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ABSTRACT

ReMemex: A SOFTWARE TOOL FOR
KNOWLEDGE CONSTRUCTION and
ORGANIZATION

Ozden Emek Erarslan
M.S. in Computer Engineering and Information Science
Supervisor: Asst. Prof. David Davenport
November, 1999

Citizens of the Knowledge Age have to be skilled in the construction of mean-
ingful knowledge; in the collecting, analyzing, synthesizing, and organizing
of information. These demands are driving educational technology research to
find new theory and practices. Constructivism, an emerging theory of learning,
offers new perspectives and is expected to have a major influence on education
in the near future. Yet today, despite increasing efforts, considerable research is
still needed to determine how best to apply constructivist ideas to educational
software and to prove or disprove its effectiveness. This thesis presents the Re-
Memex system, a software tool, which both aids knowledge workers to collect
and organize information, and provides a basis for research into the applica-
tion of constructivist learning theory in educational software. ReMemex is a
framework for a knowledge construction and organization environment, where
learners create information landscapes to visualize the inter-relationships be-
tween the concepts and/or objects the domain is composed of. Features such
as importing files and data from other applications as nodes, abstraction of
the details by grouping, multiple view support for maps and nodes, and style
support make ReMemex more powerful than traditional tools. The base imple-

mentation of ReMemex has been developed in Java as a flexible and extensible

Object Oriented API.

Keywords: Constructivism, Knowledge Organization, Educational Software,

Cognitive Tools, Semantic Networks
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OZET
ReMemex: BILGI INSAASI ve DUZENLEMESI ICIN BiR YAZILIM ARACI

Ozden Emek Erarslan
Bilgisayar ve Enformatik Mihendisligi, Yiksek Lisans
Tez Yoneticisi: Yard. Dog. Dr. David Davenport
Kasim, 1999

Bilgi Cag1 insanlari, bilginin ingaasinda; toplamada, ¢ézimlemede, sentezleme-
de ve diizenlemede vasifi olmalidir. Bu vasfa sahip olmaya yonelik talepler
egitimsel teknoloji aragtirmalarini yeni teoriler ve uygulamalar bulmaya yonlen-
dirmektedir. Geligsen bir 6grenme teorisi olarak Konstriktivizm (construc-
tivism), yeni bakis agilar énermekte ve bunun yakin gelecekte egitim tizerinde
biyik etkisi olmasi beklenmektedir. Bugun, artan gabalara ragmen, kon-
striktivist fikirlerin egitim yazilimlarina en iyi ne sekilde uygulanacagina karar
vermek ve etkisinin olup olmadigini ispatlamak i¢in yeterince aragtirmaya ihtiyag
hala vardir. Bu tez, bilgi iggilerinin bilgiyi toplama ve duzenlemesine yardim
eden ve konstriktivist 6grenme teorisinin egitimsel yazilimlara uygulanmasi
konusunda aragtirmalar icin bir taban tegkil eden ReMemex sistemini, bir
yazilim aracini sunmaktadir. ReMemex, 6grenen konumundaki kigilerin kavram-
lar ve/veya nesneler arasindaki iligkileri gorsellestirmek icin bilgi peyzaji olugtur-
duklar bilgl insaa ve dizenleme ortamlar i¢in bir catidir. Diger uygula-
malardan aktarilan katik ve verilerin digimler seklinde gosterilmesi, detay-
larin gruplama yoluyla soyutlanmasi, haritalar ve diigimler igin ¢oklu-goriintig
destegi ve bicem destegi gibi 6zelliklerin tamami ReMemex sistemini geleneksel
araglardan daha gichi kilmaktadir. ReMemex sisteminin temel gerceklegtirimi
Java kullanmilarak, esnek ve gelistirmeye agik, Nesneye Yonelik Uygulama Pro-

gram Arayuzu (API) olarak yapilmigtir.

Anahtar sozciukler: Konstruktivizm, Bilgi Diizenleme, Egitimsel Yazilim, An-

lamsal Aglar, Biligsel Araglar
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Chapter 1

Introduction

Today, there is a shared belief that we are living the shift from Industrial Age
towards Information Age, or so called Knowledge Age. For example, in US,
year 1991 is assumed to be the Year One of the Knowledge Age, when spending
for Industrial Age capital goods, a total of $107 billion, was exceeded by the
spending for information technology, which was about $122 billion [TH99]. The
turning point is not so sharp, but it is obvious that some transformations are

already on the way.

This implies that education, the main source of preparing people for life
and work in the society, should also revise itself according to the new dy-
namics. Westera identifies three major factors that force today’s education
for innovations [Wes99]: (1) the convergence of classroom teaching and dis-
tance learning; (2) the effective technology-push for addressing new ways of
collaborative learning; and (3) changing student-tutor relationships. Usually,
utilization of the latest technology into education is considered as an innova-
tion, however. the technology alone is not the reason that causes educational
Innovation; nor does it improve teaching and learning autornatically. In other
words technological potentials do not transfer into direct educational benefits
easily. Sometimes new models of teaching and learning are essential to address

the new directions and practises.

Constructivism, an alternative theory of learning, is the latest area that
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scientists apply to describe the transformations. Compared to the traditional
beliefs of teaching and learning such as objectivist pedagogy, constructivism
offers more active learners who are creators of individually-meaningful knowl-
edge, and who are responsible for their own learning. Advocates of construc-
tivism assume that the internal mental models in the minds of individuals are
likely to be different; and since learning is based on prior knowledge and ex-
periences, that is, on mental models in the minds, it is an expected case that
individuals form different understandings from the same knowledge domain.
The learning environments based on constructivist views should be designed
properly to engage learners in a collaborative learning process, rather than to
teach them in a transmission mode of learning where the learning processes are
totally directed by teachers, or computers. In this sense, computer programs
for drill and practice as well as most intelligent tutoring systems represent tra-
ditional instructivist teaching models. Although constructivists value the Web
as an open information source and a powerful communications medium, they
do not classify the integrated Web based teaching and learning packages as
constructivist tools. “Even an advanced application like the virtual classroom
represents both socially and functionally, a traditional classroom” ( [Wes99],

pl7).

The cognitive tools approach defines constructivist views of educational soft-
ware. Basically, cognitive software tools are software applications that enhance
the higher-order thinking and reasoning skills by providing powerful mecha-
nisms to manipulate information. Generally, cognitive tools are assumed to be
rather unintelligent tools relying on the learner to provide intelligence. They
assist the learners in operations such as storing, retrieving, filtering, and vi-
sualizing information, while learners construct knowledge by conceptualizing,

analyzing, applying, and evaluating information.

This thesis presents a framework and initial developments of a software sys-
tem, ReMemex, which is based on the cognitive tools approach. ReMemex
is a collaborative knowledge construction environment where users can visu-
alize and organize information landscapes. The visualization is based on the
concept mapping or cognitive mapping technique which has been proven as a

powerful cognitive tool. Concept mapping is closely related with the semantic
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network theory and schemata theory, theories that try to model the internal
structures and processes of human minds. Simply, a cognitive map based on
these theories is composed of nodes that represent domain concepts and links
that represent the interrelationships between those concepts. ReMemex adds
some more capabilities to this approach such as grouping related nodes into a
single node, associating nodes with external data, and mechanisms to filtering
and exporting the maps. In short, by creating a map of a particular infor-
mation landscape learners are engaged in an active knowledge construction
process while organizing the scattered pieces of information into a meaningful

semantic structure that closely reflects the actual structure in their minds.

The oranization of the thesis is as follows. Chapter 2, first, introduces the
constructivist learning theory with the main principles it is based on. Then, it
presents some examples of the learning environments that apply constructivism
and finally, dicuss the results and investigates why constructivism has not been

implemented fully.

Chapter 3 presents the background research about the educational software
applications and explores the characterictics of the main systems encountered
in this fleld from a constructivist point of view. At the end of the chapter
the ReMemex system is introduced and related applications are given. This

chapter can also be viewed as the story of how the idea of ReMemex is devised.

In Chapter 4, after the specification of the requirements of the ReMemex
system, we discuss some design strategies and criterias, and then present the

high level and low level designs of the system.

Chapter 5 starts with the discussion of the choice of the language, Java, and

then gives some implementation details of the main parts of ReMemex.

The thesis finishes by concluding the studies in the last chapter, Chapter6,

where we also discuss the directions for possible future work.



Chapter 2

Educational Background

2.1 Objectivism

Today most of the instructional system design models take their groundings
from the objectivist views of learning. Objectivism is based on the behav-
ioral psychology, a field advocating that the focus of learning is in shaping
learner’s responses. It is usually described in terms of the “stimulus-response”
principle [WS96]. Given a certain stimulus, it is expected that the learner is
conditioned to respond in a certain way. The final goal is not that the learner
will learn & or understand y. Instead the outcomes are all described in terms
of behaviors, that is the learner will be able to do z. Little consideration is
given to the individual learners, their internal thought processes, and the dif-
ferences in prior knowledge and motivation that each brings to the instruction,

assuming that all meet a preset list of entry behaviors [McM].

Under objectivist pedagogy the instructor, as a master, identifies the goals
in terms of terminal behaviors, determines the minimum level of expected skills
prior coming to instruction, creates the learning environment in terms of select-
ing media, developing strategies and production of instructional materials, and
transfers his knowledge to learners. Although the student interacts with the

learning environments she is thought of as being basically passive, and either

-
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intrinsically or extrinsically motivated to learn the behavior set in the instruc-
tional goal. Assessing the student progress is relatively simple; can the learner
exhibit the required behavior? Objectivist instructional systems are appropri-
ate if the knowledge is procedural and can be exhibited, such as in teaching
surgery, piloting etc. The aeroplane simulators that are used to train pilots
are good examples of teaching and learning environments that incorporate be-
haviorist thinking. But if the instruction deals with declarative knowledge, or
more importantly higher levels of thinking and learning processes (i.e. analy-
sis, synthesis, problem solving, experimentation, creativity, and examination of

topics from multiple perspectives) the objectivist model is ineffective [McM].

2.2 Cognitive Psychology

The difficulties of applying behaviorism to learning lead to the rise of cognitive
psychology. The research on memory and mental imaginary indicated that psy-
chological processes and prior knowledge intervene between the stimulus and
the response, making the latter less predictable by behavioral theory [WS96).
The focus of cognitive psychology is the mental representation and mental
processes that lie between stimulus and response. Basically, cognitivism im-
plies that in order to understand learning we should understand how our mind
manages the input, processing, storage and retrieval of information. With in-
creasing efforts many teaching and Jearning theories are derived that have close
relationships with cognitive psychology. Today, constructivist learning theory
seems the most popular one appearing in much of the recent educational re-

search, theory and policy [DC96].

2.3 Constructivism

There are many reasons that attract attention to constructivism. Green-
ing [Gre98], for example, argues that the need meta-learning, lifelong learning
and “just-in-time” learning requires emphasis to be placed on student-centered

learning. which is a leap to a constructivist approach. Duchastel [Duc97], takes
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the developments in Web technologies as a reason to devise new models of
university instruction. Although he does not state any idea based on con-
structivism, the model he proposes has great similarities with constructivist
learning models. Some research fellow [LAB™] focus on the use of the Web in
distance learning, which they think necessitates a shift in pedagogy and teach-
ing/learning styles towards constructivism. According to Westera [Wes99] the
new powerful software collaboration tools enable effective collaborative learn-
ing, which in turn, starts a changing period in student-teacher relationships.
He thinks that constructivism offers a close match with this change. After
analyzing the needs of the new Knowledge Age, Trilling and Hood [TH99) find
that fortunately the modern constructivism theory of teaching and learning fits

those needs (and that current educational practice should be revised to match

the theory).

Whatever the reasons are, most educational scientists agree that construc-
tivist learning theory will have a major influence on the future of education.
We, therefore, have tried to follow the constructivist principles in our work.
Constructivism is concerned with how we construct knowledge, while the em-
phasis in objectivism is on the object of our knowing [CJLM98]. Construc-
tivism emphasizes the mind’s process of “meaning-making” from external in-
put: objectivism emphasizes the content of that external input and assumes
that it is “placed” in the learner’s mind as it was presented. Constructivists
claim that new knowledge is built upon prior knowledge based on past expe-
riences. Therefore, 1t is expected that individuals may come up with different
achievements or different views of the same knowledge domain. In construc-
tivist learning environments (CLE), learning is considered as an active process
of constructing rather than acquiring knowledge, and instruction is a process
of supporting that construction rather than communicating knowledge [DC96].
The common grounding of constructivism could be summarized by von Glasers-
feld’s statement: “Instead of presupposing knowledge is a representation of
what exists, knowledge 1s mapping in the light of human experience of what is

feasible”.

Given this brief overview the following sections introduce (summarize) main

characteristics of CLEs.



Chapter 2. Educational Background

2.3.1 Learners are Active

Student ownership of the learning tasks must surely be regarded as a basic
principle of constructivist pedagogy [Gre98]. In CLEs knowledge does not
exist “out there” in an objective reality. Each individual learner experiences
the same knowledge (problem) domain and seeks explanations that are usable
in the world as he/she understands it, rather than seeking the “truth” by
correspondence of the real world [DC96]. This kind of activities can be achieved
by defining ill-structured or ill-defined problems within criss-crossed landscapes
with its suggestion of a nonlinear and multidimensional traversal of a complex
subject matter [McM]. Learners devise their own problems, define goals and
examine the domain from this point of view and construct own solutions and

views. This means that they also learn how to learn, and probably, how to

teach.

After reading the paragraph above people might think that educators in
CLEs are lazy, or unimportant. However, teachers do have critical roles in
CLEs. First of all they should provide interesting, relevant and engaging prob-
lems to solve, and open learning environments to explore. They should guide
and help the students rather than directly telling them what to do. They may
also participate in the learning process as “senior partners”. To quote Cun-
ningham and Duffy: “We no longer teach, but rather coach - we have moved
from the sage on the stage to the guide on the side”( [DC96], p184). In CLEs
perhaps the hardest task for teachers is the evaluation of students. It is clear
that CLEs require alternative approaches to traditional testing procedures (i.e.

to tests and exams), which are not straightforward to develop.

2.3.2 Multiple Perspectives

In CLEs multiple perspectives are valued and necessary [CJLM9S]. Instead
of encouraging acceptance and closure of a specific idea people are asked to
present and debate their own ideas. We might be confused and fail in find-
ing reasonable explanations that fit our past experiences and memory. When

failure happens, we are ready to hear about other people’s explanations, and
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enhance our viewpoint. By this way, we are aware of multiple perspectives and
continually expand our web of understanding. Thus, confusion followed by
explanation leads to learning [Sch98]. This again, is one of the areas that the
traditional education does not apply, a possible reason why it does not work

very well. No confusion is allowed (or assumed) as the learners are taught the

objective reality directly.

Learning is best performed when participants gather multiple views and
synthesize them into an integrated one. In CLEs, people are also encouraged to
utilize knowledge construction and modeling tools, collectively called cognitive
tools, to represent knowledge in different forms and to provide examples in
several kinds of media [Gra96). As they are closely related to our project work,

cognitive tools are discussed in detail in Section 3.1.5.

2.3.3 Collaborative Learning

Sharing multiple perspectives implies collaboration. In fact, learning itself, is
an inherently social process; it most naturally occurs not in isolation but in
teams of people working together to solve problems [DC96] [Jon98]. One may
claim that constructivism is not consistent and contains the paradox of en-
couraging both student-centered (individualized) learning and group learning.
However, it should be recognized that learning remains a strictly individual
process. actually located in the brain of the person involved. From this point
of view. the primary focus of cooperative learning is to optimize the conditions
for each members’ learning process, that is, the conditions for individualized
learning [Wes99]. In other words, knowledge is individually constructed and

socially co-constructed.

Collaboration and sharing enable learners to make clear knowledge/ideas
which may be internally fuzzy [CJLM98]. Additionally, students are more will-
ing to take on the extra risk required to tackle complex, ill-structured problems
when they have the support of others in the cooperative group [Gra96]. In col-
laborative environments they also learn solving problems collectively, playing
multiple roles, and confronting ineflective strategies and misconceptions. Stu-

dents working together are responsible for each other’s learning as well as their
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own. They are expected to support one another and to provide scaffolding to
those who are unfamiliar with the domain. In this way they also gain teaching
skills. Research (given in Section 2.4.1) has shown that collaborative learning

is likely to be more successful than traditional methods when implemented

properly.

2.3.4 Authentic Context

Traditionally, content was thought of as being decomposable into components.
It was considered as being separate from the individual and therefore manip-
ulatable independently of the individual [DC96]. This is the objectivist view
of content. However, today most educationalists believe that people can not
transfer knowledge from one context to another easily [Gra96]. Knowledge that
is taken out of context during instruction does not have much meaning to the
learner. Learners are assumed to know something if they act effectively in the
relevant context. Thus, they need both content and context learning. In con-
structivist views context is more dynamic including the individual and socio
historical context; and plays a very significant part in learning. The demand
for more “authentic” learning tasks that match real-world conditions comes

directly from these findings [TH99].

Authentic means that learners should engage in activities which present
the same type of cognitive challenges as those in the real world [Jon98]. Or
simply, it can mean personally relevant or interesting to learner. In CLEs,
problems must be authentic because it is difficult to create artificial ones that
maintain the complexity and dimensions of actual problems. An authentic
problem, activity or goal provides learning experiences as realistic as possible.
Realistic problems hold more relevance to students’ needs and experiences as
they narrow the gap between the artificial world of schools and real-life society.
This helps in building stronger and richer internal connections, and learners
are more successful when they re-apply (transfer) what they have learned to

novel real-world situations [CJLM98].
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2.4 Discussion

Reasons for applying constructivist approaches in education follow from the
characteristics described above. It appears to describe the natural process of
learning, that is, we believe that something like constructivism occurs during
learning (though its truth or falsity is not provable) [CJLM98]. It accepts
the diversity of thinking, understanding and building mental models among
individuals, which is the case in real world. So, it makes little sense to develop

learning and assessment activities that contradict the knowledge construction

that is “naturally” occurring.

In CLEs we may expect that learners are highly motivated. They participate
in creating learning goals, they devise their own problems from ill-structured
problems and follow the paths of experience and learning they think best for
them. Briefly, what they do is inherently more interesting, a factor that in-
creases motivation. Also, the authenticity in CLEs offer learners more realistic
experiences and learners are less likely to loose their interest as they closely

mimic what they see in their everyday life.

One of the major skills that learners gain with constructivism is higher order
thinking and reasoning, the areas in which today’s students are not particu-
larly strong. “In conventional kinds of schooling learners tend to organize their
mental activities around topics rather than goals. Usually, they focus on sur-
face features and do not examine a topic in depth. They work straight ahead,
that is they tend to work until a task is finished. They do not take time to
examine the quality of their work or thinking. Finally, they think of learning in
additive fashion rather than transforming and enriching their existing knowl-
edge structures”( [Gra96) p671). “Students treat new information as facts to
be memorized and recited back rather than as tools to solve problems relevant

to their own needs.”( [Gra96] p666).

These behaviors prevent them from transferring their knowledge to new
problems. They may even fail when they face problems that are similar com-
pared to the ones they encountered before (but which require different view-

points). On the other hand, learners of CLEs do not treat knowledge “as an
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end”. They develop strong connections with prior knowledge, identify and
eliminate unclear points and examine the problem from multiple perspectives.
Thus, they also learn how to approach and analyze problems. Obviously they

should be more successful in adopting and solving new problems.

2.4.1 Application of Constructivism

The benefits discussed above are all valid from the theoretical point of view.
Whether constructivism really works is a question that needs to be discussed

in detail, but here we give an overview of some research findings.

Virtual learning environments (VLE) are frequently applied to increase the
authenticity in education. Most research on VLEs is based on creating virtual
3D worlds and simulations using virtual reality (VR). Especially in science
education interactive simulations are potentially very useful and relatively easy
to build as the behavior of objects and their interactions can be well defined.
Besides simulating the real world, VLEs also offer interactions that are not

otherwise possible to experience in real world [MCKE98].

Dede and his colleagues [DSLY6] state that VLEs has the potential to com-
plement existing approaches to science instruction through creating immersive
inquiry environments for learners’ knowledge construction. In their work they
set up and evaluated three virtual worlds, namely NewtonWorld, Maxwell-
World, and PaulingWorld in which students could explore the kinematics and
dynamics of motion, electrostatic forces, and the structure of small and large
molecules in a number of single or mixed representations. In NewtonWorld, for
example, students configure the balls and examine their movements and colli-
sions within a special corridor from various viewpoints such as from a camera
attached to the center-of-mass of the balls. Formative evaluation studies of
these virtual worlds has been conducted with respect to their usability and
learnability. These studies show that learners enjoyed their learning and found
the activities interesting, engaging and more effective than either textbooks or
lectures. Limitations and discomfort caused by the current VR head-mounted

displays hindered usability and learning. On the other hand, manipulating the
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field in 3D, multisensory cues, and the introduction of multiple new represen-

tations is believed to have helped students develop correct mental models of

the abstract material.

Researchers at the Multimedia and VR Lab at Ioannina University found
similar results [MCKE98] in evaluating their VLE designed to investigate the
phenomenon of eutrophication in lakes, a topic in environmental education.
They also emphasize the positive acceptance of VR in the educational process.
Importantly, half of the students declared immersion experiences although the
study does not support immersion. And finally they also observed the two
common results; that VLEs offer good motivational support, and that there

are some usability problems in VLEs.

The NICE (Narrative-based, Immersive, Constructivist/Collaborative Envi-
ronments) project [RIM*99] focuses on the use of the VLEs in children educa-
tion and claimed to be the first immersive, mult: — user learning environment.
NICE implements a persistent virtual garden in which children may collabora-
tively plant and harvest fruits and vegetables, cull weeds, and position light and
water sources to differentially affect the growth rate of plants. There are two
constructivist artifacts in NICE which are the garden and the stories formed by
students using a shared story writing workspace. In addition to planting and
story writing, as a constructivist approach, students also gradually discover
the relationships between the characteristics of plants and the amount of wa-
ter and sunlight they need. There is also a 2D applet version of the garden that
is accessible via the Web and is capable of working simultaneously with the
VR system. Lastly, all these activities are done collaboratively including a text
based chat facility for communication. In the evaluation phase it was observed
that most kids felt immersed attempting to touch the virtual objects by moving
and clasping their hands in the air. Their attitude towards the workspace was
highly positive. Most (73%) of the children answered “nothing” to the question
“what did you dislike the most?”. The intend during these studies was to have
only one child in each group control the wand (the VR system). However, this
greatly affected to the learning process. Approximately 17 children (35%) were
able to understand the NICE models and improved their gardening knowledge

as desired. Thirteen of them took control of the system.
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As a result, immersive VR permits concepts and symbols to be separated.
Constructivists note that this has consequences for the positivist information
processing view of cognition, which emphasizes the manipulation of symbols,
and is therefore unable to properly address the first-person direct experience
(which often has an association with tacit knowledge) [Gre98]. Constructivism
recognizes this tacit knowledge as the result of reconstructions in response to

direct experience, that is incapable of being demonstrably shared.

Besides VLEs, there are other environments that can be classified as vir-
tual, but that do not rely on VR. In the Learning Research and Development
Center at University of Pittsburgh researchers set up a problem based envi-
ronment consisting of authentic scientific problems, Web based resources and
a tool, called Belvedere, that provides visual and collaborative construction of
hypotheses by utilizing inquiry diagrams [STW97]. The chosen problems such
as finding the cause of a strange disease in a Pacific island allow development
of multiple possible hypotheses. The Web based curriculum materials include
background information, simplified versions of articles on scientists’ hypothe-
ses, methodology and field reports and a link to experiments involving both
hands-on manipulatives and computer simulations. Students are encouraged
to use five phases of inquiry and provided suggestions on how to conduct scien-
tific inquiry and how to use the Belvedere software in this process. Evaluation
results show that students appeared to be engaged and on task. They report
that working with Belvedere makes it easier for them to organize and review
the arguments for and against a specific scientific hypotheses. Interestingly, the
evaluators observed that the classroom changed from a traditional format, with
students doing work at their desks in rows, to a group-centered organization,
in which students were gathered around computers or hands-on activities "like
campfires” and engaged in active discussing one of the few examples against
traditional beliefs of education. Some other knowledge organization and con-

struction tools similar to Belvedere are examined in Section 3.1.6.

The Epistemology and Learning Group at MIT leads many innovative projects,
especially {focusing on children education. Their work is based on constructionism,
a theory of learning developed by Seymour Papert. It is an extension of con-

structivism, accepts the constructivist principles and adds the idea that people
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construct new knowledge with particular effectiveness when they are engaged
in constructing personally-meaningful artifacts such as LEGO machines, ani-
mations or computer programs [Res98]. Therefore, in all of the learning en-
vironments they build children are required to create such a product. For
example, in the PetPark, a graphical virtual world, kids can teach their pets
to dance, greet visitors, or even tell jokes using a special kid-friendly program-
ming language called YoYo. Another project, Programmable Bricks, enables
children to program their LEGO constructions. A child writes a Logo program
on a personal computer, then downloads it to the Programmable Brick called
Cricket, after which the child can take or put it anywhere. Each Cricket has
output ports for controlling motors and lights, and input ports for receiving
information from light, touch, and temperature sensors. They can also commu-
nicate with one another. Now commercial versions of Programmable Bricks are
available from the LEGO company. Children use them to create autonomous
robots, active rooms etc. The researchers also try to explore children’s léérning
from the digital versions of the traditional toys such as beads, balls and blocks
that have added progi‘amming capabilities. Crickets are also used in another re-
search initiative called Beyond Black Boxes that aims to develop computational
tools and project materials that allow children to create their own scientific in-
struments. For example, 11 year old Jenny, built a new bird feeder capable
of taking photographs of birds, a facility which her old bird feeder could not
do [Res98]. She used various tools such as a touch sensor, a Cricket, a camera,
bricks and did some programming. These are all good examples demonstrating
authentic contexts. By involving in such activities students not only become
more motivated, but also develop deeper understandings due to the strong

connections between these activities and their real-world experiences.

There are many instructional applications commonly characterized as con-
structivist or, at least, they reflect some characteristics of constructivism, if
designed correctly. Some examples are problem based learning [DC96], project
based learning [LTMW98] [WT], learning through goal based scenarios [Sch98],
and reciprocal teaching [Gra96]. In all these models collaboration, teacher

guidance, and students’ responsibility for learning activities are required.
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The Project Based Learning Support System (PBLSS) [LTMW9§], for ex-
ample, includes support for 2 instructional processes; (a) scaffolding and (b)
coaching; and 4 learning processes; (a) planning and resourcefulness, (b) knowl-
edge representation, (c) communication and collaboration and (d) reflection.
In PBLSS, the students together with the teacher decide on goals, break com-
plex tasks down into achievable objectives, develop plans for these objectives
by allocating time periods of work, and anticipate and plan for the resources
that must be available for an objective to be reached. They can also organize
their thoughts into an analogue of a journal article that includes sections of
abstract, goals, specific objectives, project team, responsibilities and an ap-
plications/extensions section in which they may draw conclusions from their
work and make suggestions for further inquiry. All of the activities listed above
are done collaboratively and supported by the specialized tools of PBLSS. The
evaluation of the system produced some disappointments. Although most of
the students (70%) felt the tool was of average-use to very-useful and said that
they (76.7%) would like to use it again in future projects, basically they did
not seem utilize it correctly. Most viewed the tool as a representational vehicle
for their projects’ work, but they did not take it as a vehicle for furthering
that work or as a tool to support them in the process of doing that work. We
discuss the reasons for such attitudes in the following section. The difficulty

appears to originate from the students’ beliefs about traditional education.

For communicating and debating asynchronously over the WWW, usually
a threaded discussion paradigm is used. However, some researchers argue that
in the light of constructivism the design of such tools themselves is an impor-
tant factor in determining the effectiveness of collaboration [SDD99] [KS96).
For example, the same design is seen as appropriate for small group problem
solving and general newsgroup like discussion. Most designs make no dis-
tinction between the use of the tools in business mode or in an educational
context. Klemm and Snell clearly state their ideas: “We think that educa-
tors who use computers in education are missing an important opportunity
by their slavish acceptance of the threaded discussion paradigm” [KS96]. In
their work, they developed a hypertext based asynchronous conferencing en-
vironment, FORUM, where messages are not bound to the traditional rigid

hierarchy, rather they can be linked via various relationships. It also allows
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teachers to create logic structures that mediate students’ effort to produce the
required deliverables. Although there is not any empirical data, their work is

important as being a different approach for threaded discussions.

Yet another approach has been developed at Indiana University [SDD99].
This tool (ACT) makes use of textual labels and colors attached to the posts
to indicate how it is contributing to the subject matter. All threaded message
headers are displayed, that means the top level message is not treated as a
folder to be opened. Basically, the tool supports two educational processes;
exploration and analysis. For exploratory activities, ACT provides linear con-
versation spaces, similar to traditional discussion boards, with the exception
of summary labels. Messages are not categorized in any way but rather just
sorted by date. Exploration space is meant for free-wheeling and divergent
thinking, but an important activity in such environments is pausing and sum-
marizing the discussion, helping to focus attention on emerging key issues. To
support analysis space, ACT requires each message to be colored and labeled.
The color coded labels serve two educational purposes. First, they require
users to pause and think about the nature of their post and how it will add to
the ongoing analysis. Second, they allow users to quickly get an overview of
the general state of a discussion. The choice of the labels before starting the
discussion is one of the most important tasks. The teacher can do this or it can
be another subject of pre-(explorative) discussion. ACT has been evaluated in
two courses, one undergraduate and one graduate. The instructors indicated
that they were pleased with the level and quality of participation, and also re-
ported that ACT successfully helped them meet their instructional goals, and

that students displayed better critical thinking skills than in past semesters.

2.4.2 Constructivism and Current Situation

Given these success stories can we conclude that we are ready to shift to con-
structivism? The answer is clearly “no”. The implementations listed above,
give some posilive indications, but even experienced researchers can not con-

fidently state that the impacts are great, or even highly promising. In fact, it
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would be true to say that most of the implementations were not fully construc-

tivist.

The reasons why constructivism has not been implemented fully originate
from the reality of the traditional objectivist educational system. Learners,
especially older students in high schools and colleges have learned to “play the
game” with years of practice. The rule of the game is simple: “A students
primary job in school is to find out what his/her teacher thinks is valuable
and to achieve to that standard”( [LTMW98] p85). Most of them are aware
of this need and are successful (success being defined by grades.) Why should
they wish to learn in unfamiliar ways in which they may fail? This fear,
called “grade-phobia” [CJLM98], is one of the major motivations in current
education. For instance, the developers of PBLSS report that many students
were not driven to use the tool enough for it to become a major part of their
project work, since PBLSS was not adequately aligned with assessment (the
representations made in PBLSS were not graded) [LTMW98].

Students seem also to have problems in collaborative activities. Within
the collaborative learning model’s almost heavenly cooperation, there is no
room for competition, selfishness, or envy. Unlimited helpfulness, however,
may easily interfere with individual objectives and ambitions [Wes99]. In the
NICE Project, for example, evaluators observed that despite the warnings of
the teacher students regarded friends in the same group as their competitors.
The evaluators argue that competition contributed to the excitement of the
children in the group, but kept them off-task and distracted them for nearly

the entirety of the experience [RIM*99].

Another false behavior may be taking over individual tasks, while not taking
into account of the educational needs of the person involved. One should assist
but not take over [Wes99)]. Assuming that no such problems exist, still there is a
trouble. It is difficult in the classroom, and impossible outside of the classroom,
{o monitor and mentor collaborative discussion and critical thinking when it
occurs in small group meetings. Without this ability only the final product

can be reviewed [SDD99)].



Chapter 2. Educational Background

L

Industrial Age |

Knowledge Age

H

Teacher-as-Director

Teacher-as-Facilitator, Guide,
Consultant

Teacher-as-Knowledge source

Teacher-as-Co-Learner

Curriculum-directed Learning

Student-directed Learning

Time-slotted,
Rigidly Scheduled Learning

Open, Flexible,
On-demand Learning

Primarily Fact-based

Primarily Project-&Problem-based

Theoretical, Abstract
Principles&Surveys

Real-world, Concrete
Actions& Reflections

Drill&Practice Inquiry&Design
Rules&Procedures Discovery&Invention
Competitive Collaborative

Classroom-focused

Community-focused

Prescribed Results

Open-ended Results

Comfort to Norm

Creative Diversity

Computers-as-Subject of Study

Computers-as-Tool for all Learning

Static Media Presentations

Dynamic Multimedia Interactions

Classroom-bounded
Communication

WorldWide unbounded
Communication

Test-assessed by Norms

Performance-assessed by
Experts, Mentors, Peers, and Self

Table 2.1: Industrial Age vs. Knowledge Age learning practice



Chapter 2. Educational Background 19

Not all learners are likely to be comfortable with the increased level of am-
biguity in problems. They tend to say “Why don’t you just tell me?” when
faced with situations that require critical thinking [CJLM98]. We should not
expect learners to adopt a new style of learning all at once. Table 2.1, origi-
nally created by Trilling and Hood [TH99], lists Industrial Age (Objectivist)
vs Knowledge Age (Constructivisﬂ lea}n.]ing practices. One of the reasons why
adoption is not straight forward can be seen from the table: “Many of the

behaviors beneficial for Industrial Age learning become their near opposites in

the Knowledge Age” [TH99).

Learners are not the only group that are unprepared for constructivism.
For the teachers who themselves experienced the transmission model of learn-
ing and were trained in the colleges of education “to teach in the objectivist
way”, it does not seem easy to switch to a significantly different model of
teaching. Without support it is almost impossible for an overworked teacher,
unfamiliar with the constructivist paradigm, to create constructivist learning
experiences or to help prepare learners to be open to and successful in these
experience. They are expected to coach not only in the content area, but also
on the new and probably unfamiliar learning techniques themselves [CJLM98].
They must adjust curriculum so that constructivist activities, which may take
longer, can be balanced with “covering the material” required at certain grade
levels. They should also develop authentic assessment techniques that vary
according to the context and learning activities. This task list may grow, but
these are enough to conclude that basic changes in teacher education are nec-

essary [CJLM98] [TH99] [Gra96].

Finally, there is a third group who have doubts and fears about construc-
tivism: educational institutes and parents. Just as teachers were educated in
an objectivist tradition, so were parents, administrators, and evaluators. They
have many ways to express their disapproval that can undermine and sabo-
tage the success of constructivist learning environments. For example, some
of the alternative assessment procedures are likely to be difficult for school
boards and universities to accept. In fact, it is interesting that many colleges
and educators now accept constructivist learning theory but they do not teach

constructivistically [CJLM9S].
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As if opposition from these three groups were not enough, modern culture
particularly in the workplace does not promote constructivism. We conclude
this section with the following observations from Greening: “Mindless tasks
(in the sense they do not encourage or rely upon reflection or evaluation) are
commonplace in the real world. Goals are externally determined, tasks are
owned by others, rules are adhered to as a means of achieving objectives; such
inflexible environments may form the basis of training in which the demands

of constructivist learning are at odds”( [Gre98] p32).

2.4.3 Looking Ahead

In general, most aspects of the system are afraid and suspicious of change [CJLM98].
Partial adoptions do not seem to be highly successful often resulting in simple
variation of existing objectivist methods. But is 1t fair to expect radical im-
plementation of constructivism in today’s conditions? Perhaps constructivism,
in its ideal mode, will never be achieved. Here, we should also consider that
compared to the pace of change in competitive business environments, educa-
tion might be the last place for speedy action. Trilling and Hood discuss three
main approaches; top-down, bottom-up and systemic-mixed mode to shift to
new teaching and learning models [TH99]. Among them the systemic-mixed
mode is more difficult to apply but promises more success. In fact, it can
be seen as a combination of the other two within a systemic reform strategy.
The top-down approach focuses mainly on developing standards. frameworks,
and mandated structural changes by national or local authorities. In contrast,
change in the bottom-up approach is forced by creative teachers or even stu-
dents or by whole school experiments. And, in the systemic mode there is
a top-down initiated leadership and support for the development and coordi-
nation of bottom-up initiatives. As a result, in the developed countries, first
researchers then educational institutions and governments have recognized that
some changes, simple or radical, are needed for the new Knowledge Age. And,

constructivism seems the desired target of this change. We will see what will

happen.
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Educational Software and

ReMemex

In the research arena, perhaps the most important task that needs detailed
work is the definition of the subject matter, that is the aim of the research.
The case was the same with our work. We have made considerable effort to
devise a solid topic to work on. Besides the background about the educational
science presented in Chapter 2, we also have investigated the educational soft-
ware side, that is the research on educational software, the most used software
applications in teaching and learning, and the latest trends in this field. This
chapter presents these investigations and some discussions that have formed

the grounding of the main 1deas of this thesis work.

3.1 Educational Software

The history of educational software can be divided into three sections in terms
of their main characteristics: the single user drill and practice systems, the
intelligent tutoring systems (ITSs). and finally large, open networked, mul-
tiuser integrated teaching and learning svstems. In the early days of computer
based technology, from the educational point of view the most interesting ap-
plications to mention were some educational programming environments for
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children [RJ96] [RKSK98]. Among them, Logo, Dynabook, and Smalltalk
are well-known examples. The aim was to provide students a simple pro-
gramming language that enables them to construct software and new tools to
express ideas. In the late 1970s Dynabook, for example, was designed specif-
ically to match the learners’ (children’s) needs: portability, high-resolution
graphic displays, user-friendly interfaces, and low-cost, including support for
drawing, word-processing, a child-centered programming language. The Dyn-
abook led to the Xerox Alto and Star systems, and later to the Macintosh,
and modern graphical user interfaces. Similarly, Smalltalk, the first extensi-
ble object-oriented programming language, has been adopted as a professional
programming environment for industrial use. Logo, on the other hand, has not
changed its line, and still it is being used in some educational settings, such as

the Lego-Mindstorms given in section 2.4.1.

Interestingly, the early environments seem to be designed with construc-
tivist principles in mind. The common belief was that children should control
computers, not be controlled by them. People have theorized that learning
to program is an activity that develops higher-order thinking skills [RJ96].
However, later with the advent of computer technology, child-centered pro-
gramming environments lost their importance against ITSs, and then against
highly interactive multimedia applications. Today, non-technical students rou-

tinely compose ideas on their desktop computers, but few use a programming

language.

3.1.1 Intelligent Tutoring Systems

During 1980s, the second line of educational software applications, the ITSs,
appeared as a result of the developments in artificial intelligence(Al) research.
The traditional ITS approach uses Al techniques to formulate a model of the
student’s knowledge, and a model of expert knowledge, and then intervenes
with tutorial advice, when differences become evident [RKSK98]. Construc-
tivists claim that ITS do not have any place in constructivist learning frame-
works. Jonassen and Reeves [RJ96], for example, state that even the advocates

of the ITS field began to acknowledge the lack of the impact they have had
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on main stream education and training. They mention two main reasons for
this failure: students are treated as perceivers and recipients of educational
communications, and technical difficulties inherent in building student models
and facilitating human-like communications. Similarly, Winn and Snyder state
that the student model should use the cognitive approach to learner analysis,
that is computational descriptions of students’ mental model, not their levels
of performance prior to instruction [WS96]. As learner-centered education is
one of the main concepts in constructivist views, the negative ideas about the
ITS approach should taken as a natural reflex against an environment where
learners, as passive receivers, are totally directed by computers and where there
is no or very restrictive collaboration and where high level thinking skills are
not promoted. The concept, learner control, is used to refer to the degree of
control of learning activities given to the teacher, the computer or the students
themselves. Constructivist authors argue that this term is rather related to ob-
jectivist views. In this sense, the ITS approach, as an environment that take
learner control in hand. is definitely “instructivist” [RJ96], and can not be a
building block of CLEs: “However, in teacher control, its primarily a control of
the content and the basic learner task. In computer-controlled literature, the
control is far more pervasive in that the computer takes over even the minute

decision making.” ( [DC96], p186).

On the other hand, the ITS field is evolving and trying to incorporate emerg-
ing ideas and technology [SP96]. For example, already web-based ITS envi-
ronments [Hwa98] and integrated online teaching and learning tools that use
some degree of Al [0zh97] have appeared. Some specific research questions
compiled by Shute and Potzka include: “(a) how can computers better under-
stand natural language? (b) what kind of inference mechanisms can optimally
model students’ knowledge status? (c) how can computers be programmed
to understand semi-logical reasoning (including intuitions, pet theories, prior

experiences)?” ( [SP96], p594).

The third milestone in the history of educational software was the utilization
of computer networks in teaching and learning. The real explosion appeared
when Web technology has gained the necessary facilities/characteristics, such

as easy access, low-cost, dynamic content, some multimedia capabilities and
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interactivity. The educational role of the Web can be considered from two
main viewpoints, which are “Web as a network” and “Web as an information
source”. The former is related to the delivery of instructional material over
the network, and the Web offers great advantages for this process: universal
access, rich content presented via platform independent user interface, different
modes of communications, easy to reach and use with well-integrated modes
of navigation and cross-referencing. Meanwhile, the Web is growing exponen-
tially; millions of servers and billions of documents are available forming a huge
information repository, where searching, accessing, and retrieving information
is fast and not constrained by space and time. Today, integrated Web based
teaching and learning tools, or Web-based instructional tools (WBI tools) have
a dominant impact in the field of the educational software research and devel-
opment. Therefore, during the educational background work, we also tried
to explore the WBI tools, latest trends, and research areas about them. The

results are given briefly in the next section.

3.1.2 Web-based Instructional Tools

A classical integrated WBI tool provides necessary client and server software
to setup and manage online education and training centers, to create and de-
liver course material and finally to register and take online courses. The first
examples of such tools are developed in universities during early and mid 90s.
WebCT, CyberProf, Serf, and Virtual-U are some of the tools that were origi-
nally developed at the universities, and then became commercial products as a
result of the explosive demand for such tools after mid 90s. Today. very often
new products are coming into the market and established ones are regularly
being updated. Generally, the feature descriptions of WBI tools fall into four
categories: authoring tools, collaboration, student tools, course management

and administration.
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