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Numerous studies have been carried out in computer-mediated and computer-
supported learning environments. They have reported the effectiveness of scaffolding
strategies for engaging students in the learning process. These studies in variety of
subjects such as economics, mathematics have focused mostly on developing ill-
structured problem solving, decision making, and critical thinking skills and rarely on
argumentation skills. On the other hand, concept attainment is discussed and studied
intensively from various theoretical perspectives for more than 50 years. Theory-based
concept learning claims that people understand and explain new situations based on
their prior experience which has resemblance to a theory in itself. It is compatible with
constructivist approaches. For a basic 8th Grade Genetic Simulation, a scaffolding
model is developed according to the theory-based concept view and scientific
discovery learning. Toulmin argumentation model as scaffolding strategy is
functionalized by Socratic questioning technique to engage learner in analysis and
reflection in a simulated concept learning environment. In this paper, the model for
scaffolded simulation and the development process are explained. The issues arising
from a successful application study of simulation model are presented.
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Benzetim

Bilgisayar destekli 6gretim g¢evrelerinde yeni destekleme stratejileri ile yapilan
calismalarin etkili oldugu goérilmektedir. Bu c¢alismalar genellikle ekonomi veya
matematik gibi alanlarda iyi-yapilandiriimamis problem ¢o6zimleri, karar verme ve
elestirel dusiinme Uzerine yapilmistir. Tartisma kuramin destekleme stratejileri ile
iliskilendirildigi bilgisayar destekli galismalarin sayisi fazla degildir. Bunun yaninda
kavram ogretimi en az 50 yildir farkli kuramsal yaklagimlar ile ¢alisiimistir. Kuram
temelli kavram 6grenme bireyin kendine-6zgl bilgi ve deneyimler temelinde olaylari
iliskilendirdigini veya acikladigi savunmaktadir. Geleneksel 06gretim tasarimi
yaklasimlari ile kiyaslanildiginda kuram-temelli kavram 0grenme, yapici 6grenme
yaklagimi ile daha uyumlu goériinmektedir. Bu ilke temelinde 8. Sinif genetic
initesindeki kavramlarin bulus yoluyla 6gretimi icin bir simulasyon modeli gelistirilmis
ve uygulanmistir. Tartisma Modeli, 6grencinin inceleme ve yansitma davranislarini
harekete gecirme amaciyla destek stratejisi olarak kullaniimistir. Toulmin’in Tartisma
modeli sokratik sorgulama teknigi ile bulusa destek yapi olarak islevsellestirilmistir. Bu
calismada gelistirilen akil yUritme-destekli simulasyon modeli ve modelin isleyis streci
tanitilacaktir.

* Reasoning scaffold model applied in a master thesis by Kéroglu (2009). Bu galismada sunulmus olan destek model, Kéroglu
(2009) master galismasinda uygulanmistir.
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Introduction

The basic criterion of efficient and effective instructional design is ensuring the consistency among
content structure, learning goals, teaching process, instructional material and evaluation. Students’
success depends on the consistency of these instructional elements. Ministry of Turkish Education (MTE)
is accepted new program grounded on constructivism at 2004 as a part of Bologna process. However,
process of adaptation is a difficult one. The struggle of teachers as well as students are continuing. Even
teachers who have appropriate conceptual models of constructivism and have a positive attitude
toward the new system are having difficulty to implement the program without proper instructional
material and evaluation tools. Instructional technologists who are skillfull in computer science do not
know how to develop computer software in alignment with goals, processes, and evaluation techniques
of constructivist approach. To satisfy that need we first developed a reasoning scaffold model for
instructional simulation. Model is compatible with concept learning based on scientific discovery
learning approach. It is applied in a master thesis by Koroglu (2009). She developed a a simulation
software for 8th grade genetic unit and run a pilot study and an experimental study.

The reasoning scaffold model for simulation development, which is presented here, was a part of
this larger study. We had two goals that we hope to accomplish in this paper: One, presenting the
simulation development model in concept learning that is grounded on research findings of scientific
discovery learning; second, providing an example of model application into a instructional software
compatible with constructivist principles. Here, first we will discuss the theoretical basis; then, we will
present the model and discuss the application results. Model in flow chart and example pages of
simulation are presented at the end of the paper.

Concept Formation

Concepts are mental representations of categories of objects, events, or other entities (Jonassen,
2006). In classical view, we could characterize concepts by three elements: concept name, essential and
non-essential concept attributes, and the attribute value within a concept (Joyce and Weil, 2000).
Concepts might be classified as concrete and defined concepts (Gagne, Briggs and Wager, 1992).
Concrete concepts are known by their physical properties. Defined concept has a rule that classifies
objects or events (1992). A rule expresses the relationships among the concept’s attributes and its
function (1992). Attribute value is the degree to which some characteristic is manifested in order to
categorize a concept accurately (Joyce, Weil and Calhoun, 2000). Attribute value is critical to the
identification of abstract or defined concepts (Lasley, Matczynski and Rowley, 2002). Concept can be
also hierarchically classified (Gagne, Briggs and Wager, 1992); superordinate, subordinate and
coordinate. Examples will have all essential attributes while non-examples will not have one or more of
the essential attributes. Students will only be able to fully explore the attributes if they are given non-
examples as well as examples (Karatas-Coskun, 2011). Above descriptions mostly favor classical
instructional design approach to concept teaching.

Criticizing similarity views (attribute isolation, probabilistic) and intermediatary relational views
(prototype and exemplar), Jonassen (2006) re-draw our attention to concepts as personal constructs. He
argues that concepts should be learned and assessed in the context of conceptual organizations. They
are fostered by the development of personal theories of the world and the conceptual change that
facilitates those processes. In other words, conceptual development is personal. Each person organizes
concepts personally based on their experiences. According to Jonassen (2006), actional views and
theory-based views of concepts are able to account for all of the rules governing concept formation,
patterns of concepts, and concepts-in-use. Concepts are represented in networks which include causal,
explanatory links based on network information process theories. Personal construct theory claims that
concepts can change over time, in different context and for different purposes (Kelly, 1963). Concept
development based on Kelly’s theory is continuous, active, personally creative process of differentiation
and integration. Actional view defines concepts as active, constructive and intentional constructs. In
classical concept view, a concept is an end-product of learning. Attribute categorization is emphasized
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during teaching process. On the contrary, in actional and theory based concept view, concepts are
developing connections in problem solving process. Construction of relation between events and objects
is emphasized during teaching process.

A teacher might follow different paths to teach concepts and generalizations for different learning
behaviors. For example, Akbulut-Tas (2010) investigated implicit or explicit paths for teaching
clasification and explanation of concepts and generalizations. It is also posibble to follow a deductive or
inductive paths for teaching a concept (Rieber and Parmley, 1995). Deductive instructional approaches
are efficacious specifically for teaching certain type of functional or procedural skills. However, they are
limited in engaging student to a deeper content analysis. As a result, surface learning results with poor
development of critical thinking skills in the long term. We could say that deductive approach is more
applicable for classical concept view and limited in-use for actional, theory based concept view.
Inductive thinking approaches to thinking have also deep, rich historical and philosophical roots in
Socratic Method, over 2000 years. Lasley, Matczynski and Rowley, (2002) presented three inductive
instructional approaches to concept teaching. First, concept attainment model is based largely on
Bruner, Goodnow and Austin (1967) popularized as teaching strategy by Joyce, Weil and Calhoun (2000)
and Eggen and Kauchak (2001). In concept attainment model, students must engage in higher-order
thinking skill, move from specific examples or instances by hypothesizing and identifying essential
attributes to general ideas and concepts. Second, inquiry model of concept learning requires student
critically think about data that they generate themselves. Inquiry has three general stages: exploration,
invention and discovery (Biben, 1980). Third, concept formation strategy gives students more space to
explore their own personal ideas and perspectives.

Inductive approaches compared to deductive approaches are more compatible with actional, theory
based concept view, consequently with the constructivist learning strategies. However, students
specifically with low ability and/or low self-esteem may have difficulty in unguided discovery learning
environments. In this case, teacher may utilize first guided discovery, then, may fade into an unguided
inquiry to create cognitive conflict, to support conceptual development and to foster creativity. At this
point, a primary concern should be given to model selection. The model must be appropriate for
providing the consistency among content structure, learning goals, teaching process, instructional
material and evaluation. Toulmin argumentation model is used as scaffolding constructs for learning and
assessment.

Toulmin Model of Argumentation

Toulmin suggests that Aristotelian logic with mathematical syllogisms simply doesn't fit for the daily
arguments. Claiming that theoretical argument is irrelevant to the assessment of practical argument, he
distinguishes between practical and analytic arguments (Toulmin, 1958). In analytic arguments, arguers
ground their claims on abstract, unchanging and universal principles. Thus, the conclusion of an analytic
argument such as “Socrates is mortal” is limited only with the premises of “All human are mortal” and
“Socrates is a human.". Our interest in analyzing argument in traditional logic is to decide whether we
have a valid argument or not on the basis of premises.

Different from analytic arguments, arguers ground their claims in the context of a particular situation
in practical arguments. A practical argument involves mostly an inference from some data to the
conclusion of the argument. While arguer implicitly states warrant, audience have to consider how
warrant applies to this inference. Therefore, we do not limit our arguments to universally acceptable
knowledge, rules or conclusions. On the contrary, we even use our beliefs, assumptions, opinions or the
conditions of that particular situation to make a decision on how reliable the argument is. Kelly’s (1963)
personal construct theory is consistent with this view. George Kelly was interested in helping people
categorize experiences and classify their environment. George Kelly’s (1955) theory of a personal
scientist was that each individual seeks to predict and control events by forming theories, testing
hypotheses, and weighing experimental evidence. Personal scientist is always building up and refining
theories and models about how the world works so that he can anticipate events. These anticipations
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and predictions drive our reasoning as well as arguments. Lenat (1982) argues that knowledge
representations of an individual should shift as different problem solving needs arise. A person can not
only use this personal representations to predict events more accurately and to act more effectively, but
he/she can also change these representations to fit specific perceived needs (Shaw, 1981). Conceptual
development (or the term construct) is personal, continuous, active, creative process of differentiation
and integration (Kelly, 1963). Toulmin’s and Kelly’s theories share similar assumptions of personally
constructed meanings, changing meanings over time, in different context and for different purposes.

In school, even if students are explicitly taught about the universally valid rules or relations; they
continue to construct their understanding based on their prior knowledge, daily experiences and their
needs. Students do not mostly generate hypothesis on universal rules. They do not compare objectively
their hypothesis against experiment results or assess analytically their reasoning for valid arguments.
Indeed, students generate hypothesis, weigh evidence on the basis of their personal theories and
purposes. As a result, in school life we counter not with the valid or invalid arguments, but with more or
less reliable argument on which we could decide to some extent. As a result, Toulmin’s model of
argumentation is an appropriate tool for teaching or assessing scientific discovery learning behaviors in
constructivist learning environment. Also it is more compatible for assesment of personally constructed
conceptual schemes.

Argumentation as a form of informal reasoning requires students to identify various alternative
perspectives or opinions; to develop or to select a reasonable solution; to make a decision on the basis
of warrant; to support his/her preferred solution or decision with the appropriate evidence related to
context (Toulmin, 1958). Toulmin’s model of argumentation has six interactive components: Claim, data
and warrant are primary; backing, rebuttal and qualification are secondary parts of the model (Toulmin,
1958; Toulmin, Reieke, ve Janik, 1984). Argumentation structures in Toulmin’s model are field
independent, functional components; however, conditions which must be defined in the context of
particular argumentation imply the field dependent side of argument. The model with field dependent
and indepent quality still is one of the most influential theory of argumentation (Driver, Leach, Millar
and Scott, 1996; Kelly, Druker and Chen, 1998; Russell, 1983; Yerrick, 2000). Although, the model is
criticized for its shortcomings (Aldag, 2006a; Driver, Newton, and Osborne, 2000; Duschl, Ellenbogen,
and Erduran, 1997; Van Eemeren, Grootendorst, Henkemans, Blair et. al., 1996). For this study,
definitions of data, warrant and backing are slightly changed. Similarly relation among components are
re-organized for the practical reasons. After these practical changes socratic questioning tecnique
applied to the Toulmin model components to transform them to scaffolding structures for guided
inquiry which will be embedded in the simulation environment. Now, scaffolding concept will be
introduced.

Tools for Scaffolding

In guided discovery learning, a teacher may use Socratic questioning technique to support student
inquiry. Questioning would be practiced first by teacher then by students. Thus, students would develop
scientific discovery skills in addition to constructing concepts in inductive learning environments.
Supporting student learning with Socratic questions might be a part of solution to students’ learning
difficulties. It is also very compatible with the original notion of scaffolding. Zone of proximal
development (a concept of sociocultural theory of Vygotsky) refer to the distance between the child’s
actual developmental level as determined by independent problem solving and the higher level of
potential development as determined through problem solving under adult guidance or in collaboration
with more capable peers (Wertsch, 1985). For a successful scientific discovery learning in a class, first
teacher has to know the zone of each individual child; second, has to identify what kind of help that
student would need about the related problem; third, has to provide that specific help in a timely
manner. Teachers do not have that time because of over crowded classes. To fill in the gap, recent
project-based, problem-based, and design-based constructivist approaches to learning have explored
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ways to use computer tools. For example, in EMILE (Guzdial, 1995), prompts and questions were
provided by a computer tool to individuals or small groups, based on an analysis of the difficulties
learners tend to have with certain concepts or activities. Other successful examples includes Knowledge
Integration Environment (KIE) (Davis and Linn, 2000), Model-It (Jackson, Krajcik, & Soloway, 1998).
These software are compatible with actional, theory-based view of concept. Theory-based view of
concept is in turn consistent more with the constructivist approach. Constructivists are interested in
teaching complex concepts in problem solving context. Jonassen (2006) advises that conception of
concepts-in-use will be more useful for advising the design of more complex and problem-centered
learning environments. Conceptual change as well as cognitive conflict becomes the focus of an ongoing
assessment and teaching practice. For theory building and assessment of conceptual change, various
strategies is proposed in the literature: analyzing students interaction protocols (Hogan and Fisherkeller,
2000), structured interviews (Southerland, Smith, and Cummins, 2000), concept maps (Edmundson,
2000), hypertext environments (Gall and Hannafin, 1994), simulations (de Jong, 1991; Reigeluth and
Schwartz, 1989) and modeling environments (diSessa and Abelson and Ploger, 1991). Scientific discovery
learning in computer simulations of conceptual domain is still under study.

Scientific Discovery Learning with Computer Simulation

Discovery learning studies of Bruner (1961) is started with conceptual learning, then, gave rise to the
scientific discovery learning. The main task of student in scientific discovery learning is to define a
problem, state a hypothesis, design experiments, observe, collect, analyze and interpret data, apply the
results and make predictions (Friedler, Nachmias, and Linn,1990).

A computer simulation environment is a computer-based application in which students can infer the
characteristic of underlying model by experimenting. Simulation contains a model of a conceptional
system and/or operational system (De Jong, 1991). Conceptual models display facts, concepts,
principles; while, operational models display sequential operations connected with a set of consistent
rules or principles. Computer simulation vary in type; static to dynamic, quantitative to qualitative,
simple to complex etc.(Van Joolingen & De Jong, 1991a; Brant, Hooper, & Sugrue, 1991; Coleman and
Randall, 1986). The learners’ basic actions are changing values of input variables; then, observing the
resulting changes on values of output variables (Reigeluth and Schwartz, 1989). Learner manipulates
one or more variables to see the effect on other variables; by experimenting with a series of hypothesis,
eventually learner is expected to discover the underlying basis of simulated model.

Theoretically, computer simulation must be the best suited constructivist learning tool which
requires self-directed discovery learning. However, many studies found no difference between result of
simulation-based discovery learning approach and expository teaching approach (i.e. Rivers and Vockell,
1987; Carlsen and Andre, 1992; Chambers et al., 1994). Bangert-Drowns, Kulik, and Kulik (1985) report
that simulation based learning does not raise examination scores. The studies of Rieber (1990), and
Rieber and Parmley (1995) are resulted in favor of tutorial teaching. However, a few study reported
favorable result for simulation based learning (i.e Grimes and Willey, 1990).

De Jong and Van Joolingen (1998) reviewed research results and discussed several problems along
with solutions. In this review, researchers defined the problems in the phases of hypothesis generation,
experiment design and data interpretation for scientific discovery learning with computer simulations of
conceptual domains. Njoo and de Jong (1993) found that engineering students had difficulty of
generating hypothesis that could be a result of not knowing what a hypothesis should look like. Learners
have difficulty in adapting hypotheses on the basis of data gathered (De Jong and Van Joolingen, 1998).
They did not drop the original hypothesis in the face of disconfirming evidence (or otherwise) (Dunbar,
1993); they ignored anomalous data (Chinn and Brewer, 1993); avoided hypothesis which have a high
possibility of rejection (Klayman and Ha, 1987; Klahr, Fay, and Dunbar, 1993; van Joolingen and de Jong,
1993).
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Quinn and Alessi (1993) found that learner have a tendency to seek for information to confirm their
hypotheses (called confirmation bias). Another problem was designing inconclusive experiment by
manipulating too many variables at one time (Schauble, Glaser, Raghavan, and Reiner, 1991) or by
conducting experiments which had nothing to do with their hypotheses (Van Joolingen and De Jong
(1991b; 1993). The subjects overlooked many important variables while experimenting several times for
the same limited set of variables (Kuhn, Schauble, and Garcia-Milla, 1992). Learner experimented to
create a desired result instead of understanding the conceptual model or testing the hypothesis (called
engineering approach) (Schauble, et. al. 1991). When they have no problem in stating hypothesis or
experimenting, they misinterpreted the data and confirmed hypothesis when it has to be rejected
(Klahr, Fay and Dunbar, 1993).

In a number of studies, regulative processes defined as a responsible factor discriminating successful
learner from unsuccessful learner in discovery learning (Lavoie and Good, 1988; Simmons and Lunetta,
1993; Shute and Glaser, 1990). Some of good learning behaviors of discoverer were systematic planning,
monitoring, paying attention to data management, responding realistically to data result. Note taking
during learning (Lavoie and Good, 1988) and more systematic data recording (Schauble et. al., 1991)
were also defined as good monitoring strategies for discovery learning. Additional instructional
strategies are suggested to help learners overcome the problems that they may have in phases of
scientific discovery learning environment. Klahr, Fay and Dunbar (1993) suggested some principles for
experiment phase of discovery learning: design simple experiments to enable easy monitoring, design
experiments that give characteristic results, focus on one dimension of a hypothesis, exploit surprising
results, and use the a priori strength of a hypothesis to choose an experimental strategy.

From studies that empirically examined the discovery learning process, De Jong and Van Joolingen
(1998) suggested some instructional strategies to support learners for successful discovery learning:

e Providing direct access to domain information synchronously with the simulation so that the
information is available at the appropriate moment.

¢ Providing learners with assignments (or questions, exercises, or games) to have a clear effect on
the learning outcome (embedded in simulation)

e Model progression: Using model progression for complex phenomenon

e Structuring the environment with the combination of other strategies.

For other individual strategies they concluded the evidence is not substantial enough to warrant
general conclusions (e.g., hypothesis support, experimentation hints, monitoring tools, prediction
support).

Design Process

The general structures used for this study will be mentioned first. Toulmin Argumentation Model
structures are claim, data, warrant, warrant support, qualifier and rebuttal (Toulmin, 1958). Content
structures are concept label, attributes, examples. The main task of student in scientific discovery
learning is to define a problem, state a hypothesis, design experiments, observe, collect, analyze and
interpret data, apply the results and make predictions (Friedler, Nachmias, and Linn,1990). Now we will
explain how we used Toulmin argumentation structures as scaffolding strategy to engage learning and
reflection in simulated concept learning environment. Toulmin argumentation model is selected as
reasoning scaffolds for scientific discovery learning simulation environment. Its’context independent
quality makes the model appropriate as scaffold structures for variety of subjects. Toulmin
Argumentation model is utilized as coding scheme structure in content analysis (Lunsford, 2002) and as
support system for context independent argumentation software in ill-structured problem solving (Tan,
2000; Cho, 2001; Carr, 1999; Gee and Land, 2004).
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In first stage of scaffold design process, classical concept structures are described in terms of
Toulmin argumentation structures to create a compatible basis with the actional, theory-based concept
view. Similarly relation flow among argument components are re-organized in accordance with scientific
discovery learning processes. Redefined constructs are qualifier, data and warrant and warrant support
components of the model. A qualifier is a statement about how strong the claim is. These statements
limit the strength of the argument display the conditions under which the argument is true. Arguments
may thus range from strong assertions to rather uncertain kinds of statement. A qualifier may include
words such as 'most’, 'usually’, 'always' or 'sometimes'. For example if you are claiming that cancer (CA)
is caused by smoking cigarettes; you might state that smoking cigarettes is the most significant cause of
CA. However, we are not always explicitly setting the conditions or stating argument limits with specific
words (Aldag, 2006a). Indeed listening to one’s argument, we make a decision about reliability of that
argument under the effect of variety of conditions or criterions. For that reason the qualifier is described
as consistency among statements and argument structures and correctness of information. Qualifier is
assessed as separate argument structure labeled as consistency component. Levels of consistency also
indicate the possible misconceptions. Researchers defined data as example of concepts, situation, and
particular examples of the phenomenon at hand for example nursing plants, identical twins case
(examples are given below). Warrant support as principles or attributes of concepts in content
structures such as “change in genetic material”. Warrant defined as reasoning, the relation that tied
warrant support to the claim. Warrant represents the causal connections between concepts or concept
attributes. For example “Genetic changes... in the case of...evidencing that...”. Warrant can be exhibited
explicitly or referred implicitly. Thus model becomes more compatible with theory based concept view.
Rebuttal structure refers to controversial side of issues, thus making the model a flexible learning
support tool for collaborative argumentation as well as monolithic reasoning.

Reasoning is a fundamental process for understanding, explanation, argumentation, consequently
learning. Socratic questioning is a technique used in scientific discovery learning. In second stage of
scaffold design, socratic questioning tecnique applied to the Toulmin model to transform the structures
to guided inquiry scaffolding structures. The result of this transformation was the inquiry process
statement and question prompts (Question scaffolds are embedded in simulation to provide timely
support to each individual student during scientific inquiry process for fostering conceptual change
(Figure2a,b,c ). Question prompts guide elaborative reasoning for complex theory-based concept
learning. Question prompts facilitate learners’ observation, classification, generalizing, comparing-
contrasting and integrating towards concept formation (Ge and Land, 2004). They are also triggers for
instructional reflections. Theory-based concept view is a new development compatible more with
constructivist approaches to learning than classical instructional design theories. Simulation with no
learning support has also risk of creation of these misconceptions (Hannafin ve Land, 2000). Below a
simple example displays the trigger-reflect relation of question prompts.

CASE: Seeds are planted in lightened environment. They became a nursing plant with green leaves.
These are taken into a dark place and their green leaves turn into yellow. Then, they had been taken
back in to the lightened environment.

Question prompt:What happened? What is the cause of that? (Analyzing Data-Examples)

Student response: Light.

Question prompt: Can you explain that?(PresentingData-Examples)

Student response: More light more green. Lightened environment makes the plant leaves greener.

Question prompt: What result did you have after running the simulation?(Elaborating on Data-
Examples)

Student response: Plant’s exposure to the light increased the chlorophyll and increase in chlorophyll
made the green leaves darker. It seems there is a connection between light and chlorophyll and
plant color.
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Question prompt: Is there a difference between your original opinion and the one after running the
simulation? (Comparing and looking for rebuttal- Checking for misconception)

Student response: Yes
Question prompt: Could you explain it further? (Integrating)

Student response: One will increase the other will increase or one will decrease and the other will
decrease. This is depends on the exposure to the light. It is not hereditary; it is not about genetic
mutation.

Macro processes followed in simulation are (sequentially): Providing students with examples of
concepts, predictions of students about the given situations in a trial, examining simulation, reasoning in
the simulated situation, discussion of alternative results (comparison original hypothesis and data),
defining attributes (adjusting hypothesis if necessary), presenting solutions in a written form (forming
grounded argument as evidence of conceptual understanding), whole in-class discussion (defending
conceptual understanding). Content and questioned prompts are combined in a genetic unit software.
In addition a rubric developed for coding/evaluation purpose based on the same model. Another word
Toulmin argumentation model is used during content analysis and learning process, in instructional
simulation and for evaluation. Thereby, Toulmin argumentation model is utilized for establishing
consistency among learning goals, instructional process, evaluation and learning tools for effective and
efficient learning. Below Tablel shows combination of teaching strategies, discovery processes and
scaffolded actions in structured simulation.

Genetic Unit for the 8th grade of middle school is selected for model application because of common
misconceptions mentioned in literature (Schonfeld, 2000; Ferrari and Chi, 1998). The concept labels of
adaptation, mutation etc. in Turkish is also creating confusion for student to understand the topic.
However, these labels are well-established concept labels in the field so labels are kept as they are.
Related books, journal, simulations, articles etc. searched extensively. Turkish Ministry of Education
Instructional Program is examined for a beginning of instructional analysis of the unit. First classical
instructional analysis phases followed by researchers to deeply analyze and understand the topic since
they are not an expert in area. Tennyson and Park model (1980), Merill Component Display Theory
(Merill, 1983), and Gagne learning hierarchy considered during design process. Concept map prepared
to reveal the dynamic relationship between concepts of the unit. The concept definitions, critical
attributes, and examples are selected, the divergency and difficulty level among examples of the
concept are described. The taxonomical structure of the content is defined. Misconceptions are carefully
listed and considered during whole design process. Beside possible causes of misconceptions are
specified, and precautions are built in design. The meticulous/detailed process is undertaken to make
sure that content is analyzed thoroughly. Content text is prepared, simulation developed and applied in
an experimental study by Koroglu (2009). Two experts in Science and Technology evaluated the whole
process of design and application because researchers are not experts in genetic field but expert in
instructional design. After pilot study, refinements in simulation and rubric are made for the real study.
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Table 1.

Reasoning Scaffold Model for Instructional Simulation Development and Application

Software Structure

Students Reasoning

Discovery Process

Concept Structures

Toulmin Model

Providing students
with a problem
situation in text
form, add visuals
when available
Questioning
student about the
causal-correlative
factors

Reading, recognizing
and understanding
what is happening or
not happening in
situation

Predictions of
students about the
given situations
before conducting a

Defining a
problem

State a hypothesis

An example or non-
example of abstract
concept

Predicting related
concept or essential
attributes of concepts
in the context of

Presenting data

Identifying
related warrant
support in the
context of data

trial example toward (sub-)
claim
Presenting Analyze simulation Design Manipulating Manipulating
simulations for manipulated experiment, variables in an variables in data
variables effect Manipulate example situation
variables
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Application Results and Discussion

Koroglu (2009) applied the model for a quasi experimental research with four groups. First group
studied the topic in scaffolded simulation plus being taught about the argument structures. Second
group studied only in scaffolded simulation. Third group studied in no-scaffolded simulation version.
Fourth group is taught by teacher lecturing. Model progression strategy was constant for simulation
version. Academic success and reasoning writings is assessed at the end of learning process.

Argumentation+scaffolded simulation and only scaffolded simulation groups (compared to non-
scaffolded simulation group and lectured group) were more successful on knowledge test but also on
argument text (especially on claim, warrant support, consistency, warrant (causal connections-
reasoning) and holistic total).
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No significant difference is found between argumentation+scaffolded and only scaffolded simulation
group except data. Although model is taught in very short time, argumentation+scaffolded group was
better than other three groups on data. Perhaps this group knew that it would be a stronger argument
when they present related sections of examples as evidence. Scaffolded group and non-scaffolded
simulation groups had equal means on data. Both group analyzed example situations in simulation. But
scaffolded group was better than lecturing group. That may prove reflecting in addition to analyzing
example situations in scaffolded simulations implicitly effected the data use in reasoning text.

Another interesting result was about the rebuttal. There was no statistically significant result
between any of the groups. Which make us consider question scaffolds in comparing original hypothesis
to data or controlling for rebuttal did not work well. There is a couple of explanation for that result.
Student did not know that they have to consider rebuttal in their writing outside the simulation. In that
case transferring did not happen because argumentative or persuasive writing is not taught even in
expository argumentation group. If this is the cause, a short introductory persuasive writing lesson may
solve the problem. Another explanation is that actually this result may happen to be compatible with
avoiding disconfirming evidence bias. Not utilizing discrepant events or non-examples adequately may
leave students more vulnerable to avoiding disconfirming evidence.

Another finding of this research, there was no significant difference between non-scaffolded
simulation and lecturing group (except claim and academic success). In other word, even non-scaffolded
simulation group has better multiple-choice test scores then lecturing group. However, non-scaffolded
group mean was lower than the scaffolded simulation groups on claim, warrant, warrant support,
consistency and academic success. Only in data structure, there was no difference between no-
scaffolded and scaffolded simulation groups.

We have three possible cases in here. Student learns better in clasically designed simulation
environment than in traditional class teaching (in terms of multiple choice responses). This result is in
contrast with some of research conclusion. A model progression was a constant strategy for all
simulation versions in this study. Thus, first possible conclusion can be that student learns better with a
design-based simulation than in-class teaching. That result may prove the positive effect of model
progression strategy and exposure to the examples in discovery format than lecturing. Since same
content analysis and examples are used in expository teaching. A second possible conclusion, however;
simply experimenting in simple simulation does not support the development of reasoning skills.
Experimenting in simulation should be supported with appropriate scaffolding structures. A third
possible conclusion is that success on academic knowledge test and explicitly stating the consistent
comprehensive explanations are different kind of constructs. That may verify classical multiple choice
knowledge test are not the most apropriate evaluation tools for cognitive reasoning and explanation.

There was no significant difference among none of the groups on rebuttal. Mazur (2004)
recommended analyzing learners discourse, protocol, or conversation analysis to reveal patterns of
conceptualization and to assess conceptual change. Below a students recording to question prompts is
given.

CASE: Ahmet and Mehmet are identical twins who are separated at birth. Ahmet grows up in the
poorest family in another city. Mehmet grows up in the richest family of the town.

Simulasyon-Question Prompt: When they are 20 years old, do they have different heights and kilos?

Student response: YES. Because one is rich and other is poor. The rich one will be taller and
overweight. The poor one will be slim and shorter.

Simulasyon-Question Prompt: What result did you have after running the simulation?

Student response: As a result of malnutrition, height might be shorter than it is suppose to be.
Malnutrition also can cause to being too slim or too fat.
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Simulasyon-Question Prompt: Is there a difference between your original opinion and the one after
running the simulation?

Student response: Yes
Simulasyon-Question Prompt: Could you explain further?

Student response: It was similar but not the same. We thought the poor will be shorter and too slim.
However, malnutrition may also cause slimness and shortness. We overlooked that.

With comparison-scaffold, students are asked to define whether there is any difference between
their original opinion (prediction before experimenting) and later opinion (results arrived at after
analyzing simulated experiment). This question prompt seems to work when there is an agreement
between students’ first prediction and observation result of their experiment, or when there is a total
contrast between them. In above example, student arrived at the correct result after manipulating
variables. Then student combined new proposition with his/her original proposition. Conceptualization
did not resulted in cognitive conflict in this example. There is no sign of conflict detected by student.
Student seems to attain, to some extent, an application of a rule or an essential attribute of conceptin a
problem context (environmental condition interacts with genetic traits). Based on piagetian model
(Smith, diSessa, & Roschelle, 1993; Siegler, 1996), we could superficially conclude that student gradually
accommodated existing knowledge structure into a more coherent and better organized knowledge
structures.

In reality, student failed to recognize a flaw in their thinking. First, arriving at a right conclusion was
good part; however, later they had difficulty in dropping off their original non-scientific opinion. This is a
clear example of inflexible discovery behavior, not being able to change original claim in the face of
different findings. Combining with tendency of looking for information to confirm the hypothesis or
avoiding designing experiments to disconfirm the hypotheses; inadaptability may result in students not
developing scientifically consistent conceptual models or not developing scientific discovery skills, even
in a scaffolded simulation environment. Although students acknowledged the difference between their
first hypotheses and what they observed in experiment; in a simple simulation environment with quite
few variables to manipulate; students in above example did not question or feel that they should
question their first claim.

Therefore, we might follow a different path after having an answer “No” to the comparison scaffold.
Presenting non-examples as in classical view of concept learning may not solve this problem. Student
has to feel cognitive conflict (Strike and Postner, 1985) in order to recognize the inconsistency in their
personal beliefs and presuppositions (Vosniadou, 1994). Using discrepant events may solve the issue
partly. But it may not always bring totally personal theories out in the open to be questioned.

To solve this problem in scaffolding context, we could ask directly student to question their first
original opinion in another note-frame, in the case of “NO” answer. Beside we have to consider this
problem in relation with rebuttal component. In the study of Kéroglu (2009), there was no significant
difference among experimental group means on the use of rebuttal component. This finding proves that
another instructional strategy should be activated specifically for rebuttal use. In simulation, we could
present example of flawed thinking or flawed experiments, then ask students to critically analyze weak
arguments; then, present their rebuttal. Furthermore, socio-cultural theories of education and
dialectical argumentation theories rather than critical thinking or reasoning in isolation might give us
stronger base to develop other scaffold strategies.
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Summary

A Toulmin argumentation structures transformed into reasoning scaffolds for development of
structured simulation environment in Genetic Unit of 8th grade of middle school. Scientific discovery
learning approach seems to be working better with the regulative process through scaffolds and
recording facilities. Scaffolding students reasoning in simulation environment is an advisable strategy for
supporting conceptual development. However, results of model application indicate a problem on the
rebuttal structure. Precursory analysis of student recordings shows that they are taking a surface
approach of combining alternative hypothesis instead of questioning it. But we may also be facing only a
transferring problem since we analyzed the students writing after unit completion. To figure out the
essence of problem, analysis of interview transcripts and students written records is recommended for
further study. It would be more helpful to add a short argumentative or persuasive writing module.
Discrepant event or non-examples might be utilized more in conceptual discovery learning simulations,
for creating a cognitive conflict and getting learner attention to the rebuttal factor of reasoning. To
some extend, we can force students to recognize alternative hypothesis, and to work on overcoming
confirmation bias by discrepant event, and non-examples. However, these strategies may solve the
problem when student feel and identify the conflict. Otherwise, a more knowledgable peer or a teacher
has to interfere with an appropriate question, hint or feedback. Model progression is also an advisable
strategy. In this design-based research, we could conclude that reasoning scaffold model as well as
Genetic Unit of 8th grade of middle school scaffolded simulation environment was very successful in
fostering conceptual development of students.
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Genis Ozet

Girig
Egitim oOrglitlerinde meydana gelen etik ve hukuk digi davraniglar son yillarda kamuoyunun dikkatini
Bulugla-Kavram 6grenme igin bir similasyon modeli tasarlanmistir. Modelin uygulamasi igin 8. Sinif

Genetik Unitesinde kullanilmak Uzere similasyonlar iceren bir &gretim yazilimi gelistirilmistir.
Simulasyonun denenmesi siireci, uygulama sonuglari ve éneriler sunulmustur.

Kavram Olusturma

Kavramlar nesne, olay veya diger varliklarin bilissel gosterimleridir (Jonassen, 2006). Kavramlar:
adlarina, ayirtedici olan veya ayirtedici olmayan oOzelliklerine, kavrami kendisi yapan 0z-nitelik
degerlerine gbre tanimlanir (Joyce ve Weil, 1996). Soyut ve somut olarak siniflanabilen kavramlarin,
hiyerarsik olarak diizenlenmesi de miimkiindiir (Gagne, Briggs ve Wager, 1992). Oz-nitelik degerleri, bir
kavramin dogru olarak siniflandirilmasini saglarlar (Joyce, Weil ve Calhoun, 2000) ve 6zellikle soyut
kavramlarin tanimlanmasinda daha 6nemlidirler (Lasley, Matczynski ve Rowley, 2002). Ogrencilerin
kavramlari tam olarak 6grenmeleri icin 6gretimde kavrama 6rnek olanlar kadar 6rnek olmayanlarin da
sunulmasi gereklidir (Karatas-Coskun, 2011).

Bu tanimlamalar kavramla ilgili klasik 6gretim tasarimi bakisini yansitmaktadir. Klasik bakista kavram,
6grenme Urunldar. Jonassen (2006) klasik yaklasimlari elestirerek, kuram-temelli ve etkinlik temelli
yaklagimlara dikkatimizi cekmektedir. Ornegin Kelly’nin Kisisel-Yapi Kurami, kavramlari zaman, baglam
ve amaca gore degisebilen dinamik yapilar olarak tanimlamaktadir (Kelly, 1963). Kuram-temelli ve
etkinlik temelli yaklasimlar, 6gretimde olay ve nesneler arasindaki dinamik iliskilerin kurulmasini
destekleyecek ortamlari tesvik ederler. Kavramlar kisiye aittir ve kisinin deneyimleri temelinde
diizenlenirler.

Ogretmenler kavram 6gretiminde agik veya ortiik 6gretimi (Akbulut-Tas, 2010) tercih edebilecekleri
gibi timevarimsal veya tiimdengelimsel (Rieber ve Parley, 1995) 6gretim yaklasim ve tekniklerini tercih
edebilirler. Dogrudan-tiimdengelimsel (deductive) 6gretim yaklasimi, siniflamanin vurgulandigi klasik
yaklasimlarla daha uyumlu gériinmektedir. Bazi islemsel veya siiregsel becerilerin 6gretiminde daha
verimli olabilirler. Timevarimsal (inductive) yaklasimlar ise bulus yoluna dolayisiyla daha dinamik olan
kuram temelli ve etkinlik temelli yaklasimlarla uyumludurlar. Lasley, Matczynski ve Rowley, (2002)
kavram 6gretiminde basarili olan 3 tiimevarimsal yaklasim sunmustur: ilki kavram edinimi modelidir
(Bruner, Goodnow ve Austin, 1967; Joyce, Weil ve Calhoun, 2000; Eggen ve Kauchak, 2001). Bu modelde
dgrenciler, dérneklerin ayirtedici dzelliklerine iliskin kurduklari hipotezleri test ederek ilerlerler. ikincisi
kendi Urettikleri veriler Gistiinde elestirel diisiindiikleri sorusturma modelidir (Biben, 1980). Ugiinciisii ise
o6grencilerin kendi diisiincelerini ve bakis acilarini daha ¢ok inceleyebilecekleri kavram sekillendirmedir.

Bu calismada Toulmin Tartisma Modeli, sokratik teknik, tlimevarimsal 0Ogretim yaklasimi,
similasyonla 0Ogrenme, bilimsel-bulus yoluyla 0grenme, kavram o0Ogrenme iliskilendirilmistir.
Simulasyonla 6grenme igin bir model gelistirilmis, modelin uygulama sonuglari kisaca tartisiimistir.

Toulmin Tartisma Kurami

Klasik mantik alani argimanlarin gegerli olup olmadiklari ile ilgilenmektedir. Kavram 6gretiminde
kavramin dogru ogrenilip 6grenilmedigini degerlendirirken, 6grenenin gerekgeli agiklamasinin veya
tepkilerinin belirlenen sinirlar icinde gecerli olup olmadigina bakariz. Oysa glnlik tartismalarimizda
argiimanlari degerlendirmek icin glvenirlige bakariz. Evrensel kabul edilen kurallar, ilkeler yerine
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(garanti-warrant), kendi inang¢ ve varsayimlarimizi éne c¢ikaririz. Eldeki durumdan (veri-data) hizlica
sonuca ulasiriz (iddia-claim). Bu haliyle ginliik tartismalarimiz Kelly’nin Kisisel Yapi Kurami ile tutarlidir.
George Kelly (1955) Bilimci-Birey Kuramin’da ise her bireyin ¢evresine uyum ve kontrol igin bilim adami
gibi hareket ederek, hipotezlerini test ettigini ileri sirmustir. Deneyimlerimizi siniflamak igin girdigimiz
bu c¢aba akil ydritmelerimizin ve tartismalarimizin yoniini belirlemektedir. Lenat (1982) farkh
problemlerle karsilastigimizda ¢6ziim siirecinde bilgi gésterimlerimizin de farklilastigini disinmektedir.
Shaw (1981) ise kisisel hipotezlerin dogru tahminler yiritmede kullanildigini hatta bilissel yapilarimizin
algilanan-ihtiyaca gore degistirildigini ileri sirmastdr.

Bu varsayimlardan hareketle bireysel-bilissel semalarimizi degistirmenin bir yolu, degistirilmesi
gereken biligsel semalarin agiga cikartilarak, degistirme ihtiyacinin birey tarafindan algilanmasini
saglamaktir. Kuram-temelli timevarimsal yaklasimlar bu noktada (uygun bir yapi saglanabilirse) klasik
o6gretim tasarimina dayanan dogrudan 6gretim modellerinden daha etkili hale gelebilir. Kavramsal
gelisim veya bilissel yapilarimizdaki gelisme bireyseldir, siireklidir, etkindir; farkhlastirma ve
bitiinlestirmenin yaratici bir siirecidir (Kelly,1963). Ogrencinin diisiincelerini sorgulamasina tesvik etmek
ve bu sorgulamayi gorindr hale getirmek, 6grencinin kisisel-bilissel semalarini yapilandirmasi siirecini
destekleyebilecegi gibi kavrayis yanilgilarinin sergilenmesini, fark edilmesini ve degistirilmesini de
saglayabilir. Toulmin’in ve Kelly’nin kuramlari zamana, baglama, ve amaglara gore degisebilen kisisel
anlam yapilarina isaret etmeleri agisindan benzer temellere sahiplerdir. Yapici 6grenme gevrelerinde
Toulmin’in tartisma modeli bilimsel-bulus yoluyla bilgi yapilandirmada kullanilan modellerden biridir.

Toulmin’in modeli elestiriler almasina karsin (Aldag, 2006a; Driver, Newton, ve Osborne, 2000;
Duschl, Ellenbogen, ve Erduran, 1997; Van Eemeren, Grootendorst, Henkemans, Blair vd., 1996). Giinlik
tartisma ve 6gretim cevrelerinde kullanilan en etkili modellerden biridir (Driver, Leach, Millar ve Scott,
1996; Kelly, Druker ve Chen, 1998; Russell, 1983; Yerrick, 2000). Toulmin’in tartisma kurami, 6 etkilesimli
6geden olusmaktadir (Toulmin, 1958): iddia, veri, garanti birincil 6geler, destek, reddedici, niteleyici
ikincil 6gelerdir. Aldag (2005a; 2006b) bu modeli 6gretim ve degerlendirmedeki tutarligin ve glivenirligin
saglanmasi amacliyla doktora calismasinda kiiglik degisikliklerle uyarlamistir. Gerekli degisiklikler igin
elestiri gerekgesini arastirma temelli sunmustur (Aldag, 2006a). Bu calismada ise tartisma kuraminin
ogeleri similasyon iceren bir 6gretim cevresinde destek yapilar olarak kullaniimak Gzere uyarlanmistir.
Bulus yoluyla-kavramsal 6grenme icin similasyon tasarim modeli gelistirilmistir. Kavram ve disiinme
yapilari ile uyum saglayacak sekilde; garanti, veri ve destek kavramlarinda kiigtik degisiklikler yapilmistir.
Model sokratik sorgulama teknigi kullanilarak rehberle-bulus davranisi (guideded discovery) igin
islevsellestirilmistir. Tartisma kurami 6geleri similasyonla 6gretim yaziiminda 6grenmeye destekleyici
yapilara donugtirilmustir.

Destekleme Araglari

Bilisim teknolojilerindeki gelismeler, 6grenmeyi destekleme yapilarinin bilgisayar destekli 6gretim
cevrelerine aktarilmasi ile sonuglanmistir. Destekleme kavrami Vygotsky’'nin yakin gelisim kavrami ile
kullaniimaktadir. Cocugun kendi basina ¢ozebilecegi problem seviyesi ve bir yetiskin veya konuyu daha
iyi bilen bir akrani ile ¢6zdUgi problem seviyesi arasindaki potansiyel farka isaret etmektedir (Wertsch,
1985). Kalabalik siniflar igcin veya bireysel 6grenme igin, 6grencinin gelisimini destekleyecek problem
¢0zUmUnU iceren yazilimlar gelistirilmistir. Basarili galismalara ornek olarak EMILE (Guzdial, 1995),
Knowledge Integration Environment (KIE) (Davis ve Linn, 2000), Model-It (Jackson, Krajcik, ve Soloway,
1998; 2000) verilebilir. Kavramsal degisim calisan arastirmacilar, bilginin kuramsal olarak yapilandirmasi
ve bilissel yapinin degerlendirilmesi icin bazi stratejiler 6nermislerdir. Bu dnerilerden bazilari sunlardir:
ogrenci etkilesimlerinin analizi (Hogan ve Fisherkeller, 2000), yapilandiriimis gériismeler (Southerland,
Smith, ve Cummins, 2000), kavram haritalari (Edmundson, 2000), hiper metinler (Gall ve Hannafin,
1994), simiilasyon (de Jong, 1991; Reigeluth ve Schwartz, 1989) ve modelleme cevreleri (diSessa,
Abelson ve Ploger, 1991). Similasyon ortaminda, bilimsel-bulus ile kavramlarin 6grenilmesinde 6grenin
nasil desteklenecegi halen ¢alisiimakta olan bir konudur.
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Bilgisayar Simulasyonlari ve Bilimsel-Bulusla Ogrenme

Bruner’in bulus yoluyla kavram 6grenme c¢alismalari bilimsel-bulugla 6grenme yaklasimina temel
olmustur. Bilgisayar similasyonlari kavramsal veya operasyonel (De Jong, 1991) olabilecegi gibi statik-
dinamik, sayisal-sozel, basit-karmasik olarak da siniflandirilabilir (Van Joolingen ve De Jong, 1991a;
Brant, Hooper, ve Sugrue, 1991; Coleman ve Randall, 1986). En basit haliyle 6grenen, simiilasyon
ortaminda giris degiskenlerini kontrol ederek, ardisik sonuglari gézlemler (Reigeluth ve Schwartz, 1989).
Hipotezleri test eden 6grencinin siire¢ sonunda, similasyondaki modele iliskin genellemeleri (kavram,
ilke vb.) kesfetmesi beklenir. Kuramsal olarak distndigiimiizde similasyonun kendi kendine bulusla
6grenmeye en uygun yapicl 6grenme araclarindan birisi olmasi beklenir. Ancak pek ¢ok ¢alismada bulus-
temelli similasyonla 6grenme ile dogrudan 6gretim arasinda basari farkina rastlanmamistir (6rn. Rivers
ve Vockell, 1987; Carlsen ve Andre, 1992; Chambers vd., 1994; Bangert-Drowns, Kulik, ve Kulik, 1985).
Bazi calismalar 6zel 6gretici yazilimlarin daha basarili oldugunu goéstermistir (Rieber, 1990; Rieber ve
Parmley, 1995). Buna karsin bazi ¢alismalar da similasyonla 6grenme basarili bulunmustur (Grimes ve
Willey, 1990). Calisma sonuglari tutarli gorinmemektedir.

Bulus temelli similasyonlarla 6grenmenin basarisizlik ile sonuglanmasi pek ¢ok nedenle agiklanabilir:
hipotezin ne oldugunun veya nasil oldugunun bilinmemesi (Njoo ve De Jong, 1993); hipotezlerle
toplanan verilerin iliskilendirilememesi (De Jong ve Van Joolingen, 1998); hipoteze aykiri goériinen
verilerin gozardi edilmesi (Chinn ve Brewer, 1993); hipotezi clrliten verilere ragmen hipotezin
gercekliginde israr edilmesi (ya da tersi) (Dunbar, 1993); reddedilmesi olasiligl ylksek goriinen
hipotezlerden (ve test edilmesinden) kaginmak (Klayman ve Ha, 1987; Klahr, Fay, ve Dunbar, 1993; van
Joolingen ve de Jong, 1993); 6zellikle hipotezi dogrulayacak verilerin aranmasi (dogrulama yanilgisi)
(Quinn ve Alessi, 1993); bir denemede birden fazla degiskenin denenmesi (Glaser vd., 1992); hipotezle
hic ilgisi olmayan deneylerin yapilmasi (Van Joolingen ve De Jong (1991b; 1993); bir dizi degiskeni birkag
kez denerken en 6nemli degiskenlerin gdzden kagiriimasi (Kuhn, Schauble, ve Garcia-Milla, 1992);
deneylerin hipotezi test etmek veya kavramsal modeli anlamaya galismak yerine istenen sonuca ulasmak
veya istenen etkiyi yaratmak igin yapilmasi (muhendislik yaklasimi) (Schauble, Glaser, Raghavan ve
Reiner, 1991) gibi. Simulasyon ortamindaki 6grenmelerde basarisizlik nedeni bunlardan biri veya birkagi
olabilir. Ayni similasyon da bile 6grenenden 06grenene gore nedenler farkhlasabilir. Hatta ayni
simulasyon da ayni 6grenen igin bir kavramdan digerine 6grenme diizeyi ve 6grenememe nedenleri
farklilasabilir.

Bazi ¢alismalarda, bulus yoluyla 6grenmede basarili olan ve olmayan 6grencileri ayirteden 6zelligin
diizenleme siregleri oldugu belirlenmistir (Lavoie ve Good, 1988; Simmons ve Lunetta, 1993; Shute ve
Glaser, 1990, Glaser vd., 1992). Sistematik planlama, izleme, veri yonetimi, verilere gercekgi yaklasim,
not alma (Lavoie ve Good, 1988), sistematik veri kaydetme (Schauble vd., 1991) iyi bir bulusgunun
ozellikleri olarak tanimlanmistir. De Jong ve Van Joolingen (1998) &grencilerin similasyonla
ogrenmelerini destekleyecek Ogretim stratejileri onermislerdir. Similasyonla birlikte alan bilgisine
ulasilabilmesi; similasyonlarin, oyun, soru, alistirma gibi stratejilerle desteklenmesi; karmasik
durumlarda ilerleme modelinin segilmesi; similasyonun diger strateji birlesimleri ile kullaniimasi bu
onerilerden bazilaridir. Ancak arastirmacilar hipotez destegi, deney ipuclari, gézlem destek araglari,
tahmin destegi gibi stratejilerin ise yarayip yaramayacaginin arastirilmasi gerektigini bildirmislerdir.

Tasarim Siireci
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ilk asamada klasik kavram 6geleri Toulmin modelindeki tartisma 6geleri ile uyumlu duruma
getirilmistir. Asamalar bu baslik altinda tablolastiriimistir (Tablo1). Bulusla 6grenmede, 6grenenin temel
gorevleri, problemin tanimlanmasi, hipotezin belirlenmesi, deney kurulumu, gézlem, veri toplama, veriyi
yorumlama, sonuglarin denenmesi ve tahminde bulunmadir (Friedler, Nachmias ve Linn,1990). ikinci
asamada bulusla 6grenme modeline gore akis semalari (Sekil 1a,b) hazirlanmistir. Literatiirde 6grenme
destegi olmayan karmasik similasyonlarin 6grenme yanilgilari olusturulacagi belirtilmistir (Hannafin ve
Land, 2000). Sinif icinde 6grencinin 6n-6grenmelerinin ve deneyimlerinin agiga ¢ikariimasi igin basarili
ogretmenlerin en sik basvurduklar teknik soru sormadir. Kavram yapilari dogrultusunda ikinci asamada
bulusla 6grenme siirecine uyumlu hale getirilen tartisma 6geleri; liclincli asamada, sokratik sorgulama
teknigi kullanilarak, similasyonda 0Ogrenenin akil yidritmesine rehber olabilecek sorular haline
dénistiirilmistir. Bu dénistiirme asagidaki tabloda verilmektedir. Ogrenciler simiilasyonda sorulan
sorulara cevap verip, cevaplarini kaydetmek, kontrol etmek ve c¢alisma sonunda hipotezleri
dogrultusunda ikna edici bir metin hazirlamakla sorumludurlar. Destekli similasyon (Sekil 1b) ve
desteksiz simulasyonlar (Sekil 1a) icin hazirlanmis olan akis semalari makale sonunda verilmistir. Rehber
soru ornekleri ise yine makale sonunda verilen yazilim sayfasi (Sekil 2a,b,c) 6rneginden incelenebilir.
Toulmin’in tartisma kuraminin bilimsel-bulus yoluyla 6grenmeye uyarlandigi modelin uygulanmasi igin 8.
Sinif genetik Unitesi segilmistir. Bu Unite kavram yanilgilarinin yaygin oldugu literatlr de belirtildigi igin
secilmistir (Schonfeld, 2000; Ferrari, Michelene ve Chi, 1998). Unite icin simiilasyon hazirlanmistir. Siireg
ve yazilim genetik konusunda uzman olan iki kisi tarafindan degerlendirilmistir. Pilot ¢alismalar sonunda
similasyonda gerekli diizenlemeler yapilarak, puanlama rehberi hazirlanmistir. Puanlama rehberi ile
uygulama sonrasi 6grencilerin metinleri bagimsiz kodlamacilar tarafindan kodlanmistir, givenirlik
oldukga yliksektir.

Uygulama Sonuglari ve Tartisma

Koroglu (2009) modeli 8. Siniflarin genetik Unitesi icin gelistirmis oldugu similasyona uygulamistir.
Deneysel ¢alismada 4 grup vardir: 1. Grup Ogretmenle 6grenen grup; 2. Grup klasik 6gretim tasarimina
gore hazirlanan similasyonla 6grenen grup; 3. Grup modelin uygulandigi tartisma 6geleri destekli
similasyon ile 6grenen grup; 4. Grup modelin uygulandigi tartisma Ogeleri destekli similasyonla
6grenen ayni zamanda kisa tartisma 6geleri 6gretimi yapilan grup. Gruplar basari testi ve ikna edici-akil
ylratme yazilari ile degerlendirilmistir. Yazilar tartisma o6geleri temelinde iki bagimsiz kodlamaci
tarafindan incelenmistir. Modelin uygulandigi simiilasyon versiyonlari ile 6grenim goéren 3. ve 4.
Gruplarin, klasik similasyon ve 6gretmenle 6grenen 1. Ve 2. gruplardan her iki degerlendirmede de
(tartisma 6gelerinin kullaniminda) daha basarili oldugu gorilmastiir. 4. Grup, veri 6gesininde 3. Gruptan
da basarilidir. Arastirma sonucu, modelin uygulandigi, desteklenmis simulasyonlarin 6grenmede ¢ok
etkili oldugunu gostermektedir. Bu calismada, reddedici (clritme) 6gesinde gruplar arasinda fark
bulunmamistir. Bunun nedeni, reddedicinin 6gretiminde destekli-simulasyonun basarili olamadigl
seklinde yorumlanabilir. Baska bir aciklama ise literatiirde sik sik s6z edilen, hipotezi ¢lrliten, hipoteze
aykiri olan kanit veya kuralin gérmezden gelinmesi (avoiding disconfirming evidence) egilimi olabilir. Bu
durumda sorun daha fazla 6rnek olmayanlarin kullanilmasi ile ¢dziilemeyecektir. Modelin uygulandigi
simulasyon g¢alismalarina ek olarak, tartisma ve ikna edici bilimsel-yazma galismalari (reddedici 6gesinin
vurgulandigl) faydal olacaktir. Aykiri-uyumsuz durumlar (discrepant events) ile 6grenciye hipotezi
clruten kaniti gormezden gelme egilimini farketmeyi ve kontrol etmeyi 6gretmek gereklidir. Aykiri
durumlar, kavramlar arasi farklilar ve benzerlikleri icermeli; degiskenlerin birbirleri ile etkilesimlerinin
gozlenmesini ve ifade edilmesini saglamalidir. Ama daha da o6nemlisi aykiri durum 06grenenin
kavrayisindaki boslugu farketmesini ve sorgulamasini saglayacak giidiileme mekanizmalarini harekete
gecirecek nitelikte olmalidir.

Timevarimsal 6grenme yaklasimi veya bulus yoluyla 6grenme stratejilerini temel alan karmasik
simulasyonlarin kavrayis yanilgilari yaratabilecegi belirtilmistir. Yapici 6grenme cevreleri ile uyumlu olan
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kuram temelli ve etkinlik temelli kavram gelisim yaklasimlarina gore, 6grenen durumlari kisisel-kuramlari
ve deneyimleri ile algilar, agiklar ve tepki verir. Bu nedenle yeni 6grenmeler igin hali hazirda mevcut veya
gelisebilecek olan kavrayis yanilgilarinin gorlinur hale getirilmesi gerekmektedir. Bulug yoluyla kavramsal
gelisimin desteklenmesi i¢in Toulmin tartisma modeli, sokratik sorgulama teknigi ile similasyon yapisina
uygulanmistir. Gozlem ve gozlenenlerin yansitiimasinda model ve modelin uygulandigi similasyon
oldukga basarilidir. Yonlendirici sorular vasitasiyla 6grenenin kendi kisisel-kuramsal yapisini agiga
cikarmasi ve yeni 6grendikleri ile birlestirmesi saglanmistir. Bu ¢alisma semalarin bireyselliginin 6gretim
tasarimi igin sinirlilik olmaktan nasil ¢ikarabiliriz sorusuna cevap aramistir. Ek olarak bilimsel-ikna edici

yazma calismalari 6nerilebilir.

Tablo 1.

Simulasyonla Ogrenme icin Akil Yiritme Destek Yapilart Modeli

Yazilim Yapisi

Ogrenci: Akil
yiiritme

Bulusg Sureci

Kavram Yapilari

Toulmin Modeli

Problemin metin

halinde sunulmasi,
gerekli veya uygun
oldugunda metnin

gorselle desteklenmesi

Verilen durumdaki
iliskisel veya nedensel

Ogelerin neler oldugunu

sorulmasi

Simulasyonun
sunulmasi

Simulasyonun
baslatiimasi

Simulasyon oncesi
tahminler ile

similasyonda izlenenin

farkli olup olmadiginin
belirlenmesi

Benzerlik ve farkliliklarla

ilgili ek agiklama
istenmesi

Orijinal veya alternatif
hipotezlerle ile ilgili

¢Ozimlerin yazili sekilde

sunulmasi
Sinif tartismasi

Yeni ve eski durumlara

ulasmanin saglanmasi

Verilen durumda neler Problemin

oldugunu veya neler
olmadigini okuma,
farketme, anlama

Ogrencinin deney
oncesinde verilen
durumla ilgili
tahminde bulunmasi

Simulasyonda
maniplle edilecek
degiskenlerin
incelenmesi

Deneyle ilgili notlarin
alinmasi

Hipotez ile gbzlem
sonuglarinin
karsilastiriimasi

Gerekli oldugunda
orijinal hipotezin
diizenlenmesi veya
yeni bir hipoteze
donistirilmesi

Kavramsal anlayis
temelinde ¢6ziime
ulasma

Kavramsal anlayisin
savunulmasi

Uygun oldugunda yeni
deneyler denenmesi

tanimlanmasi

Hipotezin ifade
edilmesi

Deneyin
tasarlanmasi
Degiskenlerin
kontrol edilmesi
Gozle

Veri toplanmasi
Verinin incelenmesi

Yorumlama

Yorumlama

Yorumlama

CozUmin
savunulmasi

Sonuglarin
uygulanmasi Yeni
tahminlerin
yapilmasi

Soyut kavramin 6rnek
olani veya 6rnek
olmayani

Ornek durumda
durumla ilgili
kavramlarin veya
kavramlarla ilgili
niteliklerin tahmin
edilmesi
Degiskenlerin verilen
Ornekte tespiti

Sonuca dogru 6rnek
durumun veya 6rnek
olmayan durumun
acklanmasi

Olasi yanilgilarin,
uzlasmzligin veya
ilgisiz 6zelliklerin
tespiti

Akil ylrGtmenin tutar

bir kavramsal model
olugturmak igin
netlestirilmesi

Durumla ilgili tutarh
(veya kismen)
kavramsal modele
ulasma: dengeleme
Kavramsal modelin
sunulmasi

Kavram 6grenme
dongilistiniin yeniden
baslatiimasi

Verinin sunulmasi

Alt-iddialara
ulastirabilecek, veriyi
destekleyen
garantilerin ve
desteklerin
tanimlanmasi
Verideki degiskenlerin
kontrol edilmesi

iddiaya yonelten veri
ve reddedicilerin
saptanmasi

Olasi reddedicilerin
tespiti ve
tutarsizhiklarin
incelenmesi

Reddedicilerin kontrol
edilmesi, veri, garanti,
destekler ve iddia
arasindaki baglarin
akil yiriatme yolu ile
kurulmasi

Glgli alt-iddialar,
veri, destek ve
garantilerin
olusturulmasi
iddianin savunulmasi
ve karsit gorisiin
curatilmesi

Yeni iddialara ulasma
donglisinin
baslatiimasi
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Presenting data

Questioning for claim

Student is presenting claim

Students is examining simulation

Figure 1.a Flowchart for nonscaffolded-simulation
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A Flowchart of Reasoning Scaffold Model for Instructional Simulation/Software

Questioning for the claim

/ Student is predicting the result /

l Questioning for warrant and data

/ Student is predicting warrant and data /

Student manipulating variables in simulation to
discover causal relations

'

/ Student is taking notes and reasoning /

/ Student is presenting claim and related warrant support /

Questioning for integration
of claim (result), data
(example) and warrant
support (attribute)

o joning first predicti
and observation results
after manipulation- trial in
simulation

Questioning for
what went wrong

is recog g
Student is integrate and correcting their
claim, data and warrant mistake or
support misconceptions
Student is writing
‘> | their study report

v

Students are sharing
their reports with each
other and discussing

Figure 1.b Flowchart for scaffolded simulation
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Kuzey Kuthu'nda yagayan tilkiler golde
yagayan akrabalanna gore daha kiigiik
kulak kepgesine sahiptir.

Sence bu durumun nedeni nedir?

Etkinlik-3

Boyle Digiinmenin Nedeni Nedir?

BU DURUMUN SEBEBI
CEVRESEL FAKTORLER
NEDENIYLE MEYDANA GELEN
TUR ICI FARKLILIKLAR OLABILIR.

Geri

Tleri

Figure 2.a Simulation page: Question prompts
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The section for warrant support, reproducing
generalization, discovering causal relations by repeating
phenomenon underinvestigation, manipulating variables
under variety of conditions in simulation
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Mote taking pad
for reasoning and
results of their
finding

Figure 2.b Simulation page: Question prompts
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Question for displaying warrant support and claim
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Written notes
from previous
analysis if
needed

Seain diy similavyonn idedikien soara
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If their answer is
yes, asking then
to explain causal
connection
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Senin dijinces e similasyons idedikien soars
vardipe soseg arasmdalks fark oedic?

between claim,
support and
data in detail i

If their answer is no,
asking to explain
what the difference
is; expecting them to
realize their mistake.

Asking for similarity
or differences in
their prediction
before simulation
and observation
after manipulation
the simulation

Figure 2.c Simulation page: Question prompts
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