized as ha.lfway between 

the two control points. This control point is user controlled and acts as the location for the 

link's label (Le. the relationship type between the two connected nodes). It acts as the last 

point in the first CTB curve and the f i s t  point in the second CTB curve. 

The continuity, tension and bias are fixed (bias is 0.0 for al1 control points, tension is -0.45 

for al1 control points and continuity is 0.0 for al1 control points except the fourth). These 

values were chosen experimentdly. The precision represents the number of lines drawn to 

comprise the link. This is dynamically generated based upon the distance between the two 

connected nodes - the further apart, the geater  the number of lines are drawn (the more 

lines are drawn the smoother the "curve" will appear) . 
The CTB curves provide the flexibility necessary in altering links to avoid crossings and 

hiding of information. 



Resizing Nodes 

To resize a node, the user first has to =select3 the appropriate node to be resized. If the 

node is not currently selected, the "select" icon must be clicked on the Palette window, and 

then the node must be clicked. A node is marked as selected when four white dots appear 

at its corners. The user must then click on one of the four white dots and drag and drop 

it to a new location. The node's size and shape will change automatically as the rnouse is 

being dragged. This is similar to many drawing programs. 

Links are not resizable. 

Copying and Pasting Nodes 

Nodes can be copied and pasted within the same concept map or in different concept maps. 

The user clicks on the "node copy" icon and then simply clicks on the node to be copied. The 

program then rnakes a copy of the node and stores it internally, until the user selects "node 

pasten in the Palette window and clicks on the copied node's new location. Links cannot 

be copied but templates can be created, saved and loaded so that the same relationship can 

be used in different concept maps. 

3.2.1 Manipulating Other Physical Properties of Nodes and Links 

Once an object is created with default values, the user may decide that certain aspects of 

the appearance m u t  change. Each node and link can have its label altered by selecting the 

"ABCn icon in the Palette window, clicking on either the node or the link's control point, 

and typing in the new label. The user can dso change more than just the label of the object 

by selecting the "(node or link) Set" icon in the Palette window and then clicking on the 

appropriate node or link control point. This will bring up a window which allows the user 

to adjust the object's physical appearance. 

Nodes and links can also have their appearance changed as a group, instead of changing 

object properties one at a tirne. Fint, the user selects al1 nodes or links that they wish 

to change (multiple objects can be selected by holding down the shift key while selecting 

objects). Then the default values for nodes or links are configurecl using the default settings 

àiscussed above, and the "Apply Changes" button is clicked. This function is paxticularly 

useful for gouping similar concepts or relationships together. 

A user must be very careful when using the "Apply Changes" button because al1 selected 
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nodes or links will be dected,  and it is quite possible to accidentally change the contents 

of the nodes. -4nother button to unselect al1 nodes is added to clear any selected nodes so 

that the user can start selecting nodes £rom scratch. 

3.3 Manipulating Multimedia Data Content Within Links 

and Nodes 

In typical paper and pencil modelç, students are unable to carry any information about a 

specific node, other than tiny textual notes they can jot on the concept map. The only 

other option is to carry any information which is to be a reference to a node and try to 

index it to the specific node in the concept map. For exampIe, if there is an accompnsying 

newspaper article to a node the student will have to somehow index the newspaper article 

to a specific node. This is very cumbersome. 

The computerized concept map allows each node to contain sound, text, images, pointers 

to other web resources, and other concept maps. Links may also contain sound, text, 

images and pointers to other web resources. The contents of nodes and links are displayed 

in a separate window which can be opened by clicking on a seIected link or node while 

in "select:' mode. Using separate windows allows the user to consewe screen space when 

not editing contents. The window acts as a control to display other multimedia items on 

command. It is also closed with a simple click of the "Close Node" button to maximize 

screen space when node/link contents are not required. 

3.3.1 Node Content Windows 

Node content windows (e.g. figure 3.5) are titled based on the name of the node £rom which 

they are derived and the title of the drawing fiame to which the node belongs. This helps 

to keep context of where the information belongs. Each node content window has a text 

area into which users can type information. A typical use for text may be for a student's 

own personal notes, or perhaps a "cut and paste" text note fiom another URL. The node 

content then has four different lists for sounds, URLs, images and concept rnapç. The lists 

for sounds, URLs and images, allow the user to add, delete or display based on buttons and 

selection of menu items. Concept maps are also allowed to be embedded and can be saved, 

loaded, renamed and displayed/hidden. 
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Figure 3.5: An example of a node's contents. 
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3.3.2 Link Content Windows 

Link contents are quite similar to node contents with the exception that they cannot hold 

separate concept maps and are titled by the name of the relationship. The title name of the 

link is sirnply the relationship name. 

3.3.3 Problems With Objects Window 

Several problems exist with respect to the objectTs contents. The first concern is that users 

will have to understand what URLs are and how to use the Internet if they wish to take 

advantage of the multimedia aspect of the system. Unfortunately, a t  this time it is not 

possible to simply point at a sound, URL or image in Netscape, and then automatically 

have the UFU stored in a buffer. The user has to explicitly specifjr the URL of the resource 

and m u t  understand not only how to find resources, but how to find the URL of an object 

within an HTML page. Another problem is that only certain file formats are ailowed in 

.JavaTM, so the user must understand which files can be accessed. 

The second concern is that the sound, audio, URL and text information is not integrated 

in a homogeneous fashion, as in HTML. Al1 of the information is stored by media, which is 

not recommended [4]. 

3.4 Embedding the Concept Map within Netscape 

Allowing the user to browse the Internet while using the concept mapping tool requires 

that the ~ a v a ~ ~ '  program be run as  an "applet". The applet or ~ a v a ~ ~  code is ernbedded 

within a Hypertext Markup Language (HTML) page and served to the Internet. The concept 

mapping tool is presented within an HTML file with two 'fiames", or divisions, within the 

HTML page. The top fiame is used for loading URLs fiom the concept mapping tool, while 

the bottom fkame is used to provide navigation to help pages. Netscape currently has a 

problem loading an URL from an applet when the applet's URL source has been changed. 

3.5 Other Technical Details 

The concept mapping tool currently double b a e r s  each concept map before displaying it. 

This reduces the screen flicker dramatically, but rnakes the program much slower to run on 
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Iower end machines. 

3.6 Comparing Computerized Concept Maps to  Paper and 

Pencil Concept Maps 

The computerized concept mapping tool takes advantage of the home cornputer and Internet. 

The old paper and pencil models are difficult to edit and share. Furthermore, paper and 

pencil maps have dEculty adding separate resources such as images, sounds and text. 

Hiding information is also not possible. 

The following table compares the main advantages and disadvantages of the cornputer- 

ized model: 
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1 Objective ( Paper and Pencil 1 Computerized 

1 Learning Curw 1 smdl- requires only use of pa- 1 rnust learn software inter 

Quick Sketches 

will automatically move 

delete comected links 

nodes 

Editing and modifying 

1 Allowing images and coloured 1 cumbersome and very difficult 1 yes 

per and pencil 

requires only paper and pencil must have access to corn: 

requires redrawing and/or 

1 annotations 1 map (consumes large arnounts 1 and store text 

and load program 

able to move and delete n 

nodes within concept map 

Allowing nodes to contain text 

1 maps I 1 map within node for mu 

to edit 

must mite  directly on concept 

ALlowing embedded concept 

c m  open up "node con 

of space) 

not easy 

Access to Internet URL's 

supports embedding coi 

Adding images 

not possible 

Adding audio 

I 1 same location 1 net, potential exists to cc 

mensionai concept map 

r u s  directly with Inti 

curnbersome to cut and paste 

Sharing concept maps 

Collaboration 

browsers with Java capat 

specify URL 

into map 

not possible specify URL 

may have to be FAX'ed 

only possible if students are a t  

1 

can be shared over Intern 

students can share via 1 

1 orate asynchmnously 



Chapter 4 

User Studies For The Concept 

Mapping Tool 

Following development of the concept mapping tool as a research prototype, it was evaluated 

by a number of test subjects. 

Once the concept mapping tool was developed, it was necessary to evaluate it as a usefd 

system for creating concept maps. User studies were done on a number of test subjects and 

their comments and recommendations are discussed in this chapter. These comments serve 

as a basis for future changes and provide insight into what features could be added. 

Before experiments can take place, it is necessary to determine what information is 

to be obtained. It was decided that the studies' focus would be on the usefulness of the 

cornputerized concept maps, specifically on the features which are not available in the paper 

and pencil models. Test subjects were also asked for feedback for future enhancements of the 

system. The various strategies and mental models used were also examined. User interface 

issues would be examined but not be the primary focus of research. 

Once the task is determined, consideration must be given to the type of subjects involved, 

what their actual task must be, and how the information should be compiled. This chapter 

discusses the selection of subjects, creation of an appropriate task, and the analysis of the 

experimental results. 
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4.1 Developing A Task 

In order to receive useful infarmation from test sub jects, i t  is necessary to create a reasonable 

task for subjects to perform. It is important to carefully select a task which is neither too 

broad, nor too specific. If the task is too broad, the subject will have difficulty pinpointing 

a direction to take and become frustrated. If the task is too specific, the subjects rnay be 

too constrained and Iiznited in their responses. The task selected m u t  be of a reasonable 

length. If i t  is too long the subjects will be unwiliing to participate, and if it is too short 

t hen producing useful data rnay be difficult. 

It is also necessary to select a task which will directly relate to the area which we are 

trying to study. Since this research project focuses on the benefits of extending a concept 

mapping tool to a cornputer-based environment, the task focuses on building a concept rnap 

on a computer and discussing how and what was built (as opposed to direct user interface 

issues). 

It was decided that the subjects task would be to create a concept map based on the 

mechanisms of a toilet. The toilet was chosen because most subjects will have some famil- 

iarity with toilets, without having a complete understanding of the internal mechanisms. 

This task requires subjects to think carefully on the focused topic. The task is reasonably 

specific, but not so rigid that the subjects cannot experiment and construct original concept 

maps. The task is not so broad that they have no idea of how to build the rnap and become 

kustrated. The toilet also lends itself well to a concept rnap because t here are many "parts" 

(i.e. concepts) which relate to each other. 

Before the subjects can perform the task, they must be trained on the basic principles 

of concept maps. Subjects will be taught how to create their own concept maps using paper 

and pencil techniques after being shown some sample concept maps. It is important that 

subjects get an understanding for constructivist learning techniques and the ideology behind 

concept maps. It is also important that subjects understand how to create good concept 

maps, however, they will not be required to create their own concept map on paper and 

pencil because it would be too time consuming to produce a rnap which contains thought 

and restructuring of ideas. Figure 4.1 is given as an example of a simple, yet effective paper 

and p e n d  concept map. 

The subjects will then have to undestand the operations to create their own concept 

rnap using computer software. They will be given a sample computer concept rnap so they 
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can create, edit, delete and move nodes through an already existing concept map. This will 

ailow them to see and test functionality of the system as well as to become accustomed 

to the user interface. The example concept map represents the SFU-Computing Science 

department (figure 4.2). It provides a topic familiar to users and contains images, sounds, 

URLs and embedded concept maps. It is crucial to demonstrate al1 features to the user or a 

bias towards one feature may be created. The subjects wiIl be ailowed to edit this concept 

map to familiarize themselves with the interface. There is no specific time allotment for 

this phase of the experiment; users can take as little or as much time as they feel necessary 

to learn the system. Additional online help is available while the subject is performing the 

task. 

Once the prerequisite tasks are completed by the users, the main task of creating their 

own concept map begins. The subjects are given a URL (http://www. toiletology. corn) which 

has an online tutorial for the plumbing of toilets. This URL consists mostly of images and 

accompanying text. Sounds are not available at this site. Subjects are encouraged to go to 

other sites to examine toilet information. The subjects are free to construct their concept 

maps. They are recommended to spend at Ieast fifteeri minutes on their concept map, but 

may spend more time if they wish. 

It  should be noted that this task still contains bises. The lack of availability of other 

URLs and the relative uselessness of sounds in this domain (as opposed to music or dance) 

wiiI affect the user's judgement in evaluating the importance of these features. Virtually 

any task selected will have some bias towards one feature or another. 

The forma1 task description is given in Appendix A. 

4.2 Selecting Experirnental Sub jects 

Eventually, the concept mapping tool will be designed as a complete product readily avail- 

abIe and accessible to al1 students. However, at this stage the concept mapping tool is a 

research prototype and thus it is necessary to carefully select a group of subjects who can 

look beyond its current limitations. 

While it is hoped that the concept mapping tool will eventually reach any student with 

a computer and Internet access, the preferred environment of the concept mapping tool is 

on faster, more powerful machines that typically are not available to students. Thus, it 

was necessary to provide hardware to our subjects. With security being another issue, i t  
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was decided that face-teface tutoriais with subjects would be given rather than allowing 

them open access to the tool. These constraints required the study to consist of a smali 

number of subjects? but this dowed the experimenter to carefully monitor their progress 

and watch for any problems or bugs they may experience. The extensive amount of time 

needed to perform the task also restricted the number of subjects, but this allowed for a 

more thorough test. 

The concept mapping tool also has limitations related to the young age of ~ a v a ~ " ' .  

Inexperienced Internet and Netscape users may find that the concept mapping tool is too 

difficult to use because: 

0 Objects used in concept maps must be referred to by their unique URL. This requires 

the user to understand what a URL is and how an object7s UFUs can be retrieved 

and referenced. In the future, it may be possible to drag and drop objects into the 

concept mapping tool. 

0 ~ a v a ~ ~  currently only understands certain image and sound formats (gif files and 

au files). This adds extra burden to the users as they have to understand which file 

suffixes will be understood and which will not. 

Furthermore, experienced computer users will be more cornfortable using a mouse to 

draw objects and be more famifar with the user interface of the tool, since it folIows the 

UI's of many popular drawing tools. If the user is completely Internet and computer naive, 

it will require a great deal of extra effort to learn the user interface. 

The subjects selected for this experiment were not only computer literate, but experts in 

navigating through the Internet. Using a scale of one to five (where one is a novice user and 

five is considered an expert user), ninety percent of participants claimed they were a t  least a 

four. Five participants responded that they were expert users. Furthermore, ninety percent 

of users selected a minimum of four on a scale of five, of how often they used Netscape (the 

minimum response was a ?hree2 for both questions). It is clear that the respondents were 

familiar with Netscape and navigating tbrough the Internet. 

All respondents cIaimed they were familiar with different file types for images and sounds 

and had used cornputer software for composing and drawing graphies. This should reduce 

problems users have when creating graphical objects through a mouse and keyboard interface 

and when accessing Internet objects. 
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The subjects were much less familiar with teaching and concept mapping. On a scale of 

one through five (with one representing 'no experience" as a teacher and five representing 

an "educator" ) half of the respondents placed themselves as a "three" or lower. Respondents 

agreed with the constructivist method of leaming, as ninety percent categorized themselves 

as constructivists as opposed to behaviorists (with the final ten percent simply remaining 

neutrd), but the respondents did not use concept maps frequently. The subjects also felt 

that the Internet was going to act as an important resource of information for education 

purposes. On a scale of one to five where a one represented "not important" and £ive 

represented "important", ninety percent of respondents gave either a four or five rating. 

There may have been some bias as the participants were familiar with Netscape and used 

it frequently. Please refer to Appendix C for fidl results. 

It is clear that the majority of the subjects selected for this experiment will create a 

bias in evaluating the system. The concept mapping tool is a research prototype which 

should be evduated for its potential rather than its curent  beta state which could not be 

released as a product. Before the experiment, known interface problems existed as well as 

problems caused by the immaturity of the Internet and ~ a v a ~ "  programming language. 

It was important for the subjects to be able to look beyond some of these problems and - 
evaluate the system as an educational tool and examine its strengths and weaknesses, rather 

than become overloaded with interface and speed problems. This bias will be noted when 

evaluating the users' results. 

It should be stated that the computer and Internet expertise of the subjects may be 

required as the Internet develops. Students will require the skills to use computers and the 

Internet as computers play a larger role in education. 

4.3 Developing a Questionnaire 

Upon completing the task, subjects are asked to fil1 out a questionnaire based on their 

experiences. This questionnaire, a s  well as observations of the concept maps created, will 

form the basis of evaluating the concept mapping tool. 

The questiomaire is divided into three separate parts: 

Background information 

Interface issues 
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Concept Map issues 

Background information is used to determine the expertise of the user (this has already 

been discussed in section 4.2). Users who are novice to the Internet may have greater 

difficulty using the concept rnapping tool and finding resources for concept maps. The 

questionnaire also queries the user on their knowledge of concept maps and whether they 

have experience as an educator. This section is designed to confirm in a quantitative rnanner 

that the subjects selected are expert Internet and computer users. 

The Interface issues section examines the user's ability to create concept maps using 

computers. Questions query the user on the difficulty of performing a specific operation. 

The questionnaire also directly asks the user what advantages the computer has over pencil 

and paper and what disadvantages it has. 

Concept mapping issues are the most important area of the questionnaire. The questions 

focus on the importance and usefulness of the extensions of this concept mapping tool. The 

questionnaire also asks for recommendations on which branches of education the concept 

map is most useful for. 

See Appendix B for the actual survey. 

4.4 Experimental Results 

This section discusses the results of the ten subjects who were selected to perform the exper- 

iments. The results are divided into severd sections. The first discusses the user interface 

issues and the advantages and disadvantages of using a computerized concept mapping tool 

over the traditional pencil and paper model. The second section discusses the added func- 

tionality (such as access to Web resources and multimedia) of the computer environment and 

whether these extensions are useful. The third section examines the separate concept maps 

that the subjects created. Use of dinerent features and mental model types are examined. 

4.4.1 User Interface Design 

While the user interface was not the prime focus of the concept mapping tool, it was impor- 

tant to assess the interface to see if it interfered with learning. Judging by the respondents, 

the user interface had some serious problems which need to be addressed before the concept 

map software can be easily used by naive users. One subject rernarked, T h e  UI is critical. 
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1 found the basic concepts useful, but the actual UI really awkward". Fortunately, most of 

these problerns are easily solved, It should also be noted that the results to the "Interface 

Evaluation" (Appendix C.1,6) of the questionnaire is biased because the subjects were very 

farniliar with drawing programs and the Internet, thus would have less difficulty performing 

tasks than inexperienced users. 

Users evaluated several aspects of the user interface on a scale of one to five, where 

one represented difficulty in performing an operation and five represented no difficulty in 

performing an operation (see Appendix C). The features most similar to typical graph 

and drawing programs were the easiest to use. The use of a palette which contains icons 

was rated a four or five in ease of use by seventy percent of users. The main cornplaint 

with the colour palette was that it was inconsistent. Some icons would highlight to display 

which tool was being used, while clicking on some icons would simply pop up a window. 

Consistency is needed, and adding pull-down menus for certain operations will provide a 

Table 4.1: Ease of Use for Concept Map Interface Options 

superior interface. In typical drawing programs, operations such as "file openn, "save" and 

"save as" are presented as pull down menus. 

Other typicd interface issues such as adding a node, adding links, and resizing nodes 

Function 
Add rectangles, images and ellipses 
Add relationships between nodes 
Move and resize objects 
Change the physical appearances of ... 
Change the location of links ... 
Add sound, images and URLs into a node or links contents 
Understand and control the colour palette 
Open a nodes' or links' contents to view information 

provided few problems to users. This is because the subjects had al1 been exposed to drawing 

packages before, and the operations are quite similar. It should be noted that naive users 

may have greater di5culty performing these operations simply because they have no prior 

experience with drawing progams. 

Not al l  respondents answered every question. 

M o d e  
5 
5 
5 
5 
5 
3 
5 
5 

Difficulty began ta surface when users attempted to do things unique to the concept 

rnapping tool. The use of CTB splines and a central control point to move links was not 

intuitive to the users as three subjects graded the difficulty of moving links as three or lower 

Mean 
5.0 
4.7 
4.5 
4.3 
4.1 
4.1 
4.0 
1.0 
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on a scale of one to five. Ideally, the subjects would have been able to grab any point on a 

link and move it appropriately, however that would be computationally expensive. Perhaps 

it was not clear that the control point was the centre of al1 link operations. Other options 

could be examined in the future, but the CTB splines seemed a reasonable solution for the 

task. 

Changing the the physical appearances of nodes and links also proved cumbersome. The 

confusion was created by having to select the correct mode to open the physical properties 

of a link or node. The distinction between physical properties of nodes and links and their 

content proved quite confusing. Improved methods of changing physical properties and 

content should be addressed. The concept mapping tool currently ailows users to set the 

physical properties of one specified node, al1 selected nodes, or the default node properties 

(see figure 4.3). A major problem with this method of changing nodes is that al1 properties 

of a node must be changed at once. If the user wants to change several nodes, and not their 

fonts, they would have to change each node individually. 

Users also had dif5culty adding URLs, sounds and images to nodes, as only haif rated it 

a four or five in ease of use while three did not even attempt it. Having to understand file 

types and URCs introduces an even greater degree of difficulty for novice users. Some users 

may not have tried to add multimedia simply because they did not have enough time or 

could not h d  proper resources. In the future it may be possible to drag and drop objects 

into the concept mapping tool. This will remove the confusion surrounding file types and 

URLs. 

User interface modifications also dominated the "Comments and Suggestions" portion 

of the questionnaire (see Appendix (2.3.16). The most common cornplaint was the lack of 

an "Undo" button, which would allow users to return to the previous state of a concept 

map after making an alteration. This feature should be added in the future. 

Another common cornplaint was the 9ickering7 display of the concept map. The concept 

mapping tool did not double buffer information as it was too slow ("dot [sic] of blinking 

due to repaint"). There are some problems with the ~ a v a * ~  language in terms of execution 

time, but the new 'Ljust in time" compilers (Java JIT Compiler) may help. Currently it is 

only available as a Beta release on Solaris machines, but plans are to have a Macintosh, 

Windows NT and Windows 95 release. The downside is that the JIT compiler's biggest 

speedup is in applications which are computationally intensive, so the advantage may be 

minimal. 
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Several users also asked for immediate access to multimedia objects inside the nodes 

instead of having to open the object's contents and then access them fiom there. A related 

complaint was that ail link and node objects had to be opened to find al1 the multimedia 

files. A suggested solution was to display an icon beside the given node or link in a concept 

map to indicate that the given node or link had multimedia information inside. Specifically, 

the type of media in each node should be displayed. 

Other disadvantages mentioned were the "constraints on shapes of nodes, ... where links 

go" and "la& of Bexibility". Allowing learners to create their own node shapes by drawing 

their own polygons is but was not implemented in this version. Several Suggestions 

were made to allow greater customization of the concept map objects. These could be added 

in later versions, but were a low priority for the initial prototype. 

With al1 of these problems, none of the participants preferred using the paper and 

pencil model over the computer method. Sixty percent of participants outright selected 

the computer over the pencil and paper model while three said that it depended on the 

situation. It appeared, fiom further comments, that if a smali, qui& sketch were required, 

the p e n d  and paper model was preferred. One respondent did not answer the question. 

The main advantage to using the computer as an interface to create a concept map 

(versus a p e n d  and paper interface) is the ability to redraw and edit existing concept maps. 

Eighty percent of respondents made some reference to this, such as "making modifications 

to an existing map is easy", and "easily modifiable - important!". One subject stated that 

the biggest advantage was 

"incremental modification and creation: since 1 evolved the map over tirne, 

wholesale changes could be made without redrawing by hand. The redrawing 

afiected hirther creation. Important were link and node movement and group 

attribute settings" . 

With larger tasks, the computer advantage in editing becornes more important as stu- 

dents can build hierarchical models and restructure their concept maps without increased 

paper clutter. 

Another commonly cited advantage of the electronic concept rnapping interface was its 

ability to integrate web resources, such as text and multimedia, with the concept mapping 

tool. This was mentioned by fifty percent of subjects. This is significant considering that 

several users had difnculty adding this multimedia and thus may have shied away fiom it, 
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and the fact that the task given did not lend itself well towards the integration of Web 

resources since there were not many Web resources/images/soundç amilable. If another 

task involved objects with easily accessed multimedia files or required more use of sound 

andior images, the importance could have increased. 

Other advantages mentioned included the ability to integrate difIerent colours into the 

concept map (e-g. "colours, shapes aid in visualizationn ). This helped with aest het ic gains 

("Resulting concept map is much prettiern). 

Thirty percent of users pointed out that qui& sketches or initial drawings were far easier 

to construct using paper and p e n d  One respondent claimed "If a11 you want is a rough 

sketch to get the general idea, then pencil and paper is the way to go." The Iearning curve 

was aiso cited as a disadvantage that the computer concept mapping tool has to the pencil 

and paper mode1. However, as maps increase in size, the advantage in editing would make 

it worthwhile to both learn the software and input the information on computer. Consider 

that a smaii database may be maintained simply by pencil and paper or memorized, but as 

the database size and number of transactions increase it becomes far more preferable to use 

a computerized database. Another solution, which allows qui& sketching, is to switch the 

input device from a mouse and keyboard to a laser pen. 

Overail, the subjects certainly preferred the computer version of concept mapping over 

the pencil and paper mode1 for anything but the smallest tasks. The main advantages of 

the computerized version were its ability to add Web resources and relative ease in editing 

concept maps. The subjects dso suggested many interface changes which will improve the 

ease of use of the concept mapping tool. 

4.4.2 EvaIuating the Extensions to the Concept Mapping Tool 

When moving to a computerized environment, the concept mapping tool was able to provide 

extra functionality to the user, such as interaction with Web resources and the ability to 

store and retrieve information within nodes and links. Subjects were asked to rank the 

usefulness of these extensions by giving them a rating from one to five, where one was 

considered "not usefu15 and five was considered "useful". This portion of the questionnaire 

was used to determine if the subjects found the extensions to traditional paper and p e n d  

models useful or not. The rankings for the extensions are listed in Table 4.2. 

Most of the subjects found the extensions to the concept mapping tool to be very useful. 

The ability to add image files and particularly sound files were considered the least useful 
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Table 4.2: Value of Concept Map Extensions 

Funct ion 
adding text comments to nodes and links 
ability to connect URLs to nodes 
ability to embed concept maps within nodes 
ability to represent nodes as images 
ability to add image files to nodes 
ability to add sound files to nodes 

extensions but this may well relate to the task. Certainly the sound files were not particularly 

usefd for developing a concept map for toilet plumbing and resources were not readily 

available, so subjects were unlikely to use this extension. However, if the task was to create 

a concept map for teaching one how to sing, sound files would be invaluable. 

The questionnaire also asked subjects how effective concept maps were in the following 

scenarios: 

A. Getting instructors to create concept maps as learning modules for students. 

Mode 1 Mean 

B. Helping students to construct their own knowledge. 

5 
5 
5 

4.5 
5 
4 

C. Organizing and grouping useful informat ion toget her . 

4.7 
4.6 
4.5 
4.2 
4.1 
3.2 

D. Method of navigating through a personalized web space. 

These results are given in the table 4.3. 

1 D. Navigating the Web 
J 1 

I 3 1 3.3 1 

Function 
B. Students constructing knowledge - - 
C. Organizational tool 
A. Instructor tool 

Table 4.3: Responses to Concept Map Applications 

Subjects felt that it was a better tool for personalized use than for teachîng or navigating 

through a web space. This may not be surprising given that most subjects considered 

Mode 
5 
5 
4 

Mean 
4.6 
4.4 
3.9 
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themselves constructivists and one of the main constructivist views is that knowledge is 

based and created on an individual's personal knowledge. The task also put the subjects 

in the role of a "student" who constructed knowledge, so it is not surprising that the users 

considered B the most useful. 

The concept map's flexibility also led to a wide range of responses to the question 

"Which types of educational training do you feel this is most effective for?" The question 

was designed to allow as broad or as specific an answer as the respondent wished to give. 

The common thread among respondents was that the application had to have clear 

relationships between objects (eg f epresenting info as concepts and relations between con- 

cepts"). Another related comment was the applicationk use in "andyzing the technical 

experiment ... the procedure of starting the car engine" and "logic" (this task requires 

many intricate relationships between car engine parts). Some respondents gave specific 

fields which they felt were ideal (e-g. "physical sciences", "education" , "biology") while 

others were more abstract in their answers. One response felt that %ex education" was 

ideai because "students could find out info about stuff they may be too embarrassed to 

ask." (For full results, see Appendix C.3.13.) 

While the above question created quite diverse responses, the followup question, "What 

types of educational training do you feel this is least effective for?", had less varied re- 

sponses. Not surprisingly, comments such as "practical applications typically learned by 

apprenticeship" , "religious training" and ''Spoken Languages" were mentioned. Activities 

which require physical activities (e.g. swinging a basebail bat or "ottery making") make 

concept mapping ineffective. Mathematics was ais0 mentioned by two respondents. 

One subject had a particularly interesting response, stating "Anything which is based 

mainly on a transfer of facts from teacher to students (1 have taken many psych courses like 

this)" . This is not surprising since it is a clear reference to "behavioristn learning. Naturdy, 

the concept map tool cannot perform behaviorist karning well, since that is not what it is 

designed for (See Appendix C.3.14). 

Users were also asked to make "Cornments and Suggestions" as well as suggest "addi- 

tionai features" . These two questions seemed to yield similar responses: most of the features 

for concept mapping are already in the system but the user interface needs some work! 

Overall, comments were very positive. One subject stated, "1 really think using some- 

thing like this could encourage learning" while another said "This is excellent work!". While 

the system is still a prototype, the feedback suggests that the potential exists for a very 
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useful concept mapping tool. Several suggestions were made for improving the system. The 

following outline the most common suggestions and comments. 

Problems wit h ~ a v a ~ ~ '  Technology 

Several complaints that were made were directly related to  ad"' and curent Internet 

technology. Two subjects complained of the long refkesh tirne and speed of their machines. 

One subject complained that "Java was way too slow on the machine 1 was using, so this 

made things a bit tedious". ~ a v a ~ * ' ~ ' s  speed over the Internet is a real problem to web 

developers and this limits the feasibility of large scale applications running effectively over 

the oversaturated World Wide Web. These problems are faced by other developers as well. 

Another suggestion made was to drag and drop objects from the browser into the concept 

mapping system. Currently, Netscape does not allow users to embed sound and image files 

into other applications in the same seamless manner that text can be cut and paste fkom 

one application to another. With the growth and development of Java.BeansTM l ,  IIOP and 

CORBA, the reuse and recognition of difEerent object types will eventually allow the user 

to drag and drop file types fiom Netscape into an application. 

One other suggestion was "using alternate mouse button to edit nodes." However, 

JavaTM suffers from Yowest common denominator" disease and since MacIntosh machines 

has only one mouse button, ~ a v a ~ "  restricts user interfaces to use one mouse button. 

Suggestions For Eiiture Implementations 

Many users commented on added features they would like to see implemented. These 

suggestions, while useful, would require a great deal of research before being implemented. 

One suggestion was to create a three-dimensional concept mapping system. In the 

original design phase, three-dimensional graphics were being considered but were discarded 

because of the poor performance of graphics in ~ a v a ~ ~ ' '  and the la& of libraries available 

for three-dimensional graphics. However, there are many reasons for moving towards a 

three-dimensional concept map. These are outlined in greater detail in section 5.1.1. 

Several users wanted to specify groups and sets of nodes. Some users simply wanted 

"group motion" which is available on most drawing packages. However, the ability to place 

nodes and links in a goup  is more powerful than simply moving a set of links or nodes to a 

' ~avaBeans'" is tradernark of Sun Microsystems 



CH,-IPTER 4. USER STUDES FOR THE CONCEPT M4PPING TOOL 

new position. One subject requested Meta Nodes, where nodes could contain other nodes. 

Currently, the concept mapping tool supports this, but the internal nodes within a node 

remain hidden from the other Ievels. Another calIed this a "disjoint hierarchy" because 

nodes which are internal to another node's content cannot interact with nodes which are in 

a different level. The subject 

"found t hat t hinps didn't neatly order t hernselves into disjoint hierarchies. 

e.g. A key interacts with the components of a Iock but if 1 put the lock com- 

ponents into groups of concept maps, 1 want the key to be related to both the 

upper level (the Iock) and the Iower Ievels (groups of components, the compo- 

nents themselves)." 

This issue is discussed in section 5.1.3. 

Other suggestions were made for making concept mapping a better navigational tool by 

merging it with CS Web [27), which is an interface tool for navigating through the World 

Wide Web, in order to avoid the "lost ia cyberspace" syndrome. The main problem with 

the concept mapping tool as a navigational tool are the numerous windows, cumbersome 

interface and the lack of knowing what context one is in. The subject claimed, "Somehow 

we need to combine CZ Web and concept mapping to get the best of both." This remains 

outside the scope of this thesis. 

4.4.3 Evaluating Sub ject Concept Maps 

Perhaps the most interesting data obtained during the experiments were the individual 

dxerences and approaches to building concept maps. Participants quickly understood the 

purpose and capabilities of paper and p e n d  concept maps &ter seeing an example. Most of 

the subjects did not need any confirmation of what a concept map is or what it represents. 

Most did not require/desire any user interface training session for a "practice" concept map 

and they were eager to begin work immediately. Judging by their concept maps, al1 of the 

participants grasped the theory of concept maps and applied them successfuily. This ease of 

training was likely due to the backgrounds of the subjects involved. In a typical classroom 

where students wouId not have as much computer and Internet training as the subjects, 

greater problems would aise. 

Only one subject struggled and this was because his/her task became too broad. Due 

to technical problems with the Internet, the toilet web site could not be accessed and thus 
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the task had to be changed. The subject was encouraged to select another domain of ~vhich 

he/she had interest in, but could not decide on a specific task. The end result was an overly 

broad view of a subject ("Information about Drumming") which the user had a great ded 

of expertise in. This broad task led to a lack of d i r ~ r t i c : ~ ;  whkh I d  to disinterest. The 

end resuit was a kagmented concept rnap which acted as a web site navigator rather than 

a learning tool. The concept rnap is shown in figure 4.4. 

Originally, the concept rnap creation was to take only fifteen to twenty minutes of the 

subjects' time but it is clear that this was too short a period for users to create a meaningful 

concept rnap for this particular task. Many subjects voluntarily stayed over thiç time and 

seemed to enjoy the experience. One subject described the process as  "dot [sic] of fun." 

The enjoyment in creating the concept rnap was also seen in the concept rnap design. 

Constructivist pedagogies were demonstrated within the various strategies and approaches 

the subjects took. One subject took it upon himself/herself to make a stand against the 

environmental problems created by sewage (figure 4.5) by creating a node "Lake Lovelylake" 

and commenting: 

"Lake Lovelylake used to be shiny and blue, a good source of water and fishes 

for al1 those who live on the Island of Tranquility. Since the advent of the toiIet 

(otherwise known as "the john"), however, Lake Lovelylake has lost much of its 

luster and its fishes. Lake Lovelylake now sports the nickname "Lake John" by 

a social groups and others concerned about the health of their once beautiful 

waters. *snifP *sob*" 

Another subject provided social commentary on the modern day advances and uses of 

the toilet. The humour of the student is evident when he/she states Fom the toilet node's 

content: 

"The Toilet. 

The toilet is one of those modern conveniences that we take for granted in modern 

life. 

But really, ask yourself, what would you do without a toilet. 

1 guess you'd find a wooded area and do your thing there, but that could get 

cold in the winter. 

Especially with snow on the gound." 
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This subject also introduced the cultural implications of toilets (figure 4.6). Xnot her 

subject took a more direct and straightforward approach to the concept map by outlining 

each part of the toilet and its relation to other parts which help the toilet flush (fi,we 

4.8). It  is clear that these subjects allowed their own experiences and interests to shape the 

development of his/her concept map. This creativity and la& of a singular 'kight answer5 

are fundamental to a constructivist environment. 

Subjects not only interpreted the task in a subjective manner, but they also went into 

dinerent levels of abstraction to create the concept map. One subject used nodes to represent 

physical kbjects inside the toilet such as "pipe" and "tank" as well as to describe "gravity 

pressure" and %ne pressure". Another subject created an abstract node for "cultural 

normsn . Most subjects did not deal with specific parts which construct the toilet. The 

number of nodes in each concept map varied, but this is largely due to variations in the 

time spent and the structure of a subjects' concept map. 

Subjects had instituted dinerent schemes to represent their understanding of the concept 

map. One subject (figure 4.6) used a central node and a star shaped topology to  build 

his/her concept map. This is in direct "violationn of NoMk and Gowinys [13] theories of 

constructing concept maps. Perhaps the hierarchies which exist by embedding concept maps 

within nodes dected the subject's willingness to build in a hierarchical manner. 

However, several students did decide to use a hierarchical approach (figures 4.4 and 4.7) 

with the top node representing the most abstract node ("Information about Drumming" 

and "Toilet") and the creation of clear "leveb" of abstraction based on its physical distance 

fiom the top or "key" node (see fiove 4.7). Other subjects preferred to use no hierarchy 

and no central or "key" node (see figure 4.8). 

Different colour schemas were also recognized in some concept maps. Some used colour 

to represent an object's colour, such as using a brownish hue for L'waste" nodes (figures 4.6 

and 4.9) and using blue nodes to represent "Water" nodes. Another subject used colour 

encoding to show whether or not a particular node had a concept map embedded within the 

node. Another subject (figure 4.8) effectively used node colour and label colour to indicate 

different node types. Bot h "Gravity Pressureyy and "Line Pressure!' were represented by 

gayish nodes (but difTering slightly), while red labels represented warning signals to the 

user (nodes "Low Water" and " Clogs"). One subject also used differing link colours to 

dis t inguish relationship types (figure 4.9). 

Another major structural difference was whether one large concept map was built, or 
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whether hierarchies were buiIt by embedding concept maps within nodes of other concept 

maps. One subject started with only three nodes representing the toilet tank, the pipe and 

the ballcock. Inside the ballcock node was a more detailed concept rnap containing the 

workings of the different parts of the toilet. 

Another subject also had a simiIar, disjointed hierarchy. The top level view of the hier- 

archy is shown (fiove 4.10). Using thïs top concept rnap as the highest level of abstraction, 

the subject went into greater detail by embedding a concept rnap in the node labelled "re- 

pairs" and embedding a concept rnap into the node labelled "operation" (figure 4.11). Other 

subjects tended to avoid interna1 concept maps and displayed everything on thé same, top 

level concept map. 

In a classroom environment where knowledge is built over large periods of time, em- 

bedding concept maps within nodes of other concept maps becomes more useful. The task 

presented is fairly short and all of the knowledge is built within a twenty minute to one hour 

time fiame. If a task such as the following had been given: 

Build a concept rnap of the toilets drains 

Build a concept rnap of how a bathtub drains 

Build a concept rnap of how a si& drains 

Build a concept rnap of a schema showing how a bathroom with toilets, bathtub and 

sink can be drained 

The final step couId import the toilet, bathtub and sink concept maps into a top level 

concept rnap discussing how the toilet, bathtub and sink nodes interact. 

Although subjects clearly promoted the usefulness of multimedia in the questionnaire 

(see Appendix C), for the most part they shied away £rom integrating these objects in their 

concept maps. This had do t  to do with security exceptions built into ~ a v a ~ ~ .  Other 

contributing factors were: 

1. Having seen only paper and pencil methods and being very new to concept mapping, 

they may have wanted to avoid "advanced features". 

2. The task did not Iend itself well to multimedia (if a dance study or music lessons were 

the task, sound and imagery would have become more significant pieces). 
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3. There were very few resources available for this particular task. 

1. The difficulty in the user interface for integrating these items. 

5. Time constraints (not enough time to find resources). 

Subjects did not vary in their use of links. No subject used the link content to describe 

a relationship between two nodes. No subject used link templates to Save relationship 

types, either. Links were almost always used in a uni-directional way, with exceptions 

existing in figure 4.6 (the relationship was between "the toilet" and "excrement" and the 

Iink name was "the purpose"). Several subjects used colour coded links to denote specific 

relationship types. The ability to store information to describe a relationship may not be 

a useful extension to concept mapping. In this particular application, users may have had 

only simple relationship types which did not need clarification and the link content was 

simply unnecessary. It  is also possible that users, new to concept mapping, wanted to avoid 

advanced features. 



CH.4PTER 4. USER STUDIES FOR THE CONCEPT MA4PPIATG TOOL 63 

Figure 4.1: A pend and paper example shown to subjects of a good concept map. 
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U ntitled->Da 
marnmarics. vaie uncversiry 

Drumming, and wreaking havoc in his spare tim 
uite immersed in the Vinual Whales oroject 

Show/H ide Image 

Add Image I 
. i ... . I 

Add Concept Map f 
* LoadConceptMap 1 

Delete Concept Map. 1 
R~narnci Concnnt Man 1 .  

Figure 4.2: An example shown to subjects of a computerized concept map. It shows how 
several windows are used to display multimedia, node contents and embedded concept maps. 
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Figure 4.3: Confusion was created when trying to change the physical properties of a node 
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Figure 4.4: One subject struggIes with a loosely defined task. 

Figure 4.5: One subject makes references to environment in top level of concept rnap (left). 
Inside the "Toilet" node, another concept map is embedded (on the riglit). 



Figure 4.6: One subject makes references to the environment and effect on culture. 
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Figure 4.7: This subject uses a top-down hierarchy. 

Figure 1.8: This subject approaches the task in a practical way. 
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Figure 4.9: Subject E uses coiour to syrnbolize -WaterY, "Environment" and -b*aste". 
Different link colours also represent different link relations. 
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Figure 4.10: One subject uses a top level map with interna1 concept maps embedded aithin 
the "operation" and .'repairs3 nodes. This is a "disjoint hierarchy" structure. 

Figure 4.11: A subject einbeds two concept maps inside the "operation" node and .'repairsZ 
node from the top level map given in figure 4.10. 



Chapter 5 

Summary and Conclusions 

The concept mapping study provided positive feedbadc for the tool's potentid. As the 

Internet matures, the concept map can be integrated into classrooms and serve as a valuable 

educational tool. 

This thesis acts as  the first step in the examination of a computer-based, concept map- 

ping tool. This chapter surnmarizes the research and discusses future enhancements to 

improve the system. 

5.1 Future Enhancements on Concept Mapping Systems 

As an initial research prototype to a computerized concept mapping system it is important 

to discuss how the system can be further improved on the basis of user feedback. This 

section examines the possibilities. 

5.1.1 Moving Towards a Three Dimensional Concept Map 

Subject A suggested that "3D concept rnap for meta-constructs" would be useful (see A p  

pendix C.3.16). Moving the structure to a three-dimensional view may be easier for the 

user. Colin Ware and Glenn Franck [Il examined whether network graphs were easier to 

view in two-dimensions or three dimensions. They focused on path detection between two 

highlighted nodes. Their results found that the percent error vs. the number of nodes was 

constantly gowing as the graph grew larger (not surprising), and that a head mounted 

system coupled with stereo viewing was three times as effective as a two-dimensional graph 
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of the same size. This leads us to consider three-dimensions in concept maps; it would also 

reduce screen clutter and increase cognitive ability to distinguish objects by shape, how- 

ever, this study focused ody on finding paths between hvo nodes (not a common feature in 

concept maps) and does not account for the extra cognitive load in making a concept map 

(a three-dimensional graph drawing tools interface would be more complex to use than a 

simple two-dimensional interface). 

Ware and Franck [3] also discuss how three dimensions can use form, lighting, texture 

and wirefiame effects to add more cognitive contrat between objects. Three-dimensional 

networks can also display a p a t e r  number of nodes than typical twcdimensioni displays. 

However, most of Ware and Franck's work focused on graph/network structures, which 

have dinerent operations and needs than concept maps. One important difference is that 

Ware and Ranck only examined navigation through a graph structure and not the con- 

struction of a graph. If the interface for thee-dimensionai concept maps overloads the users 

cognitive capabilities, it will distract fiom learning. Rirthermore, the computational power 

needed to produce three-dimensional graphics far exceeds the two-dimensional concept map, 

and may make the typical students hardware incapable of running such a tool. 

5.1.2 Integration of Media Types 

One major problem of the current concept mapping system is the organization of multimedia 

based on the media type (e.g. text is separate from audio and image rather than integrating 

t hem toget her seamlessly ) . Margaret Recker [4] has studied multimedia systems and how 

media m e s  affect the ability to tecch: 

Text Abstract Principles 

Specific Instruction 

Explanations 

Animations D ynamic interactive representation 

Constructive visualization 

Pictures Examples 

Graphical display of relations 

Sound Voice over text 

Wasnings 

Summaries 
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The table shows that different media types have different purposes and should be inte- 

grated together to create a lesson plan. Recker states that, 

"Multimedia systems instead should facilitate access to information and ac- 

tivities that support effective knowledge construction and learning by students. 

Designing such a system requires research into how students will actually use 

such systems, what lcinds of usage actually irnproves learning and what types of 

educational materials these systems should p r n ~ i d e . ~  

Recker's research ultimately found that objects should not be placed together by media 

types, but rather by lesson or instruction. The curent  mode1 of concept mapping separates 

objects by media type instead of integrating al1 media types together (such a s  RTML). A 

better interface to the node content area would be a sipifkant advance to the system. 

5.1.3 Grouping and Hiding Nodes and Links 

Several users addressed the need for grouping nodes of Iike properties together. By placing 

similar nodes in groups based on some criteria (where nodes can belong in 'x' number of 

groups), queries can be made on concept maps to only show relevant nodes. Simple queries 

such as "belongs to A and B but not C" couid be used to show users only relevant nodes 

and links and heIp reduce screen clutter. 

Grouping of nodes could also allow group movement (moving an entire group of nodes 

together) and group modifications (e-g. changing all nodes which belong to some group 

into a certain colour). Ideally, nodes within a group could be represented by a node which 

represents the group of nodes within a concept map. The user then has the option of opening 

a group node to see al1 of its contained nodes. 

5.1.4 Integrating Concept Maps With Other Applications 

The concept mapping tooI is flexible and, given minor modifications, can be placed in specific 

applications. One possible use for the concept mapping system is as an organization tool 

for instructors. 

An example is a conferencing system. Conferencing systems have been integrated into 

learning environmeats [SI to provide asynchronous communications between parties. Within 
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the Virtual University Project at Simon Fraser University, a tool named VGroups provides 

online discussion groups. The concept mapping tool could be integrated into this system 

to facilitate navigation or organization of the discussion. One option may include creating 

tools for instructors to examine a specific student7s work in a course. A wrapper function 

codd access al1 messages fiom a particular student and all messages to which the student 

had responded to fiom the VGroups' database and convert them into a concept map. The 

resulting concept map would act as an organizational tool for an instructor to navigate 

through a student's progress. Another option would be to provide a representation of a 

conference's structure within a concept map. This graphicai aid may heIp in navigating 

through messages and seeing relationships build between discussion threads. 

One suggestion in the "Comments and Suggestions" was to integrate concept mapping 

within CZ Web [27], which is a graphicai, 2D road map used when surfing the World Wide 

Web. A hierarchical structure of Web pages is built fiom the set of sites visited and reduces 

space for ali pages, as well as maintainhg the context of pages. This ailows users to return 

from and go to web sites previously visited with minimum difficulty. CZ Web could take 

advantage of some of the relationships between sites and integrate these into its tool. Users 

may wish to create different structures of their web site using a concept map and take 

advantage of CZ Web's screen saving methods and context handling. 

5.1.5 Improving User Interface Design 

One large problem in the early stages of concept mapping was the user interface design. 

The difFicult interface caused some users to become fiustrated. The user surveys refiect 

the importance of the interface to the concept mapping tool. To convince students and 

educators to adopt the new pedagogy presented to them, we must reduce the arnount of 

overhead needed to learn how to use the tool. While the larger interface issues are outside 

the scope of this thesis (such a .  the screen reai estate problem), several changes have been 

made from the initial prototype to improve interface design and increase usability. 

Pull down menus are now used in addition to a floating palette. This was done because 

paiette windows are not useful for one time, immediate events on one specific map, such as 

"Save Filen, "New", etc. Clicking on a paiette window now exclusively changes the "mode" 

of the concept mapping tool. For example, when a user clicks on the "Rectangle" area of 

the tool palette, no immediate event occurs, other than the notification to the user that the 

"Rectanglen tool is now selected. The initiai version often popped up windows from the 
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f 

. . HP Vipers Defense 

Figure 5.1: The user is now able to change the colour of the background. the links' label 
colour and each node displays in its top right corner an indicator of whether multimedia is 
contained in the node or not. 

palette window. 

Users are now able to select a specific attribute (e.g. node colour. link colour, node font) 

and apply it to al1 selected items in a concept map by using a pull down menu. The initial 

version required the user to change al1 attributes at  once. 

Several other features were added which were suggested by users. Links are drawn 

"thicker" so they could be more easily identified and are able to change the colour of their 

label. The concept map's background \vas also changeable, instead of always being black. 

The new version is illustrated in 5.1. 

A greater number of prompts was also provided. Immediately after a node is created. a 

prompt window is generated for the name of the node. This is useful because the user's first 

agenda upon creating a new node is usually to name it. Windows are also opened closer 

to the user's cursor rather than letting the ~ a v a ~ - \ '  compiler decide wliere to put the new 
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windows. Figure Z.2 shows the new window which prompts the user to input a node name. 

Figure 5.2: The user is prompted for a node name tvhen adding a new node. This was added 
since most users typically change a node's name immediateiy after it is created. 

Concept maps were also drawn to give some notion of what was inside its node's contents. 

One user had complained that he/she bad ta  open al1 nodes to see if a sound, image, URL 
or concept map was embedded inside. The new concept mapping tool draws nodes with 

boxes containing either checkmarks or blanks to show the user that a given node has sound, 

image, URL information or an embedded concept map. This is shown in figure 5.2. 

One major improvement to the concept rnapping tool would be to switch the input 

device from a mouse to a laser Pen. This would further reduce the overhead in learning the 

interface (similar interface as pen and pencil model) and alIow concept maps to be sketched 

out quickly. 
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5.1.6 Using Concept Maps to Evaluate Knowledge 

Concept maps are drawn to represent a learner's knowledge space and to demonstrate the 

amount of knowledge present in a given domain. If concept maps could be evaluated in some 

objective manner rather than purely subjectively, it would allow for an automatic grading 

system for students. This would reduce the time required by instructors to grade the maps 

and remove some of the confusion a student has on why a concept map is "bad3. It would 

also encourage students to grade their own maps and continuously build and improve them. 

One possible method of evaluating maps is using conceptual structures. The Peirce 

group [31] has written software to develop a GUI based conceptual structure creation tool 

which supports databases. Many features are being planned. However, problems exist when 

moving fkom conceptual structure to a concept map (discussed in section 2.3.2). 

A better method to evaluate maps is to create an algorithm to determine how many 

key concepts and relationships were identified and give them weight according to their 

importance. This marking codd be partialiy automated and would require some intelligence 

to understand the context of the domain studied and allowing synonyms for concept and 

relationship names. Other portions of the current concept map, such as text, images, URLs 

and sounds, would have to be graded for their relevance by the instructor. 

5.1.7 Concept Maps as Groupware 

Currently, the concept mapping tool has no mechanism for editing a map by several users 

concurrently. WhiIe concept maps may be readable to many users, editing amongst several 

people is not yet possible. 

One useful feature which could be added is to allow users to '%hare'' a concept map with 

others and observe changes in real-time while receiving text suggestions fiom other students. 

For example, Student X may add a link between two concepts while Student B looks on. 

Student B could see the change suggested by Student A and send comments back (e.g. "1 

don't think those two concepts are related. 1 think the relationship between these two other 

concepts are more relevant"). This change creates a groupware environment between users. 
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Moving the concept map to a computerized environment has improved the capabiIities of 

typical paper and pencil concept maps. Subjects stated that they liked the ability to add 

URLs, sounds and images to concept maps and that they preferred the cornputer mode1 to 

the paper and pencil. Many subjects also took advantage of the ability to build hierarchical 

concept maps, which is not possible in paper and p e n d  models. Although changes are still 

required to make the system more usable (user interface design changes, robustness and more 

mature ~ a v a ~ - \ l  and Internet applications), the situation should improve as development 

continues. 

The studies have also uncovered the variance in learning approaches taken by sub jects. 

Different mental models and approaches towards problem solving were seen in the students' 

concept maps. By using a constructivist approach, subjects were also able to create unique 

concept maps that relied on a broader, fuller understanding of the subject matter. 

The user study conducted in this thesis was s m d  and iimited. More research on a wider 

array of subjects with varied tasks is needed. Idedly, several classes at severai institutions 

would adopt concept maps and allow students to experirnent and share concept maps, but 

there are stili many logistical problems behind this, such as providing enough computers with 

network accessibility to s tudents, acceptance of instructors of new constructivist pedagogy, 

ethics issues, etc. 

This thesis has succeeded in developing and evaluating a multimedia, Internet capable 

concept mapping tool which can run on many platforms. The user study gave evidence that 

the features unique to the computerized version were useful. 
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Officia1 Task Description 

Procedure For Concept Mapping Study 

Subjects will be selected fkom a group of graduate students, faculty or research assistants. 

None of these subjects selected wiil be under eighteen years of age. Approximately a dozen 

subjects will be selected. 

Each subject will be given some verbal training on concept mapping and they will be 

introduced to the building of concept maps through concepts and relationships. They wiIl 

be shown several hand drawn concept maps as examples. 

The subject will then be introduced to the computer software which aids in generating 

concept maps. The concept mapping tool runs along with Netscape and provides drawing 

facilities and integration of Internet resources. A demonstration will be given to subjects 

on how to use the computer software to generate their own concept maps. The subjects will 

work with the experimenter on viewing and extending several pre-made example concept 

maps. 

Once the subjects are familiar with the softwares interface and functionality, they will 

be required to create their own concept maps, using various text, URL's and multimedia 

files they will have available to thern. They will optionally be allowed to surf the web to 

find other information. 

Once this process is complete, they will be asked to fill out a questionnaire on their 

Internet experience and their opinions on the software. 
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User Survey 

Background Information 

Where do you rank yourself as an Internet user? 

novice 1 2 3 4 5 expert 

How often do you use Netscape? 

never 1 2 3 4 5 everyday 

Are you familiar with different file types for images and sounds (eg. .au, .jpg, .gif)? 

Yes No 

Have you ever used cornputer software for composing or drawing graphics (eg. Xpaint, 

Photoshop, Superpaint)? 

Yes No 

Do you have any experience in teaching? 
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no experience 1 2 3 4 5 educator 

How farniliar were you with concept maps before today? 

didn't know what they were 1 2 3 4 5 use them fkequently 

Interface Issues 

How difficult was it to 

understand and control the palette (used for changing modes etc) 

difficult 1 2 3 4 5 not dScu l t  

0 Add rectangles, images and ellipses 

difficult 1 2 3 4 5 not difficult 

Add relationship links between nodes 

difficult 1 2 3 4 5 notdifficult 

Move and resize abjects 

difEcult 1 2 3 4 5 not difEcult 

Change the location of links to the specific location that you wanted 

difficult 1 2 3 4 5 notdifficult 
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a Change the physical appearances of nodes and links 

difficult 1 2 3 4 5 not difficult 

Open a nodes or links contents to view information 

difficult 1 2 3 4 5 not difficult 

Add sound, images and URL's into a node or links contents 

difficult 1 2 3 4 5 not difficult 

Which interface do you prefer (consider operations which apply to both p e n d  and paper 

and computer models such as adding nodes, deleting nodes, moving nodes, coloring nodes, 

resizing nodes)? 

pencil and paper computer 

Did the dBcd ty  using the computer interface d e c t  the creation of your concept map? 

Yes No 

What advantages does the computer aided concept maps have over paper and pencil 

model?: 

What disadvantages does the computer aided concept maps have over paper and pencil 

model? : 
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Concept Map Issues 

A constructivist believes that students build knowledge by constructing concepts to old 

knowledge and building relationships between them to create a greater understanding. A be- 

haviorist believes that knowledge occurs when information is transferred kom an instructor 

to a student. Do you agree with : 

behaviorist 1 2 3 4 5 constructivist 

How important do you think the Internet will be as a resource of information for edu- 

cation in the fùture? 

not important 1 2 3 4 5 important 

If you were in an educational setting as either a teacher or student how useful would 

you find 

adding text comments to nodes and links? 

not useful 1 2 3 4 

the ability to connect URL's to nodes? 

not useful 1 2 3 4 

the ability to add sound files to nodes? 

not useful 1 2 3 4 

very useful 

very useful 

very useful 
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the ability to add image files to nodes? 

not usefd 1 2 3 4 5 very useful 

the ability to represent nodes as images? 

not usefd 1 2 3 4 5 very useful 

the ability to embed concept maps within nodes? 

not useful 1 2 3 4 5 very useful 

How effective would concept maps be in the foilowing scenarios: 

getting instructors to create concept maps as learning modules to students 

Not effective 1 2 3 4 5 Veryeffective 

helping students to constnict their own knowledge 

Not effective 1 2 3 4 5 Very effective 

organizing and grouping usefd information together 

Not effective 1 2 3 4 5 Very effective 

method of navigating through a personalized web space 

No t effective 1 2 3 4 5 Very effective 
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Which types of educationai training do you feel this is most effective for (be as specific 

or unspecific as you like)? 

Which types of educationai training do you feel this is least effective for (be as specific 

or unspecific as  you Iike)? 

What added functions wouid you like to see made to the concept mapping tool? 

Comments and Suggestions: 
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User Survey 

These are the results from the ten subjects that participated in the study. Each subject was 

given a letter in the alphabet which represents their response to given questions. The subjects 

are alphabetized fiorn a-1, with no 'y9 subject or 7" subject, because they did not complete 

the experiment. 

C.l  Background Information 

C.l.l Where do you rank yourself as an Internet user? 

novice 1 2 3 4 5 expert 

1 Resp onses 1 
- - 

Rank 

Novice 

C.1.2 How often do you use Netscape? 

never 1 2 3 4 5 everyday 

Expert 

VaIue 

1 

4 

5 

Subject #Responses 

O 

bcgl 

dehik 

4 

5 



-4PPEIVDUC C. USER SURVEY 

1 Responses 1 
1 Rank [ Value ( Subject 1 # Responses ( 

C.1.3 Are you familiar with different file types for images and souids (eg. 

.au, .jpg, .gif)? 

Everyday 

Yes No 

5 1 abcdehik ( 8 

1 Responses 1 

L 

Response 

Yes 

C.1.4 Have you ever used computer software for composing or drawing 
graphics (eg. Xpaint , Photoshop, Superpaint )? 

No 

r Responses 1 

Subject 

abcdeghikl 10 

#Responses 

O 

I No 1 abcdeghikl 1 10 

Response 

I Yes 

- -- 

C.1.5 D o  you have any experience in teaching? 

no experience 1 2 3 4 5 educator 

Sub ject # Responses 

O 



APPENDIX C. USER SURVEY 

Responses 1 

No Experience 

1 3 
1 1 

C.1.6 How familiar were you with concept maps before today? 

didn% know what they were 1 2 3 4 5 use themfiequently 

1 

2 

Educator 1 5 

Responses 

O 

O 

adghi 

bck 

5 

3 

el 1 

Rank 

Didn't Know What they were 

I 

Value 

1 

2 

3 

Used Them Everyday 

Subject 

bi 

J acdeghk 

4 

5 

#Responses 

2 

O 
7 

1 1 

O 
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C. 2 Interface Issues 

How difficult was it t o  

C.2.1 understand and control the palette (used for changing modes etc) 

difficult 1 2 3 4 5 notdifficult 

1 Responses 
Rank 

Ditficult 

Not Difficult 1 5 1 aaik 1 4 

1 4 1 bcd 

C.2.2 Add rectangles, images and ellipses 

difficult 1 2 3 4 5 notdifficult 

Value 

1 

3 

1 Responses 1 

Subject 

Not Ditficult 1 5 1 abcdeghikl 1 10 

# Responses 

O 

Rank 

Difficult 

C.2.3 Add relationship links between nodes 

difficult 1 2 3 4 5 not difficult 

Value 

1 

Sub ject # Responses 

O 
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1 Resp onses 1 
1 Rank 1 Value 1 Subject 1 # Responses 1 
1 Difficult 1 1 1 1 O 1 

1 Not Difficult 1 5 1 abdghik 1 7 1 

C.2.4 Move and resize objects 

difficult 1 2 3 4 5 notdifficult 

1 Responses 1 
Rank 

Difficult 

C.2.5 Change the location of links to the specific location that you 

wanted 

Not Difficult 

diEcult 1 2 3 4 5 not difficult 

Value 

1 

1 Responses 1 

4 

5 

1 Rank 1 Value 1 Subject 1 j# Responses 1 

Subject 

- - -  

Not Difficult 5 abdgi 5 

# Responses 

O 

ek 

abcdghi 

* One respondent did not answer this question (1). 

2 

7 
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C.2.6 Change the physical appearances of nodes and links 

difEcult 1 2 3 4 5 not difficult 

1 Responses 1 

* One respondent (1) claimed that this was "not applicable". 

Ftadc 

Difficult 

Not Difficult 

C.2.7 Open a nodes or links contents to view information 

difficult 1 2 3 4 5 notdifEcult 

Value 

1 

2 

3 

4 

5 

1 Not Difficult 1 5 1 abcgi 1 5 1 

Responses 

C.2.8 Add sound, images and URL's into a node or links contents 

Subject 

b 

h 

k 

acdeg 

Rank 

D ifficul t 

difficult 1 2 3 4 5 notdifficult 

# Responses 

O 

1 

1 

1 

5 

Value 

1 1  

Subject # Responses 

1 



-4PPENDIX C. USER SURVEY 

. - 

Responses 

1 Not Difficdt 1 5 1 bcd 1 3 1 

Rank 

Difficult 

* Three respondents did not respond (a,i,e)i stating it was "not applicable" or they 

"didn't have time to tryn . Another respondent (1) pIaced this somewhere between 2 and 3. 

C.2.9 Which interface do you prefer (consider operations which apply to 

Value 

1 

both pencil and paper and computer models such as adding nodes, 
deleting nodes, moving nodes, coloring nodes, resizing nodes)? 

Subject 

p e n d  and paper computer 

# Responses 

O 

1 Cornputer 1 abchik 1 6 1 

Responses 

1 Depends 1 agl 1 3 1 

Response 

Pencil and Paper 

* One respondent (d) did not answer. 

C.2.10 ' Did the difficulty using the computer interface affect the creation 
of your concept map? 

Yes No 

Subject 

Responses 

Response 1 Subject ( # Responses 

# Responses 

O 

1 Yes 1 abdhikl 1 7 1 
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C.2.11 What advantages does the cornputer aided concept maps have 
over paper and pencil model?: 

1 si-orking with info aiready on the web - 1 had a window up for the info & 

Subject 

A 

Comments 

depends on what you are trying to do. This was very convenient when 

1 - color and appearance changes 

B 

built the concept map about 

- copy and paste 

D 1 - the network content/multimedia file types 

C 

- automating redrawing of relations 

It's easier and more convenient to make corrections 

E 
- quite editable - can change files without too much hassle. 

- edithg for update 

G 

1 - making modifications to an existing map is easy 

moving nodes with attached links 

- greater variety of media available 

H 

- easily modifiable - important 

- colors, shapes aid in visualization 

- Resulting concept map is much prettier 

1 wholesale changes could be made without redrawing by hand. The redrawing 

r 
K 

1 affected further creation. Important were Link and node movement and group 

- Easy to move objects around, change them, annotate ... etc 

Inmemental modification and creation: since 1 evolved the map over time, 

1 - access to web pages directly 

L 
attribute settings. 

- easier editing 
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C.2.12 What disadvantages does the cornputer aided concept maps have 
over paper and pencil model?: 

Subject 

A 

. B 

C 

D 

E 

G 

H 

1 

K 

C 

Remarks 

Comments 

More constraints on shapes of nodes, exactly where links go (i.e. "shape' of 

links) but this doesn't really change the meaning of the maps - just being 

learning curve 

People have to undentand the functions of the toolbar. Many mistakes can 

be made before 1 get used to the buttons 

- speed 

- flexibility of different iink types not conceived by software 

- slow, a lot of blinking due to repaint 

not quite as fast - if dl you want is a rough sketch to get the general idea, 

then pencil and paper is the way to go 

- Takes longer to produce 

- There may be memory advantages to physically writing a map 

slower to construct objects initially 

Original sketching is much faster on paper for me. 1 could draw a rough sketch 

much faster if 1 knew what 1 were drawing. I would use multiple pieces of 

paper and compare previous drawings. 1 could use the floor to spread out 

the map. 

- lack of flexibility 

- have to keep moving/resizing windows 

- dl of the disadv. that dwg. pgms have over qui& pencil sketch 
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C.3 Concept Map Issues 

C.3.1 A constructivist believes that st udents build knowledge by con- 

structing concepts to old knowledge and building relationships be- 

tween them to create a greater understanding. A behaviorist be- 

lieves that knowledge occurs when information is transferred from 

an instructor to a student. Do you agree with : 

behaviorist 1 2 3 4 5 constructivist 

1 Responses 1 

1 Constructivist 1 5 1 abcdi 1 5 

Rank 

Behaviorist 

C.3.2 How important do you think the Internet will be as a resource of 

information for education in the future? 

notimportant 1 2 3 4 5 important 

Value 

1 

Important 1 5 Ibcgkl 1 5 

Subject 

Responses 

If you were in an educational setting as either a teacher or student how useful 

would you find 

# Responses 

O 

# Responses 

O 

O 

Etank 

Notlmportant 

Value 

1 

Subject 

2 1 
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(2.3.3 adding text comments to nodes and links? 

not useful 1 2 3 4 5 very useful 

- 

Responses 

Rsnk 1 Value 1 Subject 1 # Responses 

C.3.4 the ability to connect URL's to nodes? 

not usefil 1 2 3 4 5 very useful 

Responses 1 
1 Rank 1 Value 1 Subject 1 # Responses 1 

Very Useful 1 5 1 abcgkl 1 6 

Not Useful 

C.3.5 the ability to add sound files to nodes? 

not useful 1 2 3 4 5 very useful 

1 

2 

O 

O 
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1 Responses 1 

2 eil 3 

Rank 

Not Useful 

~ e r y  ~ s e f d  1 5 1 O 

C.3.6 the ability to add image files to  nodes? 

not useful 1 2 3 4 5 very useful 

Value 

1 

1 Responses 1 

Subject 

1 1 4 1 abcgh 

# Responses 

O 

Rank 

Not Useful 

C.3.7 the ability to represent nodes as images? 

notuseful 1 2 3 4 5 veryuseful 

1 Responses 1 

Value 

I 

1 Rank IValue(Subject # Responses 1 

Subject 

1 Very Useful 1 5 1 begh 1 4 1 

# Responses 

O 



APPENDIX C. USER Su'RVEY 

C.3.8 the ability to embed concept maps within nodes? 

not useful 1 2 3 4 5 very useful 

1 Very Useful 1 5 1 abcegkl ( 7 1 

Responses 

H o w  effective would concept maps be in the following scenarios: 

Rank 

Not Usefiil 

C.3.9 getting instructors to create concept maps as learning modules to 
students 

Not effective 1 2 3 4 5 Veryeffective 

Value 

1 

1 Responses 1 

Subject # Responses 

O 

Rank 

Not Effective 

C.3.10 helping students to construct their own knowledge 

Not effective 1 2 3 4 5 Very effective 

1 

VeryEffective 

Value 

1 

2 

3 

4 

5 

Subject 

i 

hl 

# Responses 

O 

I 

2 

bdeg 

ack 

4 

3 
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1 Responses 1 
Rank 

Not Effective 

1 Very Effective 1 5 1 acgikl 1 6 1 
1 4 1 bdeh 

(2.3.11 organizing and grouping useful information together 

Not effective 1 2 3 4 5 Very effective 

Value 1 Subject 

1 1  

1 

1 Responses 

# Responses 

O 

I 4 l e i  I 2 I 

Rank 

Not Effective 

( Very Effective 1 5 1 bcdghl 1 6 1 
-- -- - - - - - 

C.3.12 method of navigating through a personalized web space 

Not effective 1 2 3 4 5 Veryeffective 

Value 

I 

Responses 

Subject # Responses 

O 

Rank 

Not Effective 

* One respondent proposed a combination of Concept Mapping with another tool to 

provide gqod navigation through the World Wide Web. 

3 

4 

Value 

1 

acdgi 

be 

Subject 

5 

2 

# Responses 

O 
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C.3.13 Which types of educational training do you feel this is most effec- 
tive for (be as specific or unspecific as you like)? 

Subject 

A representing info as concepts and relations between concepts 

Sex education: students could find out info about st& they may be too 

embarrassed to ask 

Analyzing the technical experiment e.g. Understanding the procedure of 

starting the car engine 

1 reaiiy am not sure where this fits into any educational context. 1 suppose 

1 would use it to clari@ my relationship to a particular subject topic, flush 

out links in the topic that 1 might have overlooked. Then, 1 would use this 

knowledge to produce something like a term paper. It's like a preparation 

step along the way to something else. 

No response 
- - -  - 

Useful for students (especially younger ones who are still developing think- 

ing patterns) to help organize their thoughts and visualize a problem. Not 

limited to "hard" sciences, either. Social sciences could benefit (eg. history) 

- education 

- logic / AI 

- biology 

Understanding physical sciences; wonder if it's useful for arts courses (his- 

tory, polisci, English lit, etc.) 

Probably scholarly review such as literature review (eg. Philosophy texts 

which rehash and invent many abstract concepts). Also, non-hierarchical 

areas such a s  interface design, graphic arts, and human psychology codd 

benefit. A concept map could organize the first unit of a course (ie the 

"review of previous concepts" section). 

In general, getting an overview, and as a nav. aid. 

It needs to be much more "transparent" 
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C.3.14 Which types of educational training do you feel this is least effec- 

tive for (be as specific or unspecific as you like)? 

1 Subject 

Remarks 

Cornments 

Knowledge wit h structure other than concepts and relations between con- 

cepts or for the actual exploration of the relations - so I might use a kame 

to explore al1 possible relationships between sets of concepts 

religions training 

Spoken Languages training 

Not really sure 
-- - - 

No response 

Anything which is based mainly on a transfer of facts fiom teacher to stu- 

dents (1 have taken many psych courses like this) 
- . -- - - --- - - 

mathematics (aside £rom geometry) 

Not sure how usefd this wodd be for abstract domains - math, theoretical 

stuff. Would be nice if it could be used for it though! 
- - - -. . - -- - -  

Practical applications typically leasned by apprenticeship. For example pot- 

tery making, stock price prediction and mechanics. Although knowledge 

models might help, some leaming is done best by doing and experiencing 

under guidance. 

No response 
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(2.3.15 what added functions would you like to  see made to the concept 
mapping tool? 

1 Subject 1 Comments 
- - - - - -- -- - - 

l A l  - undo last edit 

- bidirectional arrows for links 

B 

C 

D 

E 

G 

H 
1 

K 

L 

drag h' drop url's, links, pics, audio fkom the browser 

- Undo button 

- Change Background color 

- when the link is selected by using the icon: it's good to show the ends of 

the link, then user can click on it and move(drag) to another box (event). 

It can Save the time from deIeting the link and create another one. 

Meta nodes : if 1 have 3 nodes and they are al1 related and constitute a 

larger concept, 1 would like the ability to show this. ie: just as 1, II and III 

are al1 related so too is a,b, and c. Equally, this map could be part of yet 

another concept. 

No response 

Simply using an dternate mouse button to edit nodes would be good, instead 

of going back to the edit panel. 

make the sounds/image more accessible from the node display somehow? 

Not sure how useM representing a concept map within a node. 1 found that 

things didn't neatly order themselves into disjoint hierarchies. eg. A key 

interacts with the components of a lock but if 1 put the lock components of 

a lock but if 1 put the lock components into groups of concept maps, 1 want 

the key to be related to both the upper level (the lock) and the lower levels 

(groups of components, the components themselves). 

Link-to-link relations(?). UNDO!, group motion (was it there), alternative 

views, and some type of automated layout of selected multiple components. 

Somehow we need to combine CZ Web and Concept Mapping to get best of 

both 
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C.3.16 Comments and Suggestions: 

Comments 

3D concept map for meta-constructs 

- resize box should have guiding band 

- combine set and select 

- This is excellent work! As the technology of books becomes obsolete (sp), 

techniques such as this will certainly become the standard for learning. 

Shakespeare would have been impressed. But he's dead. (1 hope you're 

happy 1. 
- when a specific link is created, it takes pretty long time to L'refiesh" the 

link. 

- It's really helpful to analyze a system by creating a concept map step by 

step 

- more link styles 

- thicker lines 

- different labels for direction 

* the interface for the toolbar needs to be cleared up a bit. 

- I'd juggle the images around and &O try to find new widgets. (a cursor 

change when a new tool is selected would be cool, too.) 

- display colors in the interface 

- change image size within palette 

- combine move and select so that click and drag and select 

- Node Set + dont change name or URL when grouping nodes, potentially 

switch from eIlipse to square. 

- move label 

- show icon or something to represent nodes or links with sound, images, 

etc. inside the concept 

- remove concept maps 

- need an "undo" 

- possibility to change thickness of a link 

- need a "group" and "ungroup" 

- The cursor is not visible when editing field and moving cursor with arrows 



APPENDIX C. USER SLXVEY 

Was dot  of fun. 1 really think using something Like this could 

encourage learning, especially in younger students (such as under 12) 

- just work on the palette interactions 

- maybe use double-click on a node for some hnction. 

Maybe it depends on how the source information is presented, but I kind of 

wanted an easy way to group stufI togethes. 1 found that 1 built the concept 

rnap from the bottom u p  1 started with all the little details and as things 

got cluttered, 1 wanted to group stuff to clean things up (but see my prev. 

comment on hierarchies). I wonder if something like Apple's HotSauce wodd 

be usefd? 

1 didn't make much use of the Internet links of multimedia options. In a 

sense, 1 thought of the concept map as a g e a t  way to take point form notes 

- I'm not sure how often I would refer badc to the concept map after 1 

constmcted it, so it didn't occur to me to add lots of images and sound. 

BTW- 1 really like the idea of concept maps and 1'11 probably try wing them 

myself. 

Last thing - Java was way too slow on the machine I was using, so this made 

things a bit tedious. 

- Adding a node, 1 think 1 almost always want to set properties immediately 

so it might be a good idea to have this screen pop-up immediateiy. 

- some visual indication of "thinking7 would be useful for operations which 

take some time (eg paste) 

The UI is critical. 1 found the basic concepts (no pun intended) useful, but 

the actual UI really awkward. Large windows kept getting in my way and 

mode changes made for more mouse-motion than 1 like. 
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