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ABSTRACT

DESIGN AND DEVELOPMENT OF A WEB-BASED SCIENCE
LEARNING TOOL WITH A SAMPLE UNIT ON PARTICULATE
NATURE OF MATTER

The primary aim of this study is design and development of WEBFEN, a web based
science learning tool that follows instructional design guidelines and suggestions derived
from current practices of constructivist approach and argumentation method in science
education. The tool that is developed and implemented by the researcher using Adobe
Flash and ASP.net software platforms includes a variety of interactive learning activities
compatible with national science curriculum. It includes three main sections which are

student activity, teacher monitoring and administration environments.

This tool is designed to help students develop conceptual knowledge on selected unit
and also gain argument building skill which is noted as an important element of science
education in the literature. As students explore the WebFen, they try to find out evidences
for their claims and build up argument statements. The tool also provides various
monitoring features for teachers. A review of previous research highlighted the
significance of and students’ difficulties on the particulate nature of matter subject. These
studies also showed the value of multimedia-based representations in helping students to
gain particulate understanding of matter. The particulate nature of matter unit was selected
as a sample and learning activities are designed for that topic in the context of present

study.

The study also includes a preliminary effectiveness study with teachers in order to
get feedback and carry out revisions for the tool and a pilot study with students to get
initial data on the WebFen’s effectiveness and usability. The results of pilot study showed
that students had an improved particulate understanding after using WebFen and that the

tool was usable.
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OZET

MADDENIN TANECIKLI DOGASI ORNEK UNITESINi iCEREN BiR
WEB TABANLI FEN OGRENME ARACININ TASARIMI VE
GELISTIRILMESI

Bu calismanin oOncelikli hedefi yapilandirict1 yaklasim ve fen egitiminde
argiimantasyon metodunun giincel uygulamalarindan elde edilen Ogretim tasarimi
prensipleri ve Onerilerini takip eden web tabanhi bir fen Ogrenme arac1 (WebFen)
tasarlamak ve gelistirmektir. Arastirmaci tarafindan Adobe Flash ve ASP.net yazilim
platformlart kullanilarak gelistirilen ve uygulanan bu arac¢ ulusal fen miifredatina uygun
cesitli etkilesimli 6grenme etkinlikleri icermektedir. Arac Ogrenci etkinlik, 6gretmen

gbzlem ve yonetim olmak {izere ii¢ ana boliimden olugmaktadir.

Bu arag, 6grencilerin secilen fen iinitesi ile ilgili kavramsal bilgilerini ve literatiirde
fen egitiminin Onemli bir 68esi olarak isaret edilen argiiman olusturma becerilerini
gelistirmeye yardimci olmak amaciyla gelistirilmistir. Ogrenciler WebFen’le calisarak,
etkinlikler i¢inden idialarin1 destekleyici kanitlar bulmaya ve argiiman ciimleleri
olusturmaya calisirlar. Ara¢ Ogretmenler icin c¢esitli gbzlem o6zellikleri de icermektedir.
Onceki arastirmalarda, Ogrencilerin maddenin taneikli dogasi konusunun Onemi ve
ogrencilerin bu konudaki 6grenme zorluklart vurgulanmistir. Bu calismalar ayn1 zamanda
coklu ortam tabanli gosterimlerin 6grencilerin parcacik kavramini anlamalarindaki 6nemini
de gostermistir. Maddenin tanecikli dogas1 konusu, bu ¢alismada 6rnek olarak secilmis ve

ogrenme etkinlikleri bu konu i¢in tasarlanmustir.

Calisma ayni zamanda Ogretmenlerden WebFen’in etkinligi ile ilgili geri bildirim
almak ve diizenlemeler yapmak i¢in 6n degerlendirme caligsmasi ile sistemin etkinligi ve
kullanilabilirligi konusunda 6n bilgi almak iizere dgrencilerle yapilan bir pilot calismay1
igerir. Pilot calismanin sonucglar1 6grencilerin WebFen’i kullandiktan sonra dgrencilerin
tanecikli yapiya iliskin anlama diizeylerinin arttiginm1 ve sistemin kullanilabilir oldugunu

gostermistir.
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1. INTRODUCTION

A major goal of science education is fostering students’ understanding of scientific
concepts along with a firm understanding of the processes of science. Suggestions coming
from past research and theories (Mintzes and Wandersee, 1998) emphasize the role of
constructivist principles in fostering a sound understanding of scientific concepts and

processes. Science educators try to design learning environments that focus on:

e Active construction of knowledge

¢ Personal interpretations of the environment

e Multiple representations

e Multiple perspectives

e Student interaction with environment, teacher and others

¢ Process along with content

According to constructivist views of learning, learners are viewed as active
participants of knowledge construction process; they construct their own meaning and
reality through experiences and interactions with the learning environment. All learners
create their personal interpretations of the environment which provides multiple
representations of knowledge (Jonassen, 1991). Mayer (1999) stresses that the instructional
designer’s role in constructivist approach is to create environments which learners can
interact meaningfully with materials and to encourage learners’ process of selecting,
organizing, and integrating information. Recent studies show that higher order thinking
skills can be gained through students’ active involvement with information; learners have
to be active participants of the learning environment rather than information receivers

(Harper and Hedberg, 1997).

Computerized environments can help science educators to design constructivist
learning environments, because they offer several means for active construction,

interaction, multiple representations, multiple perspectives and an emphasis on process



along with the content. Wellington (2004) describes the nature of science and science
teaching and explains the relation of information and communication technologies (ICT)
with science. He elaborates the ways information and communication technologies can be
used to support science learning. He states that school science is a very practical subject
that includes doing activities such as observing, measuring, communicating, discussing,
trying things out, investigating, watching, observing, recording results, etc. ICT can be
used virtually for all of these activities. Besides being a very practical subject, science is
also a theoretical subject that includes activities like thinking, inferring, having ideas,
hypothesizing, simulating and modeling. ICT can be an effective tool to help these
activities as well. Wellington also asserts that there exist two science viewpoints that we
see science from, process and content. The content involves scientific facts, theories, laws
and the process involves activities like measuring and recording. ICT can help learning in

both content and process domains.

It is possible to extend the use of computerized learning environments to a wider
range of learners by using the World Wide Web as a science learning medium. Parallel
with the improvements in Internet technologies, advantages of web as an instructional
support medium becomes more apparent. New teaching and learning models are developed
taking advantages of the computer technology and the improvements especially in the
Web. Increase in bandwidth and increase in the number of schools and students having
access to Internet have lead to numerous innovations in web-based learning activities in

many disciplines especially in science education.

The present study is an attempt to design and develop a web-based science learning
tool (WebFen) that aims to support middle school students’ conceptual learning of selected
science unit and to provide interactive learning activities that focus on scientific process
skills and argumentation abilities. The learning tool will be shaped by two particular
approaches to learning; active construction of knowledge and development of scientific
thinking and argument building skills along with scientific content. Primarily the learning
environment will be designed to guide and support construction rather than pure reception
of scientific knowledge. Secondly the learning environment will be designed to foster both

content and process with particular emphasis on the development of scientific thinking.



Therefore, WebFen follows a constructivist approach to learning and will primarily
be based on principles that guide successful construction of scientific knowledge. As such,
the learning environment will include components that provide multiple perspectives,
multiple representations and diverse tasks that are meaningful and interesting. Instructional
components that will specifically aim for the development of scientific thinking will be
based on suggestions from studies that use “argumentation” as a theoretical base. Design of
learning activities are shaped by basic elements of an argumentation lesson where students

are expected to create arguments about a science problem by using various evidences.

In WebFen each learning unit starts with a question where students are expected to
take sides and choose a claim. Then they are expected to support their claim using
evidence embedded in each activity. Further, students are required to build up a decision
report that includes their argument statements that are made up of claims, evidences and

warrants about the nature of matters.

1.1. Constructivist View of Learning and Implications for Instructional Design

Constructivist approaches describe learning as construction of meanings that is
created from experiences and interactions of learner with the environment and this process
does not exist outside of human mind (Duffy and Cunningham, 1996). Learners need to be
cognitively active to make sense of the information and try to connect it with his existing
knowledge (Mayer, 1999). Collaboration is another important aspect of instructional

design models that apply constructivist approach.

Implications of constructivist views provide a set of guiding principles to help
designers and teachers to create learner centered, collaborative environments that support
reflective and experiential processes (Jonassen, Davidson, Collins, Campbell & Haag,
1995). Literature includes major instructional design models and principles of learning
environments that are based on constructivist approach of learning. According to Wilson
(1996) a learning environment contains at least a learner and a setting or a space wherein
the learner acts, using tools and devices, collecting and interpreting information,
interacting with others. He also defines constructivist learning environment as “a place

where learners may work together and support each other as they use a variety of tools and



information resources in their guided pursuit of learning goals and problem solving

activities” (p.5).

A number of authors who work on learning and instruction proposed a set of guiding
principles for instructional designers and tried to answer the question of how to implement
constructivist theories in learning environments especially the environments that includes
technology supported practices (Harper and Hedberg, 1997). For example, Duffy and
Cunningham (1996) outlined seven key design features of technology supported

constructivist learning environments which are:

1. All knowledge is constructed; all learning is a process of construction. Students
need autonomy to direct and construct their own understandings, therefore learning
environments should provide some control to students to explore the tools and students

should have the responsibility to investigate the activities and construct knowledge.

2. Many world views can be constructed; hence there will be multiple perspectives.
Learning environments need to encourage learning experiences which encourage students
to look beyond their own view and to compare views with alternative views (Lefoe, 1998).
In order to achieve this goal, learning environment should provide multiple representations
(through text, static and animated pictures) of same concept (macroscopic, microscopic
and symbolic representation) to broaden students’ views and they need to provide
opportunities for communication among students and teacher for sharing and comparing

understandings.

3. Knowledge is context dependent, so learning should occur in contexts to which it
is relevant. Learning environments need to present a context for the problem or question
about the content and the context need to be relevant and authentic for the learners.
Providing a context for learning helps students in making sense of the environment as it is
encountered. Additionally each learning task in the environment should not be isolated but

rather is a part of a larger context in which the problems are relevant.



4. Learning is mediated by tools and signs. All learnings are constructions taken
place within a context that uses some form of mediational means, tools, and/or signs. The
computer is an example of mediational means that is used as both tool and sign. The
computer’s role in education is viewed as an instructional tool and to provide a rich and
exciting learning environment (Duffy and Cunningham, 1996; Jonassen and Reeves,
1996). Additionally, technology offers a cognitive tool to support cognitive and
metacognitive processes supporting a learner for new understandings (Nanjappa and Grant,

2003).

5. Learning is an inherently social-dialogical activity. Group discussion of students is
another important element of constructivist learning environments. Through the use of
communication tools such as discussion boards, e-mails, chat rooms or video conferencing
technologies, students can develop as members of their learning community, develop a

shared understanding, and question the issues of the area of study (Lefoe, 1998).

6. Learners are distributed; there are multi dimensional participants in a sociocultural
process. Learning should not be an act of a single person, but it needs to include actions of

learning communities and learners should participate in and contact with communities.

7. Knowing how we know is the ultimate human accomplishment. Self- awareness in
learning is seen as an important goal. Individuals need to be aware of the beliefs that have
adopted or created to live, and those beliefs need to be discovered within the learning

environment.

Further, Jonassen (1999) outlines the key issues on learning of his instructional
model of Constructivist Learning Environments (CLEs). According to that instructional

model learning is:

e Active and authentic: Learners are cognitively active while they are mindfully
processing information. They should be actively manipulating the objects and
tools of the environment, developing skills and knowledge which they then share

with other members of the learning community. Mayer (1999) also points on the



two kinds of activity learning which only one of them leads to constructivist
learning. One is being behaviorally active; students do not trying to make sense
out of the material being presented and they are only behaviorally active while
working with the materials. The other type is being cognitively active which leads
students to process information to make sense of it. Therefore learning
environments need to support students with activities in which they are
cognitively active rather than only promoting behavioral activity.

e Constructive: Students construct their own meaning by trying to connect new
information or ideas with previous knowledge and coming to know the new ideas.

e Collaborative: Learning environments need to provide tools to help students
create learning communities and work collaboratively with other students and
with teacher, because learning does not occur in isolation but in teams or in
groups of people solving a problem. Recent technologies support CLEs with
possible collaboration tools such as electronic mails, discussion boards, chats, etc.
CLEs should provide conversations about the problem or project that students
work in. Students share their notes with teacher and with others about questions or
problem and they gain multiple perspectives of the problem.

¢ Driven by a learning goal or problem owned by the learner: Learning is goal
directed, this goal may be complex or simple. In CLEs students think and learn
more in order to actively try to achieve a cognitive goal. The focus of learning
should be an ill structured question, problem or a project that is relevant to
learners’ lives and they attempt to solve it. Moreover in the design of CLEs, a
question, problem or a case that have controversial answers need to be introduced
to the learner to increase engagement of students to the subject and to increase

interest.

Most of the recent instructional constructivist design models use opportunities of
technological improvements especially the development of World Wide Web (WWW).
Another design model developed by Hannafin, Land and Oliver (1999) is “Open Learning
Environments” (OLEs) that uses Web as a medium to create a constructivist learning
environment. It takes the advantages of technological developments in order to create a
learner-centered design employing tools, resources and activities that foster thinking.

Similar to CLEs of Jonassen (1999), OLEs of Hannafin, Land and Oliver (1999) support



the idea that learning should be in context and start with a problem that will be analyzed by
the students. Divergent thinking, promoting multiple representations, providing different
resources and tool, guiding and supporting students’ learning are some of the key
principles of OLEs (Hannafin, Land & Oliver, 1999). They also introduce a tool,
ErgoMotion that uses the principles of OLEs model. It is a technology supported
interactive science learning tool where students investigate physics laws in the context of
designing a virtual roller coaster. It includes graphics, simulations, video and print based
materials and also provide tools which participant can seek, sort, collect, organize,

integrate and generate knowledge.

1.2. The Design Goals of WebFen

The major design goals which are used as a framework for the design of WebFen
were derived from the guidelines and common issues of instructional design models of
constructivist learning environments which are highlighted above. These principles can be

summarized as:

e Active construction of knowledge: Learning environments need to support active
construction of knowledge and instructional activities need to help allow students
interpret the incoming knowledge and relate it with existing knowledge. Activities
should favor personal active construction rather than passive reception of new
knowledge.

e Personal interpretations of the environment: One of the important tenets of
constructivist approach is the defining learning as individuals’ personal
interpretations of the world. Therefore learning environments need to enable
students to create personal interpretations of the information which is shaped by
their previous and current experiences.

e Multiple representations: Activities in learning environments need to utilize
different representations of information such as text, static and animated picture,
video and these representations need to supplement each other, does not give
redundant information.

e Multiple perspectives: Because learning is personal interpretations of the

environments, the environments need to welcome and support development of



different perspectives of the concept or problem. It can include presentation of
multiple and alternative views about the problem to learners.

Student interaction with environment, teacher and others: The researchers in the
area of computer supported education identify three types of interaction which
affects the learning. They are interaction with content (tools and activities),
interaction with instructors, and interaction with other students (Moore, 1989). In
order to improve students’ learning, all these kinds of interactions need to be
provided by the system.

Process along with content: Learning environment need to focus on both content
learning and development of process skills such as investigating, measuring,

creative thinking, building and testing hypothesis.



2. LITERATURE REVIEW

The major aim of the present study is design and development of a web-based
science learning tool (WebFen) that uses constructivist principles and argumentation as a
method to support science learning among secondary school students. The unit of study is
chosen from 6th grade science curriculum and covers “particulate nature of matter”. This
unit is specifically selected, because an understanding of particulate nature of matter is

considered to be a major prerequisite for the development of subsequent topics on matter.

The theoretical and empirical bases that guide the design of WebFen tool can be
summarized by the following scheme. The literature is reviewed in four main categories
that focus on instructional framework, instructional medium, design and usability

principles and finally the content of selected unit for the present study.

Instructional framework Instructional Medium
Argumentation and knowledge construction ICT and web supported science learning
in science education environments in science education
[ [
WEBFEN ENVIRONMENT
Design factors and usability principles Content

Literature on the topic of interest
(Particulate nature of matter)

Figure 2.1. Theoretical and empirical basis of WEBFEN

In line with the problem statement, the review of literature will initially introduce the
instructional framework that is based on implications of current studies that focus on
argumentation method in science education and current design models of constructivist
views of learning. Literature will continue with an introduction on use of ICT and Web as
instructional medium in science education and then there will be particular focus on web-

based learning environments that use both constructivist and argumentation strategies as a



10

means for fostering understanding of scientific concepts and scientific thinking. The
literature review will then include research-based suggestions on improving the usability of
web-based learning environments. Finally there will be a brief overview of studies on the
specific unit “particulate nature of matter”, in order to show the difficulties, remedies and

reasons for its selection.

2.1. Argument and Argumentation

Science involves the construction of theories that provide explanations about the
natural world. Observation, creative thinking and argumentation are all important in the
building of models, theories and explanations. Scientists generate rules and knowledge
claims through the use of argumentation. They test these rules and knowledge claims
through argumentation, by relating evidences to knowledge claims. However although
scientists frequently use arguments to relate the evidence to the claims, this seems to be a
very difficult task for students which may partly be due to the content-oriented emphasis
given in teaching science. Research indicates that school science provides rare
opportunities for these kinds of practices (Newton, Driver & Osborne, 1999) which are
important for students to have critical reasoning and arguments to understand the nature of

science and natural world rather than accumulating scientific facts about how the world is.

Argumentation had given various meanings in the literature. Miller (1987) defines
argumentation process as learners’ coordination of their reasoning about the presented
question, or claim and their trials to come up with an agreed answer or solution to the
problem. In the study of Jermann and Dillenbourg (2005), argumentation is accepted as a
dialectic activity includes justification and explanation of answers to a question and
process of convincing others about the answers. Further, Veerman (2003) theorizes the
process of argumentation as a type of collaborative, constructive and multi-representational
exchange of ideas. Most of the definitions include the view of argumentation as a social

practice that involves negotiation of different views.

The common points in approaches of argumentation provided by researchers are

explained by Andriessen, Baker and Suthers (2003) as;
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e [t is about giving reasons,
e [t is about trying to persuade or convince someone,

e [t is about demonstrating a point of view.

The concept of argument, on the other hand is different from argumentation although
they are used interchangeably in the literature. Krummheuer (1995) defines argument as
“the intentional explication of the reasoning of a solution during its development or after
it” (p. 231). In order to create an argument, there has to be a problem or controversy and

people need to be in the process of reasoning that focus on resolution of that problem.

The literature on use of argumentation in education mainly presents two types of
argument descriptions which are rhetoric/didactic and dialectic. In the first type, argument
is seen as combination of sentences that are used to tell others and to persuade or convince
them about the strength of a case or an issue. In that kind of arguments, one person
provides scientific explanations for a specific issue and tries to persuade others to see it as
reasonable. It is generally used by teachers while explaining the underlying reasons of a
scientific fact and it is mostly one-sided. Use of rhetoric arguments has limitations in
classrooms, because they occur when teacher gives evidence and construct arguments for
their pupils (Driver, Newton and Osborne, 2000). Students are not seen as active
participants of knowledge construction process. The second type of arguments is
“dialogical” or “multivoiced” argument that utilizes different perspectives to reach an
agreement on the topic or problem under discussion. Such dialogical arguments can take

place within an individual or within a social group.

Toulmin (2003) has a major contribution to the literature on the explanation of the
argument concept. In his book named “The Uses of Arguments”, he describes the structure
of an argument as the combination of four main types of statements which are claims, data,

warrants, and backings with functional relations between them.



Data

Since

A 4

Warrant

On
of

A 4

Backing

A 4

Claim

account

Figure 2.2. Toulmin’s model of an argument
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e Claim statements involve assertions or conclusions that are stated for general

acceptance,

e Data or evidence can be described as the specific facts used to support the claims,

e Warrant phrases justify the logical connection between data and claims, they

relate data as evidence to the claim,

e Backings are the basic assumptions and generalizations that provide justifications

for warrants (Osborne, Erduran and Simon 2004b).

Toulmin exemplifies his definition with an argument from daily life. He states a

claim that “Harry is a British subject”; the data/evidence that supports that claim is “Harry

was born in Bermuda”; the warrant statement is “since a man born in Bermuda will

generally be a British subject” and the backing statement is “on account of following

statutes and other legal provisions...” Some of scientific arguments that are used in studies

of argumentation in science classrooms (Osborne, Erduran & Simon 2004a) and parallel

with Toulmin’s argument definition are presented below:

® We can see things because the light produced by a source enters the eye not

because light travels from eye onto objects [claim]. We cannot see when there is

no light [data]. We use sunglasses stop something coming in, not something going

out [data]. The eye is like a camera with a light sensitive coating at the back,

which picks up light coming in, not something coming out [warrant].
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* A snowman that is not wearing a coat is melt faster than another snowman
wearing a coat [claim]. He (the first snowman) is not wearing a coat [data], so the

Sun’s rays will touch him directly that makes him to melt faster [warrant].

With the reference of Toulmin’s model, Simon, Erduran and Osborne (2006) made a
distinction between an argument and argumentation for their studies; an argument refers to
the substance of claims, data, warrants and backings statements; whereas argumentation
refers to the process of assembling these components. In educational settings teacher

engages students in construction of arguments through the process of argumentation.

2.1.1. Use of Argumentation in Science Education

Argumentation has been emerging as an important goal of science education over the
past few decades, because it is an important component of scientific inquiry and discourse.
Beside teaching scientific content, the need and importance of educating students as
scientific literate individuals who think critically, learn about the science, construct
scientific knowledge and experiencing argumentation process is highlighted with a number
of studies (Boulter & Gilbert, 1995; Osborne, Erduran & Simon, 2004b; Bell, 2000; Linn,
2004). Today’s science education pays more attention on what should be believed in and
learning scientific facts rather than why something should be believed in, and how to
promote justifications or evidences for a scientific claim (Erduran, Ardac & Yakmaci-
Guzel, 2006). Science education often ignores the justification and arguments for scientific
beliefs and it uses argument created by authorities. If it is asked to people why they believe
in fundamentals tenets of school science such as matters are made up of atoms or day and
night are caused by earth’s spinning, only few will be able to provide evidence and
explanation for their scientific ideas (Osborne, Erduran & Simon, 2004b). Even graduates
of science programmes have difficulty to support their claims on natural world because of
not being able to present evidence and justification for their claims (Erduran, Ardac &
Yakmaci1-Guzel, 2006). However this approach of science education contradicts with
discipline of science, because construction of arguments and its critical evaluation are seen
as fundamental reasoning activities of that discipline (Osborne, Erduran & Simon, 2004b).

In order to cover this gap, a number of projects such as ‘Ideas, Evidence and Argument in
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Science (IDEAS) Project’ (Osborne, Erduran & Simon, 2004a,b; Simon, Erduran and
Osborne 2006; Driver, Newton, & Osborne, 2000), ‘Knowledge Integration Environment
(KIE) and WISE Projects’ (Linn, Davis, & Bell, 2004; Linn, 2004; Linn, Shear, Bell &
Slotta, 1999; Bell, 2000) and ‘Towards Evidence Based Practice (EPSE) Project’
(RatCliffe, 2000) are initiated to help students and teachers learn argumentation and
scientific inquiry practices in science courses which traditionally provide rare opportunities
for creation of science related arguments and rarely use argumentation as method of

science education.

Newton, Driver and Osborne (1999) explains importance of the being active
participant of scientific community and being a scientific literate person with the sentences
that “It is not enough for students just to hear explanations from experts (e.g. teachers,
books, films, computers); they also need to practice using the ideas for themselves. ‘The’
answers to ‘the’ questions need to become ‘their’ answers to ‘their’ questions. Through
practice in posing and answering scientific questions, students become active participants
in the community of science rather than just passive observers” (p. 556). Therefore it is
suggested that students need to be encouraged to be active in science classrooms, building
and testing hypothesis, and achieving their own solution for a science related problem

owned by students.

Argumentation is necessary not only as a process skill that leads students to have the
abilities such as thinking critically and making justifications for an argument, it is also
important for meaningful learning. Andriessen, Baker and Suthers (2003) explain how
students might learn in argumentation situations within four categories. Firstly the
expression of arguments could itself lead to a reflection and knowledge reconstruction. In
other words in the learning environments employing collaborative argumentation methods,
students’ expressing of views under discussion could lead them to elaborate a more logical
discourse about the topic. Secondly, argumentation methods may help students to modify
their erroneous beliefs as a result of argumentation (discussing and questioning them).
Argumentation can be accepted as a means of eliminating students’ erroneous or wrong
claims. Thirdly new knowledge can be co-constructed as a means of reaching an agreement
from different views of students through argumentation environment that also includes

interactive learning activities. Lastly, learning occurs as a result of expression of arguments
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and justifications using different types of representations such as graphical, textual, or

pictorial.

Literature includes studies (Boulter & Gilbert, 1995; Osborne, Erduran & Simon,
2004 a,b; Niaz, Agulera, Maza and Liendo, 2002 ; Erduran, Ardag, Yakmaci Guzel, 2006)
that are initiated to highlight effectiveness of argumentation in conceptual learning, to
emphasize the importance and need of argumentation methods in science classrooms and
establishing teaching strategies that include argumentation practices. In one of those
studies (Niaz et al., 2002) researchers studied the relation between use of argumentation
method and learning experimentally. In that study a sample of 160 freshman students of
General Chemistry course has participated. 77 of them (experimental group) participated
into courses that are given by teachers who are also trained in workshops on argumentation
and philosophy of science in the scope of the study and uses argumentation method in their
classrooms. The control group consists of 83 students attended courses carried out in
traditional manner. Three weeks after, both groups have a monthly exam and after another
3 weeks a semester exam. The results show that students’ understandings of the topic could
go beyond the simple regurgitation of experiment details for experimental group. And
experimental group showed a consistent progressive conceptual change between two
measures (monthly and semester exam). The researchers conclude that if students are
provided opportunities to build up arguments and carry out discussion on the topic of
interest, a more meaningful conceptual understanding can occur and students understand

the scientific process and practice.

Another study (Aufschnaiter, Erduran, Osborne & Simon, 2008) was carried out in
order to investigate junior high school students’ processes of argumentation and cognitive
development in science and socioscientific lessons. Using of video and audio records of
students’ small group and classroom discussions, the quality and frequency of students’
argumentation was analyzed using Toulmin’s (2003) argument model. The researchers also
investigated students’ development and use of scientific knowledge, drawing on a schema
to find out the content and level of abstraction of students’ meaning-making. The results of
analysis of student discourse presented that when engaging in argumentation students draw

on their prior knowledge, and such activity enables them to consolidate their existing
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knowledge and elaborate their science understanding at relatively high levels of

abstraction.

In the scope of IDEAS project Osborne, Erduran and Simon (2004b) has collaborated
with middle- school science teachers in order to develop and establish classroom activities
that focus on argumentation and scientific discourse. They identified and developed
argumentative instructional activities and strategies that give emphasis on the role of
evidence in scientific ideas. They also trained a sample of in-service science teachers to
help them learn about the argument and how they could establish argumentation practices
in their classrooms. Toulmin’s argumentation framework is used as a base to analyze and

evaluate students’ arguments in the lessons which are guided by the trained teachers.

These projects have ended up with valuable guidelines for teacher educators on how
to promote scientific argumentation in the classroom. The present study uses suggestions
and some of the instructional strategies coming from studies of IDEAS and WISE studies
in helping development of scientific thinking through the use of “argumentation”. The
following section introduces some of the instructional strategies for argumentation which

are also used in the design of WebFen learning tool.

2.1.2. Instructional Strategies in Argumentation Method

In order to initiate and support argumentation and argumentative learning activities,
in science classrooms, some instructional strategies are developed by the studies of “Ideas,
Evidence and Argument in Science (IDEAS)” project. These strategies are used in the
studies of IDEAS projects by teachers and instructional designers to develop learning
activities. Some of these strategies are also suggested and used by researchers who study
on argumentation, scientific inquiry and constructivist science learning. Some of the

strategies can be listed as:

e Competing theories
e Construction of arguments

e Predicting- Observing and Explaining
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¢ Small group discussions

In “computing theories” strategy, students are presented with two or more computing
theories or claims in pictorial and/or textual forms (cartoons, story or textual statements)
and they are asked to choose one of the claims that they think as correct and expected to
provide evidence using their previous knowledge. In some cases they are also presented
with text based evidence statements that may support one of the claims and they are asked

to organize evidences and justify their claims using those evidences.

In “construction of arguments” type of strategy students are given an explanation of a
scientific phenomenon and some data statements. Then they are asked to discuss data
statements in small groups and decide which statements provide strongest explanation for
the presented event. Then they are asked to build up argument statements explaining the
reasons. In one example of this strategy, students are asked to evaluate data statements for

the physical event of days and nights are caused by a spinning Earth.

“predicting — observing and explaining” strategy which is also used in IDEAS
projects is promoted by White and Gunstone (1992) with the aim of effectively bringing
out students’ ideas and also promoting discussions of science related topics. In that strategy
students are asked to make predictions about the results of an experiment or a
demonstration and discussing the reasons. Then they carry out observations and are asked
to propose explanations for the outcomes. They are also expected to provide justifications

for their explanations.

This strategy is also used in the study of Kearney (2004) within computer-mediated
video-based tasks to encourage student discussions about their own ideas on force and
motion topic of science and to detect pre-instructional conceptions or misconceptions of
high school students. Further, Tao and Gunstone (1999) used computer mediated physics
microworld including physics animations to support students in order to co-construct
knowledge. The result of the study shows that peer collaboration was taken place and

conceptual change was observed in the tasks.
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“Small group discussions” strategy is used to foster students’ participation in
argumentation process which is mainly described as a kind of collaborative process (for
dialogical type of arguments) that needs students’ interaction with peers, with teachers and
with the environment in order to generate, evaluate and resolve arguments (Erduran &
Osborne, 2005). Therefore learning environment need to provide opportunities for
discussion and collaboration. The strategy of “small group discussions” is not a stand alone
strategy; it is mainly used within the some other strategies presented above. For instance in
predicting-observing-explaining activities, students could be asked to carry out group

discussions for their predictions and explanations.

Moreover, the following design principles that need to be taken into consideration
while designing learning environment that fosters argumentation method are derived from
the related studies of argumentation and scientific inquiry (Erduran & Osborne, 2005; Bell,

2000; Linn, Davis and Bell, 2004; Linn et al., 1999; Osborne, Erduran & Simon, 2004a, b)

¢ Students need to be explicitly thought what an argument is, what the sub elements
of an argument are, and how students should make use of evidences. Just giving
scientific problems to discuss will not be enough for students to create valid
arguments. Additionally students need to participate over time in argumentative
discussions.

® Argumentation is fostered by a context where student-student interaction is
permitted. Therefore environment needs to provide opportunities for students to
communicate with each other.

® As a starting point, students need to be presented with a problem, question or a
scientific phenomenon that have controversial answers. For instance in competing
theories strategy students need to be presented or generated more than one theory
and alternative theories that include common student misconceptions on the
selected topic.

e Evidences can be presented in textual, pictorial and multimedia format.
Multimedia format can include multiple diverse representations, animations and
some other visualization tools.

e [earning environment needs to encourage small and large group discussions.
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2.2. Information Communication Technologies and Web Supported Science
Learning Environments

For the last twenty-five years there is a significant growth in implementing and using
information and communication technologies at all levels of science education from
primary to tertiary level in order to facilitate science teaching and learning (Holliman &
Scanlon, 2004). Technological developments provide new ways for researchers to design
technology rich learning environments which aim to increase science understanding.
Literature provides a number of different uses and effectiveness of ICT in facilitating

science learning.

The most recent technological innovations for classrooms are the uses of Web which
offers opportunity for enhancing the teaching and learning process. It can change the
nature of learning with increasing access to instructional materials, providing network
collaborations (Hoffman, Wu, Krajcik, & Soloway, 2003) and enabling small group
discussions through synchronous (e.g. chat options) and asynchronous (e.g. online

discussion boards and forums) communication tools.

Web is a very popular and useful instructional medium because of easy access,
flexible storage and display options and incorporating different media elements (Oliver,
Herrington & Omari, 1997). It has a graphical interface and information can be presented
in a variety of formats such as text, video, audio, and static and animated pictures.
Research on the use of web for science learning varies from use of educational web sites to
web-based activities developed by the researchers as support tools of classroom activities
or use of Web-based material without any class meeting. The literature does not provide a
strict distinction or classification of the methods or uses of World Wide Web for science
learning. Web as information resource tools, Web-based tutorials, interactive Web-based
science activities, simulations, applets are some examples of web-supported learning

materials found in the literature.

Several research studies (Frailich, Kesner & Hofstein, 2007; Ng and Gunstone, 2002;
Sandberg and Bellamy, 2004) are conducted to examine the outcomes of these applications

on students’ learning. The results of the studies that take place in the literature, show that
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together with carefully designed instructional methods web can be used to increase
students’ inquiry skills, achievements and awareness. Some of these studies are presented
in the following paragraphs. Majority of studies that are included in this survey are
selected from work that focuses on chemistry topics due to its relevance to the present

study.

Frailich, Kesner and Hofstein (2007) investigated the influence of web-based
chemistry learning on 10th grade students’ perceptions, attitudes and achievements. They
developed, implemented and evaluated a set of web-based activities for the topic of
chemical bonding. The study was conducted with two groups of students (experimental
and control group). They used both qualitative and quantitative methods in order to
evaluate the variables. A 40-item likert type scale is developed and administered to
measure students’ perceptions about their chemistry studies. Students’ attitude was
measured using a feedback questionnaire and their achievement was also measured by
achievement tests. The results indicate that experimental group who learned using web site
had more positive attitudes toward chemistry studies than students in the comparison
group. The achievement tests also show that students in experimental group had

significantly higher scores than those of the comparison group.

Another study is performed by Barneal and Dori (1999) about the effect of computer-
based molecular modeling and visualization software on high school students’ chemistry
performance and achievements. The tool named computerized molecular modeling (CMM)
which includes 3-dimensional simulations was used in a high-school with five
heterogeneous classes (N=169) of tenth graders. The experimental group (N=97) worked
on the molecular geometry, chemical bonding and molecular structure subjects with the
molecular modeling software and with a dedicated working booklet, while a control group
(N=72) studied the subject in the traditional instruction. The result of the achievement test
that was administered to both experimental and control group showed that experimental
group students scored significantly higher than the control group students. Experimental
group students also gained better insight into the molecular model concept than the control
group and could explain more chemical phenomena with the aid of a variety of models.

Additionally, it is reported that feedback taken from participant teachers and students on
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CMM learning environment was positive and they thought that CMM helped students to

understand the subjects.

Literature also includes studies that highlights the positive effect of ICT supported
educational practices on learning for other topics of science such as biology. In the study
carried out by Ng and Gunstone (2002), web is used as a research and teaching tool in
promoting self-directed learning of science. Twenty two 15 years old students used WWW
in their learning of photosynthesis and respiration topic. The perceptions of students on the
effectiveness of the WWW in assisting them while constructing of knowledge were
analyzed. The findings showed that the students found that the WWW had a number of
positive effects on their learning including motivation for independent learning. However,
because WWW includes unedited and unstructured nature, many of the sites they visited

had information that was too difficult to understand.

Another study by Philips, Baudains and Keulen (2002) examines the effectiveness of
a botany unit about plant diversity which is supported by online materials at Murdoch
University, Australia. WebCT software is used to organize materials such as pictures,
videos and texts and provide online access to them. The participants were second year
university students taking the biology unit, plant diversity course. Researchers collect
qualitative data about the effectiveness of web; they carry out interviews with teaching
staff and students. They found that providing flexible access and overcoming students’
time constraints are important characteristics of the Web support. Additionally online

materials allow students to check their work and used as a powerful revision tool.

Khalifa and Lam (2002) studied relative effectiveness of two different types of web
based environments which are distributed passive learning environments (DPL) and
distributed interactive learning environments (DIL). In DPL environments, web is used
only to present linear study materials such as text files, presentation slides or videos and
rooted from objectivist approach of learning whereas in DIL, the materials are in hypertext
format supporting exploration and students can use of materials according to their needs.
32 undergraduate students participated to the study and they are asked to evaluate the
environment in terms of effectiveness, support of exploration, degree of interactivity and

enjoyment. In order to measure the effect of web environment on students learning,
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quizzes are applied. Result shows that students use DIL environment had more active and
explorative learning than students work in DPL environment. Students also perceive DIL

as more effective and more enjoyable.

2.2.1. Simulations in Science Education

Simulations are one of the most widely researched web-based support environments
for science learning. Many science educators (Kulik, 1994; Nakhleh, 1994; Welmar, 1996)
state that simulation programs to be a real advantage because simulation programs seem to
focus on higher-level instructional objectives. They can help students to understand
invisible conceptual worlds of science through animation, which can lead to more abstract
understanding of scientific concepts (Hwang & Esquembre, 2003) Most of the findings
about the effect of simulation in achievement indicate that they are moderately effective in
increasing achievement, but students gain positive attitudes toward the related science

topic after use of simulations.

In the study of Geban, Askar, and Ozkan (1992) two hundreds ninth grade students
were introduced with three treatments: an experimental group of 60 students who worked
on simulation environment for nine weeks; a control group of 70 students who studied with
a traditional instruction; and a third group of 70 students who used a problem-solving
approach. At the completion of the nine-week study, the achievement of students on
related chemistry concept, students’ scientific process skills, and attitudes toward
chemistry are measured. Findings showed that students who used simulation environment
outperformed the control group on tests of chemistry knowledge and scientific process

skills.

A study by Sandberg and Bellamy (2004) examined how students learn chemistry
using simulated experiments. They developed two simulations about the concept of
chemical equilibrium in introductory chemistry which is stated by the researchers as a
difficult topic and students have misconceptions on the topic. The subjects who were
university students used the web-based chemical equilibrium applets during the class

activities. Researchers followed two different ways in utilization of the simulations. In first
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method, applet was projected on a screen in the classroom and students were asked to
predict the changes in the chemical system under different conditions. After students
explained their predictions, the results were calculated by the applets and again presented
to the class. If students make wrong predictions, teacher guides a discussion about why the
predictions are incorrect. In the second method, an exercise booklet was given to each
student to perform the activities from the Internet. As students working on activities on the
course web site, immediate feedback is provided by the system. After students’ completion
of the web-based tasks, the topic was reviewed and discussed in the classroom. The

qualitative results indicate that students found the applets as useful and have no complain.

The studies presented above and other studies included in the literature that use
advances of Web and simulations pay little attention on the argumentation method in
science education. The main themes in those studies are development of conceptual
(scientific) knowledge and, or students’ development of positive attitudes toward the
discipline. However the researchers and educational specialist who also study in
argumentation method highlight the need and importance of argumentative learning
practices and materials in science classrooms besides supporting students in gaining
scientific knowledge. One of the main contributions to the literature on the argumentation,
scientific inquiry that also uses the promises of ICT is made by Knowledge Integration

Environment and WISE Projects which will be discussed in the following section.

2.2.2. Knowledge Integration Environment and WISE Projects

Studies that examine the effect of web-based environments on learning science are
not limited to simulations, animations, applets, web-based science activities and web-based
tutorials. Other projects invest on the development and evaluation of more extensive and
elaborated web-based environments that are founded on specific instructional models.
These web-based science learning environments have a wider range that they are designed
for a wider range of audience using a wider range of topics. Following paragraphs will
include two such web-based science learning environments. These examples were
specifically selected, because the principles they used were similar and relevant for the

design of the WebFen environment. Both of these examples place specific emphasis on the
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use of constructivist principles and use the argumentation method in science teaching as a

means to develop scientific thinking.

The first example is titled as “Scaffolded Knowledge Integration and Knowledge
Integration Environment”. Scaffolded Knowledge Integration (SKI) is an instructional
design model to support science learning in classroom. This framework is created as a
result of long term science project, computer as learning partner, directed by Prof. Marcia
Linn at the University of California at Berkeley. This project involves the partnership of
science teachers, scientists from different disciplines, technologist and science educators.

SKI framework has 4 main principles which are;

e Making science accessible principle: focuses on knowledge integration by
building on students existing knowledge. Therefore design materials need to be
connecting with students’ existing ideas and learning environment need to provide
personally relevant examples to students.

e Making thinking visible principle: is related to modeling and evaluating how
ideas are connected and making alternative models accessible to students. Inquiry
instruction where new ideas are represented in multiple ways like models or
simulations is effective way to make students’ thinking visible.

¢ Helping students to learn from each other principle: is another principle of SKI
framework. Learning environments need to promote collaborative learning that
students discuss ideas.

¢ Promoting autonomous learning principle: is created to encourage and support
students to be lifelong learners gaining investigatory skills. These skills can be

developed by working on inquiry projects (Linn, Davis & Bell, 2004).

Knowledge Integration Environment (KIE) is an internet based science learning suite
designed according to SKI principles. KIE includes software such as Speakeasy, web-
based discussion tool, online scaffolding system called Mildred, argument building
software, SenseMaker and web-based evidence database. All of these tools support each

principle of SKI framework.
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A number of research projects were carried out to design, implement and evaluate
KIE effectiveness on students’ science learning. Bell (2000) explains design studies aimed
to create web-based K-12 science curriculum materials that supports lifelong learning and
increase science understanding. He describes the goal as engaging students in collecting
and evaluating scientific evidences on web and according to these evidences and students
existing knowledge, they create scientific arguments related to a specific topic. “How far
does light go?” debate project is one of the curriculum projects of KIE researches. In this
study a total of 172 middle school students carried out web-based and classroom activities
about propagation of light. Researcher explored relationship between students’ view of the
nature of science and argument construction, change in students’ conceptual understanding

as a result of this project and type of arguments that students construct.

As starting point, two opposite theories were introduced which are “Light goes
forever until it is absorbed” and “Light dies out as you move further from the source”.
Students started with choosing one of these theories and try to make personal explanations
first. Then they explored evidences in KIE which are in text, video or graphic formats. KIE
also provides links to related web sites where students may collect more evidences.
Students were also encouraged to develop evidences from their own lives that may support
one of the competing theories about the light. At this step SenseMaker tool was used by
students to categorize the evidences and making their thinking more visible. According to
students’ collected evidences, they created arguments which were used in class debate at
the last steps of the research. In debate part, students presented their arguments in

classroom discussion and answered the questions from other students and class.

During this project SenseMaker tool was used by students to construct and revise
evidences. It also provides opportunity to group and segment the evidences from highly
related to unrelated in the topic of light. This software serves as a knowledge
representation tool that corresponds the “making thinking visible” principle of SKI
framework. It models expert thinking because students examine scientific arguments of
science experts. It also promotes collaborative exchange of ideas, group work and

communication with others which is another principle of SKI framework.
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Mildred guidance and note-taking tool is another component of KIE that is used in
“light propagation” projects. As students collected data and evidences, they were expected
to create explanations for each of the evidences. They took notes of their explanations or

request hints.

Another KIE research is one-year “Deformed Frog Partnership” project. The project
topic was selected from US 7th grade curriculum focusing on genetics and simple
organisms. Students were introduced two competing hypothesis about the possible causes
of deformed frogs. One is about a type of parasite that can interfere with natural
development of frogs and the other is about the influence of environmental chemicals.
They spent three weeks with classroom and computer lab activities. Pre-test and post-tests
were used to measure students’ science understanding. Results shows that more than 50%
of students articulated understanding of the mechanism of parasite hypothesis to some
degree and 25% are able to describe complete model of hypothesis. Another important
result is the behaviors of students who are unsuccessful in traditional classroom activities.
At typical classroom activities 65% of students complete assignments but in this project all

students completed KIE assignments (Linn et al., 1999).

Another web-based science learning environment that specifically invests on
constructivist principles and the use of argumentation as a means for learning science is
“Web-based Integrated Science Environment (WISE)”. It is another partnership project
built on the KIE. It has the same goals and same design framework which is SKI
framework and both utilizes web-supported materials. WISE is an open science learning
environment for 4-12 graders. It contributes creating learning communities for teachers or
students all over the world because it includes flexibly adaptive curriculum materials and
each teacher can organize materials according to students’ needs. Similar to KIE, WISE
supports knowledge integration and inquiry approach that students design solutions to
scientific problems, create predictions before conducting online experiments, use scientific

evidence to support theories or conclusions, collaborate and discuss ideas with others.

In WISE, “Plants in Space” curriculum project is designed to improve students’
understanding of the plant growth. Fifth grade students and a fifth grade teacher from the

US participated in the study. In the design of learning activities students use both Internet-
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based materials and carry out classroom activities. To measure the effectiveness of the
method, a parallel form pre- and post-subject matter assessment were administered.
Researchers also used qualitative methods to clarify the results. Overall, students show

significant gains in understanding plant growth science concepts including photosynthesis.

2.3. Design and Usability Principles of Web-based Learning Environments

Since design and development of an interactive Web-based learning tool is the main
aim of the present study, literature on design and usability principles of such environments
and tools have an important role in present study. This section involves research based
suggestions and principles which need to be taken into consideration to create effective

technology supported learning tools.

Usability is defined in ISO 9241-11 (Jokela, livari, Matero and Karukka, 2003) as
“the extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use”. Software need
to be easy to learn, easy to remember and allow users to accomplish their task in a
reasonable amount of time (Wahl, 2000). Graham (1998) asserts that user-friendly
documents need to let the user read or play with the content at anytime, should have

unambiguous interactive controls and should have a clear navigation scheme.

However usability of the Web-based education sites including multimedia
technologies needs special usability design principles. In a comprehensive literature review
of Stemler (1997), he outlines educational multimedia features used for instructional
purposes. Stemler describes the effects of screen design, learner control and navigation,
use of feedback, student interactivity and video and audio elements on the effectiveness of
educational multimedia. A short summary of his views on usability design principles

concerning each of these elements is presented below.

e Screen design: It is defined as coordination of textual and graphic elements in the
content to facilitate learning. Each instructional screen should provide effective

instruction, navigation tools, and visual aesthetics. Screen design is a critical
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element of web design in order to gain attention of the users. Researches show
that users read text from computer screen 28% slower than from printed materials
(Hannafin, 1989). Therefore designers should not fill the screen with texts. It is
also suggested that there should be maximum two or three type and sizes of fonts
on a screen.

Interaction and feedback: Interaction is one of the key principles of learning
environments that focus on knowledge construction. The learning system need to
interact with students and allow them to interact with others. Hannafin (1989)
explains that cognitive engagement in interactive multimedia can be achieved
with the use of real-time responding, note taking, predicting or hypothesizing,
hypertext and cooperative dialogue. The system also provides feedback for
students’ actions. Orr, Golas and Yao (1994) propose guidelines for feedback as:
Keep feedback on the same screen with the question and student response.
Provide feedback immediately following a student response.

Provide feedback to verify the correctness. For incorrect responses, give the
student a hint and ask the student to try again.

Tailor the feedback to each learner's response.

Provide encouraging feedback; however, do not provide the type of feedback that
may encourage a student to make an incorrect response on purpose just to see the
feedback.

Navigation: Interfaces need to be designed with some cues about the placement of
the user in the system. Navigational items such as menus need to be consistent in
the system and a screen design template including navigational menus should be
created and used consistently in order to increase learnability of the system.
Control: Learner control is an important issue in design of interactive learning
environments. Students need to have to control over the interaction with
multimedia content; they should be able to explore and navigate through sub
sections of the system according to their own pace and ability level. Orr, Golas,
and Yao (1994) have outlined the following learner control guidelines for
instructional designers:

Provide the learner control of the sequence when there is no specific order of

instructional activities, when students are familiar with a topic and are able to
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make appropriate sequence choices, and when the aim of system is for higher
order problem solving tasks.

¢ Do not provide sequence control to students in a situation where the materials
have a specific prerequisite order.

e Provide learner control of content when students have significant previous
knowledge of the content, when they have higher ability, when cognitive
strategies and higher order problem solving are being taught and when the skills
are not critical, the training is optional, and student motivation is high.

¢ Do not provide full learner control of content when all topics in the instructional
presentation are required for successful completion of the program and there is a
hierarchical order to the materials.

e Color: Color must be used carefully and consistently in multimedia design. Some
suggestions on the use of color are: (a) colors should be used for cueing and
highlighting; (b) use maximum three to six colors per screen; (c) use neutral gray
or pastel colors for background color to increase readability of the text; (d) use
dark text colors on light background; (e) use accepted colors for specific actions,

for example red to stop, green for action; (f) avoid to use bright colors.

Further, Twomey and McNutt (1998), outline guidelines for developers of

educational websites. These guidelines are presented as technical and design issues:

Technical Issues:

¢ Give meaningful, but short instructions.

¢ Provide easy navigational strategies.

¢ Allow the user to return to homepage from every screen (no dead-ends).

e Use graphics sparingly and only when fully justified.

e Use standard fonts.

e Make sure all links work.

e Use plain backgrounds, or a small set of simple backgrounds, which do not
interfere with the color of the text.

¢ Ensure there is good contrast between text and background.
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e [f large graphics are essential, provide a thumbnail image which links to the full
sized one.

¢ Ensure that the site is tested on many browsers.

¢ Only use features that enhance the product.

e Keep the interface simple.

Design Issues:

¢ Use meaningful titles and links.

e Use consistent layouts which help the user navigate through the site.

e Use friendly language and colors.

e Use icons that are recognizable and appropriate to the users and the subject.

e Keep the screens uncluttered and simple.

Findings of the Internet Science Institute project carried by Keilson, King and Sapnar
(1999) on the students’ usability preferences for web-based learning environments
corroborate the principles described in the guidelines above. In the scope of the project,
Web was used to make the lab-based learning attractive and accessible for university
students. They support the idea that designing educational materials for Web-based
learning requires careful consideration of usability factors. They created web site modules
for the motion of the pendulum experiment. The site consists of three major sections which
are also the three main levels of the experiment. First is a ‘hands on’ lab that use readily
available materials, the ‘refine’ lab with images and video of a lab experiment that also
focuses on data collections, test and measurement issues. The last section includes
simulations and mathematical models. Web usability study was carried out with a small
group of university engineering students who had not used the system before. A usability

survey was applied to each participant. The results of the observations mainly indicate that:

e Students usually prefer watching pictures or videos to reading

3

e Students often want to “wing-it” not spending too much time to read text or
instructions

¢ Pop-up windows may be confusing
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¢ Even if the videos are preferred to text, they should not be too long and boring.

Studies that examine design factors that support the usability of a web-based
environment particularly focus on principles for the design of multimedia environments.
The term multimedia refers to an environment that includes multiple representational

sources.

Wellington (2004) defines multimedia as involving at least three of the followings:

e Speech or other sound

¢ Drawings or diagrams

® Animated drawings or diagrams
e Still photographs or other images
¢ Video clips

e Text

Mayer (2003) focuses on promise of multimedia as fostering deeper learning in
students. He states that multimedia messages can be designed parallel with the mechanism
of how people learn and a number of studies (Arda¢ & Akaygiin, 2004; Williamson &
Abraham, 1995; Sanger, 2000; Frailich, Kesner & Hofstein, 2007) indicate that students
can learn better from well-prepared multimedia presentations than from traditional verbal-
only instructions. Some principles that Mayer explains in his article indicate that
multimedia instructional messages which are defined as a presentation involving words
and pictures that are designed to increase learning, would not include teaching arbitrary list

of facts or laws but it needs to explain how something works.

2.4. Unit of Study- Particulate Nature of Matter

The instructional environment of the present study focuses on the particulate nature
of matter. Particulate nature of matter is chosen as the unit of study, because it is
considered to be essential for accurate conceptualization of several related topics such as

chemical change, matter and energy. Studies analyzing students’ conceptual knowledge of
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chemistry indicate that particulate nature of matter is one of the core concepts of chemistry
that students have difficulties in understanding (Gabel, Samuel & Hunn, 1987; Boz, 2006;
Lee, Eichinger, Anderson, Berkheimer & Blakeslee, 1993).

Researches show that students experience difficulties in understanding particulate
nature of matter (Novick & Nussbaum, 1981; Nurrenberg & Pickering, 1987), because
they tend to attribute macroscopic properties to individual atoms and molecules (Ben-Zvi,
Eylon & Silberstein, 1986), they use symbols without understanding what they represent at
macroscopic and molecular levels (Friedel & Maloney, 1992; Pickering, 1992).

One of the most significant studies in this line is carried out by Johnson (1998) who
studied particulate models of students over a 3-year period from ages 11 to 14. According
to Johnson, particulate ideas form part of a progression towards a scientifically acceptable
particle model, the development of which can be fostered through appropriate instructional
decisions. Johnson (1998) describes four different categories. These categories specify four
distinct particle models that constitute possible steps towards the more scientifically
acceptable model. The first model (Model X) refers to an understanding where particle
ideas have no meaning. Students don't understand that substances are made of particles and
use continuous forms to represent the substance. In the second model (Model A) particles
are drawn, but they are seen as something separate from the substance. The third model
(Model B) includes particles that are seen as making up the substance but with
macroscopic character. Individual particles are perceived as small bits that have the same
quality as the macroscopic sample. In this model, although students can view the model as
particulate, they tend to attribute all of its properties to the nature of the particles rather
than the movement of particles. Fourth model (Model C) which is the accurate model
refers to an understanding where particles are seen as the substance, and properties of state
are seen as collective properties of the particles. The study tried to identify the models that
are frequently used by 11-13 year old students on the basis of these four different

categories:

® Model X - perception of matter as continuous substance,

e Model A - perception of matter as having particles in a continuous character,
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e Model B - particles are substance but with macroscopic character and
® Model C - where particles are substance and the properties of the state are

collective.

The results of the study indicate that majority of the students has a perception of
matter as continuous substance (Model X) where there is no understanding on particle
ideas, or perception of matter as having particles in a continuous character (Model A) and a

perception with particles are substance but with macroscopic character (Model B).

Another study is carried out by Boz (2006) to analyze Turkish pupils’ conceptions of
the particulate nature of matter. A total of 300 students from grades 6, 8 and 11
participated in the study. Open-ended questions and semi-structured interviews are
conducted to measure samples’ understanding of arrangement and movement of particles
in solid, liquid and gas states. The results show that 82.5% of 6th grade, 71.7% of 8th
grade and 53% of 11th grade students have problems in understanding the movement of
particles. Interviews indicate that majority of the students thought that particles in solids do
not have any movement. Boz also reported that some pupils of 6th grade associated the
concept of particles as small pieces of matter rather than chemical compositions such as

atoms, molecules.

Most of the chemistry concepts include three levels of conceptual understanding
which are macroscopic (observable), molecular (microscopic, particulate) and symbolic
levels (Gabel, Samuel and Hunn, 1987). Students’ understanding of chemistry concepts is
dependent on their ability to represent and translate the concepts in those three levels. In
order to provide a sufficient understanding of a chemistry concept, they need to understand
the relationship among these levels. However at the present time most chemistry courses
pay more attention to the symbolic level. Little emphasis is given to the microscopic and
the macroscopic levels and to the connections between the three levels (Gabel, 1993). This
may causes insufficient understanding. Gabel (1993) proposed that this weakness can be
overcome with teachers’ emphasis on the transitions between the symbolic, macroscopic,
and microscopic worlds so that students will develop their own mental models of

particulate nature of matter on these three levels. Moreover, Johnson (1998) claims that it’s
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the “teaching” rather than students’ capabilities that restrict successful progression from
continuous and macroscopic views towards a scientifically accurate understanding of
particle ideas. Similar research indicates that students will develop an accurate
understanding of chemical phenomenon when molecular representations are linked to the
observable and symbolic representations of chemistry. Similar to Gabel’s assertion and
Johnson’s assertions, Johnstone (1993) suggests that instruction must link the three levels
of chemistry so that students work with a combination of the macroscopic, molecular and

symbolic representational modes.

A number of studies indicate improved performance following instruction that
encourages students to make connections between the macro-molecular-symbolic levels
(Hinton & Nakhleh, 1999; Tasker, Chia, Bucat & Sleet, 1996). Gabel (1993) used visual
material to help visualization of matter at molecular level. Following instruction, students
were observed to show improved chemistry achievement in terms of both symbolic and

particulate scores.

Computer-based technologies open up new ways to overcome the learning
difficulties and misconceptions highlighted in previous paragraphs. They have the capacity
to support molecular level representations of chemical phenomena that is not directly
observable (Arda¢ & Akaygiin, 2004). A number of studies (Arda¢ & Akaygiin, 2004;
Sanger, 2000; Williamson & Abraham, 1995; Geban, Askar & Ozkan, 1992) also include
computer-generated visual materials that are used in instruction and results shows a
positive effect of multimedia supported instruction on conceptual understanding of
particulate nature of matter unit. For example, Sanger (2000) used computer-generated
graphics to improve students’ conceptions of pure substances and mixtures. The results
indicated that students who received instruction that used molecular representations were
better able to answer conceptual questions that were particulate in nature. Similarly, Ardag
and Akaygiin (2004) studied on the effects of using a multimedia-based instruction that
integrates macroscopic, microscopic and symbolic representations of chemical phenomena
with forty-nine eight grade students. Students in treatment group received instruction based
on computer software that includes films, pictures and simple animations and control

group attended regular instruction. The results of the achievement test that is administered
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at the end of two weeks period showed that students in treatment group outperformed from

the control group.

The present study uses findings from past research when designing content of the
sample unit of WebFen, which is particulate nature of matter. Special interest is given to
microscopic (particulate) representations in order to help students visualize particulate
nature of matter. In the light of past research it is possible to say that microscopic
representations at molecular level are of prime importance particularly when trying to

establish an understanding of particulate nature of matter.

However unlike the tools that are used in the past research on the selected unit,
WebFen is not only a collection of multimedia materials that present molecular level
demonstrations of chemical phenomena. One of the main tenets that guide the design
process of WebFen is the argumentation methods and strategies and providing learning
activities that support scientific process skills. Therefore the present study differentiates
itself from the previous studies that focus on the use of multimedia tools for topic of

particulate nature of matter.
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3. METHODOLOGY

The methodology section of the present study is organized around 6 sub-sections

which are:

® (Section 3.1) Aim and significance of the study

® (Section 3.2) Statement of the problem

e (Section 3.3) Design, development and implementation of WebFen

® (Section 3.4) Preliminary study with teachers

® (Section 3.5) Revisions of WebFen based on the results of preliminary study with
teachers

¢ (Section 3.6) Pilot study

Methodology section starts with the statement of aim, significance of the study and
the research problem which is design and development of WebFen. The second section
includes detailed information on design, development and implementation issues of the
revised version of WebFen and sub-parts including sample screenshots from activities of
the tool. After the main design and development process of WebFen, a preliminary study
with in-service science teachers was carried out to get initial data on the effectiveness of
the tool and suggestions for revision. Section 3.4 presents the details of that preliminary
study with teachers. According to data and results of the preliminary study, some revisions
such as clarifications of textual or pictorial information presented in the software were

carried out and those revisions are explained in Section 3.5.

Since the main aim of the study is not to evaluate the effectiveness of the tool, a
comprehensive evaluation study was not carried out in the scope of present study.
However, in order to gain initial data on the usability of the tool and possible effects of
WebFen on students’ conceptual learning and development of argumentation skills, a pilot
study with a small number of samples was carried out. The results of preliminary and pilot
studies are also presented in the methodology as sub-sections, because the main focus of

the study is the design, development and implementation of WebFen and the results of
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these studies are not the results of overall study. Additionally, a summary of the results of
preliminary and pilot study with a discussion of possible reasons and implications of the

results will be mentioned in the chapter 4, “Results and Discussion”.

3.1. Aim and Significance of the Study

The aim of this study is primarily to design and implement an interactive Web-
supported science learning tool (WebFen). Design of WebFen is based on current
approaches to science learning and takes its principles from major instructional design
models of constructivist views and argumentation as a method for science learning. It is
aimed to provide web-based tools and activities to support students’ creation of science
related arguments and develop students’ content knowledge and argumentation and process
skills. In order to design and implement a set of sample activities for WebFen, the topic of
‘Particulate Nature of Matter’ from 6th grade science national curriculum is selected. Most
of the learning activity is parallel with the suggested activities of new curriculum described

by the Ministry of National Education (MONE).

After the design and implementation of the system, a preliminary study with 3 in-
service science teachers and a pilot study with a group of 8 students are carried out to

obtain initial results about the effectiveness and usability of the system.

Web is a powerful environment to provide easy access to effective multimedia
supported interactive learning materials, discussion boards that facilitate students’
discourse, on-line assessment tools and all kinds of other documents. Today a number of
schools have broadband Internet connection and access to educational materials.
According to the data provided by MONE, the broadband internet connection is
established in 45% of overall primary schools and 86% of state high schools. If the number
of the students who have Internet connection at their schools is considered, 95% percent of
overall high school students along with 82% of primary school students (10 million

students in total) have the internet facility in their schools (MONE, 2007).

In order to make use of advantages of Web to support students’ learning, appropriate

instructional tools and designs guided by recent learning theories and models need to be
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implemented. The learning environment designed for this particular study (WebFen)
attempts to provide means to meet this need. The study also tries to provide a learning
environment with distinctive features that may differentiate it from other attempts with the
same goal. The following section tries to outline the distinctive features of WebFen with

respect to similar environments.

Today there exist a number of web sites that are developed to transmit scientific
information having different quality, effectiveness, validity and content. Some of these
web sites are even like electronic textbooks with a very few pictorial representations.
Therefore teachers have difficulty to evaluate the effectiveness and validity of the
educational web sites and to find out web sites that pay attention on multiple knowledge

representations in order to use them in their classrooms (Linn, 2004).

In the study of Mioduser, Nachmias, Oren and Lahav (1999), they found that only
28.2% of the educational web sites include inquiry-based activities, and more than three-
quarters were highly structured and give the control of learning to the computer . Most
sites support processes of retrieving information (52.5%) or rote learning (42%), fewer
focuses on analysis and inference processes (32.6%) and less on problem-solving and
decision-making (5%). Only a few sites include student-modeling and adaptation

mechanisms.

WEBEFEN is a comprehensive learning tool in which students can reach interactive
learning activities that support scientific process and argumentation skills, discussion

board, assessment tools, educational games, videos or other documents.

The vision of science and technology curriculum is described as educating all
students as science and technology literate individuals. The documents provided by MONE
focuses on the significance of technology and relationship between science and
technology. The MONE also states the main philosophy and characteristics of new

curriculum as:

e Structure of the curriculum is appropriate for active learning and scientific

learning process.
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e New knowledge and skills are constructed on already learned skills and
knowledge.

¢ Communication-including language- is the main unit of science and technology
education.

¢ Students learn best when they are actively participating in learning process.

e Students learn best when open-ended activities, discovery, using initiative and
self-assessment practices are provided.

e The effective learning takes place when educational practices and students’ real

life match with each other.

These principles are parallel to the WEBFEN principles and WEBFEN includes
activities that are similar or same as the suggested learning activities of the national science
curriculum of 6th grades. Therefore this system will be a useful support tool for science

education for both teachers and students.

To sum up, when considered in relation to other similar web-based learning tools and
environments, the significance of WEBFEN is mainly based on its close relevance to
national curriculum standards which is assumed to be an advantage in terms of usability
and practicality. Moreover, the literature does not include similar studies Web-based tools
that use the main argumentation principles among the studies carried out in Turkey; so it

opens up new research areas especially for Turkish researchers.

3.2. Statement of the Problem

The main research problem is the design of a web-based science learning tool namely
WebFen and development of the system and instructional materials about ‘particulate
nature of matter’ topic of 6th grade science curriculum as a sample unit. The tool is
designed to develop students conceptual knowledge on the selected unit as well as
engaging students in activities that scientific processes and argumentation method are
taken place as testing a claim, building hypothesis, predicting-observing-evaluating a
scientific phenomena, building up arguments with related evidences and justifying

scientific claims about the topic under discussion. The study also aims to provide initial
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data on the effectiveness and usability of WebFen with preliminary study with in-service

teachers and pilot study with students.

3.3. Design Development and Implementation of WebFen

Design, development and implementation phase of WebFen tool can be grouped into

four main categories which are:

e Student activity environment and activity rooms

Learning activities for selected topic

Teacher monitoring and administration environment

Implementation of the WebFen

There are mainly three types of users, students, teachers and administrator, who have
different tasks and different system interfaces. Each user signs in to the WebFen with a
unique ID and password. Figure 3 represents the homepage of WebFen learning tool.
Students have permission to enter each activity room. Teachers can enter the activity
rooms (in student activity environment) and they also monitor students’ responses to each
task or question, get reports about students’ scores and number of correct and incorrect
responses for each question or task. The last type of user is site administrator who can

assign teachers, define activity rooms and define the tasks in those rooms.
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Figure 3.1. Homepage of WebFen

Design guidelines of WebFen that are derived from current constructivist design
models, suggestions coming from argumentation studies and usability principles of
interactive learning environments. The following paragraphs describe the guiding design
principles which are used as a framework for the present study and were derived from the
common issues of constructivist design as mentioned in introduction chapter and how

those principles were used in the WebFen,;

Active construction of knowledge: WebFen environment includes learning activities
that will help students interpret the incoming knowledge and relate it with existing
knowledge. An example for this principle is that learners have already covered the topic of
matters in different states and with the present study they build and test hypothesis about
the nature of matters in different states using the interactive tools and activities provided by

the environment.
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Personal interpretations of the environment: The tool needs to welcome and support
students’ personal interpretations of the information. In WebFen, students are encouraged
to create a hypothesis according to their previous knowledge and test and revise these
hypotheses by making personal interpretations of the evidences provided by related
activities and tools. The different learning activity rooms and tools in them serve as

cognitive tools to help learners to create interpretations of the problem or hypothesis.

Multiple representations: In WebFen, different learning activities provide different
representations of the particulate nature of matter concept. Students can observe both
microscopic and macroscopic representations of matters in solid, liquid and gas phases. For
instance in one experiment activity students observe the matter and the particles while the
matter is being compressed; in other activity, they observe the matter while dissolving in

other matter.

Multiple perspectives: Another important principle of the WebFen environment is
providing and supporting multiple perspectives. In WebFen, students use the tools and
activities in order to create their own answers to the main question, they organize multiple
evidences in activities and they can demonstrate their own solutions (perspectives) to the
problem; activities provide multiple ways to solve the problem. The tool also provides
different perspectives on the history on structure of matter in expert room in WebFen.
Students also supported to collaborate with each other to share their views and see how

other students use evidences; therefore they bring different perspectives to the discussion.

Student interaction with environment, teacher and others: In this study, when

working with WebFen, students can interact with

¢ Content by using tools, and activities provided by the environment,

e Teacher in discussion room and by using e-mail (asynchronous messaging)
options of the system,

e Other pupils using discussion options. Collaboration between students is also

enabled with discussion room facilities.
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Process along with content: An important goal of WebFen tool is to emphasize the
development of scientific thinking along with an understanding of related concepts in

science. This study uses “argumentation” method as a means to support scientific thinking.

3.3.1. Student Activity Environment and Activity Rooms

The main design principles of the WebFen are guided by the current instructional
models of constructivist learning approach. It integrates instructional practices that foster
the development of scientific thinking, which is an important goal of the “Science and
Technology Course” of national curriculum for science education. WebFen also uses basic

suggestions and principles of argumentation method in education.

Main characteristics of WebFen can be listed as:

e FEach topic/unit includes a set of content learning objectives.

e Each topic/unit starts with a question or problem having controversial answers.
Students choose an answer (build up a claim) according to his/her previous
knowledge about the topic.

¢ Environment includes activities that are used to support students’ starting claims/
answers.

e Activities include multiple representations of same concepts such as macroscopic
and microscopic representation of different matters.

e Activities probe students’ existing knowledge. In the experiment activities
students need to be first asked to make a prediction about the experiment using
their previous knowledge.

¢ Help menu is provided for student who might need information regarding aim of
that learning activity, how to manipulate screen objects (e.g. buttons, texts,
experiment materials such as syringes, magic lens, beaker) and how to complete
tasks.

e System has collaboration features to allow students share and discuss their claims

or solutions to the problem.
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e Students are guided and informed during the activities about what they are
expected in each task.

e System provides help features to explain the aim of each task also needs to be
explained in help section.

e A user can terminate the activity at any step.

e Students’ responses to each task are recorded by the system and monitored by the

teachers.

The “content” part of WebFen includes interactive learning activities and rooms
(activity rooms). The layout of topics section of WebFen with introduction screen (at the
main activity environment) is presented in Figure 3.2. The navigation menu group at the
left side of the screen provides easy access to introductory screens and activity rooms
while the user is exploring the system. The title of each activity screen such as
introduction, investigation room and which one can be compressed is presented at the top
of the screen. Each activity screen is opened in the main activity environment as presented

in Figure 3.2.

[Nauigatjon Menu Gmup] [Topic Title | [An'tivity Title | [Main Activity Environment
I .

Maddenin Tanecikli Yapisi
Girig N N
Girig ‘
Odalar
| Merhaba Neslihan
Gizlem Odas:
Odass Biz Selin ve Selim.
e Seninle 'Maddelerin Tanecikli Yapis)' konusunda bir
Toplant Odasi yolculuda gikacafdiz.
| scorar Odoa Bu yolculukta maddelerin yapitan ile ilgili birazdan
[ gorecedimiz ana problemimizle ilgili etkinlik odalarini
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Figure 3.2. Introduction screen of the selected unit
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Topic introductory screens (introduction and question screens) and activity rooms are
the main components of student activity environment. Initial screen starts with introduction
of the agents and aim of the topic. Agents are used to convey the instructions to complete
the tasks and convey the feedback about users’ actions. After the introduction screen, the

main problem of the topic is introduced to students.

Rooms are the sub systems of WebFen. There are seven rooms which are
investigation room, video room, discussion room, decision room, game room, competition
room and expert room. As students follow activities in the rooms, they try to collect
evidences to support their choice for the main problem to create an argument on presented
question. Activities aim to develop both conceptual understanding about the topic and
scientific process skills such as predicting, observing, explaining, building up
hypothesis/claims, testing claims and building up science related arguments that are
justified with scientific evidences. Students investigate simulations and online
experiments, observe video demonstrations, read additional textual and pictorial
documents, take notes, discuss with other students and with the teacher, complete
educational games and other assessment activities and they analyze their collected
evidences to decide on a solution for the problem and to build up arguments relating with
collected evidences. Each room is designed to accomplish a content knowledge or process

skill objective. The following paragraphs explain the rooms and their functions.

Investigation room includes educational simulations which are interactive flash
activities (experiments) related to the given problems. Activities mainly use predict-
observe-explain strategy in order to reinforce students to generate tentative answers (build
hypotheses), by making predictions, testing their predictions, and thinking about their
observations. This strategy is helpful to support students’ development of scientific process
skills and it can also be used to get students’ previous knowledge and detect possible
misconceptions about the topic. For the activities that use predict-observe-explain strategy,
students are asked to make a prediction for the experiment (flash activity/simulation), then
they complete experiments and they are expected to answer questions related to experiment
observation. At the end of each experiment they explain their observation and collect
evidence from each experiment. Students’ responses to each task are recorded by the

system and can be monitored by the teacher.
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Video room contains video based activities which are embedded into interactive flash
documents. Activities in video room are video demonstrations of laboratory experiments
that follow predict-observe-explain strategy similar to the investigation room, and 3-

dimensional video demonstrations of substances.

According to Toulmin’s argument model, a claim need to be supported with some
evidences and activities in investigation and video room and these serve as sources of
evidences to support students’ answer to initial problem/question/claim. Students’
explanation statements of interactive activities in those rooms are presented in decision

room to support their argument building process.

Discussion room is designed to provide students and teachers a platform where they
can communicate and collaborate online (in asynchronous way). Students and teachers
read and send notes under a topic created by teacher after they login to the system.
Collaboration is an important element of argument building and knowledge construction
process. Argumentation studies that are taken as reference suggest arranging small and
large group discussion sessions for students to share their claims and evidences, explain
their justifications to each other. Teacher is responsible to guide and monitor flow of
discussions and provide feedback about students’ understanding of topic and quality of
their arguments (whether they provide any evidences for their claim or whether they

explain the relationship between evidences and claims).

Decision room is the place where students view their answers for initial
question/problem/claim, their responses to predict-observe-explain questions in the
activities of investigation and video room and a list of explanation statements (that are the
responses to explain questions). These explanation statements that are created by students
serve as evidences that may either support or oppose the main problem. As student
observes his/her responses presented in that room, he/she is expected to decide on the final
answer/ final argument. There is also an online decision report that needs to be filled by
students in a scientific argument form; claim statements that are supported by related
evidence statements including warrant statements that explains the relationship between

the evidences and claims. Students’ decision reports are also saved by the system.



47

Game room includes educational games such as crossword, matching and puzzle
type of games that related to the topic. These games help to keep students’ attention and
keep them motivated. They get scores as they complete the games correctly. For the
present study a matching game is developed on the particulate nature of matters in solid,
liquid and gas phases (details of the game is presented in “Learning Activities for Selected

Unit” part of this chapter).

Competition room serves as the assessment module where students answer text
based multiple choice questions and they get points to be the winner of the competition.
Wheel of fortune type of competition is included into that room. In the competition, the

aim is to get the highest score by answering maximum number of questions correctly.

Expert room includes text-based and pictorial information related to the topic. New
technologies and developments, scientific facts and information that are not highlighted in
activities of other rooms are included into the expert room. A brief summary of selected
topic is also added into that room to help students reorganize presented information and

have conceptual understanding on selected topic together with other activities.

3.3.2. Learning Activities for Selected Unit

The instructional content is based on curricular objectives of the section emphasizing
“The Building Blocks of Matter” within the unit titled “The Particulate Nature of Matter”.
The unit is designed for 32 hours of instruction and covers 22% of the 6th grade science
curriculum with 26 objectives. The section chosen for the present study, the building
blocks of matter covers eight of the 26 objectives specified for the unit on “The Particulate
Nature of Matter”. The unit consists of four parts. The first part includes an introduction to
particulate nature of matter and concludes with the idea of atoms. The second part covers,
atoms, molecules, elements and compounds. The third part is on physical and chemical

change while the last part includes states of matter.

The major aim of the unit is to help students recognize that matter is made up of

invisibly small moving particles with empty space between them using the properties of
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compressibility and expansion. The students are expected to use these notions to
conceptualize atoms and molecules in relation to elements and compounds. Moreover
students are also expected to understand changes in matter using the particulate nature. The
unit is designed to form a basis for 7th grade topics that aim for an understanding of the
structure of an atom. The unit also focuses on the development of scientific thinking skills
such as observing, comparing, making inferences, predicting, and building up scientific

arguments while helping conceptual development of the particulate nature of matter.

Content of learning activities are designed to accomplish conceptual learning
objectives which are compatible with 6th grade science curriculum objectives that are
included in the first part (building blocks of matter) of the unit on “particulate nature of
matter”. The conceptual learning objectives that highlighted through various activities in

different rooms of WebFen can be listed as:

® Objective 1: Compare the compressibility and expansion properties of liquids and
gases.

e Objective 2: Use the compressibility and expansion properties of gases to explain
the empty space between particles of a gas.

® Objective 3: State that matters can be broken down into smaller particles through
experimentation

e Objective 4: Specify that all matters are made up of invisibly small moving
particles

e Objective 5: State that the empty space between particles of a matter in gaseous
phase is greater than the empty space between particles of a matter in liquid and
solid phase.

e Objective 6: State that the arrangement of particles made up matters is getting
more disordered as it moves from solids to gases.

® Objective 7: Question how far one can go on dividing matter into consecutively
smaller pieces.

e Objective 8: Use the term “atom” to specify building blocks of matter.
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Supporting students’ argument building process is another goal in design of learning
activities. In order to accomplish that goal, activities include implications of studies that
use argumentation as theoretical base. The following paragraphs explain the learning

activities and underlying content and scientific process goals.

In argumentation studies and current instructional models that follow implications of
constructivist approach suggest starting learning activities with a main problem that have
controversial answers. Students follow activities to solve that problem or to support their
answers (claims) using evidences provided by multiple sources in activity rooms. Learning

activities in WebFen start with introduction of topic and main problem/question.

The main problem of the sample unit is stated as “If you have a magic lens and we
are able to observe the matters in details, how do you think we could observe evaporating
water having chalks in it?” Students are provided with sample student drawings that are
adapted from the study of Ardac and Akaygiin (2004) as alternatives to the main problem
and they are asked to choose the best particle representation of evaporating water with
chalk. Students’ responses are accepted as their claims about the nature of matters that
need to be justified with evidences and they build up arguments including claims,

evidences and warrants.
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Eger elinde sihirli bir biiyiiteg olsaydi ve maddeleri en yakindan
inceleseydik, buharlasan tebesirli suyu asagidaki sekillerden
hangisindeki gibi gorlrdiik sence? Asagidaki gosterimler senin
yasindaki ogrencilerin verdikleri cevaplardan alinmistir.
Secimini yaptiktan sonra 'Etkinlik Odalarina Gidelim' digmesine
basmalisin.

Figure 3.3. Question screen

In the first claim/alternative, matter is perceived as continuous substance with
macroscopic properties. The second alternative represents matters in particulate form
which is the accurate representation. The third alternative is similar to the first alternative
but the solid (chalk) is represented in particulate form whereas liquid and gas are seen as
continuous substances. The third alternative represents solid and gas in particulate forms
whereas the particle representation of liquid includes macroscopic interference; liquid

borders are shown and particles are seen as one of the components of liquids.

After choosing a claim about nature of matters from four alternatives, students are

introduced with a map of rooms which are:

¢ Investigation room
® Video room

e Discussion room
® Decision room

e (Game room



e Competition room

e Expert room
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Each room includes a set of learning activities that is designed to accomplish one or

more learning objectives. There is no strict sequence to follow activity rooms, however

decision room need to be studied after completing activities in investigation and video

room. That is because the content of decision room (evidence/explanation statements

placed in decision room) is created according to students’ responses to tasks in

investigation and video rooms. Moreover, it is suggested to work on competition room at

the final steps of instruction, because it serves as measurement tool for conceptual learning

on selected topic. Figure 3.4 presents suggested sequence of activity rooms. A more

detailed instructional sequence and sample instructional plan can be seen in Appendix A.

Simdi agadeda beditilen odalara giderek maddelerle ligill etkinlikler yapacagiz

Gdziem ve Video odasindan, verdigin cevabn destekleyecek kanitlar toplamaya

calksacafiz. Gazlem ve Video odasidaki etkinlikerie baglayarak, oklaria gosierilen
\‘iﬂyl faky edebilirsin,
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Figure 3.4. A screenshot from activity rooms

The investigation room includes three interactive flash activities which are also

recommended activities of the new Turkish science curriculum. The titles of activities are

“Which one can be compressed?”, “Salty water” and “Look into matters”. There is no rigid
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sequence of activities in investigation and video room; student can start working any of

those three activities.

Gdzlem Odasi'nda 3 tane deney bulunuyor. Deneylerin (izerine gelerek, kisa
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Figure 3.5. A screenshot from investigation room

“Which one can be compressed?” experiment activity which uses predict-observe-
explain strategy focuses on compressibility differences of liquid and gas matters. This
activity supports objective 1 and 2; students compare the compressibility and expansion
properties of liquids and gases and use those properties of gases to explain the empty space
between particles made up of gas. Objective 4 which states students specify that all matters
are made up of invisibly small moving particles is also partially included in this activity.
Here, students analyze the particulate nature of pure water (as a substance in liquid phase)
and oxygen gas (as a substance in gas phase) by using magic lens which will be described

in the following paragraphs.

Activities in both investigation and video room start with introduction of experiment
including the aim of the activity. Before students start to use the interactive lab materials,

they are asked to make a prediction about the compressibility properties of water and
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oxygen gas. The prediction, observation and explanation questions are presented in

multiple-choice format and in a notebook figure as presented in Figure 3.6.

As a student chooses one alternative, she or he can go on to work with the activity.

All of the students’ answers are saved by the system during the activity.
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Figure 3.6. Screens from “Which one can be compressed?” activity in the

investigation room

After deciding on prediction statement, they manipulate the interactive lab
equipments (flash objects) which are syringes, water and oxygen gas to carry out the
experiment. Students need to drag the syringes to fill them with water and oxygen gas and
tries to compress each of them, then they are asked to note observations. In order to make
an explanation for the observation which then will be used as evidences he uses special
molecular magnifier tool to look into the water and oxygen gas as shown in Figure 3.6. The

special magnifier has 4 different enlargement scales starting from small particle images of
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the matters to molecular or atomic images. After the second enlargement scale user can
observe the atomic demonstrations of matters (two hydrogen and one oxygen atoms for
pure water and two oxygen atoms for oxygen gas). The magnifier also shows the
movements of particles of liquid and gas. This cognitive tool plays an important role to
help students understand differences of the movement of liquid and gas particles and the

spacing of particles.

In the second part of the activity, if a student wants to continue to study the same
activity in details, she/he can use magnifier to observe the water and oxygen particles
during the compressing process and can revise his/her explanation. Selected phases from
the second part of compressibility activity that demonstrate particle representations before

and after compression are presented in Figure 3.7.

Students drag the magnifiers and weights on the syringes and then choose an
enlargement level by clicking plus and minus push buttons. By clicking “release weights”
push button, s/he can observe the difference in the arrangement of particles made up of
oxygen gas and observe no change (a negligible amount of change) in the arrangement of

particles made up water.
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Figure 3.7. The molecular views of water from “Which one can be compressed ?”

activity

At the end of each activity in investigation room, feedback about students’ answers

to observation and explanation questions is provided by the tool.

In “Which one can be compressed” activity both macroscopic and microscopic
representations of liquid and gas matters are provided to the students. Before students use
the magic lens, they can compare the compressibility property of liquid and gas using
macroscopic properties, after that they use magic lens to analyze those matters before and
during the compression process to explain the empty space between particles made up of

gas.

“Salty water” is another interactive experiment activity that focuses on molecular
representation of dissolving salt in pure water. It is designed to accomplish objective 3;
students recognize that matters can be broken down into smaller particles through

experimentation. The task that students are expected to follow is adding salt into pure
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water and observing the macroscopic and microscopic properties of salty water. They
observe salt is broken down into smaller particles which are not visible with naked eye
(macroscopic representation), but using the magic lens particles made up of salt and water
can be observed in a detailed way during the dissolving process of salt in water
(microscopic representation). The flow of tasks in that activity is similar to the
compressibility activity; students are first asked to fill the beaker with pure water and make
a prediction about the appearance of salt added to pure water. After that step students drag
the salt and observe whether the salt dissolves and disappears in the water. They also use
magic lens to investigate dissolving process at particle level. Figure 3.8 shows the selected

phases of salty water activity.
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Figure 3.8. Screens from “Salty water” activity in investigation room

“Look into matters” activity is the last activity of investigation room designed to
accomplish the objectives 4, 5, and 6 which state that students specify that all matters are
made up of invisibly small moving particles, students recognize that the empty space
between particles of a matter in gaseous phase is greater than the empty space between
particles of a matter in liquid and solid phase, and students recognize that the arrangement
of particles made up of matters is getting more disordered as it moves from solids to gases
respectively. The particulate nature of different matters (iron screw, olive oil and helium
gas) from each phase (solid, liquid and gas) are analyzed using special lens in that activity.
Unlike the other two activities in investigation room, look into matters activity is not an
experiment-based activity and therefore does not include prediction and observation

phases. Students are expected to investigate the matters presented on the screen using
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magic lens and they are asked to compare the movement of particles as explanation

statement of the activity.
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Figure 3.9. Screens from “Look into matters” activity in investigation room

The video room includes three video-based activities, one is the video
demonstration of laboratory experiments that follows predict-observe-explain strategy and
two are 3 dimensional particulate video demonstrations of evaporating water and salty

water.

The first activity is “ink in water” activity which is a demonstration of the laboratory
experiment. It shows the macroscopic representation of water after a small amount of ink is
added into it. This experiment focuses on the macroscopic characteristics of matters.
Students make predictions about the behavior of ink substance in water, observe the
experiment and explain the results. The main content learning objective of ink and water
activity is objective 3 which states students recognize that matters can be broken down into

smaller particles through experimentation. Ink is broken down into small particles in water
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and ink disperses homogeneously in water. Ink particles are not seen separately from

water, because it is broken down into smaller particles. The figure below (Figure 3.10)

displays consecutive screens captured from the clip on the dispersion of ink in water.
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Ink is being added into water 5 second after stirring the mixture

Figure 3.10. Screens from the “Ink and Water” activity in video room

Figure 3.10 presents the views before and after the ink spreads homogenously in
water. This activity also uses the predict-observe-explain strategy. In between the two
phases, students are asked to predict the behavior of ink (degree of dispersion) in water.
After observing the results, students are expected to explain their observations. The video
clip is thus introduced with occasional breaks in order to include questions on the observed

scenes.

Evaporating water activity is a three dimensional demonstration of evaporating water
particles which aims to support objective 3 and 4 (students recognize that matters can be
broken down into smaller particles through experimentation and students specify that all
matters are made up of invisibly small moving particles). Figure 3.11 shows an example
frame captured from the video clip which is created in The VisChem Project (Tasker, et al.,

1996) and embedded into evaporating water activity in video room of WebFen.
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Figure 3.11. 3-D demonstrations of water molecules from “Evaporating water”

activity in video room

The main aim of this activity is helping students to notice that water (liquids) are
completely made up of small moving particles and there is no macroscopic property such
as lines or borders on the surface of liquid. As mentioned in the literature review part, the
results of studies that focus on particulate nature of matters and students’ perceptions of
matters (Ben-Zvi, Eylon & Silbestein, 1986; Arda¢ and Akaygiin, 2004; Johnson, 1998)
shows that students tend to attribute macroscopic properties to atoms and particles. They
tend to draw lines in particle representations of solids or liquids. At the end of the
evaporating water activity students are asked to choose an explanation statement about the

liquids in particle form. The explanation screen is shown in figure 3.12.
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Figure 3.12. Explanation screen of “Evaporating water” activity in video room

Similar to the evaporating water activity, “Salt and water” activity of video room
represents dissolving of salt particles in water in three dimensional video form which is
created in The VisChem Project (Tasker, et al., 1996) and embedded into WebFen.
“Evaporating water” and “salt and water” video based activities are designed to emphasize
the main misconception which is “all matter has also small particles in it”. The correct
claim is “all matters are completely made up of small particles and there are no borders or

any macroscopic signs in the nature of matters”.

All of the activities in investigation and video room also have “help” section that
includes the aim of the activity, instructions and animated demonstrations on how to
manipulate and use screen objects including push buttons. Figure 3.13 shows a screenshot

form help section of which one can be compressed activity.
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Figure 3.13. Help section of “Which one can be compressed ?” activity

The discussion room is the place where students are expected to share their finding
which is collected from activity rooms with other peers and teacher provides feedback for
them. A forum like discussion board for the use of teachers and students are designed to

support collaboration and group work in argument building process.
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Figure 3.14. Discussion room
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The decision room is designed to help students bring together and reflect on the
information presented in the investigation, the video and the expert rooms. The students
are expected to bring together the explanations they have gathered from different
experiments and observation as evidence to support or reformulate their initial claims. In
this room, students can see their starting claim, the notebook that contains their records
from the experiments and observations (their evidences). They are expected to reconsider
their starting claim with reference to existing evidence, and complete an exercise that
requires them to check the consistency between their claim and gathered evidence and

reach a conclusion.

The second part of decision room, students are asked to create a decision report that
include arguments about the matters (solids, liquids and gases). According to Toulmin’s
argument model (which is the argumentation model used in this study) an argument
consists of at least a claim statement, data/evidence statements to support the claim and
warrant statements to explain how data/evidence support the claim. In this study, claims
are students’ answers to main problem which is the representation of water and chalk;
evidences are the explanation statements (of experiments) that are created in the activities
of investigation and video room, and warrants are students’ statements that describe the
relation between claim and data/evidence. Students are presented a sample argument
statement about the particulate nature of solids and they are asked to write similar
arguments using their collected evidences in the template of decision report. The decision

room and its components are shown in Figure 3.15.
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Bu odada, gbzlem ve video odalarindan elde etiimiz bilgileritekrar gézden
gegirerek, maddenin yapisi ile ilgili bir sonuca ulasacagiz. Not defterindeki
yanitlarini inceleyerek kararini olusturmalisin.

3

Maddenin yapisi ile igii aktiviteleri tamamiadin, bu son adimda tim odalardan elde
ettigin uygun kanitian kullanarak maddenin yapisi le lgii bir rapor hazriaman

ik Cevabin:

v Gézlem gerekiyor. Raporun maddelerin yapisi e ilgili iddialar ve bu iddialar: destekleyecek
2 Odasi kanttlardan olusmall. Asagidaki Gmegi inceleybilirsin.
S0 46 Notlar Brnek Kati maddeler gazle gbralemeyecek kadar kilk taneciklerden olusmustur,
Toplad:gin kanitlar: Video Tddia
Gaz daha faza sikigrglnki gazan ousturan taneciker arasinda daha fazla bosluk vardir Odas ginki suyun igine tuz attigimizda tuz suyun iginde gozle gordlemeyecek sekilde dagiidi
Notlar Tddiay: destekleyen kanit(lar)

Tanedklerden olusmus olmasaydi suyun iginde tuz pargalanni g8riirdik:

~ Gerekge /agiklama (Kanitim neden ve nasil iddiami destekliyor)

[Benge tim maddeler . [burada iddian Yer alacak]...... GUNK...[ourada iddiani
destekleyeoek kanitlar ve agikiamalar yer alacak].

Tuzu ve suyu olusturan tanecklr kipik paralar aynlaak b iinde dadidd in uz gidle
goriemeyeoek hae geld

tehminler
gozlemler
agikiama

Gazlan olusturan tanecikle, kali ve s maddeleri olusturan taneciklere gire daha hizi hareket
ederier

Kt maGdeler....., QUK.

Suve mirekkebin maddelerin

Stvi maddeler....... gl
Su birbirine benzeyen hareketi tanecklerden olugmugtur

(Gaz madder...... Gink.
Bu kanitlar ilk iddian: destekliyor mu?

Hayr, desteklemiyor
|ddiam degistirmek istiyorum

Evet, destekliyor

Figure 3.15. Decision room and its components

The game room includes a matching game that students are asked to drag appropriate
particulate representations of matters in solid (ice), liquid (water) and gas (water vapor)
phase. The correct and incorrect actions of students while they are dragging the particulate
representations in front of the substances are counted and recorded by the system. The

following figure (Figure 3.16) represents the game activity.
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Oyun odasinda seninle eslestirme oyunu oynayacagiz. Bu oyunda sol tarafta buz, su
ve buhar bulunuyor. Asagidaki kaplarda ise, bu maddelerin sihirli blyiitecle yakindan
gosterimi var.Yapman gereken asafidaki kaplardan uygun olanlan buz,su ve buharin
yanindaki alana dogru olarak tasimak. En az deneme ile dogru yerleri bulalim

Dogru Hamle
Sayisi:
Yanlis Hamle
Sayisi:

Figure 3.16. “Matching” game in game room

The competition room serves as assessment tool for the content knowledge and it is
designed to evaluate students’ knowledge as they complete the activities in previous
rooms. The assessment tool is presented as a competition and the format is selected from
the popular competitions of typically broadcasted in television channels. There is an object
similar to wheel of fortune which shows the point of each question as student run it. As
students answer the question correctly, s/he gains points in the competition and go on with
another question. Immediate feedback is provided by the system as students answer a

question. The general layout of game room is given in Figure 3.17.
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Soru Puani: Toplam Puanin :
450 450

Question text
& Choices

Hangi haldeki maddelerin tanecikleri en hizli hareket eder?

kati maddelerin

_sivi maddelerin

_ gaz maddelerin

Cevabi
Kontrol Et

Yeni soruya gecmek i¢in carks
cevirmelisin

’
A

Feedback

Figure 3.17. Competition room

The expert room includes text and pictorial materials about the historical
development of ideas on particulate nature of matters and idea of atom, invisibility of
atoms and ways to get pictures of atoms and molecules, and a summary of content covered
in activities of investigation and video rooms. Objectives 3, 4, 5, 6, 7 and 8 are covered in

the expert room. Selected screens from expert room are presented in Figure 3.18.

Merhaba benim adim Profesdr Gokbilr. Madderin yapis le i tim odalara gidip sl N

etkiniikleri tamamladin, odil olarak madde ve yapitaslan ile ilgili daha detayli ve ilging .
Belli bir kiitlesi olan ve boglukta yer kaplayan herseye madde

: bilgilere ulagabilirsin. stedigin basliga tilayarak baslayabilrsin, /
diyebiliriz. /ﬁ

l‘ Yemek yerken kullandigimiz catallar, kagiklar, soludugumuz hava
ugan balonlari dolduran helyum gaz, ictigimiz su, megrubatlar, yazi
yazdigimiz kalem ve hatta onun miirekkebi ... Bunlarin hepsi birer
maddedir.

(8

Peki etrafimizdaki tim bu maddeler, temelde ayni olabilir mi?

. Madde ve Atom Nedir?
‘ Atom fikri nasil gelismis?
Maddeyi olusturan yapi taglarini gorebilseydik tim
. hareketli
- AT . a gozlemlerdik. Maddeleri olusturan bu en kiigiik
. Goremedigimiz birgeyi nasil anlanz? birime ATOM denir.
. Kati, sivi ve gaz tanecikleri farkll midir?
Madde ve Atom Nedir?  piom fii i srmedigimiz bir seyi nasilanlaniz?  Kahs, swvive gaz tanecikler farkls
. . . midir? .

Figure 3.18. Expert room



66

All the activities and rooms except discussion room are placed into the main activity
environment as presented in Figure 3.2 and users can easily navigate between rooms using

navigation menu.

3.3.3. Teacher Monitoring and Administration Environment

Teachers have a significant role to guide students to accomplish conceptual and
process skill goals while studying with WebFen. The system allows teachers to check
students’ responses to all questions or tasks in the system. As a teacher sign in the system,
she or he can access students’ activity environment and teacher monitoring environment.
In teacher monitoring environment, they can observe whether the students provided correct
answer to any question and could detect possible student misconceptions before the
instruction and analyze in which tasks students have difficulty or complete correctly.

Teachers also create discussion topics for selected unit in teacher environment of WebFen.

Reports section allows teachers to get question statistics and student answers reports.
In question statistics report teacher gets a list of number of correct and incorrect answers of
each question in activity rooms. With this report, teachers can analyze that how many
correct answers are given to a question in an activity room. The other report is student
answers report which shows answers of each student to any question. Figure 3.19
represents student answers report in teacher monitoring environment. As teacher chooses a
student name from a drop down list, the name of the activity, type of question, question
text, that student’s answer text, correctness of answer and score of the question (if the

question belongs to competition room) are displayed in a table format.
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Basic Settings

Reports - Student Answers Web Fen Ana Sayfa MTY Ana Sayfa Cikis

» Select Student
Select Student Student's user name v|

» Student Answers

T < B s 5 Cevap
Etkinlik Soru Tipi Ogrenci Cevah "
Discussion Board -“_H
Ana 2

shbieers Tk Tdd < ik iddi Iddia 3
Reports @ Hipotezler rada @2
Question Statistics Pl
S e Tahmin Hangi siringa sikair ? Sadece oksijen doh smnga sikasir 4
sir
?ﬁf:l Tahmin Hangi giringa stkagar 7 Sadece oksijen dol smnga siag b
gjﬂ“ﬁ‘:‘ Golin  |lopsuienin Sl oA o S 2
Hangisi : ) B Gaz daha fazla sikagr ginki gazlan olusturan
g Acikd N 2 : g
Siner Aciklama eden siringalardan biri sikisty’ tanecikler daha kigtiktir ®
Hangisi Ek . " - 5 Gazlan olusturan tanecikler arasmda srvilara gore daha P
Sttsir At Yakindan baktigimizda neden siringalardan biri sikasty ol iaghel et b
Mirekkep | Tahmin Miirekkep suva eklendiginde ne olur? Miirekkep suyun iginde esit olarak daglacak b &
Mirekkep | Géizlem Mirekkebi suya ekledigimizde ne oldugum gdrdiin? Miirekkep suyun iinde esit olarak dagids «
Musckke | Apklama  Neden misckdep suds esit laak dagld? ST, &

Figure 3.19. Students’ answer report in teacher monitoring environment

Site administrator is the third type of user which is responsible to assign teachers
(assign user name and passwords for teachers), define the rooms, activities in each room,
and define tasks or questions and alternatives (choices). According to those definitions, the
database is arranged to keep students’ response records. Site administrator signs in
WebFen with a unique username and password. S/he also has the permission to enter the

teacher monitoring and student activity environment of WebFen.

3.3.4. Implementation of WebFen

In the implementation phase of WebFen two main software applications were used.
First one was Adobe Macromedia Flash (version 8) with ActionScript 2.0 (script language
of Flash) which was employed in order to construct student activity environment for
selected unit. Flash is professional authoring software and is capable of designing and
implementing interactive visual applications. Flash movies can consist of graphics, text,
animation, imported video and sound. It also allows users to provide input and with
ActoionScript language, users’ inputs can be used to modify the application and increase

interactivity in flash movie.
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Teacher monitoring environment, administrator environment, login controls,
discussion board and other web programmings were created within .net platform (Ms
Visual Studio .NET, ASP.net) with C# (pronounced see sharp) programming language.
The system works in Sql server 2000 database. The Figure 3.20 shows the WebFen

database structure and relations.

Unit table was used to collect data of the main science topics from curriculum. For
the present study “particulate nature of matter” topic was chosen as a sample unit. A unit
has properties of name, grade level, subject matter category (e.g. chemistry, biology, and
physics), a brief description and a unique unit ID. There are also rooms (e.g. investigation
room, video room) in each unit and several activities (e.g. which one can be compressed,
salty water, matching game) in each room. In some activities students are expected to give
answers to a question or a task. For those types of activities, details of questions such as
types (e.g. predict, claim, competition question), descriptions are described in questions
table. Question choice table in the database is used to define the alternatives of multiple

choice questions.

Decision and discussion room have separate tables from room table, because they
include different data types. In decision room, students are expected to complete a decision
report which is a long text entry type of response and can not be included in room table
that has no such properties. Discussion room which has a form based structure is defined in
two data tables, discussion subject and discussion entry. Discussion subject table is used to
define and store data of discussion subjects. Each subject in discussion room has some
properties such as subject headers, texts, creation date, user name of the person who

created the subject and status (is the subject active or inactive).
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Figure 3.20. WebFen relational database structure

Flash is not capable to communicate with a relational database directly, it must work

with a server-side technology such as ASP.NET that also capable of database access. By

using ASP.NET, it's possible to retrieve data from database, including Microsoft SQL,

MySQL, Access, and Oracle, to display in a Flash-based interface. Additionally,

ASP.NET can be used to update or insert data coming from a Flash interface into a

database. Therefore ASP.NET acts as an intermediary and handles any database

connectivity issue. However because Flash and ASP.NET are separate systems, there are

(former executing on a client system, the latter on a Web server), mainly four methods to

build up a connection between those systems which are:

e Flash Vars: This method uses tags embedded in HTML to exchange data.

FlashVars only allow for one-way communication which is from the server to the

Flash Movie.

e [oadVars: The LoadVars object is capable of either sending data to the server for

processing, loading data from the server. It uses name-value pairs to exchange

data between the client and the server. The LoadVars object doesn't require large
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amounts of data to be passed. The main handicap of that method is that the .NET
developer havs to handle the formatting of the exchanged data.

e XML Object: The XML object is very similar to the LoadVars object; it can both
send data to the Web server and get data from it. The difference between the
XML object and the LoadVars object is the formatting of data. LoadVars object
expects a name-value pair as a response; the XML object sends and receives a
well-formatted structured XML document.

e WebServices: Web Services are the newest method for communicating between
Flash and ASP.NET. They use SOAP (Simple Object Access Protocol), an XML-

based format, to transfer data between the client and server (Moore, 2006).

For the present study a WebService created in ASP.net platform was used as a
method to build up the connection between the Flash movies and SQL database through
ASP.NET. Figure 3.21 demonstrates the connection between Flash Movies, database and

Web.

g A |-
< AV <=

SQL Database

P Web Service

Gidelim >

Flash Movie hosted in browser

Figure 3.21. Connection between flash and database

WebService created for the present study includes six public functions used in

WebFen system (see in Appendix E). These functions are:

e Get Current User: returns the username of current user.
e UserEnteredActivity: used to record the date and time of a user’s entrance of an

activity.
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UserExitActivity: used to record the date and time of a user’s exit of an activity.
NewDesicionRecord: used to record a user’s decision report text.
StudentResponseToQuestion: used to get a user’s response to a question.
StudentResponseToQuestionWithScore: used to get user’s response to questions

that has scores (questions in competition room).
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This part of the study was carried out with teachers during the late development

phase of WebFen tool. The main aim of this part was to collect data from in-service

science teachers on the effectiveness, strengths, weaknesses of the system, and suggestions

for revisions. According to results of the preliminary study with teachers, revisions of the

system were carried out by the researcher and development phase was completed at the end

of the revisions phase.

3.4.1. Participants

The sample of the preliminary study consisted of 3 female in-service science teachers

working in private schools and having different characteristics. School type, teaching

experience and academic degrees are presented in the Table 3.1. Teachers were selected

according to their accessibility.

Table 3.1. Participant teacher characteristics

Teacher Type of Experience Academic Teacher

School (in years) Degree

T1 Private 2 MS in Science | T1
School Education

T2 Private 10 BS in Science | T2
School Education

T3 Private 14 PhD in| T3

School Science

Education

All of the teacher participants had completed their undergraduate degree in

Secondary School Science Education (T1 and T3 have completed their Bachelor of Science

degree in Chemistry Education). T1 and T3 also had graduate degrees (MS and PhD

respectively) in Secondary School Science Education.
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3.4.2. Data Collection Tools

To collect data in preliminary study with teachers, a semi-structured interview was
conducted with each of the participating in-service science teachers. The main aim of
interviews with teachers were to collect data on system’s effectiveness, strengths,
weaknesses, scientific accuracy, usability, how to use the system before/during/after
instruction and to carry out revision study. Interview sessions included three main phases,

which are:

e researcher’s introduction of WebFen and underlying goals
e teachers’ investigation of the system

® questioning-answering

Interview meetings were started with introduction of WebFen, its conceptual and
scientific process goals, sample unit and main activity rooms. Then each teacher was asked
to explore the system and carry out the activities. At the final phase of interview meeting, 6

open-ended questions were asked to each teacher. The main interview questions were:

® Does this tool appear to be scientifically accurate? In what ways does it not?

e What are WebFen’s weaknesses and misleading aspects, if any?

¢ Do you think the tool is good to be used before/during/after instruction? And how
should it be embedded in instruction to increase effectiveness?

¢ Do you think the tool is usable for target teachers and student?

¢ Dou you have any other comment about the system?

¢ What do you think are the strengths of this tool?

3.4.3. Procedure

Two days before the interviews with teachers, the Internet address and an
introduction on how to use the system had been e-mailed to each of the teacher

participants. They were also asked to explore the activity rooms to be familiar with the
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system before the interviews. Meeting sessions included three main phases which are

introduction of WebFen and underlying goals, investigation of the system and questions.

In the introduction phase, aim of the system, conceptual knowledge goals and
scientific process skill goals were explained briefly. As teacher started to investigate the
system, they provided feedback on usability of screen objects, strengths and weaknesses of
the system. At the final step teachers answered six open-ended questions about the
effectiveness of the system. During the interviews, teachers’ feedbacks and verbal
responses to the questions were audio recorded by the researcher. Each interview session

had lasted approximately 50-70 minutes.

3.4.4. Data and Results of Preliminary Study with Teachers

In order to analyze the results of the interviews with in-service teachers, audio
records of teacher interviews were transcribed and translated by the researcher. Teachers’
feedback, comment and answer statements were analyzed and data were classified into six

main groups which are:

e Scientific accuracy of WebFen content and related suggestions
® Weaknesses or misleading aspects of WebFen and suggestions
e When (before/during/after instruction) and how to use WebFen
e Comments on usability and design of the system

e Other suggestions or comments

e Strengths of the tool

The following table (Table 3.2) includes main points of students’ responses that are
classified into the categories listed above. The similarities, connections and details of the

teachers’ data are explained in following paragraphs.
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T1

T2

T3

® The need for correction in definition

e The tool includes scientifically

® The tool includes

'g of matter in expert room accurate demonstrations of scientifically accurate
s & (suggestion). particle movement and demonstrations of particle
E? -é e The tool includes scientifically arrangements. movement and
5o accurate demonstrations of particle e The tool includes accurate textual arrangements
S ¥ movement and arrangements. information. ® The particles should be in
g _g e For the demonstrations of oil same size in the starting
£ 38 particles in the matters activity of question which is about
== investigation room, teachers should demonstrations of
-3 s use the term ‘particles’ instead of evaporating water with
n ‘atoms’ (suggestion for sample chalk.
instructional plan).
e The tool can be used during e The tool can be used during e The instructional program
instruction. instruction. is so heavy, and teachers
e Teacher makes an introduction, state | ® Teacher asks questions like “what are so busy to complete the
introductory and triggering do you think about the nature of program, it is also difficult
.E questions. matters? What can be they made to arrange computer lab
k>t e Starting question is presented and up of?””. sessions in science courses.
g students’ answers are recorded. e To find answer to such questions, e Students investigate the
& e They work on investigation room. the system is used in class. tool at home one or two
= ¢ They carry out experiments in e Teacher guides students’ works day before starting the unit
> classroom. with the system. in class to gain a prior
5 ¢ They carry out online experiments in knowledge about the unit.

investigation room.

They complete tasks in decision
room.

Teacher guides the flow of activities.

Comments on usability

There is no problem on usability of
the tool.

® No need for ‘continue’ button
after dragging the materials the
next screen can be presented (for
the activities in investigation
room).

No need for ‘continue’
button after dragging the
materials the next screen
can be presented (for the
activities in investigation
room).

The interface and icons are
easily predictable.

Design and arrangement of
screen objects are clear and
easily predictable.

Design and arrangement of
screen objects do not make
the eyes tired.
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Weaknesses and related suggestions

It is necessary to state the term ‘pure
water’ instead of “water” in
activities (suggestion).

It is better to use a different
container for pure water, instead of
tap (suggestion).

It is better to use a different
container for oxygen gas, instead of
tube (suggestion).

The 3" explanation choice of
compressibility activity is not
challenging and need to be revised
(suggestion).

The explanation choices of
evaporating water and ink in water
video activities are not so clear and
need to be revised (suggestion).
There can be text entry option for
predict, observe and explain
questions (suggestion).

e [t is better to have an instructional
plan for teachers (suggestion).

e A brief description about
activities can be provided before
entering that activity (suggestion).

e [t is better to have an
instructional plan for
teachers (suggestion).

It is better to present the
aim of the tool (WebFen) at
the introduction screens
(suggestion).

It is better to use an arrow
like symbol for notebook
icon at the prediction steps
(suggestion).

A brief descriptions about
activities can be provided
before entering that activity
(suggestion)

Other suggestions or
comments

Instead of olive oil, alcohol can be
used in matters activity (suggestion).

e For matters activity, it is better to
follow the sequence of solid,
liquid and gas to present matters
(suggestion).
Feedback about students’
responses can be provided at the
end of each activity (suggestion).
e In 3D demonstrations, water
molecules are not moving
randomly, there are bounds. But it
is difficult to explain bounds at
this level.

Strengths

The tool includes visually rich
particle demonstrations.

Choice statements for
predict/observe/explain tasks are
good and useful to detect possible
misconceptions.

Scoring students’ correct and wrong
actions in game room can minimize
chance factor.

The tool is useful in supporting
students’ scientific process skills.
The features like tracking and
recording students’ responses are
helpful to monitor learning and
identify any misconceptions.

The tool includes visually rich
particle demonstrations.

e Teachers are familiar with
activities such as compressibility
of gases, ink and water.

3rd level of magic magnifier for
water and oxygen (in which one
can be compressed activity) that
shows the molecular
demonstrations of water and
oxygen is helpful to build up
connection with following topic
of the same unit.

® The tool includes visually
rich particle
demonstrations.

Game room can attract
students’ interests.

Good to be able to see the
list of responses to predict,
observe and explain
questions in decision room.
The interface and icons are
easily predictable.

Design and arrangement of
screen objects are clear and
easily predictable. They do
not make the eyes tired.
Teachers and students are
familiar with such virtual
environments.

3.4.4.1. The Scientific Accuracy of WebFen Content and Related Suggestions: The

data in this category were gathered from teachers’ responses to the interview question of
“Does this tool appear to be scientifically accurate? In what ways does it not?” and from
their additional feedbacks, comments and related suggestions during the investigation

phase of interview meetings. Data of this group were about the scientific accuracy of visual
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materials, textual information (presented in the system) and suggestions on how to improve

scientific accuracy.

Teacher 1 provided data on the movement and arrangement of particles in different
states and definition of matter within this category. She stated that the movement and
arrangement of particles were scientifically accurate and it was also parallel with what they
were teaching in their classrooms. Another comment was about the demonstrations of oil
particles in the matters activity of investigation room. She said that “If we talk about the
scientific accuracy of this demonstration in detail, there is a problem about particles of oil.
Because oil is not an element; it is made up of molecules and has a very complex
molecular structure. However, for this age group and within the selected topic of matter
unit, we can represent particles like that.” She also added that it is important that teacher
should use the term particles instead of atoms while describing the particles that made up

of matters.

Additionally, she pointed out a problem on textual information that takes place in
expert room. In the definition of matter, there was a statement that “Matter is everything
that has a volume in space, mass and things that we can see and touch”, however she stated
that there were also matters especially in gas phase that we cannot see and touch. Therefore

she made a suggestion to omit this part from the definition of matters.

Similar to teacher 1, teacher 2 mentioned the accuracy of particle movement
animations, and found no problem on presented textual information in the tool. She stated

that the movement and arrangement of particles were accurate for the target group.

Teacher 3 also made similar comments with teacher 1 and teacher 2 about the
accuracy of particle arrangement and movement in animations. However she also
expressed that only in the starting question which is about demonstrations of evaporating
water with chalk, the particles were not in the same size, and this could cause a
misconception such as same kinds of particles may not be in same size. Then, the

researcher explained that these demonstrations were taken from answers of students within
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same age group in a different study and they represented the possible student conceptions

about matters.

All of the teachers agreed that the arrangement and movement of particles in
animations were scientifically correct, and suggestions of participating teachers for

improvement of scientific accuracy can be listed as:

e Teachers who want to use the system in their classroom should be informed not to
use term “atoms” but use the term “particles” at the beginning of the unit, because
the difference between atoms and molecules is the subsequent topic and teachers
should focus on the molecular representations of water and oxygen gas in “Which
one can be compressed?” activity of investigation room at the final steps of the
instruction. This suggestion is used for the development of “sample instructional
plan for teachers” part of this study.

¢ Definition of matter in expert room need to be revised.

e Additional information about the starting demonstrations of evaporating water
with chalk question should be added. System should emphasize that these

demonstrations are sample students’ drawings.

3.4.4.2. Weaknesses or Misleading Aspects of The Tool and Related Suggestions:

Qualitative data on this category were made up of teachers’ answers to the question of
“What are WebFen’s weaknesses and misleading aspects, if any?” and their additional
comments and suggestions made during investigation phase of interviews. The weaknesses

of the system that was mentioned before revisions can be grouped as:

¢ unclear, insufficient textual information for predict/observe/explain statements,

insufficient information on the aim and description of each activity,
® missing sample instructional plan and sequence,

¢ unclear screen objects that may cause misunderstanding

Teacher 1 emphasized on the textual information especially for the

predict/observe/explain statements and images of some materials in activity rooms. She
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analyzed the predict/observe/explain statements in investigation and video rooms, and then
she explained that some of these statements need to be revised because they were not so
clear or not challenging. For instance she said that students did never choose the third
explanation choice of compressibility activity, because they saw that the liquids and gases
are not compressed in same amounts. Therefore she suggested revising explanation
statements of compressibility activity, in order to increase clarity and make them more
understandable. The Figure 3.22 represents explanation statements of compressibility

activity before revision.

Aciklaman :
Gaz daha fazla sikigir ¢iinkii gaz
pargaciklar arasinda bogluklar vardir

Gaz daha fazla sikigir ¢linkii gaz
tanecikleri daha kigkiir

Svlar ve gazlar esit oranda sikisir

Figure 3.22. Explanation statements of compressibility activity before revision

Similarly she explained that the explanation choices of water-ink and evaporating
water activities need to be clearly stated for the target group for better understanding the
purpose (More detailed explanation on this suggestion is presented in revisions part of this

chapter).

In the activities, the molecular representations belonged to the pure water (only H,O
molecules were presented), but the term “water” was used. Therefore she explained that it
was better to use term of “pure water” to prevent any possible misunderstanding. She
stated “In our lessons, we are continuously saying that the water coming from the taps in
our kitchens and drinking water were not pure water, so it is better to focus on this term”.
She also suggested using a different image for container of pure water in salty water
activity instead of ordinary tap for the same reason. She also added that using a container
like gas flask for oxygen gas instead of oxygen tube in the compressibility activity,
because in daily life, it was not possible to fill the syringe with gas from a gas tube and it

was better to simulate the real life in the system.



80

The last suggestion of teacher 3 was about implementing an additional text-entry
option for students’ predict/observe/explain responses. She said that it could be better if
students built up their own sentences during online experiments. However because of
database structure of WebFen, it was not possible to make such revision in the scope of

this study, therefore this suggestion was not put into practice during revision process.

Teacher 2 and teacher 3 focused on absence of a sample instructional plan, expected
sequence of activity rooms and additional descriptions for activities. They explained that
students and teachers who have not used the system before might have difficulty in

deciding on which rooms and activities need to be visited firstly.

For instance, teacher 2 said that “I think the instructional plan and sequence need to
be described. I should know from which point teacher or students will start? Where will 1
put the system into my lesson plan? How should it be used to get maximum
effectiveness?” She added: “when I first entered the activity rooms, I could not understand

that whether I will only see the atoms and elements or the system will present compounds”.

Similarly teacher 3 stated the necessity of a sample instructional plan, introduction
statements that present the aim of the tool and a brief description of activities before
starting to carry out the activities in investigation room. She also explained that for the first
activities which were the online experiment activities in investigation room, an arrow like
symbol could be used to show the notebook icon on the screen to help students easily

notice that they need to make a prediction to continue.

Data in weaknesses and misleading aspects of WebFen category highlighted the

issues that need to be revised before pilot study. These issues can be summarized as:

e It is necessary to state the term “pure” for water in activities of investigation
room,
¢ The container images for pure water and oxygen gas need to be changed,

¢ The explanation choices need to be revised to increase clarity of statements,
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e A sample instructional plan is necessary for teachers to get maximum
effectiveness,

e A brief description for activities in investigation and video room needs to be
added,

¢ The aim of the tool needs to be emphasized at the introductory screen,

® An arrow like symbol can be used to emphasize the notebook icon for the first

activities.

3.4.4.3. When and How to Use The Tool: In order to guide teachers on how to use

WebFen in instruction, a sample instructional plan was created in the scope of this study.
Data in this category were also used as one of the sources of guideline during the
development phase of sample instructional plan (see in Appendix A). Teachers’ answers to
the question of “Do you think the tool is good to be used before/during/after instruction?
And how should it be embedded in instruction to increase effectiveness?” constituted the

data for this category.

Teacher 1 responded to this question in a detailed way including a possible sequence
of actions. She said that the tool could be used during the instruction, and listed a sample

instructional sequence as follows:

e Teacher makes an introduction with a few sentences about the topic,

e Then teacher and students run WebFen, and students answers the first question
which is about the demonstration of evaporating salty water,

¢ They enter the investigation room, but before carrying out the online experiments,
students conduct experiments in class (She explained that they also carry out in
class experiments having same or very similar content to the ones in WebFen.
This is because most of the activities in WebFen are also suggested activities of
Ministry of National Education).

e After finishing class experiments, students carry out the same/similar experiments
using WebFen,

¢ Students complete the tasks in decision room,

e Teacher guides and monitors the flow of activities
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She also stated that there was only one teacher computer and one projector in their
science labs, therefore according to her plan, one student can manipulate the WebFen
activities using teacher computer and the others observe the activities from the presented
screen. At the steps where students are expected to answer a question or make a response,
the student using the teacher computer stops and waits for the others to note their answer
on a paper. However it is not the recommended way of using WebFen, it is better to have
sufficient number of computers that have Internet connection and getting each of the

students carry out online experiments alone or with a small group of students.

Similar to teacher 1, teacher 2 stated that the system could be used during the
instruction. She said that, teacher starts the lesson with introductory questions like “What
do you think about the nature of matters?, What can they be made up of?” and in order to
find out answers to such questions, the system is used in class. She also added that teacher

guide the students during the activities.

Teacher 3 suggested using the system out of class. She explained that the expected
instructional program for science courses was so heavy and there is not much time for
teachers to complete the instructional program, therefore it is difficult to arrange computer
lab sessions frequently. For these reasons she suggested using the system out of class. She
stated “One day before I started to study the topic in class, I say students ‘We will study
the topic of particulate nature of matters, reach the WebFen tool from that address and try
to do the activities at home and get some prior knowledge’ I want students to think about
the topic and also I can find out students’ misconceptions before the lesson”. She added “I
can also say ‘explore the system at home and I will check the list of your decision reports’

Then student create a product”.

3.4.4.4. Comments on Usability and Design of The System: During the investigation
phase of interview meetings, teacher 2 and teacher 3 made comments about WebFen’s ease

of use and made some suggestions to improve the usability of the system.

Teacher 2 and teacher 3 pointed out the functionality of continue button in

compressibility and salty water activities. In these activities, as user drags the objects on
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targets, the message appears in agent’s speech bubble saying to click on continue button to
go on with next step. Teacher 2 and teacher 3 explained that there was no need to click that
button; it disturbed the flow of those activities. They suggested that instead of clicking this
button to continue, the screen should automatically appear as user drag the objects to
correct place. That suggestion was taken into account at the revision phase. Additionally,
as mentioned in the strengths category, teacher 3 also made positive comments on the

clarity and predictability of the interface which are important elements of usability.

3.4.4.5. Other Suggestions or Comments: Beside the qualitative data categorized and

presented above, there were also additional suggestions and comments of participating
teachers. For instance teacher 1 suggested using alcohol as a sample liquid instead of olive
oil in matters activity of investigation room, because olive oil has a very complex
molecular structure, and the molecular structure of alcohol is much simpler. This
suggestion was not carried out at revision phase, because the main focus of the selected
unit was not about the molecular structure of compounds, but the particulate nature of
matters, and the olive oil was presented as a matter made up of small moving particles.
These particles were not named as atoms or molecules in that activity, therefore olive oil

could be used as a sample liquid for the matters activity.

Teacher 2 made two additional suggestions which are also used in revision phase and
one comment. She suggested designing the matters activity in a way that presents the
matters in the order of solid-liquid-gas to help students notice the movement differences
step by step. The second suggestion was providing feedback on students’ responses to
predict/observe/explain questions at the end of each activity. She said “Students wonder

whether their responses are correct or incorrect. So the system can provide feedback”.

Lastly teacher 2 made additional comments on the movement and bonds between
water molecules. She said “In three dimensional demonstrations of water molecules,
students may think that they are moving randomly, but it is not the case; there are bonds
between molecules. However it is difficult to explain bonds for this age group, and this

video can stay same”.
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3.4.4.6. Strengths of The Tool: While using the system, teachers shared their

opinions about the strengths of the tool. The question of “What do you think are the
strengths of this tool? In which way, can students get benefit from this?”” was also asked to

teachers at the final phase of interviews to get further data on this category.

All of the teachers mentioned the importance of 3D and animated particle
demonstrations and they stated they liked the richness of multimedia and visual materials
of the tool. They explained students at this level could have difficulty in visualizing the
things that are not easily observable and they need such tools. For instance Teacher 1 said:
“We can draw the arrangement of particles on blackboard or present a static picture, but it
becomes difficult to explain the movement of these particles. After we say that all particles
are moving, they say that if particles are moving and if all the matters are made up of these
particles, then why the matters do not move without touching or pushing them? They think
that all the particles move in the same direction at the same time. Therefore these
demonstrations are very helpful for students’ learning.” And she also added: “Our students
carry out similar experiments in class, but they cannot observe the matters at particle level,
and so they cannot understand properly. Therefore we need such tools for particulate

nature of matter unit.”

Teacher 1 also provided feedback on the textual content of the system. She focused
on the choices of predict, observe and explanation statements that are placed in online
experiment activities in investigation rooms. For instance she found that the answer
choices of explanation question in salty water experiment activity were very useful to
detect students’ possible misconception. The question was: “How the salt becomes
invisible in water?” The answer choices were “Salt has evaporated with water, and so it
became invisible”, “The particles that made up salt have dissolved in water, and it became
invisible” and “The color of salt and water is similar to each other, so we could not see it”.

The question and explanation statements are presented in Figure 3.23.
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Tahminin:

Gozlemin:

Aciklaman:
Tuz suyun icinde nasil oldu da gézle goriilmez hale geldi?

Tuz sicak suyla birlikte buharlagarak gozle gorilmeyecek
hale geldi

Tuzu ve suyu olusturan tanecikler birbiri iginde dagildig
igin tuz gozle gérilemeyecek hale geldi

Tuzun rengi suyun rengine benzer oldugu igin suyun
iginde gozle goremedik

Aciklamami
Kaydet

Figure 3.23. The question and explanation statements of salty water activity in the

investigation room

One other comment of teacher 1, which was evaluated as a strength of the tool, was
about the game room. She explained that they also used such game-like activities in their
learning activities and counting the correct and wrong trials were very useful to minimize

completing the game by chance.

One of the major aim of creating WebFen tool was designing and developing such a
tool that can be used to enhance students’ scientific process skills and that supports
students’ creation of science relating arguments on selected topic. Teacher 1 also
mentioned the strength of tool on supporting scientific process skills. She explained that
“The tool is also useful to improve students’ scientific process skills, especially the steps in
investigation and video room. Asking to make a prediction before an experiment,
observing the results and then building up an explanation are some important scientific

process skills and this method helps students to gain and improve such skills”.

Additionally, after the researcher’s explanation of WebFen’s technical capabilities,
such as recording each student’s answers and getting data about how many correct and
incorrect answers are given to each question, teacher 1 and teacher 3 said that it was very

useful to monitor learning, and detect students’ misconceptions and learning difficulties;
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which in turn, could enable teachers to identify the points where students need additional

support or conceptual revision.

The answers and comments of teacher 2 on the strength category were generally
about the strength of visual materials and familiarity of activities. Like the other two

teacher participants, teacher 2 also mentioned the strength of visual materials. She said:

“The tool includes visually rich animations. These are important, because students
can never make strong predictions about the things that they are not actually seeing. While
I’m preparing my instructional materials, the thing that I look for from the Internet mostly
is such animations. We cannot present the movement of particles with only drawing on
board. Such educational animations are not found in Turkish web sites, so I try to find from
sites that are in foreign languages”. She added that 3rd level of magic magnifier for water
and oxygen (in which one can be compressed activity) that also shows the molecular
demonstrations (H,Oand O;) could be helpful for teachers to create a connection with the
subsequent topic (elements and compounds) in the curriculum. Additionally, she pointed
out that the experiments like “Which one can be compressed?”, “Salty water” and “Ink and
Water” were very common activities and most of the teachers would not have any

difficulty about the aim and content of these activities.

Teacher 3 focused on the effectiveness of visual materials, the format of competition
and decision room, and usability issues on screen design. Similar to the other teachers, she
said that the videos and animated flash movies could be very effective for students’
learning. Moreover she stated that the format of competition room and game room could
catch students’ interests, because they like game activities where they can collect scores
and they try to reach the highest score. Similarly the format of decision room that students’
responses to predict, observe and explain questions are presented, was helpful to recall

their answers and complete the decision report.

She also made some comments on usability of WebFen, which were also in the
strengths category. She explained that the interface was easily understandable and

predictable, the colors and screen objects were clear. She said “I can understand what to do
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when I saw the screen; the screens do not made my eyes tired. It is very good and very

important. This is one of the most common problems in most of the web sites”. She also

added that most of the teachers in their school were familiar with such web-based tools,

because they use virtual labs in their lessons.

Results of qualitative data of preliminary study with teachers showed that the

following issues about the system must be revised or re-designed before the pilot study

with students:

3.5.

Textual information such as definitions, explanation statements of online
experiments need to be added or revised,

A brief information for activities and aim of the tool need to be added in
introduction statements,

Some of the images of screen objects in activities of investigation room need to be
re-designed,

In order to increase usability, functionality of some control buttons need to be
revised,

The suggested sequence of rooms (starts from investigation and video room, then
follows a sequence of video, discussion, decision, game, competition and expert
room) need to be presented at the introductory screens,

The order of tasks in matters activity need to be re-designed (tasks need to follow
a sequence of investigating solid, liquid and gas matters respectively),

Feedback for students’ responses to observe and explain questions need to be

provided at the end of each activity.

Revisions of WebFen Based on the Results of Preliminary Study with Teachers

Revision phase was the final step of WebFen development process. This phase was

shaped and carried out according to the results of the preliminary study with teachers.
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In order to increase the effectiveness, scientific accuracy and usability of the system
the revisions were made according to suggestions of teacher participants. The revisions are

explained below.

e In order to increase scientific accuracy of the tool, in the definition of matter (in
expert room) “things that we can see and touch” part omitted from the definition
of “matter is everything that has a volume in space, mass and thing that we can
see and touch” and changes in the following way: “matter is everything that has a
volume in space and mass ~. Because (as teacher 1 also mentioned that) there are
also some kinds of matters, especially the ones in gas phase, that can not be
touched or seen easily.

¢ In the starting demonstrations of evaporating water with chalk, the particles were
not in equal sizes with each other, because they were the sample drawings of
students at target level. However in order to increase scientific accuracy and to
prevent students from accepting these drawings as completely true, additional
information was added into the agent’s speech bubble (of introduction screen that
presents main evaporating salty water question) to emphasize that these
demonstrations are taken from drawings of students with same ages. Screen
captures of speech bubbles of the agent before and after revision is presented in

Figure 3.24.
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Before revision

Eger elinde sihirli bir biylleg olsaydi ve maddeleri en yakindan
inceleseydik, buharlagan tebesirli suyu asadidaki sekillerden
hangisindeki gibi gorurdik sence?

Secimini yaptikian sonra "Etkinlik Odalanna Gidelim® digmesine
basmalisin

After revision

Efer elinde sihiri bir buyuteg olsaydi ve maddelen en yakindan
inceleseydik, buharlasan lebesirli suyu asa§idaki sekillerden
hangisindeki gibi gorirdik sence? Asafidaki gosterimler senin
yasindaki ogrencilerin verdiklen cevaplardan alinmistir.
Secimini yaptiktan sonra ‘Etkinlik Odalanna Gidelim’ dugmesine

basmalisin.

Figure 3.24. Speech bubble of the agent before and after revision

¢ In the “Which one can be compressed?” and “Salty water” activities of
investigation room, the term “water” was replaced with “pure water”. Because
these activities focus on the molecular demonstrations of pure water (only H,O
molecules).

¢ In the “Salty water” activity, the image of tap object that user drag the beaker on
to fill pure water was replaced with a container having a small tap and a label on
it. This revision was important to prevent students from having a misconception
that pure water is not the same as the water coming from an ordinary tap water in
our kitchens or is not same as drinking water. The previous and new object

images are represented in Figure 3.25.

Before revision After revision
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Figure 3.25. The image of tap before and after revision

¢ In the “Which one can be compressed?” activity, the image of oxygen container
object, which was an oxygen tube image, was changed into a gas flask. Figure

3.26 represents the images before and after revision.

Before revision After revision

Figure 3.26. The image of oxygen container before and after revision

e The 3rd alternative of explanation question in “Which one can be compressed?”
activity was rewritten, because it was not a challenging alternative. Additionally,
the sentences were redesigned to increase clarity. The statements before and after

revision are presented in Figure 3.27.

Before revision After revision

Aciklaman : Aciklaman :
Gaz daha fazla sikigir ginkl gaz Gaz daha fazla sikigir ¢iinkii gazian olusturan
pargaciklan arasinda bogluklar vardir tanecikler arasinda daha fazla bosgluk vardir
Gaz daha fazla sikigir glinki gaz Gaz daha fazla sikigir ¢linki gazlan olusturan
tanecikleri daha kigdktlr tanecikler daha kigukidr
Smilar ve gazlar egit cranda sikigir Gaz daha fazla sikigir ¢linkd gazian

olusturan tanecikler daha yavas hareket eder

Figure 3.27. The explanation statements of “Which one can be compressed?” activity

before and after revision
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e The explanation statements of “Ink and Water” and “Evaporating Water”
activities in video room were revised to increase clarity. Figure 3.28 represents

the explanation statements in “Ink and Water” activity before and after revision.

Before revision After revision
Agiklaman : Agiklaman :
; : " Su ve mirekkebin birbin icinde dagilabilmesinin en
ﬁfg;ﬁﬁﬁé‘?““ b gnemli sababi, bu ki maddenin de sm halde olmassdir
i i i Su ve milrekkebin birbin iginde dajilabimesinin en
N g TP ONNAI YA e M Gnemii sebebi, maddelerin tanecikii yapida
olmassdir

Figure 3.28. The explanation statements of “Ink and Water” activity before and after

revision

e A brief description for activities in investigation and video room was added to the
introductory screens of video and game room. Before revision, there were only
the names and icons of each activity in video and investigation rooms, but after
revision, if the user moves the mouse on an activity name or icon, a brief

description is presented on the screen as seen in following figure (Figure 3.29).

Before revision After revision

Hangisi Sikisir Hangisi Sikisir

e — f % -1 =i  Budeneyde s ve gaziann
& | 4 Stkigma Gzeliklerini
— | karslasbracafiz. Deneyde
w z E 1 tahmin, géizlem ve
L ke e - R G
I f — | s

agiklamalann kaydedilecek
.1 o

P

Figure 3.29. The icon image for “Which one can be compressed?” activity before and

after revision

e The aim of the tool was explained at the welcome screen.
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® A suggested sequence for activity rooms was presented symbolically with arrows
at the rooms’ introduction screen. Figure 3.30 shows the suggested sequence of

activity rooms of WebFen.

Before revision After revision
T S R LR e e s o i caa
Ve —— N (BT
af & 2 o e
f = &8 B S g
- e Do
v & 2% 2 &
Y W &= = <=1B W
oy =i Dyun Ddas ¥ ermems Drdee

Figure 3.30. The activity rooms before and after revisions
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3.6. Pilot Study

After the revision phase which is the final phase of WebFen development process, a
pilot study was carried out with a small group of students. The aim of the pilot study was
to carry out a formative evaluation study to detect the effectiveness of WebFen in
improving students’ conceptual knowledge on the topic of particulate nature of matter and
to detect possible gains of students in terms of scientific process skills and argumentation

skills.

3.6.1. Participants

The participants of the pilot study consisted of 8 primary school students, 4 girls and
4 boys, who had completed Sth grade (11 years old) and had basic computer skills to be
able to use the system. The system was designed with a content of Particulate Nature of
Matter, which is a topic of 6th grade science curriculum. However 5th graders were used
as participants of the study because 6th graders have already covered the topic in the
beginning of the semester (during the first weeks of November) and thus it was assumed
that the contribution of WebFen would be more apparent when working with students who
were not familiar with the topic. The sample students of pilot study were selected

conveniently according to their accessibility.

3.6.2. Data Collection Tools

In data collection phase of the pilot study, three tools were used. The first one was
pre and posttests which are used to collect data for possible conceptual learning gains on
the selected topic after students used the WebFen. The second data collection tool was
voice records of students’ answers and researcher’s prompts to the third open-ended
question in posttest. The last data collection tool was WebFen usability questionnaire

which is used to get data on system’s usability.

3.6.2.1. Pre/Post-tests: In order to analyze possible conceptual learning gains of

sample students on particulate understanding of matters and compressibility property of
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gases after they study WebFen, parallel form pretest and posttest were administered. Both
tests include two same open-ended questions that require student drawings. Following

paragraphs include the pre and post test questions and brief explanations.

Question (1) Part (a) - Pre and Post Test

Aga:—:nda il aksijen dolu bir kap var, bu katun iimdeki piston hareket
edebilir. Bu pistonun (zerine & kiloluk bir adirhk birakirsak pistonun ve
kabin sonrakl durumunun nasil clacadin gizersk goster.

Iz

Adirhik birakilmadan dnce Agirhk birakildiktan sonra

Figure 3.31. Part a of first question in pre and post-test

First question consists of two related parts, part a and part b. Question in part a aims
to measure students’ understanding of the compressibility properties of gases. Students
were given two flasks with some oxygen gas as presented in Figure 3.31. The first flask
showed the placement of weight and piston before the weight is released onto the flask.
Students were expected to draw how the gas would behave (what would be the final

placement of piston and weight) after the weight was released onto the movable piston.
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Question (1) Part (b) - Pre and Post Test

Eder elinde sihirli bir blyOteg olsayd ve maddeleri en kiglk
boyutlanna kadar gozlemleyebilseydin, kaplaki oksijen gazini
mikroskopik boyutla airlik birakilmadan dnce ve agirhk birakildiktan
sonra nasil gizerdin.

.

Figure 3.32. Part b of first question in pre and post-test

The second part, part b; seen in figure 3.32, is related to the first part of the same
question. In that part students were asked if they had a magic magnifier and they were able

to see the smallest part of the oxygen gas, how they would draw the gas before and after

compression.

Question (2) - Pre and Post Test

Elinde yine sihirli bir blyGted olsayd ve maddeleri en kigik boyutlanna
kadar gtzlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta

nasil gizerdin.

Buz sSu Buharlasan Tuzlu Su Buharlasan
Su Tuzlu Su

Figure 3.33. Second question in pre and post-test

The second question aims to measure students’ conceptual understanding of solid,
liquid and gas matters at particle level and arrangement of particles of matters in different

states. The question includes five empty flasks with labels of substances that need to be
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drawn into them. Figure 3.33 presents the flasks and labels of the second question.
Students were asked to draw demonstrations of water, salty water, evaporating water and

evaporating salty water at particle level.

Question (3) -Post Test only

Figure 3.34. Open-ended question in post-test

Besides two questions that were used to assess students’ conceptual understanding on
the selected topic, the post-test include one open-ended question (“Do you think the claim
that all matters are made up of invisibly small moving particles with some empty space
between them, is a correct statement or not? Why?) that required students to determine
whether they consider the claim that “all matters is made up of invisibly small moving
particles with some empty space between them” to be “True” or “False” and give their

reasons. Figure 3.34 represents the question text of open-ended question in post-test.

3.6.2.2. Semi-Structured Interview Elaborating The 3rd Question of The Post-test:

The additional 3rd question included in the post test was elaborated using a semi-structured
interview. The interview was carried out in order to determine whether students could
provide any evidences to support a claim and if they do so, whether they also could
provide any warrant or explanation statements to clarify the relation between claim and
evidences (This is argument building process in the framework of this study). Two main
claim statements were presented by the researcher for students to provide evidences and
explanations for the claim. The first claim replicated the 3rd question of the post test and
required an elaboration on why the students did/did not think that “all matters are made up
of invisibly small particles with some empty space between them”. The second claim
required students to explain why they did (or did not) think that the earth was spinning

around.
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Student answers were audio recorded and analyzed in order to determine whether
students could provide any evidences to support a claim and if they do so, whether they
also could provide any warrant or explanation statements. The data obtained from the
semi-structured interview will be explained with a different sub-heading in “results”

section.

3.6.2.3. WebFen Usability Questionnaire for Students: The questionnaire was used

in order to collect data from students about the usability of the system. The instrument was
adapted by the researcher from original version that is prepared and used by Bal (2004).
The scale (see in Appendix B) consists of 10 items, 9 of them are Likert-type with 5 points
and one question is an open-ended question about suggestions for the programmer. The
items were mainly designed to understand the ease with which users can manage to work
with the system. Specific questions direct attention to the ease with which users could
understand the questions, use the system, use the materials in observation room, run video

clips, and manage textual information.

3.6.3. Procedure

After revision step which was the last step of WebFen development phase, 8
participating students used the system in different sessions. Before starting to use the
system, the aim of the study, procedure and student’s tasks while using the system were
explained by the researcher. Then, each student was asked to take the pretest and answer
all of the questions. Each student completed the pre-test in 8-10 minutes. Following that,
the researcher organized the necessary hardware and typed the Internet address of WebFen
(For the pilot study the WebFen tool is uploaded to the server of Computer Education and
Instructional Technologies Department, Bogazici University and the temporary address
was assigned as http://www.cet.boun.edu.tr/WebFen ). Then each student created a
username and password to login the system and started to investigate the system. Each of
participating students completed activities in each room, except discussion room, (because
discussion room is designed for classroom use with teacher) and created decision report in
decision room. Working with WebFen session was completed in 35-50 minutes. Compared
with other activities, students spent highest amount of time (10-15 minutes) in decision

room working on completing the decision report with argument statements. While working
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with WebFen, students had no difficulty in controlling and manipulating the WebFen
environment, because they had reported themselves as having good computer skills. All of
the participating students have Internet connection at home, have basic computer skills and

have their own e-mail accounts.

After completing the WebFen session, usability questionnaire and post-test were
administered to students. It took 25-30 minutes for students to complete these two
instruments. The semi-structured interview sessions were made just after the completion of
post-test and each interview took nearly 5-8 minutes. The interviews were audio recorded

by the researcher.

3.6.4. Data and Results of Pilot Study

Students’ data obtained from pre-post tests, audio recordings of the semi-structured
interview (elaboration of the third question in post-test) and usability questionnaire were
analyzed in data analysis phase of pilot study. The following sections explain data and
results obtained from pre-posttests, voice records of the semi-structured interview, and

WebFen Usability Questionnaire.

3.6.4.1. Pre-Post Tests: Data obtained from specific questions of the pre and post

tests were analyzed to identify the change in students’ particulate understanding of matter

in different state and understanding of compressibility property of gases.

In question la (question 1, part a), students were presented with a picture of a flask
with a piston filled with oxygen gas. The question asks what happens to the piston if some
amount of weight is released on it. Students were expected to draw the final position of the
piston and weight. This question aims to identify students’ understanding of
compressibility property of gases. Drawings were considered as accurate if the volume of
oxygen gas decreased after compression process. Drawings were considered as inaccurate
or erroneous if the volume of gas is increased or stayed the same after releasing of the
weight. Students’ pre and post test responses for question la and observed changes in

representations are presented below.
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Table 3.3. Students’ pre and post test responses for question 1a and observed changes

Pre/Post Measures for question la Observed Changes in Representations

No change; accurate representations
both in pre and post measures.

Change towards more  accurate
understanding of compressibility of
gases.

Pre Agirhik birakilmadan once  Agirlik birakildiktan sonra

S2
Post Agulik birakilmadan once Agirlik birakildiktan sonra
Change towards more  accurate
understanding of compressibility of
gases.
S3 Pre Agirhik birakilmadan once Agll;llk birakildiktan sonra
and
S6
Post Agirlik birakilmadan once  Agirlik birakildiktan sonra
Change towards more  accurate
understanding of compressibility of
gases.
S4

Pre Agirlik birakilmadan once Agarlik birakildiktan sonra
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Post Agirlik birakilmadan once  Agirlik birakildiktan sonra

7%

Pre Aglrh}\ birakilmadan once A mhk birakildiktan sonra

Accurate representations both in pre and
post measures. Post measure includes
representation of oxygen particles even
though not asked.

S7

L..fi

No change in the volume of gases;
erroneous understanding on
compressibility property of gas in pre
and post measures. Post measure
includes representation of oxygen
particles even though not asked.

S8

POSt Agirlik birakilmadan once  Agurlik birakildiktan sonra

The results of students’ responses to question la in pre-post measures showed that all
of the students except S8 (S8 present erroneous understanding in both pre and post
measures), had presented accurate representations for the volume of oxygen gas in post
test; they drew the volume of flask filled with oxygen gas smaller after compression. 4 of
the students (S2, S3, S4, and S6) who had drawn accurate representations in posttest
presented a favorable change in understanding of compressibility property of gas after
using the tool. 3 of the 7 students (S1, S5, and S7) who had provided accurate
representations in posttest had also presented accurate representations on compressibility
of gases in pre measures (before treatment). They seemed to have accurate understanding
on the compressibility property of gases prior to the treatment. Additionally 3 of the
students (S2, S7, and S8) presented particulate representations for oxygen gas in
questionla of posttest although they were not required to do so. The figure 3.35 presents

the results of students’ representations for question la categorically.
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Accurats Erroneous
OB representation in  representstion in
repregantation in posttest bath pre and
pretest peoat test

Accurate representation in
leoth pre and post test

* Alzo includes particulate representabons in posttest

Figure 3.35. Students’ response schema for question la

Question 1b aimed to identify students’ particulate understanding of matter at gas
state. Students were expected to draw the microscopic representation of oxygen before and
after the compression. The question was “If you have a magic lens and be able to observe
the matter in very detailed way, how could you draw the oxygen gas at microscopic level
before and after the compression?” Drawings for this task were considered to be accurate

representations if;

¢ there is a decrease in the volume of gas but not zero volume after compression,

e the gas is represented in particulate form,

e there is no macroscopic interference; students’ particle drawings do not include
any macroscopic signs or properties such as drawing borders, adding fumes or
smokes for gases.

¢ the distance between particles decreases after compression,

e the particles are distributed randomly,

Drawings were considered as erroneous or inaccurate if;

e there is no decrease in the volume of gas after compression,

e the gas is represented in macroscopic form,

e there is no decrease in the distance between particles.
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Additionally the dot, point and circle like drawings for gases were considered as
particulate form representations, but use of circle like shapes instead of dots and points for
gases were accepted to be more refined forms of particulate representation. The pre and
post test responses of each student for question 1b and observed changes in representations

are presented below in Table 3.4.



Table 3.4. The pre and post test responses of each student for question 1b and observed

changes
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Pre/Post Measures for question 1b

Observed Changes in Representations

Accurate but not refined particulate form of
representations in both pre and post measures.
No change in particulate representations of
oxygen gas between pre and post measures.

More accurate and more refined particle
representations in posttest. A change between
pre and post measures toward more accurate
particulate understanding. (Particulate
representations in both pre and post-tests; but
there is a change toward more accurate
particulate understanding and more refined
representations)

Pre
S1

Post
$2 Pre

Post
S3

Pre

More accurate representations in post-test.
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Post

S4 Pre

Post

)

Erroneous  representations  (macroscopic
representations) in pretest, accurate
particulate understanding in posttest. A
change  toward accurate  particulate
understanding between pre and post
measures.

Particulate representations in posttest include
macroscopic interference in pretest. More
accurate and refined representations in post
measure.

S5 Pre
Post
Erroneous representations in pretest but
accurate particulate understanding in posttest.
A change toward accurate particulate
understanding between pre and post
S6 measures.

Pre
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Post

Accurate particulate representations both in
pre and posttest, but more refined
representations in posttest.

Pre
S7
Post
More accurate particulate representations in
posttest.
gg Pre
Post

The results showed that all of the students had presented particulate understanding in
post measures. Additionally when we move from pre to post-test there was a positive
change in students’ representations which was observed as a shift from either erroneous to
accurate representations or towards more refined forms of representations in posttest.

Figure 3.36 presents students’ responses to question 1b categorically.



Drawings in Pretest

Erronecus
representations
S3
54
56
S8

Less refined particle
representations

Drawings in Posttest

Accurate
representations

sS4
S6

s7
S8

More refined, more
accurate particle
representations

Mo change

Figure 3.36. Students’ response schema for question 1b

106

Question 2 in pre and post-test aimed to identify students’ particulate understanding

of matter in different states. Students were expected to draw the microscopic

representations of ice (solid), water (liquid), evaporating water (liquid and gas), salty water

(solid and liquid), evaporating salty water (solid, liquid and gas). The question was “If you

again have a magic lens and be able to observe the matters in very detailed, how could you

draw the substances in the beakers at microscopic level?”

Drawings for question 2 were considered to be accurate representations if;

e the matters are represented in particulate form,

e the particles are distributed randomly,

e there is no macroscopic interference; student’s particle drawings do not include

any macroscopic signs or properties such as drawing borders, adding fumes or

smokes for gases. For the specific case; due to the dust like macroscopic

appearance of salt, dots and points (rather than circular forms) are considered to

indicate macroscopic interference.
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Drawings were considered as erroneous or inaccurate if;

¢ the matters are represented in macroscopic form,
¢ the particles are not distributed randomly,

¢ there are macroscopic interference in representations.

Additionally the dots, point and circle like drawings for gases were considered as
particulate form representations, but use of circle like shapes instead of dots and points for

gases were accepted to be more refined forms of particulate representation.

The Table 3.5 represents the pre and post test responses of each student for question

2 and observed changes in representations.



Table 3.5. The pre and post test responses of each student for question 2 and observed

changes

Pre/Post Measures for Question 2

Observed Changes in
Representations

Buz Sy

S1

Buharlasan Tuzlu Su
Su

o
Buharlagan Tuzlu Su

Su

Buhariasan
Tuziu Su

Buharlasan
Tuziu Su

A change toward more
accurate and more
refined particulate
representations. Pre
measure includes
particulate
representations with
macroscopic
interferences for gas.
No macroscopic
interference observed
in post measure.

Buharlasan Tuzlu Su
Su

Buharlasan
Tuzlu Su

58]
i

Buharlasan Tuzlu Su

Su

Buharlasan
Tuzlu Su

A change from
macroscopic to
accurate particulate
representations
between pre and post
measures. More refined
representations in
posttest. Pre measure
includes some
macroscopic
interference in the
cases of water and
evaporating water.

S3

Buharlasan ry
Su

Tuzlu Su

Buharlasan
Su

Tuzlu Su

Buharlasan
Tuzlu Su

Buharlasan
Tuzlu Su

A change from
macroscopic to more
accurate particulate
representations with
macroscopic
interferences in
drawings of water
vapor.
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A change from

b macroscopic to

~ $1Y 1 T accurate and more

Ay refined particulate

Buz Su Buharlasan Tuzlu Su Buharlasan representation. No
su Tuzlu Su macroscopic

S4 interference observed
in post measure.

Buz Su Buharlasan Tuzlu Su  Buharlasan
Sy Tuzlu Su

A change from
macroscopic to more
accurate particulate
representation with
macroscopic

Tuzlu Su  Buharlasan interference in the case
Tuzlu Su of ice.

S5

Tuzlu Su Buhal lasan
Tuzlu Su

A change from
macroscopic to
accurate and more
refined forms of

Su  Buhatasan TS BLT"g;;{fgg" Fepresentation. No
S6 = macroscopic
interference observed
in post measure.

Buz

Buharlagan
Tuzlu Su

Change from
particulate
representations with
P ; dominant macroscopic
Su  Buharlasan Tuzlu Su Buharlasan : interferences in all
S7 Su Tuzlu Su cases to accurate
particulate
- ¥ representations with no
\rwcu d0k o e .
] Bbrees it macroscopic
k XM PR ¢ S AR Ay interference.

Buz Su Buharlasan Tuzlu su BTee Buhallasan
S Tuzlu Su

‘.—
¢ % .
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A change toward more

7 " 9] I p 67 , accurate and more
¥ a) ‘ - .
J v : : { refined forms of
) o i R s / particulate'
representations.
Buz Su Buharlagan  Tuzlu Su Buharlasan
Su Tuzlu Su
S8
) I
oY 7 : H U
(2] \_)H s
e )
'.'7 )\( O 0
oD g , ;
Su Buharlasan Tuzlu Su  Buharlasan
Su Tuzlu Su

The results of students’ responses to Question 2 showed that for all of the students,
there was a positive change in particulate representations between pre and post measures.
Five students (S2, S3, S4, S5 and S6) used definite macroscopic forms of representations
in pre test, but they provided more accurate particulate representations (with some

macroscopic interference in the drawings of S2, S3 and S4) in post measure.

For three students more refined forms of particle representations were observed in
their posttests. These three students (S1, S7 and S8) started with particulate drawings with
some macroscopic interference, but ended up using accurate and refined molecular
representations at post test. The following figure (Figure 3.37) shows students’ drawings

categorically.
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Drawings in Pretest Drawings in Posttest
Erroneous Accurate particle
representations representations

s1

52

S4

S6

57

S8
Less refined particle
representations with Particle representations with
macroscopic interference some macroscopic interference

(223
D

Figure 3.37. Students’ response schema for question 2

3.6.4.2. Semi-Structured Interviews: The semi-structured interview was carried out

when elaborating the 3rd question of the posttest which was used to determine whether
students had developed argumentation skills. It aimed to identify whether students
presented any evidence to support a claim and warrant to explain the relationship between
claim and evidences (the main frame of argumentation building process which is explained
in literature section), and if they do so, then whether they could also provided any warrant
or explanation statements to clarify the relationship between claim and evidences. Two
claim questions were presented to students and they were asked to give a yes/ no answer
first. Students are firstly asked that “Do you think the claim that all matters are made up of
invisibly small particles with some empty space between them is true or false?”, and then
the researcher asked further questions and made prompts such as “how do you know that
this claim is true/false? How could you persuade a person or a friend to accept your claim
as correct?” These questions were asked to get detailed responses and students are
expected to provide evidences and warrant for their claims and build up argument

statements.

The second claim question, “Do you think that the earth is spinning around?”’, was
asked students to be evaluated as true or false and similarly, after first response, additional
questions (similar to those stated in the previous question) were used by the researcher to

get evidence and warrant statements.
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During interviews, students’ responses and researcher’s prompts were audio-
recorded. In order to analyze qualitative data, the audio records of each student were

transcribed and three main data categories are created for each claim question which are:

e Claim accepted/rejected: It describes whether student accept the claim as true or
reject.

e Evidence (if any): It describes if student accepts the claim as true, whether she/he
provide any evidence statement(s).

e Warrant (if any): It describes if student accept the claim as true and provide
evidence(s) for the claim, whether she/he provide any warrant statement(s) to

explain how the evidences are related with the claim.

The following table (Table 3.6) presents data for question 3 in post test. The claims
about the particulate nature of matter, and earth’s spinning are named as claim 1 and claim

2 respectively.



Table 3.6. Students’ data for question 3 in posttest

S1 Claim Evidence(s) IWarrant(s)
Claim 1 accepted |1. look into matter using a special microscope (Visual evidence) One
Claim 2 |accepted |l. Photographs and video records taken from satellites One
(Visual evidence) (after promt)
2. Formation of days and nights
S2 Claim Evidence(s) IWarrant(s)
Claim 1 accepted |1. “I explore WebFen, I give the address to my friend to persuade [No
him”
2. Use of magic lens(Visual evidence)
Claim 2 |accepted |l. Formation of days and nights No
2. Photographs from satellites(Visual evidence)
S3 Claim  |Evidence(s) Warrant(s)
Claim 1  jaccepted |1. analyzed solid, liquid and gas matters using magic lens(¥*) No
2. Carrying out experiments
(Visual evidence)
Claim 2 |accepted |l. day and night are formed as earth is spinning around No
S4 Claim Evidence(s) IWarrant(s)
Claim 1 accepted |1. “I investigated much” No
2. use of magic lens to analyze the structure of oxygen gas
(Visual evidence)
Claim 2  jaccepted (1. “A lot of people are saying this” No
2. Formation of day and night.
(She also uses the term evidence to explain claim 2)
S5 Claim  |Evidence(s) Warrant(s)
Claim 1 jaccepted [No No
Claim 2 jaccepted [No No
S6 Claim  |Evidence(s) Warrant(s)
Claim 1  jaccepted (1. Made observations No
2. Use magic lens (*) (Visual evidence)
Claim 2 |accepted |l. Video records and photographs from space (Visual evidence) One (*)
2. Formation of day and night
S7 Claim  |Evidence(s) \Warrant(s)
Claim 1  jaccepted |[1. Carrying out experiments One (**)
2. observing evaporating water using magic lens (Visual evidence)
(She also uses the term evidence to explain claim 2)
Claim 2 jaccepted |1. Investigations are evidences No
2. Photographs taken from space evidences for this. (Visual
evidence)
(She is the only students who clearly state that those information are
the evidences)
3. Formation of day and night, seasons
S8 Claim  |Evidence(s) Warrant(s)
Claim 1 jaccepted |[1. Authority One(**)
2. We saw in game room and in compression experiment
Claim 2 |accepted |l. No (An evidence is provided on a different claim which is about [No

the shape of the earth)

* Response is get after more than one prompt.
** A weak warrant on compressibility of gases

113
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Students’ responses were analyzed to find out if the system was effective to help
students building up argument statements and gaining argumentation skills. The aim of
data analysis was to find out whether they used any evidence statements to support the
presented claims and whether they explained the relationship between evidences and

claims with warrant statements.

The results showed that all of the students had evaluated claim 1 and claim 2 as
correct and all of the students except one (S5) had provided some evidences for these

claims but most of these evidences are stated after prompts.

Six of the students who provided evidences had used visual evidences such as magic
lens, photographs, video records; the connection between visual evidences and related
claims are more obvious. For instance S1 said: “In order to persuade my friend about this
claim, I show a flask filled with air. He cannot see anything inside the flask, it is like
empty. But if he looks into the flask using a special microscope, he can see observe the air

(particles), therefore he can be persuaded”.

Two students (S4 and S8) mentioned about authorities or commonly accepted
promises as evidences. For instance S4 stated evidence for claim 2 as “A lot of people are
saying this”. Additionally, except from S7, none of the students mentioned carrying out
experiments as evidence without any prompts, but she also added virtual evidences as

sample experiment after some prompts.

Only two students (S4 and S7) used the term “evidence” (in Turkish “kanit”) while
mentioning on the evidences for claims. S7 said that “Photographs (taken from the space)
are the evidences for that (for the claim that the earth is spinning around)” and similarly S4

said formation of day and night was the evidence for the same claim.

In general, it can be said that students could not explain the connection between
evidences and claims (which are warrant statements) clearly. Only S1 explained how

magic lens can be an evidence to support claim 1. He said that with the observation of
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matter which is invisible (gases) using special microscopes, then the particulate structure

can be seen. He could create a connection with claim and visual evidence.

Finally the results showed that students were not much aware of the necessity that a
scientific claim needs to be supported with evidences and warrant needs to be used to
clarify the connection how the evidences support claims; because most of the claim and

warrant statements are generated by students after prompts.

3.6.4.3. WebFen Usability Questionnaires: WebFen usability test which consists of 9

likert-type and one open-ended item was administered to all participating students in order

to measure students’ perceptions of WebFen’s usability. Likert-type items have 5 degrees.

Students’ responses were converted to numerical values and 5 represents “the tool
and subparts were very easy” (for items 1 to 7) or user wants very much (for items 8, 9)
and 1 represents “the tool and subparts were very difficult” (for items 1 to 7) or user does
not want very much (for items 8, 9). The answers to the first nine items on usability test are

given in Table 3.7.

Table 3.7. Students’ responses to usability questionnaire

Item1 Item2 Item3 Itemd4 Item5 Item6 Item7 Item8 Item9 Total
S1 5 5 5 5 3 4 5 4 5 41
S2 5 5 5 5 2 5 5 3 5 40
S3 4 5 5 5 2 3 5 5 5 39
S4 4 5 5 5 5 5 4 5 5 43
S5 5 5 5 5 5 4 5 4 4 42
Sé6 5 5 5 5 2 5 5 5 5 42
S7 4 5 5 5 3 4 5 4 4 39
S8 3 4 4 5 3 3 5 4 5 32

According to responses to each separate item of the usability test, the students were
observed to find the text based instructions as either easy or very easy (item 1) to
understand except one student, who responded as not decided. The program was
considered to be easy (or very easy) to use (item 2). The objects such as syringes, beaker,

salt plate in investigation room were found to be very easy (except one students who
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responded as easy) to drag (item 3). Running the video clips was very easy (item 4). The
activities in rooms were found to be very easy, easy or not decided (item 6). For the item 6
which asks whether the activities in rooms are easy; six students responded as very easy or
easy, and 3 students responded as neutral. Texts used in the tool were considered to be very
easy (except one students who responded as easy) to read (item 7). The students preferred
to use the system again very much or much except one students responded as not decided

(item 8). The students preferred to study different units using similar tools (item 9).

The most variance between students’ responses was observed in the item 5 which
was about completing the report in decision room. Two students responded that it was very
easy to complete the report; two students responded as easy, three students responded as

not decided and one student responded as difficult.

Answers to the last open-ended question can be categorized into no change,
suggestions about game room, comment and suggestion about text size and voice option

for agents.

Table 3.8. Students’ responses to the last question of usability questionnaire

Response to open-ended question

S1 There may be more game after activities. By this way the things we have
learned get stronger.

S2 I would change the decision room.

S3 I would change nothing, because it was a very good program.

S4 The texts of Selim and Selin were a little bit small. And it would be better if
they talk.

S5 I would change nothing.

S6 I would change nothing, because it was a very good program.

S7 I would add more games in game room and add more experiments.

S8 I would change nothing.

Five students responded that if they were the programmer, they would not change
anything about the program, and two of them added that is because they found the program
very good. Two students made suggestions about the game room. They expressed that if
they were the programmer, they could add more games (One of those students who

responded about game room is also suggest to add more experiments in investigation
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room). Lastly, one student responded that the text size in the speech bubble of Selim and
Selin was a little bit small, so it can be larger and it would be better if a voice option added

for the agents.

In general, students’ responses on usability of the system were positive except from
one neutral point in the decision room (item 5). Some of the students have responded that
they found it difficult (or not decided) to fill the report in decision room. That result is

discussed in details at “Results and Discussion” section.
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4. RESULTS AND DISCUSSION

The main aim of the present study is the design and development of a web-based
science learning tool that uses the implications of constructivist views of learning and
argumentation method as guidelines in the design framework. The study also includes a
preliminary study with in-service science teachers on the effectiveness of the system and a
pilot study with 6th grade students. The pilot study aims to get preliminary data about the
possible effects of the tool, WebFen, on students’ conceptual understanding on the
particulate nature of matter and the development of argument building skills. The
following paragraphs examine the results of the preliminary study and the pilot study with

references to the literature and discuss importance and implications of findings.

The results of preliminary study with teachers are also used as a resource for system
revisions. Results mainly indicated that teachers found the system useful and they thought
that it could be used before or during instruction. One of the main findings in the results is
the teachers’ emphasis on the need and importance of computer-supported multimedia
tools to improve students’ conceptual understanding. Participating teachers supported the
idea that the multimedia tool provided visually rich particle demonstrations and could be

helpful for students to understand molecular representations of matter.

The results of the pilot study provide us some insight as to how the WebFen tool
might contribute to the development of conceptual understanding on particulate nature of
matter and argumentation skills. Although the number of participants are quite low (n= 8)
the consistency of results allow us to make some predictions on possible effects of the tool.
Therefore, the following paragraphs outline an insight regarding possible outcomes of
WebFen rather than significant effects of the tool. Results obtained from the pilot sample
mainly indicates a positive effect of WebFen tool on the development of conceptual
understanding of particulate nature of matter, but a little improvement on argument
building skills. Although sample students provided some evidences to their claims, most of

them failed to justify how the evidences support their claims.
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These results are observed to be consistent when considered in relation to past
research. The literature includes a significant number of researches (e.g. Ardac &
Akaygiin, 2004; Sanger, 2000; Williamson & Abraham, 1995; Geban, Askar & Ozkan,
1992) that found out that use of computer supported environments that provide animated
and three dimensional demonstrations of chemical phenomena is important to help
students develop conceptual particle understanding and connect macroscopic level of
representations with molecular representations. When the results of pilot study were
examined to detect any conceptual change, it was seen that the findings confirmed the
previous studies in the literature. According to results of pre and post-tests that measure
particulate understanding of matter, after studying with WebFen, students presented a
positive change from perception of matter with macroscopic character or having a
particulate understanding with macroscopic interferences toward having an accurate or
more refined forms of particulate understanding. It can be said that they differentiated two
forms of representations which are macroscopic and particle level representations. One of
the authors that mentioned the importance of the students’ ability to transfer and connect
between three representation levels was Johnson (1998). He claims that students’ learning
difficulties and having misconceptions about the particulate nature of matter is a result of
the way of instruction rather than students’ capabilities. This study was an attempt to
provide materials such as animated, video based or three dimensional demonstrations of
matter including macroscopic and particulate representations; therefore WebFen can be
used to support instruction by providing opportunities for teachers to make transitions

between representations.

It is possible to infer possible contributions of the WebFen tool on the development
of argumentation skills by considering students’ responses to interview questions that
elaborate the third post test question. When the interview questions that asked whether
students with agreed the claims (on particulate nature of matter and the earth’s spinning)
were analyzed it was found that most of the students could provide some evidences to
support the claim with some or no prompts. Most of the evidences used by the students
were visual evidences such as the particle animations presented inside the magic lens,
video records or photographs to support the claims especially for first claim which is about
particulate nature of matters. This result implies the important role of visualization in

helping students understand, make sense and remember scientific phenomena. The use of
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visual evidence was particularly predominant when giving evidence for the claim on
particulate nature of matter, which underlines possible contribution of molecular

visualization and molecular (particle) level representations when teaching chemistry.

Although most of the students provided some evidences to the claims, most of the
students’ evidence statements were received after prompts and students were not observed
to indicate a need to provide evidence to support a claim. They also failed to give clear
warrant statements; they could not provide explanations on the relationship between
evidences and claims. There may be a number of reasons for that result. First of all,
students are not familiar with the argumentation, because today’s science education often
ignores argumentation and scientific inquiry practices (Osborne, Erduran & Simon, 2004b,
Erduran, Ardac & Yakmaci-Guzel, 2006) and the terms such as finding evidences,
supporting claims, building up arguments are new for them. Additionally the researchers
who carry out argumentation studies with middle level students emphasize that in order to
develop students’ argument building and scientific process skills, students should be taught
on what an argument is, how one can differentiate a strong or a weak argument, what are
claims, data, evidences, and warrants. Further, they need to carry out warm up classroom
activities for one-two weeks including student-student interaction. However the
comprehensive evaluation study is not in the scope of the present study, the main aim of
the study is design and development of the tool that can be used by teachers and students
during instruction. During the implementation of pilot study, students are provided
information on the structure of an argument only for 3-5 minutes when they were working
on filling decision report activity in decision room and they did not get any supplementary
instruction on argument building procedure before using WebFen. Sample students also
worked with the system alone, so there was no student-student interaction which is stated

as one of the main issue of argumentation.

Moreover, students’ inadequate argument statements can be a result of the short
period of the pilot study. Pilot study is carried out in one single session without a
classroom setting. However all of the argumentation studies described in literature review

section implemented their instructional models for a period between 4-36 months.
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In order to measure WebFen’s usability, students were administered a questionnaire.
The results of total usability scores indicate that students found the system and its
component easy to use. One noticeable difference between item responses was observed
for the item that asks students whether filling the decision report was easy. Although
students found the system and sub-parts (except decision room) easy to use, most of the
students either felt that filling the decision report was difficult or they were unsure. In
decision room, students were expected to write their arguments for the main problem
including claim, evidence and warrant statements. Therefore it is very likely that the
difficulty was about students’ lack of understanding of argumentation rather than the
functionality of the decision room which can be seen as a sub-section of WebFen. This
result may have different explanations. One explanation is that students might be
experiencing difficulties in connecting parts of a whole. Although they understand the
evidences, they could not create a connection between evidences which can be seen as
parts of a complete argument and they could not notice the necessity of using those
evidences to support their claim. They might process the activities as isolated learning
experiences. For instance they provided correct answers to the assessment questions in
competition room, and they could also easily explain the experimental activities in
investigation and video rooms when asked but they could not clarify how those evidences
relate to the main claim. A possible reason for this result can be that students are
unfamiliar with such practices as discussed in previous paragraphs. Probably, they have not
been asked to create such a connection between a claim and evidences throughout their
school lives and it is difficult for them. They also have a cognitive load while studying
with the system and because of the difficulty of conceptual learning process; they did not
perceive finding and relating evidence as a part of the whole learning process. In other
words, they did not pay enough attention on what they are doing in activities of
investigation and video room is actually an evidence development or finding process which
is necessary to support the claim. So, further studies are needed to be organized to analyze

possible reasons of these results.

In order to overcome students’ difficulties in relating evidences to the claim, and to
reduce cognitive load, more emphasis need to be provided after the creation of each
evidence and at each small step, students can be informed or asked whether or how the

obtained evidence supports their initial claim. They can be asked to evaluate the claim.
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Some additional support such as providing or allowing students to draw an argument map
that schematically present the relation between claims, evidences and warrants with boxes,
arrows and keywords can be provided by the system especially in decision room to
highlight the relation of the evidence with the claim. In the present study, text-based list of
evidences collected from investigation and video room is presented at the decision room

where students are expected to build up their argument statements.

The present study is an attempt to making use of advantages of ICT and Web to
support content and argumentation skills and it provides a template that can be used to
create similar multimedia-based instructional materials that support argumentation
practices. More learning materials on different science units can be added to the system

and can be used in classroom settings.
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5. CONCLUSION

One of the aims of the research was to design a web-based science learning tool,
WebFen, with a sample unit on particulate nature of matter for 6th graders. The main
design framework of the WebFen is guided by the implications of current instructional
models of constructivist views and implications of argumentation studies. Usability
principles of web-based learning environments are also used as reference in design and
development phase to create a usable system. The other aim is to develop the tool using
Adobe Flash and ASP.net software environments. A relational database is created using

Sql server in order to keep records of users and responses of students.

WebFen includes a set of activity rooms that incorporate interactive learning
activities on the selected unit, particulate nature of matter. Each room has different goals.
Activities are designed around a starting question that requires students to identify the
accurate particulate representation of evaporating chalky water. Students’ responses to this
main question are accepted as their claims about the nature of matter. Students are then
expected to visit a number of rooms in order to collect evidence to support their claim and
reflect on or share their views. Briefly, investigation and video rooms include experiment-
based or video based activities that focus on the macroscopic and particulate
representations of matter. As students carry out tasks in those two rooms, they collect
evidences that can be used to support their initial claim. Discussion room includes a form-
like online discussion board and is designed to provide opportunities for collaboration or
carry out online small group discussions. Decision room is the place where students
observe their views based on the collected evidences and build up arguments by creating a
decision report. Competition room includes multiple choice questions on the selected unit
and game room includes a matching substance with particulate demonstrations game.

Lastly expert room includes additional textual and pictorial materials about the unit.

WebFen allows teachers to monitor students’ responses to all of the tasks and

questions in the system and also get information about how many correct and incorrect
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responses are given to each task or question. Teachers also have responsibility to initialize

the discussion feature by assigning a discussion topic.

The research also includes a preliminary study with in-service teachers which aims to
get qualitative data through semi-structured interviews. Teachers provided data about
scientific accuracy, usefulness in instruction, usability, weaknesses and strength of the tool.

According to the results of the preliminary study, system revisions were carried out.

In order to gain initial information about the effectiveness of the tool in development
of conceptual understanding and argumentation skills, a pilot study was carried out with
eight 11 years old students who have completed 5™ grade. Data is collected through pre-
post test, usability scale and students’ voice records and interviews about development of
arguments. The results showed that the WebFen is effective in development of conceptual
understanding. A noticeable difference is observed in particulate understanding between
pre and post measures. Students also have found the system and the sub-tools easy to use
and manipulate except the decision room section. However students presented weak
performance in building up arguments. They provided inadequate argument statements. A
more detailed analysis concerning weak performance in building up arguments and
possible reasons are discussed in the discussion section. A rather straightforward and
commonly acknowledged educational implication seems to be a need to increase

familiarity with argumentation skills.

The results of the preliminary and pilot study show that the WebFen can be used in
science classrooms with teachers’ guidance. Although limited in number, teacher
suggestions are favorable and encouraging. Teachers seemed to particularly favor the
visual facilities and proximity to the existing curriculum standards. Although to a lesser
extend, teachers also favored the emphasis on argumentation skills and the structured path
that enables the development of scientific discourse. A sample instructional plan for
teachers about how to integrate WebFen in regular classrooms is also developed and

presented in Appendix A.
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5.1. Limitations of the Study and Recommendation for Further Studies

Since the main aim of the present study is the design and development of the
WebFen, and the study does not primarily focus on comprehensive evaluation of the tool, it
just includes a formative evaluation (pilot study) phase. Therefore there are some
limitations that need to be overcome in further validation (comprehensive evaluation)
studies. These limitations and suggestions for further works are briefly mentioned in the

following paragraphs.

One of the limitations in pilot study is about time constraints and absence of
supplementary instruction on argumentation. Students spent nearly one and a half hour or
two hours studying with the tool and completing necessary instruments such as tests,
usability questionnaire and in the scope of pilot study they could not provided with a
detailed information or instruction on argumentation and components of a strong scientific
arguments. Therefore it is recommended that students should be explicitly taught about
argumentation. For instance they should know what an argument and the components of an
argument are or what the examples of strong and weak scientific arguments are before they

start to work with the WebFen.

The present study includes one section from the science curriculum of 6th graders.
Therefore different units can be designed and developed within the present framework and
created template for further works. Further studies should also be carried out with a large
sample group of students having various backgrounds within a school setting to provide
opportunities for student-student, student-teacher interaction and to provide group
discussions using discussion board feature of the tool. Students’ responses during
discussions can be qualitatively analyzed in order to obtain more extensive results about

their argument building skills and to generalize the results.

Audio options should be provided by the tool for disabled students and for the
students who prefer listening to reading the instructions. This feature is also one of the

students’ suggestions obtained from usability questionnaire. One student suggested that it
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would be better if the agents namely, Selin and Selim who give the instructions and
feedbacks could speak. Adding more games and learning tasks are some other suggestions

of sample students in the pilot study.
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APPENDIX A: A SAMPLE INSTRUCTIONAL PLAN

Asagida verilen ders plani, arastirmaci tarafindan gelistirilen, web destekli fen
Ogretim aract olan WebFen’in simmif ortaminda etkin bir sekilde kullanilabilmesi i¢in
Ogretmenlere yol gostermek amaciyla hazirlanan 6rnek bir ders plamidir. Planin
hazirlanmasinda yapilandirict yaklasimi destekleyen giincel Ogretim modelleri, fen
egitiminde argiimantasyon metodunu kullanan arastirmalarin bulgular1 ve bu ¢aligmanin
fen 0gretmenleri ile yapilan on degerlendirme siirecinde, katilimc1 6gretmenlerin Onerileri
temel olusturmustur. Sunulan ders plami bir 6rnek olup, 6gretmenler simif olanaklart ve
ogrenci Ozelliklerine gore yeni planlar olusturabilir ve WebFen sistemini kendi siniflarina

farkl sekillerde de dahil edebilirler.

Ders / Seviye : Fen ve Teknoloji / 6.stmif

Unite / Konu: Maddenin Tanecikli Yapis1 / Maddelerin Yap1 Taslar1, Atomlar

Kazanimlar:

e Sivilarin ve gazlarin sikisma-genlesme 6zelliklerini karsilastirir.

e Gazlarin sikisma-genlesme oOzelligindenden gaz tanecikleri arasinda bosluklar
oldugu ¢ikarimini yapar.

e Maddelerin goriinmez kiiciik parcalara boliinebildigini deneyler yoluyla fark eder.

¢ Tiim maddelerin gozle goriillemeyen kiiciik ve hareketli taneciklerden olustugunu
belirtir.

e Gaz haldeki maddeleri olusturan tanecikler arasindaki bosluk miktarinin sivi ve
katilardakilere gore daha fazla oldugunu farkeder.

e Maddeleri olusturan taneciklerin yerlesim diizenlerinin kati haldeki maddelerden
s1v1 haldeki maddelere dogru gidildik¢e bozuldugunu farkeder.

¢ Maddelerin nereye kadar ardasik boliinebilecegini sorgular.

e Maddeleri olusturan yap taglarini belirtmenk i¢in “atom” terimini kullanir.
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Arac ve Gerecler: Ogrenci sayisi kadar Internet baglantisi olan bilgisayar.

Siire: 1 ders saati (40-50 dakika)

Ders Oncesi Siireg:

Ogrenciler dersi WebFen programim kullanmaya baslamadan 6nce, argiimantasyon
konusunda iki veya ii¢ haftalik bir 6n egitim almalidirlar. Bu egitimde 6grencilere gii¢lii bir
argimanin ne oldugu, nasil desteklenmesi gerektigi, iddia-delil-gerek¢e(destek)
climlelerinin birbirleri ile nasil iligkilendirilmesi gerektigi simif ortaminda, Ggretmen
rehberliginde anlatilmali ve ¢esitli fen konularindan argiiman 6rnekleri incelenerek sinif igi
diyaloglarla Ogrencilerin argiimantasyon siirecini Ogrenmeleri saglanmalidir. Boylece
ogrenciler WebFen ile maddenin tanecikli yapis1 konusunu c¢alismaya baslamadan Once
argiimantasyon siireci ile ilgili 6nbilgiye sahip olurlar ve programi daha etkin bir sekilde

kullanabilirler.

Ders Siireci:

(3-4 dakika)-Dersin baginda 6gretmen konu ile ilgili kisa bir bilgi vererek (konunun
adi, alan adi ve neden 6nemli bir konu oldugu gibi) ve “Sizce tiim maddeler temelde ayni
olabilir mi?”, “Maddeleri ¢cok yakindan inceleme sansimiz olsaydi onlar1 nasil goriirdiik
sizce?” gibi giris sorular sorarak Ogrencilerin 6n bilgilerini ortaya ¢ikarmaya ve onlari
derse hazir hale getirmeye calisir. Daha sonra dgrenciler WebFen programina kullanict

adlar ve sifreleriyle giris yaparlar.

(1-2 dakika)-Giris boliimiinii inceledikten sonra ogrencilerden maddeleri inceleme
yolculuguna baslamak i¢cin maddelerin yapisina iliskin ortaya atilan tanecik boyutunda 4
farkli buharlasan tebesirli su gosteriminden kendilerince dogru olani isaretlemeri istenir.
Ogretmen buradaki secimlerinin tiim etkinlikler boyunca dikkate alacaklar1 iddialari
olacagim vurgular. Ogrenciler secimlerini yaptiktan sonra odalar sayfasindan gézlem ya da

video odasindaki etkinliklerle ¢alismaya bagslar.
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Ogretmen gozlem odasindaki “Hangisi Sikisir?” ve “Tuzlu Su” etkinliklerininin
tahmin-g6zlem-aciklama tipinde etkinlikler oldugunu belirtir. G6zlem ve Video odasindaki

etkinlikler arasinda kesin bir siralama yoktur. Etkinlikleri istenilen sirayla ¢alistirilabilir.

(10-15 dakika)-Ogretmen 6grencilerden gozlem odasindaki ii¢ etkinligi yapmalarinm
ister. Etkinlikler tamamlandiktan sonra 2-3 dakika Ogrencilerin verdikleri agiklama
ciimleleri incelenir. Ogretmen bu asamada sistemden 6grenci cevaplarini kontrol edip aym
aciklama cevaplarimi secen (ayni kanitlart bulan) Ogrencilerden 3-4’er kisilik gruplar
olusturarak tartisma baslatabilir (3-5 dakika). Ogretmen uzman odasma gelmeden once

maddelerin yapi taglarindan bahsederken “atom” yerine “tanecik” terimini kullanmalidir.

(8-10 dakika)-Video odasindaki etkinlikler de istenilen sira ile tamamlanir ve
Ogrenci cevaplar1 O0gretmen rehberliginde karsilastirilir. Siif ici uygulamalarda grup
tartismalart  sozel olarak sinif icinde yapilabilecegi icin toplanti odasinda bulunan
cevrimici tartisma panosu, ders siiresinin yetersiz olmasi durumunda, O6gretmen ve
ogrenciler tarafindan, ders disi etkinlik olarak, ders tamamlandiktan sonra &grencilerin
karar raporlarinda yazdiklar1 arglimanlarint paylasabilecekleri bir ortam olarak

kullanilabilir.

(10-15 dakika)-Karar odasinda ogrencilerin gozlem ve video odasindaki
etkinliklerde sectikleri tahmin, gozlem ve aciklamalar incelenir. Ogrenciler not defteri
resmi iizerine listelenen kanitlarin her birini kontrol ederek iddialarim1 destekleyip
desteklemedigine karar verir. Buharlasan tebesirli suyun tanecik gdsterimi (ana problem)
ile ilgili iddialarim1 degistirmek isteyen Ogrenciler yeni iddialarini secerler. Yeni iddia
secildikten sonra karar raporu boliimiine gelinerek, ogretmen her 6grenciden kati, siv1 ve
gaz haldeki maddelerle ilgili argiimanlarini olusturmalarim ister. Bu asamada 6gretmen
daha onceki derslerde (ders Oncesi siirecte) belirtilen gii¢lii bir bilimsel argiimanin
ozelliklerini 1-2 dakika kisaca tekrar eder. Ogretmen 6grencilerin kullandiklari kanitlar ve

destek ciimlelerini kontrol ederek zorlandiklar1 noktada destek verebilir.
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Ders siiresinin yeterli olmast durumunda yarisma odasindaki degerlendirme
etkinligi, oyun odasindaki eslestirme oyunu ve uzman odasindaki konular sinif i¢inde
calisilabilir. Ogretmen ders sonrasi etkinlik olarak Ogrencilerden uzman odasim
incelemelerini isteyebilir. Daha sonra toplanti odasinda uzman odasindaki konularla ilgili
tartisma bash@1 acarak 6grencilerden simif disinda Internet iizerinden cevirimigi tartismaya

katilmalarini isteyebilir.
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Bu anket, kullanmis oldugun WEBFEN 6grenme ortaminin ve igerdigi etkinliklerin

kullanilabilirlik acisindan degerlendirilebilmesi i¢cin hazirlanmistir. Sorular dikkatlice

okuyup, uygun buldugun secgenegi isaretleyebilirsin. Bu ankete verecegin cevaplar

kullandigin sistemin gelistirilmesinde yardimc1 olacaktir.

Isim, Soyisim: Fen Bilgisi Karne Notun:
Okulunun Adi:

Selin ve Selim’in dediklerini anlamak kolay m1ydi?

@ Gok kolaydi 89 Kolaydi % Kararsizim jS Zordu % Gok Zordu

Programi kullanmak kolay miydi?

@ Gok kolaydi gg Kolaydi % Kararsizim Qﬁg Zordu % Gok Zordu

Gozlem odasinda siringa, beher, tuzluk gibi malzemeleri tasimak kolay miydi?

@ Gok kolaydi % Kolaydi % Kararsizim Qig Zordu % Gok Zordu
Video odasindaki videolar1 calistirmak kolay miydi?

@ Gok kolaydi 9& Kolaydi % Kararsizim gﬁ Zordu % Gok Zordu
Karar odasinda raporu doldurmak kolay miydi?

@ Gok kolaydi Q\E Kolaydi % Kararsizim Q Zordu % Gok Zordu
Odalardaki etkinlikler kolay m1ydi?

@ Gok kolaydi 9_9 Kolaydi % Kararsizim Eﬁ Zordu % Gok Zordu
Programdaki yazilari kolayca okuyabildin mi?

96 Evet, cok kolay @\@/ Evet, kolay % Kararsizim % Hayur, % Hayir,

okudum okudum okumak zordu okumak ¢ok zordu

Sistemi tekrar kullanmak ister misiniz?

@ Cok isterim 99 isterim % Kararsizim Qfg Istemem gg Hic istemem

Diger iiniteleri de bu sekilde calismak ister misiniz?
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@ CGok isterim 9_9 isterim 99  Kararsizim 99 jstemem 90 Hic istemem

S = A~ £

Eger sen programci olsaydin programin neresini degistirirdin? Neden?



Original Usability Questionnaire for students - Bal (2004):

Sorular1 anlamak kolay miydi?

NO:

90 Gok Zordu

90 Gok Zordu

96 Gok Zordu

96 Gok Zordu

00 00 00 00

& Gok kolaydi B Kolaydi ©°%° Kararsizim - Zordu A
Sistemi kullanmak kolay miydi?

00 00 00 00

& Gok kolaydi A Kolaydi ©°9 Kararsizim g Zordu B
Iscileri tasimak kolay mryd1?

00 00 00 00

& Gok kolaydi N Kolaydi ©°¢ Kararsizim A Zordu P
Kirmizi iiggeni tasimak kolay miydi?

00 00 00 00

& Gok kolaydi A4 Kolaydi °9 Kararsizim Al Zordu i
Yiik tasimak kolay miydi?

% Kararsizim 00 Zordu

00 00
& Gok kolaydi 4 Kolaydi

96 Gok Zordu

Program ekrani kolay anlasiliyor muydu?

96 Gok kolaydi 00 Kolaydi % Kararsizim 99 Zordu
v N

90 Gok Zordu

Sizce programdaki yazi miktar1 fazla miydi?

Cok fazlaydi Fazlaydi Normaldi Azdi Gok Azdi
Sistemi tekrar kullanmak ister misiniz?
@ CGok isterim 9_9 isterim 99 Kararsizim gﬁ istemem % Hic istemem
Diger iiniteleri de bu sekilde calismak ister misiniz?
SE CGok isterim 9_9 isterim 99 Kararsizim EE istemem % Hic istemem

Eger siz programeci olsaydiniz programin neresini degistirirdiniz?

133
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APPENDIX C: PRE AND POSTTEST FOR STUDENTS

Post-test that is administered to sample students is presented below. The only
difference in pre and posttest was one additional (3") question in posttest. The pretest

consist of first two question of posttest.

Isim, Soyisim:

Uygulama Sonrasi
Asagidaki acik uglu sorular, Maddenin Tanecikli Yapist konusunda 6grencilerin bilgi
diizeylerini 6lgmek amaciyla hazirlanmistir. Her soruya olabildigince acik cevap verilmesi,
cizim ve yazilarin kolayca anlagilir olmasi gerekmektedir. Calismaya verdiginiz destekten
dolay1 tesekkiir ederiz.

1 a) Asagida ici oksijen dolu bir kap var, bu kabin icindeki piston hareket edebilir. Bu
pistonun iizerine 5 kiloluk bir agirlik birakirsak pistonun ve kabin sonraki durumunun nasil
olacagim ¢izerek goster.

Agirlik birakilmadan 6nce Agirlik birakildiktan sonra

b) Eger elinde sihirli bir biiyiite¢ olsaydi ve maddeleri en kiiciik boyutlarina kadar
gozlemleyebilseydin, kaptaki oksijen gazini mikroskopik boyutta agirlik birakilmadan
once ve agirlik birakildiktan sonra nasil ¢izerdin.

.

2) Elinde yine sihirli bir biiyiite¢ olsaydi ve maddeleri en kiiciik boyutlarina kadar
gozlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta nasil ¢izerdin.
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Buz Su Buharlasan Tuzlu Su Buharlasan
Su Tuzlu Su

3) “Tim maddeler aralarinda belli miktarlarda bogluk olan ve gozle goriillmeyen
taneciklerden olugsmustur” iddias1 sence dogru mudur, yanlis midir? Neden ?

Dogrudur / Yanhistir



136

APPENDIX D: SAMPLES OF SUBJECTS’ ANSWERS TO PRE
AND POST-TESTS

Isim, Soyisim

Uygulama Oncesi
Asagidaki agik uglu sorular, Maddenin Tanecikli Yapis1 konusunda 6grencilerin bilgi diizeylerini 6lgmek
amactyla hazirlanmistir. Her soruya olabildigince agik cevap verilmesi, ¢izim ve yazilarin kolayca anlagilir
olmast gerekmektedir. Calismaya verdiginiz destekten dolay: tesekkiir ederiz.

1 a) Agasida ici oksijen dolu bir kap var, bu kabin i¢indeki piston hareket edebilir. Bu
pistonun {izerine 5 kiloluk bir agirlik birakirsak pistonun ve kabin sonraki durumunun nasil
olacagini ¢izerek goster.

Agirlik birakilmadan once Agfrhk Blraklldlktan sonra

b) Eger elinde sihirli bir biiyiiteg olsayd: ve maddeleri en kiigiik boyutlarina kadar
g6zlemleyebilseydin, kaptaki oksijen gazini mikroskopik boyutta agirlik birakilmadan once
ve agirlik birakildiktan sonra nasil ¢izerdin.

2) Elince yine sihirli bir biiyiiteg olsayd: ve maddeleri en kiigiik boyutlarina kadar
gzlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta nasil ¢izerdin.

Buharlagan
Su

Buharlasan
Tuzlu Su



isim, Soyisim:
Uygulama Sonrasi
Agafidaki agik uglu sorular, Maddenin Tanecikli Yapisi konusunda 63rencilerin bilgi diizeylerini 6lgmek

amactyla hazirlanmigtir. Her soruya olabildigince agik cevap verilmesi, ¢izim ve yazilarin kolayca anlasilir
olmasi gerekmektedir. Calismaya verdiginiz destekten dolay: tesekkiir ederiz.

1 a) Agasida ici oksijen dolu bir kap var, bu kabin i¢indeki piston hareket edebilir. Bu
pistonun tizerine 5 kiloluk bir agirlik birakirsak pistonun ve kabin sonraki durumunun nasil
olacagini ¢izerek gster.

Agirlik birakilmadan once Agirlik birakildiktan sonra

b) Eger elince sihirli bir biiylites olsaydi ve maddeleri en kiigiik boyutlaria kadar
gozlemleyebilseydin, kaptaki oksijen gazini mikroskopik boyutta agirlik birakilmadan once
ve agirlik birakildiktan sonra nasil ¢izerdin.

2) Elince yine sihirli bir biiylite¢ olsaydi ve maddeleri en kiigiik boyutlarina kadar
gozlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta nasil ¢izerdin.

9
¢ , ¥
® de
€y
- - r)
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AT ¥ Larstd .
Su Buharlasan Tuzlu Su Buharlagan
Su Tuzlu Su

3) Ttim maddeler aralarinda belli miktarlarda bosluk olan ve gdzle gériilmeyen taneciklerden
olusmustur" iddiasi sence dogru mudur yanlis midir? Neden ?
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Isim, Soyisim:

= Uygulama Oncesi
Asagidaki agik uglu sorular, Maddenin Tanecikli Yapisi konusunda dgrencilerin bilgi duzeylerini dlgmek
amaclyla hazirlanmistir. Her soruya olabildigince agik cevap verilmesi, ¢izim ve yazilarin kolayca anlagilir
olmas1 gerekmektedir. Calismaya verdiginiz destekten dolay: tegekkiir ederiz.

1 a) Agasida ici oksijen dolu bir kap var, bu kabin igindeki piston hareket edebilir. Bu
pistonun tizerine 5 kiloluk bir agirlik birakirsak pistonun ve kabin sonraki durumunun nasil

olacagin ¢izerek gdster.
j%

Agirhik birakilmadan once Agirlik birakildiktan sonra

b) Eger elince sihirli bir bilyiite¢ olsayd: ve maddeleri en kii¢iik boyutlarina kadar
gozlemleyebilseydin, kaptaki oksijen gazini mikroskopik boyutta agirlik birakilmadan once
ve agirlik birakildiktan sonra nasil cizerdin.

2) Elince yine sihirli bir biiyiite¢ olsaydi ve maddeleri en kiigtik boyutlarina kadar
gozlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta nasil gizerdin.

Buz Buharlagan

Su

Tuzlu Su Buharlasan
Tuzlu Su



Isim, Soyisim: — o —n ,
Uygulama Sonrasi

Asagidaki agik uglu sorular, Maddenin Tanecikli Yapisi konusunda 6grencilerin bilgi diizeylerini 6lgmek
amactyla hazirlanmugtir. Her soruya olabildigince agik cevap verilmesi, gizim ve yazilarin kolayca anlasilir
olmasi gerekmektedir. Calismaya verdiginiz destekten dolay tesekkiir ederiz.

1 a) Agasida i¢i oksijen dolu bir kap var, bu kabin i¢indeki piston hareket edebilir. Bu
pistonun iizerine 5 kiloluk bir agirlik birakirsak pistonun ve kabin sonraki durumunun nasil
olacagini ¢izerek gdster.

Siql
(=] t"r ! j‘f—f\
5 S \\g\yl-, )
Agirlik brrakilmadan once Agrlik birakildiktan sonra

b) Eger elince sihirli bir biiytiteg olsaydi ve maddeleri en kii¢lik boyutlarina kadar
gdzlemleyebilseydin, kaptaki oksijen gazini mikroskopik boyutta agirlik birakilmadan once
ve agirlik birakildiktan sonra nasil ¢izerdin.

5 Oks i 22min s . \OQPMV\ (L_:{
. £ .
Jrom@mlc\ef A \(-\Vat A den oks fea
sikbagy 6 /‘C Tere cik \erin Qrad ta da bag| ok

2) Elince yine sihirli bir biiytite¢ olsaydi ve maddeleri en kii¢iik boyutlarina kadar
gozlemleyebilseydin, kaplardaki maddeleri mikroskopik boyutta nasil ¢izerdin.

Buz

Buharlasan Tuzlu Su Buharlasan
sSu Tuzlu Su

3) Tiim maddeler aralarinda belli miktarlarda bosluk olan ve gézle gériilmeyen taneciklerden
olusmustur" iddiasi sence dogru mudur yanhs midir? Neden ?
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APPENDIX E: WEBSERVICE CREATED FOR WEBFEN

namespace UL Konular MTY

{

using System;

using System.ComponentModel;

using System.Web;

using System.Web.Services;

using Castle.ActiveRecord;

using Castle.ActiveRecord.Framework;
using Kernel;

using NHibernate.Expression;

/Il <summary>
/// Summary description for MTY Service
/Il </summary>
[WebService(Namespace = "http://cet.boun.edu.tr/webfen/")]
[WebServiceBinding(ConformsTo = WsiProfiles.BasicProfile1_1)]
[ToolboxItem(false)]
public class MTYService : WebService
{
[WebMethod]
public string GetCurrentUser()

{
}

[WebMethod]
public bool UserEnteredActivity(string activityName)

{

return HttpContext.Current.User.Identity.Name;

try

{
ActivityLog activityLog = new ActivityLog();
activityLog.Activity =

ActiveRecordBase<Activity>.FindOne(Expression.Eq("Name", activityName));

activityLog.DateEnter = DateTime.Now;
activityLog.UserName = HttpContext.Current.User.Identity.Name;

activityLog.Save AndFlush();
return true;

}

catch (ActiveRecordException)

{

return false;

}
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}

[WebMethod]
public bool UserExitActivity(string activityName)
{

try

{

ActivityLog[] userLogs =
ActiveRecordBase<ActivityLog>.FindAll(Expression.Eq("UserName",
HttpContext.Current.User.Identity. Name));

/I find last entered activity
ActivityLog lastLog = null;
foreach (ActivityLog log in userLogs)
{
if (log.Activity.Name != activityName)
continue;
if ((lastLog == null) Il
(log.DateEnter > lastLog.DateEnter && !log.DateExit.HasValue))
{
lastLog = log;
}
}

if (lastLog == null)
return false;
lastL.og.DateExit = DateTime.Now;
lastL.og.Save AndFlush();
return true;

}

catch (ActiveRecordException)

{

return false;

}

catch (Exception)

{
return false;
}
}

[WebMethod]
public bool NewKararRecord(string unitName, string rapor)
{

try

{

KararRoom karar = new KararRoom();

karar.RaporText = rapor;

karar.Unit = ActiveRecordBase<Unit>.FindOne(Expression.Eq("Name",
unitName));
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karar.UserName = HttpContext.Current.User.Identity.Name;
karar.Save AndFlush();
return true;

}

catch (ActiveRecordException)

{

return false;

}
}

[WebMethod]
public bool StudentResponseToQuestion(int questionID, byte choiceNumber)

{

return StudentAnsweredQuestion(questionID, choiceNumber, null);

}

[WebMethod]
public  bool  StudentResponseToQuestionWithScore(int  questionID,  byte

choiceNumber, int score)

{

return StudentAnsweredQuestion(questionID, choiceNumber, score);

}

public bool StudentAnsweredQuestion(int questionID, byte choiceNumber, int?

score)
{
try
{
StudentAnswer answer = new StudentAnswer();
answer.Question = ActiveRecordBase<Question>.Find(questionID);
answer.Score = score;
answer.UserName = HttpContext.Current. User.Identity. Name;
answer.ChoiceNumber = choiceNumber;
answer.SaveAndFlush();
return true;
}

}

catch (ActiveRecordException)

{

return false;

}
}
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