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ABSTRACT

The research was conducted with a total of fifteen participants including five undergraduate, six
graduate, three research assistants, and a faculty member. The purpose of the research is to
analyze the thoughts of the participants on the concept of buoyancy by using the
phenomenological method. The participants were included in the clinical interview process with
specific questions regarding the concept of buoyancy. A twenty-minute interview was held with
each participant, and according to the answers of the participants, it was tried to reveal the
comprehensive thoughts of the individuals regarding the relevant concept by directing
improvised probe questions. The raw qualitative data of the research were analyzed through the
knowledge in pieces theory of conceptual change by diSessa and the theory-like knowledge
structure theory by Vosniadou, among the conceptual change theories. An inconsistency was
observed in the responses of especially graduate and research assistant participants. A finding in
this direction is consistent with the knowledge in pieces theory of conceptual change by diSessa.
The responses of the field specialist faculty member were determined to be consistent and
compatible with the theory-like knowledge structure theory by Vosniadou. The findings and
results of the study were discussed in a way which refers to the in-class teaching-learning
processes and contributes to the quality of the experimental activity contents used in teaching
science.

Keywords: Science education, buoyancy, conceptual change theories, phenomenological
pirimitives.
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INTRODUCTION

Conceptual change and concept-based learning in science teaching are the fields on which many scientific
research studies have been conducted for almost 50 years (Duit & Treagust, 2003). According to Hewson
(1992), the first authors to use the idea of conceptual change effectively in the field of science teaching were
Posner, Strike, Hewson, and Gertzog in physics teaching in 1982 and Carey in biology teaching in 1985. Hewson
(1992) mentions that American Educational Research Association also made a great contribution to the
evolvement of the conceptual change idea through their annual activities that were started in 1983. In the first
years of this process, the main orientation of the studies was grounded on determining the difficulties in
science learning process and the pre-conceptualizations or prior knowledge carried by students (Mayer, 2001).
In this process which can be dated back until the first half of the twentieth century, especially pedagogues,
cognitive scientists, and field educators were in search of generating a single learning theory which can
considered as integrative and nonselective (Mayer, 2001; Nersessian, 1989). According to Nersessian (1989), it
is necessary to thoroughly analyze the conceptualization process for a nonselective basic concept in a scientific
field in order to propose a holistic learning theory or, more specifically, a conceptual change theory. However,
some reviews and research articles closer to the present submit that a meta-theory involving all kinds of

learning related to the fact of learning cannot be generated (Mayer, 2001).

Tending to change the conceptual structure in the cognitions of students basically constitutes the subject area
of cognitive learning theories. It is possible to point out that the current conceptual change theories have been
impressed by Piaget’s theory of cognitive development and the constructivist learning theory. Duit (1999)
sympathizes with this approach by indicating that the studies carried out in other fields than science teaching

have also been impressed by the constructivist learning theory.

Various theoretical approaches regarding the fact of conceptual change have been developed over time. Even
though these theories have partnerships with each other, it can be stated that each of them brings original
approaches to the conceptual change. Accordingly, unlike Piaget's theory of cognitive development, Carey's
theory of knowledge restructuring (1985) suggests that the children do not have a universal cognitive
development that chronologically restricts their reasoning skills through completely context-free, and field-
oriented content learning. According to this theory, the quality of new mental structures developed by
students is related to the gradual increase in field knowledge and their familiarity with field knowledge. Carey
predicts two different structures and asserts that weak restructuring is the correction of a simple
misconception and that strong restructuring, just like Kuhn, is the formation of a new conceptual framework,
theory, or paradigm. Roschelle's theory of convergent conceptual change (1992) forms a structure that
integrates the cooperative learning process and the conceptual change process. According to Dynamic Model
of Conceptual Change (Nadelson, Heddy, and Jones, Taasoobshirazi & Johnson, 2018), the triangulation point of
the conceptual change is the assumption that the students have multiple conceptualizations related to a similar
phenomenon. According to Nersessian (1989), one of the most important difficulties in teaching the basic
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concepts in science is the complex nature of the conceptual structure, which is largely independent but
composed of interrelated subcomponents. Another similar cognitive model of knowledge restructuring or
conceptual change suggests that the positive correlation between the characters of students and the
characters of messages (concepts to be learned) is a factor that facilitates learning or conceptual change (Dole,
& Sinatra, 1998). Besides, while reconstructing their theories of conceptual change, Strike, and Posner (1992),
through a similar approach, acknowledge that the affective structures of the students are an important part of
their conceptual ecology. In connection with this, Pintrich, Marx, and Boyle (1993) make an important criticism
of conceptual change theories by Posner et al. (1982) that refer to pure cognitive dimension. According to this,
the authors put forward that social context and motivation factors are very important in the conceptual change
process. Noting that many research processes (Guizetti & Hynd, 1998; Mason, 2001; Schnotz, Vosniadou &
Carretero, 1999; Vosniadou, 1994) attempt to evaluate the conceptual change in one dimension, Duit, and
Treagust (2003) also emphasize the importance of evaluating epistemology, ontology, or social-affective

dimensions together.

Upon all these explanations, relatively more prominent theoretical approaches in science teaching will be

detailed in the following paragraphs.

The theories asserted by Posner et al. (1982), Chii, and Roscoe (2002), Ivarsson, Schoults, and Saljo (2002),
especially Vosniadou (1994), and diSessa (1993) which will constitute the theoretical ground for this study can
be considered as dominant theories trying to explain the process of conceptual change. The Theory of
conceptual ecology of Posner et al. (1982), which purposes to explain the conceptual change process, suggests
that the process starts with a perception of dissatisfaction emerging as a result of cognitive disability. The term
of dissatisfaction is a term referring mostly to the field of affective learning, and it implies that the factual
conditions that trigger the learning process are particularly related to both fields of cognitive and affective
learning. In this context, some impressions from the constructivist learning theory can be seen in the
theoretical approach of Posner et al. (1982). In fact, according to the theory of constructivist learning, learning
starts with mental disequilibrium and ends with mental accommodation. Because the process refers more to
the change in individual cognition, it can be verbalized that it evokes the context-independent structure of
Piaget's theory of cognitive development. As stated above, Posner et al. (1982) argue that there is a process
rather than a sudden change in the conceptual structure, as with most similar conceptual change theories. The
fact that they attribute conceptual change to gradual, and prioritizing conditions can be considered as a proof
of this situation. Prior conceptions that students acquire from their individual experience and are often
inconsistent with scientific concepts may change only when new concepts are intelligible, plausible, more
fruitful in dealing with new problems. This indicates a process. As a matter of fact, Duit, and Treagust (2003) do
not perceive the conceptual change as the replacement of pre-teaching concepts with scientific concepts, and

they refer to the reconstruction of pre-teaching concepts for the acquisition of scientific concepts. Such an
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approach, with reference to the pre-teaching concepts, refers to a path that is related to learning of scientific

concepts, that is, to a process.

Misconception repair theory of conceptual change by Chi, and Roscoe (2002) presents a more ontological
approach as conceptual change theory. Accordingly, there is an ontological difference between the
conceptualization of students and that of scientists. The students often conceptualize process-based
phenomenon of science through a substance-based ontological perception. Much as electric current and
thermal equilibrium in physics, chemical equilibrium in chemistry, and inheritance in biology, biological
adaptation, biotic and abiotic environment interaction, and natural selection are process-based phenomenon,
they are unfortunately conceptualized by the students as substance-based static phenomena due to the
textbooks and the contributions of teachers. Therefore, the students fall into the error of mis-categorization.
According to this theoretical approach, in order for the accurate conceptualization or the desired conceptual
change to take place, it is necessary to associate mis-categorized concepts with the accurate categories or to

allow new categories to be formed.

Ivarsson, Schoults, and Saljé (2002) evaluate the conceptual change as a socio-cultural process in sociocultural
theory of conceptual change. According to this theory, the students get acquainted with new materials that are
represented as cognitive (conceptual terms), physical, and graphic structures in a social environment, and thus
generate new conceptual structures in terms of their interaction with these materials. This theoretical
approach considers the learning process, and thus new conceptualizations, as the socialization of human
cognition. Trying to explain the change of cognitive structure by referring to the social environment evokes
Vygotsky's theory of socio-cultural learning. According to Vygotsky, learning corresponds to a process that
occurs in the language, which is the most important means of learning, rather than the inner change of the
individual's cognition, and therefore, occurs through interaction in a social environment. According to lvarsson
et al. (2002), individuals need appropriate cognitive instruments (conceptual terms) and physical instruments
so as to make the intended conceptual change take place. Thus, conceptual change can be evaluated in the
form of mastery of using cognitive and physical instruments intended to be demonstrated as competence

through appropriate guidance in a suitable social environment (school/classroom environment, or etc.).

Synthetic meaning theory of conceptual change or theory like theory, developed by Vosniadou (1994; 1996 and
2002), suggests that the students have the naive theories that manifest themselves as coherent structures
formed from their experience of the phenomena that constitute the subject of science before they are exposed
to science teaching. Accordingly, in the formal education process, the students, who encounter scientific
conceptualizations about the related phenomenon, create synthetic conceptual structures that characterize
each age and cognitive level. In fact, these conceptuals structures, just like the theoretical structures of
scientists which is consistent for a certain period, are almost in the form of monolithic structure. These
structures act as an explanatory theoretical framework. According to the theory by Vosniadou, there is a
conceptual change that takes place in the form of the fact that the different synthetic concepts at different
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cognitive levels of the same phenomenon gradually give way to scientific conceptualizations. For instance,
whereas the students in pre-school period have the conceptualization of internal force towards the concept of
force, the students in the first years of primary school include the concept of internal force of their cognitive
structures and the concept of acquired force found only in moving bodies, and the students in secondary
school have the concept of acquired force, the concept of acquired force hybridized with push-pull forces
(formal forces of Newton mechanics), and the concept of gravitational force at more advanced cognitive levels
(loannides & Vosniadou, 2002; Vosniadou & Brewer, 1992; 1994). In brief, according to the theoretical
explanation developed by Vosniadou (1994), the students have stable alternative conceptualizations that is
consistent for a certain period, in other words, they do not change even if the context or phenomenal sample
changes. This theoretical approach suggests that it is unlikely to completely eliminate the former and often
unscientific conceptualizations of the students. Therefore, conceptual change consists of the changing process

of hybrid structures that show consistency for certain periods.

Knowledge in pieces theory of conceptual change by diSessa (1993) refers to a process in which naive and naive
knowledge of the students is corrected in time and transformed into scientific knowledge by interpreting
conceptual change differently. Unlike theory of Vosniado (1994), he explains the reason for this situation by
suggesting that cognitive structures of the students consist of naive units of thought with fragmented and
contextual inconsistency. Accordingly, naive concepts do not have a monolithic and explicit theoretical
framework boundary. The naive conceptual structure consists of interrelated structures that can associatively
trigger each other in similar contextual fact samples, are extremely context sensitive and cannot yet be
represented at the conceptual level. These structures are called as phenomenological primitives.
Phenomenological primitives can be considered as semi-independent naive units of thought that make a naive
conceptual structure jointed and enable different joints of the concept to act in each context change, thereby
causing cognitive structures of the students to change and exhibit inconsistency as contextual fact samples
change. According to this theoretical approach, the responses of students change during a phenomenological

examination of the concept subject to the research as the context or sample questions change.

Stating that especially the studies diSessa, Gillespie, and Esterly (2004), and loannides, and Vosniadou (2002)
on the concept of force accelerated the aforementioned approaches by diSessa and Vosniadou to form a camp

will be a proper determination with reference to the subject of this present study.
Literature

The literature includes some studies suitable for the theoretical approaches of both Vosniadou and diSessa
camps. Accordingly, there are many samples of studies compatible with Vosniadou's theory of conceptual
change (1994) (Chi, 1988; Chinn & Brewer, 1993; Eshach, Lin & Tsai, 2018; Greca & Moreira, 2000; Harrison,
Grayson & Treagust, 1999; loannides & Vosniadou, 1991; loannides & Vosniadou, 2002; Jung, 1993; Nersessian,
1989; Vosniadou, 1991; Vosniadou & Brewer, 1987; 1992; Vosniadou & Matthews, 1992; Vosniadou &
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Kempner, 1993; Vosniadou & Brewer, 1994; Vosniadou & loannides, 1998; Vosniadou, loannides,
Dimitrakopoulou & Papademetriou, 2001; Vosniadou, Baltas & Vamvakoussi, 2007). However, in the literature
of science teaching, there are also so many research findings that are compatible with theory of knowledge in
pieces by diSessa (1993) and p-prims that constitutes the theoretical framework of our study. In other words,
these findings also indicate that knowledge structures of the students are inconsistent (Apaydin, 2014;
Apaydin, Akman, Tas & Peker, 2014; Apaydin, Cobanoglu & Ergul, 2018; Chiou & Anderson, 2010; Clark, 2006;
Furuta, 2000; Galili & Hazan, 2000; Hamid & Widodo, 2017; Jin, Zhan & Anderson, 2013; lJin, Rijn, Moore,
Bauer, Pressler & Yestness, 2019; Khishfe, 2017; Kirbulut & Beeth, 2013; Leppavirta, 2012; Liu & Maclsaac,
2005; McLure, 2018; Ozdemir, 2007; 2017; Ozdemir & Clark, 2009; Reinfried & Tempelmann, 2014;
Southerland et al., 2001; Turcotte, 2012; Tytler, 1998).

Findings of the relevant researches are summarized as follows. From this point of view, it is necessary to note
that the group of students providing the qualitative data for monograph of diSessa (1993), which is more
theoretical, reveal appropriate responses to knowledge in pieces theory of conceptual change. diSessa
especially associates the findings of this study with the concept of phenomenological primitive (p-prim). In the
literature, the study by Demastes, Good, and Peebles (1996) also supports that the conceptualization of
students towards evolution theory is in the form of knowledge in pieces. In addition, Tytler (1998) emphasizes
that the individual experiences of the students about the phenomena of matter and air are of great importance
on the explanations of students about air pressure and asserts that such naive explanations support knowledge
in pieces theory. A study by Furuta (2000) on mental model development focuses on the cognitive differences
that develop in students during the process and reports that the students who remain at different learning
levels in an experimental activity display different cognitive structures. According to the findings, it is revealed
that the students who are not successful do not have a mental model structure. In a study conducted by Galili,
and Hazan (2000) with high school students and teacher training high school students, they document that the
students have alternative knowledge structures that display a hierarchy in the subject of image formation on
flat mirror. In another study, Southerland et al. (2001) reveal that the conceptualization of students about
biological phenomena is mostly explained in the form of knowledge in pieces theory structure. Besides, Liu, and
Maclsaac (2005) state that the students both generate consistent responses and give inconsistent responses
towards Newtonian Mechanics. They also indicate that the familiarity of context, content of the problem,
affects the consistency of the responses and that the students respond consistently to questions they are
familiar with and inconsistently to questions they are not familiar with. The authors also argue that there is a
relation of quantity or degree rather than a quality relation between p-prims and scientific theories that are
widely agreed upon through more coherent mental models. Clark (2006) also determines that the meanings
that students attach to the concepts of heat and temperature in relation to the concept of thermodynamics
can be explained better through the theory of knowledge in pieces and p-prims. Moreover, the compatibility of
the meanings that students put on the concept of force in different contexts through the theory of knowledge

in pieces is determined in the research reports published by Ozdemir (2007; 2017) and Ozdemir, and Clark
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(2009) at different periods. In a study conducted with students in physics major, although Chiou and Anderson
(2010) state that the findings related to the responses of the students are consistent with the theories by
Vosniadou, and Brewer (1992), they imply that the students are unable to make predictions within the
framework of a mental model and that they have naive conceptualizations that are largely in accordance with
the theory of knowledge in pieces. The potential of the naive concepts to behave similarly to the p-prims of
diSessa (1993; 2002) and diSessa, Gillespie, and Esterly, (2004) is also highlighted in that study. Turcotte (2012)
shows in his study that the students can use their explanations about a scientific fact in order to explain a new
and different scientific fact. In the study, such conceptualizations as free falling, the effect of parachute on free
falling, and air resistance are naively associated with the concepts of buoyancy of water and swimming. This
finding is closer to conceptualizations of knowledge in pieces theory and p-prim. In a study on the concepts of
electricity and magnetism, Leppavirta (2012) suggest that the naive conceptualization of the students do not
support neither the theory of knowledge in pieces nor theory of theory-like knowledge. In the study, the
findings are evaluated based on the consistency of the “Newtonien Ohm’s Law” p-prim proposed by diSessa.
Accordingly, it is stated that Ohm p-prim is consistently used in answering questions related to the concept of
electricity, especially regarding Ohm’s law. The compatibility of knowledge structures related to the concepts
of evaporation, boiling, and condensation of some high school students with theory of knowledge in pieces was
documented in a study carried out by Kirbulut, and Beeth (2013) in the USA. In another study conducted with
the students at different grades from primary to high school, Jin, Zhan, and Anderson (2013) reports that the
reasoning processes of students are relatively consistent. In a study performed with secondary school 8th
grade students, Apaydin (2014) reveals that knowledge structures of students about buoyancy force of water
are in accordance with the theory of knowledge in pieces. Reinfried, and Tempelmann (2014) carry out a study
with secondary school students on the concepts of greenhouse effect and global warming. Although it is based
on mental model, the study also reveals some findings about the existence of prior conceptualizations that

show inconsistency and contextual sensitivity in some of the students.

In one of recent studies, Eshach, Lin, and Tsai (2018) state that the conceptualizations of students from
different grade levels related to the sound fact are substance- or material-based, but they also refer to the p-
prims by stating that the material-based sound conceptualization of the students is consistent. Likewise, in a
study evaluating the conceptualizations of secondary school students on the concept of force, in a study
conducted by Khishfe (2017) with 261 high school students from different schools, and in a study conducted by
Hamid, and Widodo (2017) on the conceptualization of students about the phenomenon of electricity, the
researchers document that the students show cognitive inconsistency and that p-prim directs their responses.
McLure (2018) also state that approximately half of the students who deal with the concept of electric current
have a cognitive structure in accordance with the theory-like knowledge structure theory before applying the
TFA approach and that one fourth of them display a structure in accordance with the theory of knowledge in
pieces. Whereas Jin, Rijn, Moore, Bauer, Pressler, and Yestness (2019) determine that the students respond to

different exemplary situations at different explanation levels during the science learning process, they also
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conclude that their reasoning processes vary. As a result, according to the findings, although there are two
different camps according to the literature, many studies and therefore researchers assert that the semantic
distinction between the structures of theory of knowledge in pieces and theory of theory-like knowledge could

not be made fully (Lee, Krakowski, Sherin, Bang & Dam, 2006).

As stated in the paragraphs above, the dynamics that are put forward by conceptual change theories are used
especially in science teaching processes, and programs and textbook contents are created according to these
dynamics in the world (Fortsch, Dorfner, Baumgartner, Werner, Kotzebue & Neuhaus, 2018; National Research
Council, 2012, p .230). This situation also guides the in-class behaviors of teachers. In this context, a very
common research process is ongoing. In addition, the number of Turkey-originated publications on especially
conceptual change theory within the scope of science teaching is very few (Apaydin, Akman, Tas & Peker, 2014;
Apaydin, 2014; Apaydin, Cobanoglu & Ergul, 2018; Ozdemir, 2007; Ozdemir & Clark, 2009). Therefore, it is
thought that this present study purposing to examine the conceptualizations about the buoyancy force of the
water and carried out with the participation of graduate students, university research assistants, and a lecturer
related to science teaching will contribute to the literature related to science teaching in Turkey and to the

process of creating program and course content for the international literature.
METHOD

This study is a qualitative research and has a phenomenological design. Phenomenological design provides
important advantages in researching the phenomenon that we are aware of but do not have a deep and

detailed understanding (Yildinm & Simsek, 2016). As authors state,

They can appear as assets, phenomenon, events, experiences in the world we live in;
perceptions, tendencies, cases, and concepts. We can encounter these phenomena in various
ways in our daily life. However, this encounter and acquaintance do not mean that we fully
understand and comprehend the phenomena. Phenomenological design creates an appropriate
research ground for the studies purposing to examine the phenomenon that are not entirely

foreign to us but we cannot completely understand (Yildirim & Simsek, 2016: 69.).

Thus, it becomes possible to unravel the primitive foundations of our understanding of a phenomenon and to
decipher what is implicit and hidden (Creswell, 1998). Since the perceptions of participants about buoyancy of
water and swimming concepts and their implicit relations with each other are discussed in this study,

phenomenological design that allows deeper analysis is preferred as the research method.
Participants

The participants of the study consist of five undergraduate participant, six graduate participant, three research

assistants, and one science educator from a university in Black Sea Region of Turkey. The participants of the

1718 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

study at the undergraduate level are the participant who are enrolled in the science and technology course
during the 2017-2018 academic year fall semester. The graduate group is the participant who are enrolled in
primary teaching programme at the Institute of Educational Sciences and take the course “Learning,
Conceptual Development and Science Teaching” in the same semester. Research assistants are Ph.D.
participant who are enrolled in the same program of the same institute and have completed the course period.
The science instructer is a lecturer at the Faculty of Education, Department of Mathematics and Science

Teaching, Programme of Science Teaching.
Data Collection Instrument, Data Collection, and Data Analysis

The presentation used in the clinical interviews consists of 7 questions. Ginsburg (1997) states that the clinical
interview method provides the researcher the opportunity to understand the process, to start studying with
the activities designed in line with the purpose, to ask “why, how” questions, to instantly respond to the
statements of the individual during the interview, to create and test the hypothesis instantly, improvise, and to
study without time limitation. The clinical interview was preferred in this study because of its advantages
mentioned above. In addition, expert opinion was obtained for the validity of the data instrument. The
association of the thoughts of participants with previously-created different contexts was also examined by an
expert as well as the researcher. In this sense, a consistency of .89 was determined between the two experts
using the formula Miles-HUberman'in (1994) "A= C + (C + 3)x100" in associating the repeated participant
responses in the raw data and the relations of buoyancy force/mass and buoyancy force/sunken volume
contexts. Different question contexts and related basic conceptual explanations for buoyancy of water are

presented in the table 1 below.

The participant were asked in the presentation to interpret the cases in each question. In the questions,
different visual contexts were created for the concept of buoyancy of water. One of these contexts is the first
set of questions consisting of questions on buoyancy force - mass relation, and the other is the second set of
guestions on buoyancy - sunken volume relation. Therefore, the participant were given the opportunity to
create responses in different question contexts related to the same concept. Related presentation and

guestions in practice process are provided below.

K
o

Figure 1. Question 1
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Question 1) Object K is put in fluids of different density in the figure. How are the buoyancy forces

applied to this object in both situations? Why?

(K

Figure 2. Question 2

Question 2) Objects K and L which have an equal mass are put in fluids of different density in the figure.

How are the buoyancy forces applied to these objects? Why?

o

Figure 3. Question 3

Question 3) Objects K and M which have an equal mass are put in fluids of same density in the figure.

How are the buoyancy forces applied to these objects? Why?
y

(K

Figure 4. Question 4
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Question 4) There is a stable object K inside the fluid in the figure. If denser fluid is added in the

container what will happen to the buoyancy force that affects object K? Why?

K

Figure 5. Question 5

Question 5) Objects K and N which have an equal immersed volume are put inside the fluid in the figure.

How is the buoyancy force applied to these objects? Why?

Figure 6. Question 6

Question 6) Objects K and P which have an equal volume are put inside the fluid in the container in a

hanging position. How are the buoyancy forces applied to these objects? Why?

1721 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

Figure 7. Question 7

Question 7) The boat in the figure which is made of play dough can float. When the same boat is
squeezed back and thrown in the container, it sinks. How are the buoyancy forces applied to these

object in both situations? Why?

The basic thinking structures behind the responses of the participants were tried to be obtained through the
guestions of “What do you mean?” and “Can you open up a little more?” while carrying out these practices. All
the interviews were recorded as video by the researcher, and the analysis of the interviews were started after

the transcription of the records.

Descriptive analysis method was applied in analyzing the data. Basically, a cognitive consistency and
phenomenological primitives based on diSessa were sought in the responses of the participants to the
questions consisting of different contexts. Quotations from the explanations that the participants justified their
responses were provided. The conceptualizations by DiSessa and the analysis method were used to determine

cognitive consistency and p-prims (diSessa, 1993 and 2004).

Consistency in Responses: It is the use of a similar or the same cognitive structure as a solution proposal in all
guestion contexts, that is, the same response to all questions. Cognitive inconsistency is the different responses

to the questions.

Nominal Forms: It is a term proposed by the author and developed with reference to the p-prims of diSessa
(1993) with the symbolic forms of Sherin (2001). Nominal forms are the expressions of mathematical relations
or equations representing formal language at the propositional level through the words and / or verbal terms
of natural language. The propositions at the nominal form level are reinterpretation of the developed relations
or equations for a problematic phenomenon by naive cognitions, often far from the meaning of the scientific

explanation/formula.
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Phenomenological Primitives: They are the pieces of knowledge in the form of common sense knowledge that
emerge in different question contexts and form the rationale for the given response. Phenomenological
primitives create satisfactory responses related to daily life that often make us feel right. These knowledge
structures are mostly incompatible with scientific/formal knowledge and intuitively appear as guiding

responses in every contextual (question/problem situation for the same content) change. Such a situation

causes cognitive inconsistency.

Table 1. Basic Concepts Related to Question Contexts

Mass

Volume of Substance

Sunken Volume

Density of Liquid

1. Buoyancy
Force Applied to
Identical
Substances in
Liquids with
Different Density

2. Buoyancy
Force Applied to
Different
Substances with
Equal Mass in
Liquids with
Different Density

3. Buoyancy
Force Applied to
Different
Substances with
Equal Mass in
Liquids with
Same Density
Liquids

4. Buoyancy
Force Applied to
Substance by a
Denser Liquid
Added to Liquid

Since the masses of
the two identical
substances will be

the same, the
buoyancy forces
acting on them are
the same.

The buoyancy
forces acting on
different
substances with
equal mass are also
the same.

The buoyancy
forces acting on
different
substances with
equal mass are also
the same.

Increase in the
density of the
mixture does not
change the
quantity of
buoyancy applied
to the identical
substance.

In this question, the
mass data of the
substances are
sufficient to
determine the
buoyancy force
acting on the
equilibrium bodies.

In this question, the
mass data of the
substances are
sufficient to
determine the
buoyancy force
acting on the
equilibrium bodies.

In this question, the
mass data of the
substances are
sufficient to
determine the
buoyancy force
acting on the
equilibrium bodies.

In this question,
identity and mass
data is sufficient to
determine the
buoyancy force
acting on substances
in equilibrium state.

In this question,
the mass data of
the substances
are sufficient to
determine the
buoyancy force
acting on the
equilibrium
bodies.

In this question,
the mass data of
the substances
are sufficient to
determine the
buoyancy force
acting on the
equilibrium
bodies.

In this question,
the mass data of
the substances
are sufficient to
determine the
buoyancy force
acting on the
equilibrium
bodies.

In this question,
identity and mass
data is sufficient
to determine the
buoyancy force
acting on
substances in
equilibrium state.

Since the
substances have
the same mass, the
density of the liquid
has no effect on
buoyancy.

Since the
substances have
the same mass, the
density of the liquid
has no effect on
buoyancy.

Since the
substances have
the same mass, the
density of the liquid
has no effect on
buoyancy.

Increase in density
of the liquid has no
effect on buoyancy.
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5. Buoyancy The buoyancy
Force Applied to forces acting on
Different substances with

equal sunken
volume are also

Substances with
Equal Sunken

Volume in the equal.
Same Liquid
6. Buoyancy The buoyancy
Force Applied to forces acting on
Different substances with
Substances equal sunken
Hanged with volume are also

Equal Volume in
the Same Liquid

equal.

Sunken volume
data is important in

7. Sinking a Toy
Ship Made from

In this question, the
sunken volume data
is sufficient to
determine the
buoyancy force
acting on the
substances.

In this question, the
sunken volume data
is sufficient to
determine the
buoyancy force
acting on the
substances.

In this question, the
sunken volume data

In this question,
the sunken
volume data is
sufficient to
determine the
buoyancy force
acting on the
substances.

In this question,
the sunken
volume data is
sufficient to
determine the
buoyancy force
acting on the
substances.
Since the sunken
volume of the

In this question, the
density of the liquid
has no effect on
buoyancy.

In this question, the
density of the liquid
has no effect on
buoyancy.

In this question, the
density of the liquid

Play Dough this question. is sufficient to play dough is not a variable in
determine the decreased, it sank determining the
buoyancy force to the bottom, buoyancy.

acting on the and accordingly
substances. the buoyancy
force decreased.
RESULTS

Cognitive consistency of the participants in the study is given in Table 2.

Table 2. Cognitive Consistency of Participants towards the Buoyancy

Cognitive Consistency for Two Different Parts

Participants Partl Part i Cognitive Consistency for
Both Parts
Inconsist.!  Consist.? Inconsist. Consist. Inconsist. Consist.

Undergraduate 5 - 1 4 5 -

Graduate 4 2 6 - 6 -

Research
Assistant/Docto 2 1 2 1 3 -

rate

4

inconsist.’: inconsistency
consist.?: consistency
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Table 2. (continue)

Associate
Professor - 1 - 1 - 1
Total Total
Total 11 4 9 6 14 1

According to Table 2, in the responses given to the problem contexts questioning the buoyancy-mass
relationship (Part 1) of the buoyancy, a total of 11 participants showed cognitive inconsistency; 4 participants
showed cognitive consistency. Regarding problem contexts that question the relationship of buoyancy-sinking
volume (Part Il), 9 participants responded with inconsistency, 6 participants showed consistency in their
responses. In the table, the cognitive consistency states of the different participant levels are also given. The

cognitive stability finding for both parts is inconsistent for all participants except for the associate professor.

Table 3. Phenomenological Primitives* Exhibited by the Participants

Participants P-prims

Undergraduate Force as a mover, swimmimg, the more liquid density the more force
(buoyancy), same liquid density same force (buoyancy), different
body density, different body volume, the shape of body.

Graduate Swimming, force as a mover, The more liquid density the more force
(buoyancy), same liquid density same force (buoyancy), different
body density, different body volume, nominal form

Research Assistant/Doctorate Force as a mover, swimming, the more liquid density the more force
(buoyancy), figurative approach (the shape of body), different body
density, different body volume, the more body surface the less body
pressure.

Associate Professor No p-prims

* . Abbreviation, p-prims

Table 3 presents the p-prims exhibited by the participants in their responses.

Table 4. The Responses, P-Prims and Quotations for Undergraduate Participants

Responses P-Prims Quotations
Responseto Q1  Fkga > Fkyo Force as a mover, ... The higher the density is, the higher the
swimming, the more liquid buoyancy force is...
density the more force
(buoyancy)
Force as a mover, ... The density of the liquid on which Lis
Response to Q2 Fk. > Fkg swimming, the more liquid  located is higher than the other one... The
density the more force buoyancy force is increasing... L was at
(buoyancy) higher...
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Response to Q3 Fky = Fkm Figurative approach (the
shape of body), same liquid
density same force
(buoyancy),
different body volume
Response to Q4 Fk2> Fkgz  The more liquid density the
more force (buoyancy),
Force as a mover
Response to Q5 Fk = Fkn Force as a mover
Response to Q6 Fky> Fkp Force as a mover
Response to Q7 Fki = Fk, Different body density,

different body volume

... | did something that shape is
important... Teacher, it is equal density...

... we can do the volume of K, the volume

makes it lift up...

... Fk increases... Because the density of
the liquid increases, teacher... body K
rises...

.. It may be at lower because the body K
has more weight

... The weight of K is more... Its location is

not equal to P... The buoyancy applied to
K is more.
... does the density increase when the
play dough is squeezed?... surface area...

Because its weight is equal...

Table 5. The Responses, P-Prims and Quotations for Graduate Participants

Quotations

Responses P-Prims
Response to Q1 Fkya > Fkga The more liquid
Fkx1=Fkg> density the more
Internal force (buoyancy),

force as a mover,
swimming,

inconsistency

Fky > Fke Nominal form,
the more liquid
density the more
force (buoyancy),

force as a mover.

Response to Q2

The density of the Mediterranean is higher than
the Black Sea.... The Mediterranean Sea will apply
to the body more Fk than the Black Sea... It is
equal according to the formula ... the buoyancy
on the left side is less for me... the one in the
floating position is more... that liquid is more
dense... even though their density is different, the
acting force is the same, because the substance
has the same density, that is, the buoyancy force
is more for it, and less for it... it is doing the same
effect to both...

... if the density of the liquid in the first container
is more than the density of the liquid in the
second container, that is, let's say 3 to one, and
let's say 2 to the other one, and the volumes of K
and L bodies are equal... Fk applied to body K is
3a. Fk applied to the L body is proportional to the
sunken thing... Fk applied to it (the body L)
becomes less.

Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
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Response to Q3 Fk = Fkwm, Nominal form,
Fkg > Fkm, swimming, different
Fke< Fkwm, body volume,
Internal different body
inconsistency density, force as a
mover.

... The density of M is lower since it is floating, and
its volume is higher than K, that is, M has a large
volume. But, | do not know how large it is from the
body K... the volume of the sunken part multiplied
by the density of the liquid may be equal to the
volume of the body K by the density of the liquid.
There is a possibility for equivalence here... If the
sunken volume of the body M is less than the
volume of the body K... Fk applied to the body M
will be less... if their mass is equal and thrown into
the same liquid and one is floating and the other is
not, one has a higher volume or a lower density.
Since the volume of the same thing will be larger,
the volume of the sunken part can be equal to the
volume of K... it may be equal, the Fk applied to
the second body can be either large or small.

Response to Q4 Fky1 = Fkya Force as a mover,
Fkya > Fkga swimming,
Internal the more liquid

inconsistency density the more

force (buoyancy),
nominal form.

Response to Q5 Fk = Fky Force as a mover
(The reference to
the equality of
density is also an
indirect reference
to this p-prim.),
same liquid density
same force

(buoyancy).

Response to Q6 Fkk = Fkp Same liquid density
same force
(buoyancy), the
more liquid density
the more force

(buoyancy).

... Its density will increase in a way to push up the
body K... Hmm... Body K will rise to the surface...
Hmm... Volume will decrease (body), and density
(liquid) will increase, but Fk will not change... Fk
will increase, since liquid density will increase and
sunken body density will remain constant, If the
body does not float, only if the position changes;
but if the body floats and the sinking volume
changes, then | have two variables, it can be equal.

... The applied buoyancy forces are equal because

the water is the same water and the density is the
same... so, Fk is the same...

... Liquid density is constant... Fks are equal...

1727
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Response to Q7 Fky> Fky
Fk2> Fk1
Fki - Fka
Internal

inconsistency

Nominal form, | say second one may be more... Hmm... | can

swimming, say it can be equal... so let's say that you have
different body expanded to 10 cubic meters, 7 of this sank, and
density. 3 was out of it. In order to increase the density,

you have compressed the substance up to 7...
for once, because more buoyancy is applied to
the sunken shape... also but on the left the
volume is more, more Fk may be applied there...
More Fk effect may be on the right one. The

same force may be affecting both. More Fk
effect may also be on the left one.

Table 6. The Responses, P-Prims and Quotations for Research Assitants

Responses

P-Prims

Quotations

Response to Q1 Fky1 = Fkyz

Response to Q2 Fkga > Fkia

Response to Q3 Fkk1 = Fkga,
Fks are
different,
Internal
inconsiste-
ncy
Response to Q4 Fkia > Fka,
FkKl = Fsz,
Internal
inconsiste-

ncy

Response to Q5 Fkg = Fky

Force as a mover,
different body
density.

Force as a mover,
swimming.

Figurative approach
(shape of body)

Force as a mover,
The more liquid

density the more

force (Buoyancy).

Different body
density.

... Fk is the same. Depending on the density,
they stay in the middle, top, or bottom... the
density of the body is... Hmm... The applied
buoyancy force is equal, its level changes
according to the excess or less of the density
of the body...

... Then, the buoyancy force of the one at

higher level is higher... The density is the

same, the mass is the same, and then, the
buoyancy force is different...

... Now, there are liquids, if the shapes affect
the buoyancy force, the buoyancy forces are
equal, it is related to the shape... Now, if they
have the same density and equal mass, the
buoyancy forces are different because | know
that the shape does not affect the buoyancy
force.

... The density increases. Naturally, when the
density increases, | think that the buoyancy
force in it will increase... Now, if the density is
more, even if the buoyancy force remains the
same, the liquid will go up with the density of
the incoming substance... The buoyancy force
will remain the same.

... that is, the density of the body... Hmm...
affects its condition in water... body K, is that
N??? | can't see exactly. Since it has less
density than that body (K), it has sunk...
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Response to Q6 Fkk = Fkp, Figurative ... if the buoyancy force is equal, then, the
Fkg # Fkp approach, shape will affect... If the shape does not
Internal different body affect, the buoyancy forces are different...
inconsiste volume, The volumes are the same... But the densities
ncy different body are different... Its buoyancy force is equal,
density. but the density of the body is different... The
buoyancy force is the same, but the mass or
density is different between those two
bodies although their volumes are the
same...
Response to Q7 Fki=Fka, Figurative Then, it affects the shape... | think the
Fk, # Fky approach, buoyancy force is equal, as the surface area
Internal the more body expands, the pressure it will apply
inconsiste surface the less decreases... Hmm... The pressure that a
ncy body pressure, sharp thing will apply... Hmm... The pressure
force as a mover, is less, the pressure it will apply is more. | say
swimming, that it has sunk because it is wider and the
pressure it will apply is less on the surface
because it is less...
Table 7. The Responses, P-Prims and Quotations for Lecturer
Responses P-Prims Quotations
Response to Q1 Fkka = Fkya No P-prim Formula:
mi;=m;
P1# P2
Fkg1= mg= Vp1p1g
Fki2a= mg=Vp2p2 g
»
Vb1p1 = V22
»
Fk1= sz
Response to Q2 Fky = Fki No P-prim Formula:
mg=mg
P1# P2

Fkk= mg= Vikp18
Fki= mig= Vpip2g
»

VbkP1 = VoLp2
»

FkK = FkL
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Table 7. (continue)

Response to Q3 FkK = FkM No P-prim Formula:
mK=mM
pl=p2
FkK= m1g= VbKpg
FkM= m2g= VbMpg

»

VbKp = VbMp
»
FkK = FkM
Response to Q4 FkK1 = No P-prim Formula:
FkK2 ml=m2
p2>pl

FkK1= mKg= VbK1plg
FkK2= mKg= VbK2p2g
»

VbK1pl = VbK2p2
»

FkK1 = FkK2

Response to Q5 FkK = FKN No P-prim Formula:

VbK = VbN
FkK= mKg= VbKpg
FkKN= mNg= VbNpg
»
VbKp = VbNp
»
FkK = FKN
Response to Q6 FkK = FkP No P-prim Formula:
VK =VP
FkK= mKg= VbKpg
FkP= mPg= VbPpg
»
VbKp = VbPp
»

FkK = FkN

Response to Q7 Fk1> Fk2 No P-prim Formula:

Vb1 # Vb2
Fk1 = mg, Fk2<mg
and
Fk1=Vblpg
Fk2=Vb2pg
»

FkK1 > FkK2

Table 4, Table 5, Table 6 and Table 7 provides the cognitive status (consistency or inconsistency according to

responses), p-prims, and the basic qualitative quotations presented as data of the participants in different

groups within the entire question set.

1730 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about

Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

DISCUSSION

Although the study was conducted with the qualitative research method, it also used the quantitative findings
at descriptive level by limiting itself by the participants and without generalization concern. Also, the cognitive
consistency state of the participants is variational and can be specified through simple numerical expressions.
Therefore, part | of the discussion on cognitive consistency will be carried out with these numerical symbols
with the support of qualitative quotations. In this context, according to the relevant quantitative findings, the
cognitive structures of the participants, apart from the lecturer, reveal a pattern in favor of inconsistency
(Table 2). When the findings in Table 2 are detailed, for part | that questions the buoyancy of water and the
mass, whereas 11 participants have cognitive inconsistency it can be stated that 4 participants show cognitive
consistency. For part Il questioning the relationship between the sunken volume and buoyancy of the water,
while 9 participants present cognitive inconsistency, 6 participants seem to have cognitive consistency. Findings
in this direction are compatible with knowledge in pieces theory by diSessa (1993). However, it is possible to
state that the relevant findings vary among the categories of participants. According to this, it is seen for the
first part that all of the undergraduate participant, 4 of the graduate participant, and 2 of the research assistant
(Ph.D. students) show cognitive inconsistency. For part Il, it can be observed that 1 of the undergraduate
participant, 6 of the graduate participant, and 2 of the research assistant Ph.D. students have inconsistency.
When the responses to the questions related to the buoyancy of water by both parts are evaluated together, it
is possible to see that all participants, except the lecturer, create responses in favor of cognitive inconsistency
(Table 3 and Table 4). The lack of consistency of the responses according to changing questions is considered as
a finding compatible with the context sensitivity approach that knowledge in pieces theory predicts for naive
cognitions (diSessa, 1993; 2002; diSEssa, Gillespie & Esterly, 2004). The contextual variation of the responses
rather than their scientific correctness is taken into account in evaluating cognitive consistency analysis.
However, the responses with cognitive inconsistency often consist of misleading prior concepts or
misconceptions. According to the terminology of the knowledge in pieces theory, the structures that cause the
emergence of such inconsistencies and errors are defined as p-prims. P-prims are evaluated as eclectic
cognitive structures that create a sense of naturalness in the perception and interpretation of the natural world
or the physical universe, which are in a semi-independent relationship with each other. This approach states
that the fact that individuals with a naive cognitive structure towards a natural phenomenon or part of the
physical universe respond through p-prims causes cognitive inconsistency. In the literature, there are many
studies supporting this approach (Apaydin, 2014; Apaydin, Akman, Tas & Peker, 2014; Apaydin, Cobanoglu &
Ergul, 2018; Chiou & Anderson, 2010; Clark, 2006; Eshach & Schwartz, 2006; Furuta, 2000; Galili & Hazan, 2000;
Hamid & Widodo, 2017; Jin, Zhan & Anderson, 2013; Jin, Rijn, Moore, Bauer, Pressler & Yestness, 2019;
Khishfe, 2017; Kirbulut & Beeth, 2013; Leppavirta, 2012; Liu & Maclsaac, 2005; McLure, 2018; Ozdemir, 2007;
2017; Ozdemir & Clark, 2009; Reinfried & Tempelmann, 2014; Southerland et al., 2001; Turcotte, 2012; Tytler,
1998).

1731 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

In the study on the concept of buoyancy of secondary school students by Apaydin (2014), it is concluded that
there is inconsistency in the knowledge structures of the participants and that the conceptualization especially
for the fact of swimming act as a p-prim. When the qualitative findings of this present study are evaluated, it is
seen that a conceptualization towards swimming fact acts as a p-prim even in participants with different
cognitive stages and education levels. Findings in this direction indicate that the determining factor for
swimming p-prim of the students is the quality of science teaching regardless of age, different cognitive stages,
and education levels. From this point of view, providing contextual diversity in the learning processes related to
the buoyancy of water or enriching the content knowledge in terms of different samples will accelerate
reaching a conceptual consistency close to scientific explanations by the students. Uneo (1993) also claims that
p-prims are not only about our individual cognition but also have a social aspect and that increasing peer
interaction in connection with the contextual variety of samples for science concepts will decrease the
directivity of p-prims. To repeat, p-prims should be considered as the components that direct the cognitive
structure and thus lead to cognitive inconsistency. As a p-prim, swimming conceptualization in this study also
guides the cognitive activities of the participants and becomes the main reason for the emergence of a
cognitive inconsistency (Table 3 and Table 4). In their research titled as analysis of knowledge structures of fifth
grade students for light concept according to conceptual change theories, Apaydin et al. (2014) determine that
most of the students present cognitive consistency related to such phenomenon as vision and light
relationship, shadow and light relationship, transparency and light relationship and that they have a large
inconsistency in their conceptualization of the phenomenon of motion of light. The authors attemp to explain a
finding in this direction by noting that the first three phenomenon are related to the world of macro-entities
and thus demonstrative evidences and but by associating the phenomenon of the movement of light with the
world of micro-entities and therefore with non-demonstrative evidences. While a cognitive consistency is a
awaited for descriptive concepts that are related to demonstrative evidences, which are narrow in scope, the
emergence of inconsistency is possible in the theoretical concepts concerning the micro world in terms of such
photons as light velocity defined as those that cannot be directly observed (Halloun, 2006; Lawson, 1995;
Lawson, Alkhoury, Benford, Clark & Falconer, 2000). While the buoyancy of the water, which is the subject of
this study, is a phenomenon that can be directly observed in terms of its effects, it is related to the theories
that explain such micro facts as the particle and atomic theory of the matter, in the context of its relationship
with such facts as density and therefore mass, volume/sunken volume. Therefore, it can be stated that the
buoyancy of the water is related to such theoretical conceptualizations as the movement of light and that this
causes the cognitive inconsistency in the students. Knowledge in pieces theory by diSessa seems highly
functional in explaining naive cognitive structures for theoretical concepts. This functionality is in relation with
the fact that the theoretical concepts have a comprehensive conceptual framework consisting of many
components that is called as coordination classes by diSessa (2002). Therefore, as a result of the complex
relations of more than one conceptual component, the inconsistency of non-expert participants with naive
cognition in different question contexts related to theoretical concepts supports the knowledge in pieces
theory. Russanen (2014) criticizes that the conceptual change theories try to explain the factual systems with
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large-scale, complex and different subcomponents and that the conceptual change process is depicted over
academic and theoretical concepts rather than daily conceptualizations of individuals. This explanation
supports the approach of the knowledge in pieces theory, which uses an analysis method by associating the
explanations they create with their daily experiences of scientific concepts with the formal explanations of the
related concepts. In fact, the knowledge in pieces theory focuses on p-prims in naive cognitions of students and
thus focuses on their individual daily conceptualizations. In another study analyzing the knowledge structures
of secondary school students related to the fact of physical and chemical change, Apaydin et al. (2018)
determine that the students give inconsistent responses especially in questions related to the fact of chemical
change. A finding in this direction is also important in terms of determining that the students can give
inconsistent responses in fact related to the theoretical conceptualizations of chemical change due to the
aforementioned reasons. In their research on heat conduction, Chiou, and Anderson (2010) suggest that
although they find appropriate responses to the mental model or framework theory, they express that the
conceptualization of students about conduction of heat cannot be explained only with ontological elements or
beliefs. At the same time, the authors emphasize that contextual reasoning of the students is not compatible
with their mental models. The fact that even the study of Chiou, and Anderson (2010) based on mental models
approach implies that the naive knowledge of the participating students is not fully consistent is important in
terms of compliance with the results of this study. In a longitudinal study, Clark (2006) examines the change in
the knowledge structures of secondary school students about thermal equilibrium and determines that the
students present knowledge in pieces structures for the concept of thermal equilibrium and that their
responses have p-prims. In a study with high school students and teacher training high school students, Galili,
and Hazan (2000) document that the students have alternative knowledge structures that display a hierarchy in
the subject of image formation on flat mirror. According to the findings, knowledge structures of students show
themselves as various facets of knowledge and schemes of knowledge, and knowledge designs, just like p-

prims, display a context-sensitive and common sense-based explanation structure.

According to the quantitative findings of the study, the fact that 4 of 5 participating undergraduate students
show cognitive consistency for the especially part Il does not mean that they do not have p-prims. It is shown
that the relevant undergraduate student participants generate responses for part Il under the influence of
various p-primes (Table 3, and Table 4). In addition, the fact that the participants gave consistent answers to
the relevant question set within the context of a study does not mean that the finding in this direction is
general. In addition, that the participants give consistent responses to the relevant question set within the
context of a study does not mean that the phenomenon in this direction is de facto. The same researcher or
group of researchers can acquire cognitive inconsistency in another study with different participants for the
same set of questions. Indeed, whereas a study by Vosniadou, and Brewer (1992) with students at the basic
education level claims that the participants have consistent mental models for certain chronological periods for
the shape of the earth, a study conducted by Vaiopoulou, and Papageorgiou (2018) with the same age group

reveals that the conceptualization of the students towards the shape of the earth do not show cognitive
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consistency at all. Thus, according to the findings of the new study, it has been documented that the students
have fragmented, naive, and p-prim-like knowledge structures for the shape of the earth. This is important
because it demonstrates in a study that participants exhibiting a consistent cognitive structure for a science
concept does not mean that they are not directed by p-prims. The findings of the current study supports a
similar approach based on the responses of 5 participants at undergraduate level to the at least question set Il.
Accordingly, perhaps, the same participants will be able to respond to differently-formulated questions
regarding the buoyancy of water by showing cognitive inconsistency but again under the effect of p-prims. In
his study on the concepts of electricity and magnetism, Leppavirta (2012) evaluates the findings regarding the
participants based on the consistency of the ohm p-prim proposed by diSessa. Accordingly, it has been stated
that ohm p-prim is used consistently in answering the questions about the concept of electricity, especially
about ohm's law. Eshach, Lin, and Tsai (2018) refer to p-prims although a cognitive consistency is determined in
their studies with the students from different grade levels. In other words, the relevant study findings support
that there are naive concepts that act as p-prim in some cases where there is cognitive consistency. In this
context, in Table 3, it is seen that undergraduate students present such samples of p-prims as force as a mover,
swimming, the more liquid density the more force (buoyancy), same liquid density same force (buoyancy),
different body density, different body volume, figurative approach (the shape of body). Whereas graduate
students also include p-prim samples that can be termed as swimming, force as a mover, the more liquid
density the more force (buoyancy), same liquid density same force (buoyancy), different body density, different
body volume, and nominal form, research assistants/doctorate students similarly have p-prims like force as a
mover, swimming, the more liquid density the more force (buoyancy), figurative approach (the shape of body),
different body density, different body volume, and the more body surface the less body pressure. Associate
professor, on the other hand, has been under the influence of the visual question scenarios for a while, and
even though he has shown behaviors that may evoke cognitive inconsistency with his mimics, he has soon
started using formal language and responded to the questions through a cognitive consistency. Qualitative data
that can be associated with p-prims are not found in the responses of him/her. Therefore, it can be stated that
the references of other participants to p-prims contribute to the idea of knowledge in pieces theory that naive
cognition does not have a consistent conceptual framework and exhibits a semi-independent and eclectic

structure consisting of p-prims.

P-prims like force as mover and the more ... the more are the terms developed by diSessa (diSessa, 1993; 2002,
and diSEssa, Gillespie & Esterly 2004) striking responses for this p-prim are obtained from the participants of
the study (Table 3). The p-prims specific to this study and shared by the participants have also been
determined. In this respect, it can be clearly seen that the terms like force as a mover, swimming, the more
liquid density the more force (buoyancy), same liquid density same force (buoyancy), different body density, and
different body volume are common p-prims for each participant group (Table 3). Among the p-prims that the
participants agree on, there are also p-prims which are related to the p-prims like force as mover and the more

the more generated by diSessa (diSessa, 1993; 2002, and diSEssa, Gillespie & Esterly 2004) and specific to this
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study. The p-prim of the more liquid density the more force (buoyancy), specific to our study and to which all
the participants co-apply, is directly related to the prim of the more the more by diSessa. Whereas the term of
figurative approach (the shape of body) is specific p-prim to undergraduate students and research
assistants/doctorate students, the term of nominal form is a p-prim that is specific to graduate students, and
the term of the more body surface the less body pressure is a specific p-prim to research assistants/doctorate

students within the scope of this study.

According to the qualitative findings, it is very important to examine the responses of our participants to the
qguestion set. Table 4, Table 5, Table, 6, and Table 7 relates p-prims, cognitive inconsistency, and basic
qualitative quotations used as data. In this context, when the findings about p-prim are examined in detail, it is
possible to clearly see the relation between cognitive inconsistency and p-prim. In terms of basic p-prim codes
and quotation patterns representing the responses of undergraduate students, whereas it is stated that there
is an inequality in force quantities in the comparisons of first and second cases regarding the buoyancy of the
water for the questions with the codes Q1, Q2, Q4, Q6, and Q7, it is mentioned for the questions with the
codes Q3 and Q5 that there is an equality in force quantities (Table 4). This difference in responses indicates
cognitive inconsistency. The interesting type of finding here is that the responses to the questions are given
under the control of p-prims. According to this, Fkg, > Fkg; inequality is proposed in the scenario related to Q1.
The quotation that summarizes this response is “.. The higher the density is, the higher the buoyancy force is...”
and so, a relation is established between density and buoyancy based on the position difference and
movement of the body. Such an association clearly demonstrates that the responses are given under the
control of such p-prims as force as a mover, swimming, and the more liquid density the more force (buoyancy).
Likewise, the responses to the Q2, Q4, Q6 and Q7 scenarios appear to be generated under the control of
similar p-prims. If Q2 is examined in detail, it is seen that the p-prims of “force as a mover and the more liquid
density the more force (buoyancy)” are related to the quotation of “.. the density of the liquid where L is placed
is more than the other one...” and that the p-prim of “swimming” is directly related to the quotation of “.. L is
higher...”. For Q4, it can be stated that the p-prims of “the more liquid density the more force (buoyancy), force
as a mover” can be associated with the quotation of “.. Fk increases... because the density of the liquid
increases, teacher...”. In addition, for Q6, it can be asserted that the quotation of “.. the weight of K is more... It
is not equal to P... The buoyancy applied to K is more...” is under the control of “force as a mover” p-prim. Even
though there is an equality relations in the responses for scenarios of Q3 and Q5, it is obvious that p-prims
have control in these responses. Accordingly, for Q3, it can be mentioned that the quotation of “../ did
something that shape is important... my teacher, equal density... we can do the volume of K thing, the volume
(body) makes it lift up...” is under the control of such p-prims as “figurative approach/the shape of body, same
liquid density same force (buoyancy), and different body volume”. Moreover, for Q5, the quotation of “..it may

”

be lower because the K body weighs more...” indicates that the p-prim of “force as a mover” affects the
response. Referring to the shape of the body in Q3, one of the participants responded as “.. I did that the

shape is important...”, and this response is associated by the author with a p-prim that can be expressed in
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terms of “figurative approach/shape of body”. Similarly, the quotation of “We can do the volume of K, the
volume make it lift up...” is associated with the p-prim of “different body volume” (Table 4). It is possible to
state that this p-prim, which is first mentioned in this study, is related to the “Ohm p-prim” that diSessa
suggests based on the Newtonian action-reaction forces and ohm’s law. According to the “Ohm p-prim”, a
naive cognition tends to create a perception that “the more resistance you encounter, the more force you
generate” (diSessa, 1993; 2002). From this point of view, all p-prims are directly or indirectly related to each
other and emerge at different levels in similar context and question scenarios (Apaydin, 2014). Therefore, it can
be suggested that the p-prims of “figurative approach/shape of body” and “different body volume” are
indirectly related to the p-prims of “force as a mover” and “the more..., the more...” by diSessa. Evaluation of
the findings in this direction is important in terms of demonstrating that similar contexts will activate similar p-

prims and that p-prim may cause the emergence of new p-prims in the priority relation (diSessa, 1993; 2002).

It is possible to make similar comments when the findings of the graduate participants are evaluated (Table 5).
For Q1, a typical quotation representing the participants reveals that there is even an internal inconsistency in
this question in the association of inconsistency and p-prims. Also, when the first and second contexts in the
related question are compared, it is seen that comments are made on both equality and inequality of forces
(Table 4). Accordingly, the quotation of “..it is equal according to the formula... the buoyancy force on the left
side is less for me... the one in the floating position has more...” summarizes this situation. In the quotation for
Q2, the fact that the participant attributes a new meaning to the formula by stating that “..if the density of the
liquid in the first container is more than the density of the liquid in the second container, that is, let's say 3 to
one, and let's say 2 to the other one, and the volumes of K and L substances are equal... Fk applied to substance
K is 3a. Fk applied to the L substance is proportional to the sunken thing... Fk applied to it (the body L) becomes
less...” supports that s/he develops a nominal form with reference to its Sherin's (2001) symbolic forms.
Nominal forms, first verbalized in this paper, represent semi-independent, complex and atomistic knowledge
elements belonging to more experienced or semi-experienced individuals with context sensitivity just like p-
prims. It is also possible to encounter some samples of nominal form in Q3, Q4, and Q7 contexts. The quotation
of “...Fk applied to the body M will be less... if their mass is equal and thrown into the same liquid and one is
floating and the other is not, one has a higher volume or a lower density. Since the volume of the same thing
will be larger, the volume of the sunken part can be equal to the volume of K... it may be equal, the Fk applied to
the second body can be either large or small.” can also be considered as a nominal form sample since it
contains an effort to interpret the formula although a citation in this form refers to the p-prim of “swimming”.
Moreover, the quotation of “...Fk will increase since liquid density will increase and sunken body density will
remain constant. If the body does not float, only if the position changes, but if the body floats and the sinking
volume changes, then | have two variables, it can be equal...” can also be considered as a sample of the nominal
form, where the formula is interpreted at nominal language level for Q4. And, for the Q7 context, the quotation
of “..so let's say that you have expanded it to 10 cubic meters, 7 of this sank, and 3 was out of it. In order to

increase the density, you have compressed the body up to 7... for once, because more buoyancy is applied to the
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sunken shape... also but on the left the volume is more, more Fk may be applied there...” is also a sample of
nominal form. Apart from the nominal form, it is also possible to observe some samples of internal consistency
in Q3, Q4, and Q7 contexts. For instance, such a quotation of “..if their mass is equal and thrown into the same
liquid and one is floating and the other is not, one has a higher volume or a lower density. Since the volume of
the same thing will be larger, the volume of the sunken part can be equal to the volume of K... it may be equal,
the Fk applied to the second substance can be either large or small...” is very important in terms of showing the
internal inconsistency emerging in the context of Q3. For the Q4 context, the quotation of “...the substance of K
will rise to the surface... Hmm... Volume will decrease (body), and density (liquid) will increase, but Fk will not
change... Fk will increase since liquid density will increase and sunken body density will remain constant. If the
body does not float, only if the position changes, but if the body floats and the sinking volume changes, then |
have two variables, it can be equal...” is a sample of internal inconsistency. Within the context of Q7, the
guotation of “..I say second one may be more... Hmm... | can say it can be equal... More Fk effect may be on the
right one. The same force may be affecting both. More Fk effect may also be on the left one.” corresponds to an
internal inconsistency. When cognitive consistency is examined in terms of the whole set of questions, the
existence of internal inconsistency samples in different questions indicates the presence of a cognitive

inconsistency in the whole set of questions (Table 5).

When the cognitive status of graduate participants is evaluated in terms of p-prims, the presence of such
different p-prims as “force as a mover, the more ... the more, swimming, different body volume, different body
density, and same liquid density same force (buoyancy)” is determined apart from the nominal forms (Table 5).
Accordingly, a quotation of Q1 that “..the buoyancy force on the left side is less for me... the one in the floating
position has more... that liquid is more intense...” is a sample for the p-prims of “force as mover”, “swimming”,
and “the more liquid density the more force (buoyancy)”. There are some more quotations in other question
contexts that refer to the same p-prims. A quotation of “...the density of M is lower since it is floating, and its
volume is higher than K, that is, M has a large volume. But, | do not know how large it is from the body K... the
volume of the sunken part multiplied by the density of the liquid may be equal to the volume of the body K by
the density of the liquid. There is a possibility for equivalence here... If the sunken volume of the body M is less
than the volume of the body K... Fk applied to the body M will be less...” is available in Q3, and referring to the
volume and density of the body in a context in which the mass should be considered as a variable supports the
response under the effect of “different body density” and “different body volume” p-prims. In the quotation for
Q5 that “..the applied buoyancy forces are equal because the water is the same water and the density is the
same... so, Fk is the same...”, Fks are evaluated by referring to the identity of the liquid densities in the contexts
where the sunken volume should be used as a variable. These responses can be associated with the presence
of “the same liquid density the same force (buoyancy)”. Revealing that liquid density is a determining variable
on Fk in the context of related questions, this p-prim can actually be associated with “the more liquid density
the more force (buoyancy)” p-prim (Apaydin, 2014) and more generally with “the more..., the more...” p-prim

(diSessa, 1993; 2002).
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It can be seen that there is a cognitive inconsistency in the qualitative findings (Table 6) representing the
research assistant/doctorate participants. Whereas there is a cognitive discrepancy for the whole set of
questions, there are findings that support the presence of internal inconsistency for a single question context.
It is also observed that the responses to all question contexts are generated under the effect of p-prims. It
refers to the equality of Fks for both cases in the findings in the context of Q1 through a quotation “...Fk is the
same. Depending on the density, they stay in the middle, top, or bottom... the density of the body is... Hmm...
The applied buoyancy force is equal, its level changes according to the excess or lowness of the density of the
body...”. However, in a context where only the mass should be evaluated as a variable, it can be stated that the
response is under the effect of the “different body density” p-prim and implicitly “force as a mover” p-prim. In
the comparison in the context of Q2, it is possible to determine that the inequality of the Fk is emphasized
through the quotation of “..then, the buoyancy force of the one at higher level is higher... The density is the
same, the mass is the same, and then, the buoyancy force is different...” and the p-prims like “force as a mover”
and “swimming”. By the way, as can be seen very clearly in the context of Q2, all p-prim evaluations are carried
out with the assumption that the participant makes a comparison under the effect of the figure in the context
of the relevant question and reflects his or her comparison in this direction. In fact, the assumptions in this
direction show themselves as data that corresponds to the responses. In the context of Q2, the quotation of
“..then, the one at high...” is a qualitative data for “force as a mover” and “swimming” p-prims. A clear internal
inconsistency is seen in the context of Q3, based on the quotation of “..Now, there are liquids, if the shapes
affect the buoyancy force, the buoyancy forces are equal, and it is related to the shape... Now, if they have the
same density and equal mass, the buoyancy forces are different because | know that the shape does not affect
the buoyancy force.”. Besides, it can be stated that this response is generated under the effect of “figurative

approach (shape of body)” p-prim. Whereas the quotation of “...buoyancy forces are equal... buoyancy forces

” ”

are different...” refers to internal inconsistency, the quotation of “.. is related to shape...” refers to the
“figurative approach/shape of body” p-prim. As understood in Q4 from the quotation of “..the density
increases. Naturally, when the density increases, | think that the buoyancy force in it will increase... Now, if the
density is more, even if the buoyancy force remains the same, the liquid will go up with the density of the
incoming substance... The buoyancy force will remain the same...”, there is also an internal inconsistency, and it
can be stated that the p-prims of “force as a mover” and “the more liquid density the more force (buoyancy)”
are directors. An equality relation is established in the context of Q5; however, the quotation of “..that is, the
density of the body... Hmm... affects its condition in water...” supports the fact that the response is again
generated under a p-prim effect (Table 6). In Q6 and Q7 contexts, it is possible to see that responses are
generated under the effect of p-prims and that there is an internal inconsistency in particular in the columns of
related questions in Table 6. In Q6 and Q7 contexts, it is possible for the reader to follow from Table 4 that the
responses were created under the effect of “figurative approach, different body volume, different body density
and the more body surface the less body pressure, force as a mover, swimming”. Supporting the related
findings, Teichert, Tien, Anthony, and Rickey (2008) conclude that the conceptualizations of students at the

molecular level are affected by context and that the consistency in their responses disappear. Hammer, Elby,
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Scherr, and Redish (2005) argue that the differentiation of reasoning of students in different contexts cannot
be explained by a direct transfer of a knowledge integrity learned or claimed to be learned in one context to
another context, but they also state that it can be explained by the introduction of different cognitive
resources. In a study examining the conceptualization of middle school students towards the concept of force,
Ozdemir (2017) document that the participant interpretations of the concept of force are extremely context-
sensitive and that different contextual samples trigger the unexpected and previously unrelated pieces of
knowledge. In a study with 261 high school students from different schools, Khishfe (2017) conclude that the
responses of students show inconsistency in socio-scientific issues with a high variety of context or samples and
that the scientific concepts learned in the school environment cannot be consistently transferred to unfamiliar
situations. Hamid, and Widodo (2017) state that the conceptualizations of students about the fact of electricity
are affected by their daily experiences, and they suggest that they have a context-sensitive and quite
inconsistent structure. It can be seen that all of the explanations based on the stated findings coincide with the

p-prim approach proposed by knowledge in pieces theory structure of diSessa.

It is very important to repeat that there are participants who show consistency in the findings of the study.
Again, these findings in this direction do not mean that participants do not generate responses under the effect
of p-prim. Also, in the question patterns where cognitive consistency exists among the research assistant
participants, it is observed that the responses are not scientific explanations and that the explanations are
structured in the direction of p-prim. In the question patterns examining the relation between Fk and mass,
one of the participants shows a cognitive consistency; however, he make unscientific explanations. Accordingly,
although reference should be made to the equation of Fk due to the identity of the mass in the question
samples in the first set of questions, the responses are generated owing to the change in the density of the
liqguid under the effect of “the more liquid density the more force (buoyancy)”, “force as a mover” and
“swimming” p-prim. If the findings are detailed, a sample of cognitive consistency is observed for the questions
Q1, Q2, Q3, and Q4, which constitute the first set of questions, by giving the response that Fks in the second
case is larger, but, the quotations of “...density, I think the density there, the density of the substance in it...” in
Q1, “...has pushed up the other more, and the other is hanging...” in Q2, “...then, the buoyancy force of the one
at high is more...” in Q3, and “...it increases, | think it increases... because its density increases...” in Q4 indicate
that the explanations are created especially by the guidance of “the more liquid density the more force
(buoyancy)”, “force as a mover”, and “swimming” p-prims (Table 6). At the same time, even in questions that
are technically responded with accurate responses, one of the undergraduate students expresses that the Fks
are equal for Q5 and Q6, but it can be determined that scientific responses are generated under the control of
a false justification. According to this, such quotations as “../ think it is equal because the density of the liquid
remains the same. Because the liquid is the same, the liquid already has a certain buoyancy force and applies to
both equally... (same liquid density same buoyancy p-prim)” and “..N is on the surface because it is less, and K
hangs because it is equal... (Force as a mover, swimming, different body density p-prims)” in Q5 and the

quotation of “/ think it's equal again because the liquid is the same. Regarding the positions, P is left at higher,

1739 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

its density is equal to the liquid, K is slightly lower, but both are hanged... (Force as a mover, swimming, and
same liquid density same buoyancy p-prims)” in Q6 summarize that the participant is still under the effect of p-
prims (Table 4). In other words, giving accurate responses cannot guarantee that p-prims do not affect. While
the sunken volume should be directly associated in these question samples, and the responses should be
justified by referring to the formal language (Fk = Vbpds formula) which serves as coordination classes, the
responses are generated under the control of “same liquid density same buoyancy” p-prim by referring to the
similarity of the liquid density acting as p-prim and under the control of even “swimming and force as mover”
by referring to positions. Similarly, stating that even students at university level science teaching still have
material-based multiple thoughts about the sound fact, Eshach, Lin, and Tsai (2018) imply that there may be a
p-prim-based orientation. Question contexts the students encounter may have a visual effect on that the
participants create responses under p-prim guidance. As a matter of fact, p-prims can be evaluated as cognitive
structures that act by the effect of visual themes encountered in daily life, that is, they are affected by the
context quickly (diSessa, 1993; 2002). Before applying the TFA approach, McLure (2018) conclude that
approximately half of the students have a cognitive structure regarding the concept of electric current in
accordance with the theory-like knowledge theory structure and that a quarter of them show a structure in
accordance with the theory of knowledge in pieces. In fact, knowledge in pieces structure theorists show a
different approach to the finding by McLure. Referring to context sensitivity rather than knowledge in pieces
theory structures in students, they state that the knowledge in pieces structures and hence p-prims-like
cognitive structures may result from excessive context sensitivity. On the other hand, the knowledge structures
of students may be relatively more consistent in the field of physics as well as in more theoretical disciplines
that are not related to daily life and contextual diversity (Samarapungavan & Wiers, 1997). Furthermore, the
claim that the knowledge structures of students in different fields can be relatively consistent (Chi & Slotta,
1993; loannides & Vosniadou, 2002; Reiner, Slotta, Chi & Resnick, 2000) is actually a confession that their
knowledge structures are not consistent enough, that is, they are relatively inconsistent. Indeed, the fact that
Jin et al. (2019) interpret the responses of the students which make up the study findings embarrassedly and

relatively consistent can be considered as a sample for this.

It is also obtained that lecturer (the association professor of science teaching) who is the participant of the
study, applies to the formal language and is not affected by any p-prims in giving responses to the questions
(Table 7). The finding in this direction supports the approach of knowledge in pieces that cognitive
inconsistency and the tendency to respond under the effect of p-prims are characteristic of naive cognitions.
With the knowledge in pieces theory, diSessa refers to the fact that the fact of learning and therefore
conceptual change lead to the formation of consistent cognitive structures that evolve from naive cognitive
structures over time in the direction of inconsistent and p-prims. In this context, the participant of association
professor puts forward the fact that the Fk fact will not change in the relevant contexts by operating the formal
language for all other questions including balance states except for the 7th question. The responses to some

guestion contexts are as follows:
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For Q1;

Formal language

If p1#p2

Fkki=mg=Vp1p18

And

Fkko= mg=Vp2p2g

»

Vb1P1 = Vb2p2

»Fk1 = Fky

In the formal language above, through a deduction that is made from the fact that Fk is equal to mass in
equilibrium, the equality of Fks is deduced for identical substances with different positions in two different
contexts.

For Q4;

Formal language

m;=m;

P2>pP1

Fkk1= mg1g= Vbiipig

And

Fkk2= mMi2g= Vikap2g

»

Vibk1p1 = VP2

»

Fkk1 = Fkyz

In the analysis whose formal structure is given above, it is concluded that same quantity of Fks are applied to
the same body in two different contexts, but in balance position. As seen in this sample, a cognitive position in
which formal language is used effectively can reach the explanation that is consistent with reality by using the

opportunities offered by the relevant theoretical framework.

Another sample processes a context in which the sunken volumes are presented in case of balance.

Accordingly, for Q6;

Formal language
Vk=Vp

Fkk= mkg= Vukpg
And

Fke= mpg= Vurpg

»
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Vikp = Vbep

»

FkK= FkN

In the balance position the result of the equality of the Fks is obtained by the equality of the volumes and the
sinking volumes of different bodies, and the equality of the liquid density and again the equality of multiplying

of the sinking volume and the density of the liquid.

As can be seen in these samples, an expert cognition operates a context-independent reasoning in each
context of the question, and so in different contextual situations, by effectively using a theoretical framework
to explain the problem status regarding the fact of buoyancy farce, and it achieves similar results. A consistent
cognitive structure is presented thanks to the equality of the variables, which determine the buoyancy force,
and the transfer of the balance position to the formal language. Consistency of a cognitive structure of expert
against contextual change can be associated with such abilities as transferring a stable conceptual framework
defined as coordination classes by diSessa (1993; 2002) to each context and to having an field-independent
conceptual template (Clair-Thompson, Overton & Botton, 2010). Findings in this direction are very important in
terms of clearly revealing the difference between the knowledge structures of students (naive knowledge) and
the knowledge structures of experts in a contextual questioning process. In one of the recent studies, Ozdemir
(2017) has determined that the knowledge structures of the participating about physics present a knowledge in
pieces structure and that the participants give responses under the effect of various p-prims. Accordingly, as
diSessa, and Sherin (1998) suggest, when evaluated together with its interactional dimensions; the formula
which is the formal language that defines the buoyancy force, is a theoretical concept and serves as a
coordination class for an expert cognition. Coordination classes (diSessa & Sherin, 1998) consist of two basic
components, and whereas the readout strategies refer to the capacity to determine what knowledge is related
to an encountered factual situation, causal net, on the other hand, refers to the ability to draw conclusions by
establishing a cause and effect relation based on the knowledge on the current factual situation. The factual
situation or problem in this study is the buoyancy force. Conceptualization about the buoyancy force is a
theoretical conceptualization, and the concepts or knowledges given regarding the related problem are mass
(m) and sunken volume (Vb). Expert cognition shows the ability to establish the relation between the concepts
(m) and (Vb) for the encountered problem, in other words, it is able to operate the readout strategy. The
expert is able to construct a coherent cause-effect relation between these concepts and the buoyancy force
simultaneously and/or sequentially and achieves accurate conclusions. Such a cognitive function is also
considered as a causal net. The fact that all these relations can be operated consistently with reality is only
provided by the fact that the Fk = Vb.p.g equation can be used by the relevant expert as a coordination class.
According to these findings and explanations, whereas the individuals (students or learners) with a naive
cognitive structure give inconsistent responses under the effect of p-prims, which are extremely context

sensitive, have no conceptual stability, and have a semi-independent eclectic structure; an expert individual is
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able to demonstrate the ability to produce consistent solutions in every context change, based on a stable

conceptual framework defined by diSessa, and Sherin (1998) as coordination classes.
CONCLUSION and RECOMMENDATIONS

Based on the findings of this study and inspired by Lawson (1995), a content knowledge should be created by
taking into account the cognitive positions of students in basic education and secondary education science
curricula and university level, and a scope structure that takes into account the internal content of content

knowledge and process knowledge should be made within the scope of buoyancy of liquids.

It is very important to construct a language according to the cognitive positions of the students in the learning
process. Almost every science concept can be evaluated at different cognitive levels; however, what is
important here is the language to be applied. Associating a scientific terminology with pedagogy is to be aware
of the “qualification” of the language that should be used at different cognitive levels in science teaching. In the
earlier stages of cognitive development, the use of the nominal language means the construction of the cause-
effect relation of the factual world through the verbal propositions that are created from the words of the

natural language in relation to the science term (Halloun, 2006).

In the process, the creation of awareness by raising the ordinal and proportional relations at the nominal level
dominated by words and reaching the formal language at further cognitive levels will positively affect the
efficiency of the learning process. Such an interpretation also serves as a response to the criticism of Rowlands,
Graham, Berry, and McWilliam (2007) to the theory of knowledge in pieces. Contrary to what Rowlands et al.
assert, the students can be expected to have accurate reasoning for each concept of science that are
appropriate for their cognitive level. Although Newton mechanics is a very theoretical field, if the accurate
nominal language is used in the early stages of science learning, it will be easier for students to reach the
accurate reasoning. It is possible to realize such a learning outcome by analyzing and determining the pre-
conceptual cognitive structures in relation to p-prims that the students bring to the school environment.
Knowledge in pieces theory tries to do just that. Such an approach can contribute to the development of the
ability of learners to use science terms as coordination classes more effectively and in the early stages of
cognitive development. As stated above, the studies of Eshach et al. (2018) conclude that even the students
studying science at university level still have multiple material-based thoughts on the fact of sound and report
that even being science-related at the university does not eliminate naive structures. According to the authors,
this situation is related to the fact that the students are interested in only mathematical, that is, in the formal
language, and it is suggested that the fact that the students encounter with different representations in terms
of sound conceptualization will result in meaningful learning. It is seen that the relevant evaluation is in
harmony with the interpretation in this study of the progressivity of the languages that should be used in

science teaching.
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It is possible to argue that the use of contextual question situations displayed in this study in teaching /
learning processes and even associating them with experimental processes in conjunction with these contexts
will also lead to the emergence of other p-primes, and thus manipulating experimental activities will accelerate
formal language development. In fact, Ozdemir (2017) conducts a study on knowledge structures of secondary
school students related to the fact of force through an investigation process that exemplifies the different
contextual situations, accompanied by concrete questions. The researcher also suggests that an investigation
into different and familiar situations involving the fact of force triggers their reasoning as well as contributing
to the creation of other p-prims by the students. A finding in this direction presents a sample of that the
contextual investigation processes used in this study in teaching/learning processes for science concepts will
contribute to the development of consistent conceptualizations. The study related to science teaching based
on science history by Stinner, and Williams (1993) supports such an interpretation in this direction. The
relevant authors argue that formal textbook-based education cannot eliminate the prescientific views of
students. Based on this view, they claim that the contextual teaching-learning processes based on the history
of science, which transcend the algorithm-recitation technique, can lead to meaningful learning that purposes

to improve both reasoning skills and content knowledge.

Referring that the intuitive knowledge of students is in pieces, even Theory like theory theorist Vosniadou
(2019) emphasizes the importance of student awareness of their intuitive knowledge so that an effective
science teaching can be carried out. Moreover, according to the author, science teaching should support not
only reasoning skills of the students but also their practical skills. Such an approach in this direction is in line
with the implications and recommendations based on the findings of this study on how science teaching

processes should be.
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SUYUN KALDIRMA KUVVETINE YONELIK KAVRAMSAL DEGi$iM TEORILERI
BAGLAMINDA GORUNGUBILIMSEL BiR iINCELEME

0z

Arastirma bes lisans, alti lisansistu, Ug¢ arastirma gorevlisi ve bir alan 6gretim lyesi olmak Uzere
toplam on bes katiimciyla gerceklestirilmistir. Arastirmanin amaci, katilimcilarin suyun kaldirma
kuvveti kavramina yénelik diisiincelerini, gértingibilimsel yontemle ¢éziimlemektir. Katilimcilar,
suyun kaldirma kuvveti kavramina yonelik bir grup spesifik soru esliginde klinik gériisme sirecine
dahil edilmislerdir. Her bir katilimciyla yaklasik yirmi dakikalik bir gériisme gerceklestirilmis ve
katilimcilarin yanitlarina gore dogaglama sondaj sorular yonlendirilerek; bireylerin ilgili kavrama
yonelik kapsamli diistincelerinin ne oldugu ortaya ¢ikarilmaya ¢alisiimistir. Arastirmanin ham nitel
verileri, kavramsal degisim teorilerinden diSessa'nin pargali bilgi yapisi teorisine ve
Vosniadou'nun teori benzeri bilgi yapisi teorisine gére ¢éziimlenmistir. Ozellikle lisansiistii ve
arastirma gorevlisi katiimcilarin yanitlarinda bir tutarsizlik belirlenmistir. Bu yondeki bir bulgu,
diSessa'nin parcal bilgi yapisi teorisiyle uyumludur. Alan uzmani 6gretim Gyesi katimcinin
yanitlarinin ise, tutarli ve Vosniadou'nun teori benzeri bilgi yapisi teorisiyle uyumlu belirlenmistir.
Calismanin bulgulari ve sonuglari sinif ici 6gretme-6grenme siireglerine gonderme yapacak ve fen
egitiminde kullanilan deneysel etkinlik iceriklerinin niteligine katkida bulunacak bigcimde
tartisiimigtir.

Anahtar Kelimeler: Fen Egitimi, suyun kaldirma kuvveti, kavramsal degisim teorileri,
goringlbilimsel ilkseller.
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GiRiS

Fen ogretiminde kavramsal degisim ve kavram temelli 6grenme, yaklasik 50 yildir izerinde bilimsel arastirma
calismalari yapilan bir alandir (Duit ve Treagust, 2003). Hewson’a (1992) gore, kavramsal degisim disiincesini
fen egitimi alaninda etkin bir bicimde kullanan ilk yazarlar; 1982’de fizik egitiminde Posner, Strike, Hewson ve
Gertzog ve 1985’de biyoloji egitiminde Carey’dir. Hewson (1992), Amerikan Egitim Arastirmalari Birliginin de
1983 yilinda baslattigi yillik etkinliklerle, kavramsal degisim dustincesinin gelismesinde 6nemli bir katkisi
oldugunu belirtmektedir. Bu sirecin ilk yillarinda galismalarin temel yonelimi; fen 6grenme sirecindeki
glgliklerin ve o6grencilerin tasidigi oncii kavram ya da kavramsallagtirmalarin belirlenmesi seklinde
gerceklesmistir (Mayer, 2001). Yirminci yiz yilin ilk yarisina kadar dahi goétirilebilecek bu sirecte, 6zellikle
egitim bilimciler, bilis bilimciler ve alan egitimcileri daha ¢ok butlnlestirici ve kapsayici tek bir 6grenme teorisi
gelistirmenin arayisi icinde olmuslardir (Mayer, 2001; Nersessian, 1989). Nersessian’a (1989) gore, biitiincil bir
O0grenme teorisi ya da daha 6zelde bir kavramsal degisim teorisi ileri stirebilmek icin; bir bilim alanindaki
kapsayici temel bir kavrama yonelik kavramsallastirma sirecinin tim ayrintilariyla analizi gereklidir. Ancak
gliniimiize daha yakin arastirma ve derleme niteligindeki calismalar, 6§renme olgusuyla ilgili her tiir 6grenmeyi

icine alan, bir meta-teorinin gelistirilemeyecegini ileri sirmektedirler (Mayer, 2001).

Ogrencilerin bilislerindeki kavramsal yapiyi degistirmeye yénelmek; temel olarak bilisselci 6grenme teorilerinin
konu alanini olusturmaktadir. Mevcut kavramsal degisim teorilerinin Piaget'ci bilissel gelisim teorisi ve
yapilandirmaci 6grenme teorisinden etkilendigini ifade etmek olasidir. Duit (1999), fen 6gretimi disindaki diger
alanlarda gergeklestirilen ¢alismalarin da yapilandirmaci 6grenme teorisinden ¢ok etkilendigini belirterek; bu

yaklagimi desteklemektedir.

Kavramsal degisim olgusuyla ilgili zaman iginde cesitli teorik yaklasimlar gelistirilmistir. Her ne kadar bu
teorilerin birbirleriyle ortak noktalari olsa da; her birinin kavramsal degisime yonelik 6zgin yaklasimlar
getirdikleri ifade edilebilir. Buna goére Carey’nin (1985) yeniden yapilandirma teorisi, Piaget’in bilissel gelisim
teorisinden fakli olarak; ¢ocuklarin tamamen baglamdan bagimsiz ve alana yonelik icerik bilgisi 6grenmeleri ile
akil yirGtme becerilerini sinirlandiran evrensel bir bilissel gelisime sahip olmadiklarini ileri siirmektedir. Bu
teoriye gore, 6grencilerin gelistirdikleri yeni zihinsel yapilandirmalarin niteligi, alan bilgisinin giderek artmasiyla
ve alan bilgisine asinalikla ilgilidir. Carey, iki fakli yapilandirma 6n gormekte olup; zayif yapilandirmalarin, basit
bir kavram yanilgisi diizeltme; kuvvetli yapilandirmalarin ise, tipki Kuhn’da oldugu gibi yeni bir kavramsal
cerceve, teori ya da paradigma kurgulama oldugunu ileri sirmektedir. Roschelle’in (1992) yakinsak kavramsal
degisim teorisi, isbirlikli 6grenme sireciyle kavramsal degisim slirecini butlinlestirmeye yonelik bir yapi
kurgulamaktadir. Dinamik kavramsal degisim modeline gére (Nadelson, Heddy, Jones, Taasoobshirazi ve
Johnson, 2018); kavramsal degisimin nirengi noktasi, ©grencilerin benzer olguyla ilgili ¢oklu bir
kavramsallastirmaya sahip oldugu kabullidiir. Nersessian’a (1989) gore de, fendeki temel kavramlarinin
Ogretilmesinin dntindeki en 6nemli zorluklardan biri kavramsal yapinin biyik 6lglide bagimsiz ve fakat birbiriyle
iliskili alt bilesenlerden olussan karmasik dogasidir. Bir diger benzer kavramsal degisim teorisi bilginin bilissel
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olarak yeniden yapilandirilmasi modeline gore ise, 6grencilerin karakterleriyle iletilerin (6grenilecek olan
kavramlarin) karakterleri arasindaki pozitif korelasyonun, 6grenmeyi veya kavramsal degisimi kolaylastiran bir
faktor oldugu ileri siiriimektedir (Dole ve Sinatra,1998). Bununla birlikte Strike ve Posner (1992) da, kavramsal
degisim teorilerini yeniden kurgularken; benzer bir yaklasimla 6grencilerin duyussal yapilarinin, kavramsal
ekolojilerinin 6nemli bir parc¢asi oldugunu kabul etmislerdir. Baglantili olarak Pintrich, Marx ve Boyle (1993) ise
Posner ve ark.'nin (1982) salt bilissel boyuta gonderme yapan kavramsal degisim teorilerine yénelik 6nemli bir
kritik gelistirmislerdir. Buna goére yazarlar, kavramsal degisim surecinde sosyal baglam ve motivasyon
faktorlerinin olduk¢a 6nemli oldugunu ileri strmislerdir. Yine Duit ve Treagust (2003) bir¢ok arastirma
sirecinin (Guizetti ve Hynd, 1998; Mason, 2001; Schnotz, Vosniadou ve Carretero, 1999; Vosniadou, 1994)
kavramsal degisimi tek boyutlu degerlendirmeye ¢alistigini belirterek; epistemoloji, ontoloji veya sosyal-

duyussal boyutlarin birlikte degerlendirilmesinin énemine vurgu yapmislardir.

Tim bu agiklamalardan sonra asagidaki paragraflarda, fen egitiminde gorece daha 6ne ¢ikmis teorik yaklasimlar

detaylandirilacaktir.

Posner ve ark.'nin (1982), Chii ve Roscoe’nun (2002), Ivarsson, Schoults ve Saljé’nin (2002) ve ozellikle
calismamiza teorik zemin teskil edecek olan Vosniadou’nun (1994) ve diSessa’nin (1993) ileri sirdtgi teoriler
glniimizde kavramsal degisim sirecini agiklamaya calisan hakim teoriler olarak degerlendirilebilirler. Posner ve
arkadaslarinin (1982) kavramsal degisim siirecini agiklamaya galisan kavramsal ekoloji teorisi; stirecin bilissel
yetersizlik sonucu ortaya c¢ikan hosnutsuzluk (dissatisfaction) algisiyla basladigini ileri slirmektedir.
Hosnutsuzluk terimi daha ¢ok duyussal 6grenme alanina génderme yapan bir terim olup, 6grenme sirecini
tetikleyen olgusal kosullarin 6zellikle hem bilissel hem de duyugsal 6grenme alanlariyla iliskili oldugunu da ima
etmektedir. Bu baglamda Posner ve arkadaslarinin (1982) teorik yaklasiminda yapilandirmaci 6grenme
teorisinden izler goriilebilir. Oyle ki yapilandirmaci 6grenme teorisine gére, 6grenme mental dengesizlikle
baslar; bilissel uyumsama ile sonlanir. Siire¢ bireysel bilisdeki degisime daha ¢ok gonderme yaptigl icin;
Piaget'nin bilissel gelisim teorisinin baglamdan bagimsiz yapisini ¢agristirdigi belirtilebilir. Yukarida da ifade
edildigi gibi Posner ve arkadaslari (1982) benzer kavramsal degisim teorilerinin ¢ogunda oldugu gibi, kavramsal
yapinin aniden degisiminden cok, bir siirecin varligini ileri stirmektedirler. Kavramsal degisimi asamali ve
birbirini  dnceleyen kosullara baglamalar, bu durumun kaniti niteligindedir. Ogrencilerin bireysel
deneyimlerinden kazandiklari ve ¢ogu zaman bilimsel kavramlarla gelisen 6ncl kavramsallastirmalari; ancak
yeni kavramlar anlasilir, mantiga uygun, yeni problemlerin ¢6ziminde daha kullanisli ve uygulanabilir
oldugunda degisime ugrayabilirler. Bu durum bir slrece isaret etmektedir. Nitekim Duit ve Treagust (2003)
kavramsal degisimi, 6grencilerin 6gretim Oncesi kavramlarinin bilimsel kavramlarla yer degistirmesi olarak
algilamayip; bilimsel kavramlarin kazanilmasi icin 6gretim 6ncesi kavramlarin yeniden yapilandirilmasi olarak
ifade etmektedirler. Boyle bir yaklasim 06gretim o6ncesi kavramlardan hareketle bilimsel kavramlarin

ogrenilmesiyle ilgili bir yola yani bir stirece génderme yapmaktadir.
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Chi ve Roscoe’nun (2002) kavram yanilgisi onarim teorisi, kavramsal degisim teorisi olarak daha ¢ok ontolojik
bir yaklasim sergilemektedir. Buna gore O6grencilerin kavramsallastirmalariyla bilim insanlarinin
kavramsallastirmalari arasinda ontolojik bir farklilik bulunmaktadir. Ogrenciler cogu zaman bilimin siire¢ temelli
olgularini madde temelli bir ontolojik algiyla kavramsallastirmaktadirlar. Fizikteki elektrik akimi ve termal denge
olgusu, Kimyadaki kimyasal denge olgusu ve biyolojideki kalitim, biyolojik adaptasyon, biyotik ve abiyotik ¢cevre
etkilesimi ve dogal secilim gibi olgular stire¢ temelli olgular olduklari halde, 6grenciler tarafindan, ne yazik ki
ders kitaplari ve 6gretmenlerin de katkilariyla madde temelli statik olgular olarak kavramsallastirilmaktadirlar.
Boylece o6grenciler, kavramlar kategorilendirme hatasina (miscategorization) dusmektedirler. Bu teorik
yaklasima gore dogru kavramsallastirmanin ya da istenen kavramsal degisimin gerceklesebilmesi icin; yanlis
kategorilendirilmis kavramlarin dogru kategorilerle iligskilendirilmesi veya yeni kategorilerin olusmasina imkan

verilmesi gereklidir.

Ivarsson, Schoults ve Saljé (2002) kavramsal degisimi sosyo-kiiltiirel bir siire¢ olarak degerlendirmislerdir. Buna
gore, 6grenciler sosyal bir ortamda bilissel (kavramsal terimler), fiziksel ve grafik yapilar seklinde temsil edilen
yeni materyallerle tanisirlar ve bdylece bu materyallerle etkilesimleri &lglsiinde yeni kavramsal yapilar
olustururlar. Bu teorik yaklasim, 6grenme sirecini ve dolayisiyla yeni kavramsallastirmalari insan bilisinin
sosyallesmesi olarak degerlendirmektedir. Bilissel yapinin degisimini, sosyal ortama gonderme vyaparak
aciklamaya ¢alismak; Vygotsky’'nin sosyo-kultlirel 6grenme teorisini g¢agristirmaktadir. Vygotsky'ye gore,
o6grenme bireyin bilisinin i¢sel degisiminden ¢ok; 6grenmenin en 6nemli araci olan dilde olusan, dolayisiyla
sosyal ortamda etkilesimle gerceklesen bir siirece karsilik gelir. lvarsson ve ark.'larina (2002) gbére, amaglanan
kavramsal degisimin gerceklesebilmesi igin; bireylerin uygun bilissel araglara (kavramsal terimler) ve fiziksel
araclara gereksinimi vardir. Bundan dolayi kavramsal degisim, uygun bir sosyal ortamda (okul/sinif ortami v.b.),
uygun bir rehberlikle, yeterlilik olarak sergilenmesi amaglanan bilissel ve fiziksel araclari kullanabilme ustalig

biciminde degerlendirilebilir.

Vosniadou’nun (1994; 1996 ve 2002) kavramsal degisime yonelik gelistirdigi sentetik anlam veya teori benzeri
bilgi yapisi teorisi, 6grencilerin; bilim egitimine maruz kalmadan 6nce, bilimin konusunu olusturan olgulara
yonelik deneyimlerinden hareketle olusturdugu; kararli yapilar olarak kendini gosteren ilkin kavramlara sahip
olduklarini ileri surmektedir. Buna gore, orgin egitim surecinde, ilgili olgulara yonelik bilimsel
kavramsallastirmalarla karsilasan 6grenciler; her yasi ve bilissel diizeyi karakterize eden sentetik kavramlar
olustururlar. Oyle ki bu kavramlar, tipki bilim insanlarinin teorik yapilar gibi belirli bir dénem igin tutarhilik arz
eden; neredeyse monolitik yapidadirlar. Bu yapilar birer teorik gerceve gibi davranirlar. Vosniadou’nun
teorisine gore, ayni olguya ait farkli bilissel dizeylerdeki, farkl sentetik kavramlarin yavas yavas bilimsel
kavramsallastirmalara yerini birakmasi seklinde gerceklesen bir kavramsal degisim mevcuttur. Ornegin kuvvet
kavramina yonelik okul 6ncesi donemde, Ogrenciler icsel (internal) kuvvet kavramsallasmasina sahipken;
ilkokulun ilk yillarindaki 6grencilerin biligsel yapilarinin igsel kuvvet kavrami ile sadece hareketli cisimlerde

bulunan kazanilmis kuvvet kavramini birlikte icerdigi; ortaokulda yine daha ¢ok kazanilmis kuvvet kavramini

1754 Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

bulundurdugu ve daha ileri bilissel dluzeylerde ise itme-gekme kuvvetleriyle (Newton mekanigine ait formel
kuvvetler) melezlesmis kazanilmis kuvvet kavramini ve kitle c¢ekim kuvveti kavramini birlikte icerdigi
belirlenmistir (loannides ve Vosniadou, 2002; Vosniadou ve Brewer, 1992; 1994). Ozetle Vosniadou’nun (1994)
gelistirdigi teorik agiklamaya gore, ogrenciler belirli bir donem igin tutarhlik sergileyen; baska bir ifadeyle
baglam ya da olgusal ornek degisse de degisim gostermeyen; istikrarl alternatif kavramsallastirmalara
sahiptirler. Bu teorik yaklasim, Ogrencilerin eski ve cogunlukla bilimsel olmayan kavramsallastirmalarini
tamamen ortadan kaldirmanin olasi olmadigini ileri sirmektedir. Bundan dolayr kavramsal degisim, belirli

doénemler igin tutarlihk gosteren melez yapilarin degisimi siirecinden ibarettir.

diSessa’nin (1993) parcali bilgi yapisi teorisi, kavramsal degisimi fakli yorumlayarak, 6grencilerdeki naif, 6nci
bilgilerin zaman iginde dizeltilerek bilimsel bilgiye donistligl bir siirece génderme yapar. Bu durumun
nedenini, Vosniado’nun (1994) teorisinden farkli olarak; 6grencilerin bilissel yapilarinin pargali, baglamsal
tutarsizliga sahip naif disiince birimlerinden olustugunu ileri siirerek agiklar. Buna gore naif kavramlar,
monolitik ve apacik bir teorik ¢erceve sinirina sahip degillerdir. Naif kavramsal yapi birbiriyle iliskili, benzer
olgusal orneklerde gagrisimsal olarak birbirlerini tetikleyebilecek, asiri baglam duyarli ve henlz kavramsal
diizeyde dahi temsil edilemeyen yapilardan olusur. Bu yapilar goériinglibilimsel ilkseller/phenomenological
primitives (g-ilkseller/p-prims) olarak adlandirilirlar. Gériingii bilimsel ilkseller, naif bir kavramsal yapiyi eklemli
hale getiren; her baglam degisiklig§inde kavramin farkli eklemlerinin harekete ge¢gmesini saglayan; dolayisiyla
ogrencilerin bilissel yapilarinin olgusal érnekler degistikce degismesine ve tutarsizlik sergilemesine neden olan
yari bagimsiz naif disiince birimleri olarak degerlendirilebilirler. Bu teorik yaklasima gore ise, arastirmaya konu
kavramla ilgili bir goringlbilimsel sorusturma siirecinde, 6grencilerin yanitlari, baglam ya da 6rnek sorular

degistikce degisim gostermektedir.

Son olarak, ozellikle diSessa, Gillespie ve Esterly'nin (2004) ve loannides ve Vosniadou'nun (2002) kuvvet
kavramina yonelik calismalarinin, yukarida anilan diSessa ve Vosniadou yaklasimlarinin birer kamp

olusturmasini ivmelendirdigini belirtmek; ¢calismamizin konusuna atifla yerinde bir tespit olacaktir.
Alanyazin

Alanyazin, hem Vosniadou hemde diSessa kamplarinin teorik yaklasimlarina uygun calismalar icermektedir.
Buna gore, Vosniadou'nun (1994) kavramsal degisim teorisi ile uyumlu bir hayli calisma 6rnegi verilebilir (Chi,
1988; Chinn ve Brewer,1993; Eshach, Lin ve Tsai, 2018; Greca ve Moreira, 2000; Harrison, Grayson ve Treagust,
1999; loannides ve Vosniadou, 1991; loannides ve Vosniadou, 2002; Jung, 1993; Nersessian, 1989; Vosniadou,
1991; Vosniadou ve Brewer, 1987; 1992; Vosniadou ve Matthews, 1992; Vosniadou ve Kempner, 1993;
Vosniadou, & Brewer, 1994; Vosniadou, & loannides, 1998; Vosniadou, loannides, Dimitrakopoulou, &
Papademetriou, 2001; Vosniadou, Baltas ve Vamvakoussi, 2007). Bununla birlikte fen 6gretimi alanyazininda,
calismamizin teorik gcercevesini olusturan diSessa’nin (1993) pargali bilgi yapisi teorisi (theory of knowledge in

pieces) ve g-ilksellerle (p-prims) uyumlu yani 6grencilerin bilgi yapilarinin tutarsizhk gosterdigine yénelik
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oldukga fazla arastirma bulgusunun varhg da dikkat ¢ekmektedir (Apaydin, 2014; Apaydin, Akman, Tas ve
Peker, 2014; Apaydin, Cobanoglu ve Ergiil, 2018; Chiou ve Anderson , 2010; Clark, 2006; Furuta, 2000; Galili ve
Hazan, 2000; Hamid ve Widodo, 2017; lJin, Zhan ve Anderson, 2013; Jin, Rijn, Moore, Bauer, Pressler ve
Yestness, 2019; Khishfe, 2017; Kirbulut ve Beeth, 2013; Leppavirta, 2012; Liu ve Maclsaac, 2005; McLure, 2018;
Ozdemir, 2007; 2017; Ozdemir ve Clark, 2009; Reinfried ve Tempelmann, 2014; Southerland ve ark., 2001;
Turcotte, 2012; Tytler, 1998).

Asagida ilgili arastirmalara yonelik bulgular 6zetlenmektedir. Buradan hareketle dncelikle diSessa'nin (1993)
daha ¢ok teorik nitelik tasiyan monografisinin nitel verilerini saglayan 6grenci grubunun, pargall bilgi yapisi
teorisine uygun yanitlar ortaya koydugunu belirtmek gerekir. diSessa, 6zellikle bu calismanin bulgularini
phenomenological primitive (p-prim) kavramiyla iliskilendirmistir. Alanyazinda, Demastes, Good ve Peebles’in
(1996) calismalar da, 6grencilerin evrim teorisine yonelik kavramsallastirmalarinin, parcali bilgi yapisinda
oldugunu destekler niteliktedir. Yine Tytler (1998), 6grencilerin hava basincina iliskin agiklamalarinin Gzerinde,
madde ve hava olgularina yonelik bireysel deneyimlerinin biyik 6nemi oldugunu vurgulamis ve bu tiirden naif
aciklamalarin pargali bilgi yapisi teorisini destekler nitelikte oldugunu ileri slirmistir. Furuta’ya ait (2000)
mental model gelisimine yonelik bir calisma, 6grencilerde sireg icinde gelisen bilissel farkliliklara odaklanmis,
bir deneysel etkinlikte fakli 6grenme dizeylerinde kalan 6grencilerin fakh bilissel yapilar sergiledigini
belgelemistir. Bulgulara gore, basarili olmayan &grencilerin bir mental model yapisina sahip olmadiklari ortaya
konmustur. Galili ve Hazan (2000), lise 6grencileri ve 68retmen lisesi 6grencileriyle gerceklestirdikleri bir
calismada o6grencilerin, diiz aynada gorinti olusumu konusunda bir hiyerarsi sergileyen alternatif bilgi
yapilarina sahip olduklarini belgelemislerdir. Southerland ve ark. (2001) bir diger galismada, 6grencilerin
biyolojik olgularla ilgili kavramsallastirmalarinin daha ¢ok parcgal bilgi yapisi teorisiyle aciklanabilir bir nitelikte
oldugunu ortaya koymuslardir. Baska bir ¢alismada, Liu ve Maclsaac (2005), Newton Mekanigine yoneli
katilimcilarin hem tutarl yanitlar olusturdugunu hem de tutarsiz yanitlar verdigini ifade etmislerdir. Baglama
yani sorunun igerigine yonelik bir asinaligin yanitlarin tutarliigini etkiledigi; katilimcilarin asina olduklari
sorulara tutarh, asina olmadiklari sorulara ise tutarsiz yanit verdiklerini belirtmislerdir. Yazarlar, ayrica g-ilkseller
ve daha tutarli mental modeller ile lzerinde genis bir uzlasi saglanmis bilimsel teoriler arasinda bir nitelik
iliskisinden ziyade; bir nicelik veya derecelilik iliskisi oldugunu ileri siirmuslerdir. Clark (2006) da, termodinamik
kavramiyla ilgili olarak, 6grencilerin 1s1 ve sicaklik kavramlarina yikledikleri anlamlarin pargal bilgi yapisi teorisi
ve g-ilksellerle daha iyi agiklanabilir oldugunu belirlemistir. Yine Ozdemir (2007; 2017) ve Ozdemir ve Clark'in
(2009) farkli donemlerde yayinladiklari arastirma raporlarinda, 6grencilerin fakli baglamlarda kuvvet kavramina
yukledikleri anlamlarin pargali bilgi yapisi teorisiyle uyumlulugu belirlenmistir. Chiou ve Anderson (2010), fizik
ana dal Ogrencileriyle yuruttikleri bir calismada, katiimcilarin yanitlariyla ilgili bulgularin her ne kadar
Vosniadou and Brewer'in (1992) teorileriyle uyumlu oldugunu belirtseler de; 6grencilerin bir mental model
cergevesinde kestirimde (prediction) bulunamadiklarini ve aslinda buyik oranda pargali bilgi yapisina uygun
naif kavramsallastirmalara sahip olduklarini ima etmislerdir. Calismada ilgili naif kavramlarin diSessa'nin g-

ilksellerine (diSessa,1993; 2002 ve diSessa, Gillespie ve Esterly, 2004) benzer davranis sergileme potansiyeline
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de dikkat gekilmistir. Turcotte (2012) ¢alismasinda 6grencilerin bir bilimsel olguyla ilgili agiklamalarini, yeni ve
farkh bir bilimsel olguyu acgiklamakta kullanabildiklerini gdstermistir. Calismada, serbest diisme, parasitiin
serbest diisme Uzerindeki etkisi ve hava direnci gibi kavramsallastirmalar, suyun kaldirma kuvveti ve ylizme
kavramlariyla naif bir bicimde iliskilendirilmislerdir. Bu bulgu, parcali bilgi yapisi teorisi ve g-ilksel
kavramsallastirmalarina daha yakindir. Leppavirta (2012), elektrik ve magnetizma kavramlarina yonelik
calismasinda, katilimcilarin naif kavramsallastirmalarinin ne parcal bilgi yapisi teorisini ne de teori teori'yi
desteklemedigini ileri stirmustir. Calismada diSessa 'nin ileri siirdigu "Newtonien Ohm Yasasi" g-ilkseli'nin
tutarhhg tGzerinden bulgular degerlendirilmistir. Buna bagh olarak da Ohm g-ilkseli'nin 6zellikle Ohm yasasiyla
ilgili elektrik kavramina yonelik sorularin yanitlanmasinda tutarl bir bicimde kullanildigi belirtilmistir. Kirbulut
ve Beeth’in (2013) ABD’de yurittikleri bir calismada da lise 6grencilerinin bir kisminin buharlasma, kaynama ve
yogusma kavramlariyla ilgili bilgi yapilarinin pargali bilgi yapisi teorisiyle uyumlulugu belgelenmistir. Jin, Zhan ve
Anderson (2013) ilkokul ve liseye kadar fakli sinif diizeylerindeki 6grencilerle gergeklestirdikleri bir calismada,
ogrencilerin akil yiriitme sireglerinin goreli olarak tutarlihk sergiledigini belgelemislerdir. Apaydin (2014),
ortaokul 8. sinif 6grencileriyle ylriuttigl ¢alismasinda; 6grencilerin suyun kaldirma kuvvetine yonelik bilgi
yapilarinin, pargali bilgi yapisi teorisine uygun oldugunu ortaya koymustur. Reinfried ve Tempelmann (2014),
ortaokul 6grencileriyle sera etkisi ve kiresel isinma kavramlarina yonelik bir calisma gerceklestirmislerdir.
Calisma, mental model temelli olmasina ragmen, 6grencilerin bir kisminda tutarsizlik sergileyen ve baglamsal

duyarhliga sahip 6nci kavramsallastirmalarin varligina yonelik bulgular da ortaya koymustur.

Yakin dénem calismalarindan birinde Eshach, Lin ve Tsai (2018) fakli sinif dizeylerinden 6grencilerin, ses
olgusuna yonelik kavramsallastirmalarinin madde ya da materyal temelli oldugunu ifade etmisler; ancak
katilimcilarin materyal temelli ses kavramsallastirmalarinin tutarh oldugunu belirtmekle birlikte g-ilksel'e de
géndermede bulunmuslardir. Ayni sekilde, Ozdemir (2017) ortaokul 6grencilerinin kuvvet kavramina ydnelik
kavramsallastirmalarini degerlendirmeye yoénelik bir calismada, Khishfe (2017) farkh okullardan 261 lise
ogrencisiyle gergeklestirdigi bir diger ¢calismada ve Hamid ve Widodo (2017) 6grencilerin, elektrik olgusuyla ilgili
kavramsallastirmalarina yonelik ¢alismalarinda; katilimcilarin  bilissel tutarsizlik gosterdigini ve yanitlarina g-
ilkselin yon verdigini belgelemislerdir. McLure (2018) ise, TFA yaklasimini uygulamadan 6nce, elektrik akimi
kavramina yonelik 6grencilerin yaklasik yarisinin teori benzeri bilgi yapisi teorisine uygun bir bilissel yapiya
sahip olduklarini; dértte birinin ise pargali bilgi yapisi teorisine uygun bir yapilandirma sergilediklerini
bulgulamistir. Jin, Rijn, Moore, Bauer, Pressler ve Yestness (2019) fen 6grenme siirecinde 6grencilerin farkli
ornek durumlara farkl agiklama diizeylerinde yanit verdiklerini belirlerken; akil ylritmelerinin de gesitlilik arz
ettigini gostermislerdir. Bulgulara gore Sonug olarak, her ne kadar literatlre gore, farkl iki kamp bulunsa da bir
cok calisma ve dolayisiyla arastirmaci; pargall bilgi yapisi ve teori benzeri bilgi yapisi teorilerinin semantik

ayriminin tam anlamiyla yapilamadigini da ileri sirmektedirler (Sherin, Krakowski, Lee, Bang ve Dam, 2006).

Yukaridaki paragraflarda belirtildigi gibi Dinya’da o0zellikle fen Ogretimi slireclerinde kavramsal degisim

teorilerinin ortaya koydugu dinamiklerden yararlanilmakta ve bu dinamiklere gére program ve ders kitabi
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icerikleri olusturulmaktadir (Fértsch, Dorfner, Baumgartner, Werner, Kotzebue ve Neuhaus, 2018; National
Research Council, 2012, p.230). Bu durum o6gretmenlerin sinif i¢ci davranislarini da yoénlendirmektedir. Bu
baglamda oldukga yaygin bir arastirma siireci devam etmektedir. Bununla birlikte fen 6gretimi kapsaminda,
ozellikle kavramsal degisim teorilerine yonelik Turkiye kokenli yayin sayisi ise oldukga azdir (Apaydin, Akman,
Tas ve Peker, 2014; Apaydin, 2014; Apaydin, Cobanoglu ve Ergiil, 2018; Ozdemir, 2007; Ozdemir ve Clark,
2009). Bundan dolayi, lisansistli 6grenciler ve Universite arastirma gorevlilerinin ve fen egitimiyle ilgili bir
Ogretim Uyesinin katiimiyla gergeklestirilen ve suyun kaldirma kuvveti hakkinda kavramsallagtirmalari
¢6ziimlemeye yonelik ¢alismamizin; oncelikle Tirkiye’deki fen egitimi alan yazinina ve uluslararasi alan yazina

program ve ders iceriklerinin olusturulmasi siireclerinde katkilar sunabilecegi dislinilmektedir.
YONTEM

Calisma, nitel bir arastirma olup, goringubilimsel (olgubilimsel) bir desene sahiptir. Goriingiibilimsel desen,
farkinda oldugumuz, ancak derinlikli ve ayrintili bir anlayisa sahip olmadigimiz olgulari arastirma konusunda,

onemli avantajlar saglamaktadir (Yildirnm ve Simsek, 2016). Yazarlarin belirttigi gibi;

Olgular yasadigimiz diinyada; olaylar, deneyimler, algilar, yonelimler, kavramlar ve durumlar gibi
cesitli bicimlerde karsimiza ¢ikabilmektedirler. Bu olgularla giinlik yasantimizda gesitli bicimlerde
karsilasabiliriz. Ancak bu tanisiklik, olgulari tam olarak anladigimiz anlamina gelmez. Bize timuyle
yabanci olmayan, ayni zamanda da tam anlamini kavrayamadigimiz olgulari arastirmayi
amaglayan c¢alismalar igin olgubilim uygun bir arastirma zemini olusturur (Yildirm ve Simsek,

2016: 69).

Boylelikle, olgulara iliskin kavramalarimizin ilksel temellerini giin 1s18ina ¢ikartmak, 6rtiik olani, gizli olani desifre
etmek olasi hale gelir (Creswell, 1998). Calismamizda katihmcilarin suyun kaldirma kuvvetine ve yizme
kavramlarina ve birbirleriyle olan 6rtuk iliskilerine yénelik algilari konu edinildigi icin, derinlikli ¢gzimlemelere

izin veren goringlbilimsel desen tercih edilmistir.
Katihmailar

Calismanin katihmcilarini, Tirkiye'de Karadeniz Bolgesindeki bir Universiteden bes lisans 6grencisi, lgl
arastirma gorevlisi kadrosunda bulunan 9 lisansiisti 6grenci ve 6gretim Uyesi olusturmaktadir. Calismanin lisans
diizeyindeki katilimcilari 2017-2018 egitim 6gretim yili giiz yariyili fen ve teknoloji dersine kayitl 6grencilerdir.
LisansUsti grup ayni yariyilda Egitim Bilimleri Enstitlisiinde, Temel Egitim Anabilim Dali, Sinif Egitimi ylksek
lisans programina kayitli ve "Ogrenme, Kavramsal Gelisim ve Bilim Egitimi" dersini almakta olan 6grencilerdir.
Arastirma gorevlileri, ayni enstitliniin ayni anabilim dali ve programinda kayitli ve ders asamasini bitirmis olan
doktora 6grencileridir. Fen egitimcisi katihmci ise Egitim Fakiltesi, Matematik ve Fen Bilimleri Egitimi Bolum{,

Fen Bilgisi Egitimi anabilim Dalinda 6gretim Gyesidir.
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Veri Toplama Araci, Verilerin Toplanmasi ve Analizi

Klinik gorismelerde kullanilan veri araci, 7 adet sorudan olusmaktadir. Ginsburg (1997), klinik goriisme
yonteminin aragtirmaciya; siireci anlama, amag dogrultusunda olusturulmus etkinliklerle ise baslama, “neden,

In

nasil” sorularini sorma, bireyin agiklamalarina goriisme sirasinda aninda yanit verme, hipotez olusturma ve
hipotezi aninda test etme, dogaglama yapma ve zaman sinirlamasi olmadan ¢alisma olanaklarini sundugunu
belirtmistir. Belirtilen avantajlarindan dolayr bu arastirmada, kinik gortisme tercih edilmistir. Veri aracinin
gecerligi icin uzman gortsid alinmigtir. Katilimcilarin dislincelerinin dnceden olusturulmus farki baglamalarla
iliskilendirilmesi, arastirmaci disinda bir uzman tarafinda da irdelenmistir. Bu anlamda, ham veride tekrarlanan
katihmer yanitlariyla suyun kaldirma kuvveti/kitle ile suyun kaldirma kuvveti/batan hacim baglamlarini
iliskilendirmede iki uzman arasinda, Miles-HUberman'in (1994) "A= C + (C + d)x100" formilu kullanilarak .89

oraninda bir goérts birligi belirlenmistir. Asagidaki tabloda suyun kaldirma kuvvetine yonelik farkh soru

baglamlari ve iliskili temel kavramsal agiklamalara yer verilmistir.

Sunumda o6grencilerden, her bir sorudaki durumlari yorumlamalari istenmistir. Sorularda suyun kaldirma
kuvveti kavramina yonelik farkl gérsel baglamlar olusturulmustur. Bu baglamlardan biri, kaldirma kuvveti-kiitle
iliskisine yonelik sorulardan olusan birinci soru seti ve digeri ise kaldirma kuvveti-batan hacim iliskisine yonelik
ikinci soru setidir. Boylece katihmcilarin ayni kavramla ilgili farkli soru baglamlarinda yanitlar olusturmalarina

firsat saglanmistir. ilgili sunum ve uygulama sorulari asagida verilmistir.

Sekil 1. Birinci Soru
Soru 1) Sekilde farkh yogunluktaki sivilara K cismi birakiliyor. Bu cisme her iki durumda da uygulanan

kaldirma kuvvetleri nasildir? Neden?
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(K

Sekil 2. ikinci Soru
Soru 2) Sekilde farklh yogunluktaki sivilara esit kitleli K ve L cisimleri birakiliyor. Bu cisimlere uygulanan

kaldirma kuvvetleri nasildir? Neden?

o

Sekil 3. Ugiincii Soru
Soru 3) Sekilde ayni yogunluktaki sivilara esit kitleli K ve M cisimleri birakiliyor. Bu cisimlere uygulanan

kaldirma kuvvetleri nasildir? Neden?

__;i‘\
¥
(K

Sekil 4. Dordiincl Soru
Soru 4) Sekildeki sivida dengede duran bir K cismi bulunmaktadir. Bu siviya, kaptaki sividan daha yogun

bir sivi eklenince K cismine etki eden kaldirma kuvvetinin son durumu ne olur? Neden?
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K

Sekil 5. Besinci Soru
Soru 5) Sekildeki siviya esit batan hacimli K ve N cisimleri birakiliyor. Bu cisimlere uygulanan kaldirma

kuvvetleri nasildir? Neden?

o

Sekil 6. Altinci Soru
Soru 6) Kaptaki siviya askida kalacak sekilde esit hacimli K ve P cisimleri birakiliyor. Bu cisimlere

uygulanan kaldirma kuvvetleri nasildir? Neden?

&

Sekil 7. Yedinci Soru
Soru 7) Sekildeki oyun hamurundan yapilan kayik ytizmektedir. Ayni kayik sikistirihp tekrar kaba
atildiginda dibe batmaktadir. Bu kayiga her iki durumda da uygulanan kaldirma kuvvetleri nasildir?

Neden?
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Bu uygulamalar yapilirken “ne demek istiyorsun?” ve “biraz daha agar misin?” seklindeki sorularla, katilimcilarin
yanitlarinin arkasindaki temel disince yapilarina ulasiimaya calisiimistir. Biitlin gorlismeler, arastirmaci
tarafindan video kaydina alinmig ve kayitlarin transkripsiyonu yapildiktan sonra gorisme kayitlarinin analizine

baslanmistir.

Verilerin analizinde betimsel analiz yontemi kullanilmistir. Temel olarak katilimcilarin farkli baglamlardan olusan
sorulara verdikleri yanitlarda, bilissel bir tutarhlik ve diSessa'dan hareketle gorlngibilimsel ilkseller
(phenomenological primitives) aranmistir. Katilimcilarin yanitlarini gerekgelendirdigi agiklamalardan alintilar
yapilmistir. Biligssel tutarlihk ve g-ilksellerin belirlenmesine yonelik diSessa'nin kavramsallastirmalarindan ve

analiz yonteminden yararlanilmistir (diSessa, 1993 ve 2004).

Yanitlarda Tutarhlik: Benzer ya da ayni bilissel yapinin bitlin soru baglamlarinda ¢6ziim o6nerisi olarak
kullanilmasi; yani bitin sorulara ayni yanitin verilmesidir. Bilissel tutarsizlik ise sorulara farkh yanitlarin

verilmesidir.

Nominal Formlar: Yazar tarafindan 6nerilen ve Sherin'in (2001) sembolik formlar ile diSessa'nin (1993) g-
ilksellerine atfen gelistirilen bir terimdir. Nominal formlar; formel dili temsil eden matematiksel baginti veya
esitliklerin, dogal dilin s6zctikleri ve/veya stzel terimlerle 6nermesel duzeyde ifade edilmesidir. Nominal form
diizeyindeki 6nermeler, problem niteligindeki bir olguya yonelik gelistirilmis baginti ya da esitliklerin naif

bilislerce yeniden ve ¢ogunlukla bilimsel agiklamanin/formilin anlamindan uzak olarak yorumlanmasidir.

Gériingiibilimsel ilkseller (g-ilkseller): Yazar tarafindan "phenomenological primitives" teriminin Tirkceye
cevrilmesiyle olusturulan bir terimdir. Buna gore g-ilkseller; farkli soru baglamlarinda ortaya ¢ikan ve verilen
yanitin gerekgesini olusturan sag duyu bilgisi bicimindeki bilgi parcalaridir. G-ilkseller, gunliik deneyimlerimizle
ilgili tatmin edici; ¢ogunlukla dogruymus hissi uyandiran yanitlar olustururlar. Bu bilgi yapilari, ¢ogunlukla
bilimsel/formel bilgiyle uyumlu degillerdir ve her baglamsal (ayni icerige yonelik farkli sorular/problem
durumlan) degisiklikte sezgisel ve cevaplari yonlendirici olarak ortaya cikarlar. Boylesi bir durum da bilissel

tutarsizliga neden olur.

Tablo 1. Soru Baglamlariyla iliskili Temel Kavramlar

Kiitle Cismin Hacmi Batan Hacim Sivinin Yogunlugu

1. Farkh Cisimlerin kutleleri

Yogunluktaki
Sivilarda Ozdes
Cisimlere
Uygulanan
Kaldirma Kuvveti

iki 6zdes cismin
kiitleleri de ayni
olacagindan
onlara etki eden
kaldirma
kuvvetleri de
aynidir.

Bu soruda denge
durumundaki
cisimlere etkiyen

kaldirma kuvvetinin

belirlenmesi icin
cisimlerin kitle
verisi yeterlidir

Bu soruda denge
durumundaki
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi icin
cisimlerin kitle
verisi yeterlidir

ayni oldugu igin,
sivinin
yogunlugunun
kaldirma kuvvetine
bir etkisi yoktur.

Apaydin, Z. (2020). A Phenomenological Study in The Context of Conceptual Change Theories about
Buoyancy, International Journal of Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp.
(1711-1789).

1762



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

Tablo 1. (devami)

2. Farkh
Yogunluktaki
Sivilarda Esit
Kutleli Farkh

Cisimlere

Uygulanan
Kaldirma Kuvveti

3. Ayni Yogunluklu
Sivilarda Esit
Kiitleli Farkh

Cisimlere
Uygulanan
Kaldirma Kuvveti

4. Siviya Eklenen
Daha Yogun Bir
Sivinin Cisme
Uyguladigi
Kaldirma Kuvveti

5. Ayni Sivida Esit
Batan Hacimli
Farkl Cisimlere
Uygulanan
Kaldirma Kuvveti

6. Ayni Sivida Esit
Hacimli Askida
Kalan Farkh
Cisimlere
Uygulanan
Kaldirma Kuvveti

7. Oyun
Hamurundan
Yapilan Oyuncak
Gemiyi Batirma

Esit katleli fakl
cisimlere etki
eden kaldirma
kuvvetleri de
aynidir.

Esit katleli farkli
cisimlere etki
eden kaldirma
kuvvetleri de

aynidir.

Karigimin
yogunlugunun
artmasi 6zdes

cisme uygulanan
kaldirma
kuvvetinin
niceligini
degistirmez

Esit batan hacimli
cisimlere etkiyen
kaldirma
kuvvetleri esittir.

Esit batan hacimli
cisimlere etkiyen
kaldirma
kuvvetleri esittir.

Bu soruda batan
hacim verisi
onemlidir.

Bu soruda denge
durumundaki
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi icin
cisimlerin kitle
verisi yeterlidir

Bu soruda denge
durumundaki
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi icin
cisimlerin kitle
verisi yeterlidir

Bu soruda 6zdeslik
ve kiitle verisi
denge
durumundaki
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi igin
yeterlidir.

Bu soruda batan
hacim verisi
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi icin
yeterlidir.

Bu soruda batan
hacim verisi
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi icin
yeterlidir.

Bu soruda batan
hacim verisi
cisimlere etkiyen
kaldirma kuvvetinin
belirlenmesi icin
yeterlidir.

Bu soruda denge
durumundaki
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi igin
cisimlerin kitle
verisi yeterlidir

Bu soruda denge
durumundaki
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi igin
cisimlerin kitle
verisi yeterlidir

Bu soruda
Ozdeslik ve kutle
verisi denge
durumundaki
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi igin
yeterlidir.

Bu soruda batan
hacim verisi
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi igin
yeterlidir.

Bu soruda batan
hacim verisi
cisimlere etkiyen
kaldirma
kuvvetinin
belirlenmesi igin
yeterlidir.

Hamurun batan
hacmi azaldigi igin
dibe batmistir ve
kaldirma kuvveti
buna bagh olarak

azalmistir.

Cisimlerin katleleri
ayni oldugu igin,
sivinin
yogunlugunun
kaldirma kuvvetine
bir etkisi yoktur.

Cisimlerin katleleri
ayni oldugu igin,
sivinin
yogunlugunun
kaldirma kuvvetine
bir etkisi yoktur.

Sivinin yogunlugun

artmasinin kaldirma

kuvvetine bir etkisi
yoktur.

Bu soruda sivinin
yogunlugunun
kaldirma kuvvetine
bir etkisi yoktur.

Bu soruda sivinin
yogunlugunun
kaldirma kuvvetine
bir etkisi yoktur.

Bu soruda sivinin
yogunlugu kaldirma
kuvvetinin
belirlenmesinde bir
degisken degildir.
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Tablo 2'de ¢alismada yer alan katilimcilarin bilissel tutarliliklari verilmektedir.

Tablo 2. Katilimcilarin Suyun Kaldirma Kuvvetine Yonelik Biligsel Tutarhhklari

iki Farkh Kisim igin Bilissel Tutarhihk

Katihmailar 1. Kisim II. Kisim Her iki Kisim igin Bilissel Tutarlilik

Tutarsiz Tutarh Tutarsiz Tutarh Tutarsiz Tutarh
Lisans 5 - 1 4 5 -
Yiiksek Lisans 4 2 6 - 6 -
Arastirma Gorevlisi 2 1 2 1 3 -
Ogretim Uyesi - 1 - 1 - 1

Toplam Toplam
M Toplam 11 4 9 6 14 1

Tablo 2'ye gore, suyun kaldirma kuvveti-kitle iliskisini (I. Kisim) sorgulayan problem baglamlarina verilen
yanitlarda toplamda 11 katihmci bilissel tutarsizlik sergilerken; 4 katihmci bilissel tutarlilhk sergilemistir. Suyun
kaldirma kuvveti-batan hacim iliskisini (Il Kisim) sorgulayan problem baglamlarina yoénelik ise, 9 katilimci
tutarsizlikla yanit verirken; 6 katilimci tutarhlk yanitlarinda tutarliik géstermislerdir. Tabloda fakli katilimci
dizeylerinin bilissel tutarlihk durumlari da verilmistir. Her iki kisim icin bilissel tutarhlik bulgusu ise 6gretim

lUyesi haric, tim katilimcilar igin tutarsizlik lehindedir.

Tablo 3. Katilimcilarin Sergiledigi Gériingiibilimsel ilkseller' (Phenomenological Primitives?)

Katihmcilar G-ilkseller

Lisans Hareket ettirici kuvvet, ylizme, ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet
(suyun kaldirma kuvveti), ayni sivi yogunlugu ayni kuvvet, farkli cisim yogunlugu,
farkl cisim hacmi, cismin sekli/bigimi.

Yiiksek Lisans Yizme, hareket ettirici kuvvet, ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet, ayni
sivi yogunlugu ayni kuvvet, farkh cisim yogunlugu, farkli cisim hacmi, figirsel
yaklasim (cismin sekli/bicimi), nominal form.

Aragtirma Gorevlisi Hareket ettirici kuvvet, ylizme, ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet,
(Doktorant) figtirsel yaklasim (cismin sekli/bigimi), farkli cisim yogunlugu, farkli cisim hacmi, Ne

kadar fazla yizey alani o kadar az cisim basinci

Ogretim Uyesi G-ilksel yok

1: Kisaltmasi, G-ilkseller
2: Kisaltmasi, P-Prims
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Tablo 3'te katiimcilarin yanitlarinda sergiledigi g-ilkseller verilmistir.

Tablo 4. Lisans Diizeyindeki Katilimcilara Yénelik Yanitlar, G-ilkseller ve Alintilar

Yanitlar

G-ilkseller

Alintilar

S1 Yanit: Fkio>Fkga

S2 Yanit: Fk. >Fkg

S3 Yanit: Fki =Fkm

S4 Yanit:  Fkio >Fkia

S5 Yanit: Fky = Fkn

S6 Yanit: Fky> Fkp

S7 Yanit: Fky = Fka

Hareket ettirici kuvvet,
ylizme, ne kadar ¢ok sivi
yogunlugu o kadar ¢ok
kuvvet

Hareket ettirici kuvvet,
ylzme, ne kadar ¢ok sivi
yogunlugu o kadar ¢ok
kuvvet
Figlirsel yaklasim (cismin
sekli/bigimi), ayni sivi
yogunlugu ayni kuvvet,
farkh cisim hacmi

Ne kadar g¢ok sivi
yogunlugu o kadar ¢ok
kuvvet hareket ettirici

kuvvet

Hareket ettirici kuvvet

Hareket ettirici kuvvet

Farkh cisim yogunlugu,
farkh cisim hacmi

...Yogunluk ne kadar fazlaysa, kaldirma kuvveti o
kadar artiyor...

... L cisminin bulundugu sivinin yogunlugu digerinden
fazladir... Kaldirma kuvveti artiyor.... L daha
yukardaydi...

.... Seklin 6nemli oldugunu sey yaptim.... Hocam esit
yogunluk.... ... K'nin hacmini sey yapabiliriz hacim
kaldirir...

.... Fk artar... sivinin yogunlugu arttigi icin hocam.... K
cismi yukselir....

...K cisminin agirligi daha fazla oldugu icin daha
asagida olabilir

.... K'nin agirlig1 daha fazla.... P ile esit yerde
olmamasi.... K'ya uygulanan kaldirma kuvveti daha
fazladir.

.... oyun hamurunu sikinca yogunluk artar mi?...
ylzey alani.... Agirligi esit oldugu igin...

Tablo 5. Yiiksek Lisans Diizeyindeki Katilimcilara Yénelik Yanitlar, G-ilkseller ve Alintilar

Yanitlar

G-ilkseller

Alintilar

S1Yanit Fsz >Fk|<1

Ne kadar cok sivi

... Akdenizin yogunlugunu Karadenizden daha fazla

Fkx1=Fk> yogunlugu o kadar  olmasi.... Akdenizin cisme uyguladigi Fk Karadenizden
icsel cok kuvvet, hareket  daha fazla olur... Formile gore esit olur.... sol taraftaki
bilissel ettirici kuvvet, kaldirma kuvveti daha az bana gore... ylizen

tutarsizlik ylzme, pozisyonda olanin daha fazla... o sivi daha yogun....

yogunluklari fakli olsa da etki eden kuvvet ayni cisim

ayni 6z kitleye sahip oldugu igin esit yani kaldirma
kuvveti o daha fazladir o daha azdir....ikisine ayni etkiyi

yapiyor
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Tablo 5. (devam)

S2 Yanit Fky > Fky Nominal form, ... eger ki birinci kaptaki sivinin 6z kiitlesi ikinci kaptaki
ne kadar ¢ok sivi  sivinin 6z kiitlesinden faylaysa yani birine 3 diyelim birine 2
yogunlugu o

diyelim K ve L cisimlerinin hacimleri esitse... K cismine
kadar ¢ok uygulanan Fk 3a olur. L cisimine uygulanan Fk ise yine batan
kuvvet hareket

seyle orantili seyle orantili.... ona (L cismine) uygulanan Fk
ettirici kuvvet. daha kigik olur.

S3 Yanit Fky = Fkm, Nominal form,

.... M ylzdigiine gore yogunlugu diisiik yani hacmi daha
Fky > Fkm, yuzme, farkli fazla, buyik bir hacmi var M cisminin ama K cisminden ne
Fkk< Fkwm, cisim oranda biyik onu bilmiyorum... batan kisminin hacminin
icsel bilissel yogunlugu, sivinin 6z kitlesiyle carpimi K cisminin hacminin sivinin 6z
tutarsizlik farkh cisim kitlesiyle carpimina esit olabilir... burada bir esitlik ihtimali
hacmi, hareket var... M cisminin batan hacmi K cisminin hacminden
ettirici kuvvet kiiglikse... M cismine uygulan Fk daha az olur.... kiitleleri
esitse ve ayni siviya atilip biri ylzip digeri ylizmuyorsa
birinin hacmi daha fazladir ya da yogunlugu daha dusuk ayni
sey hacmi daha biiylk olacag icin batan kisminin hacmi
K'nin hacmine esit olabilir.... esit de olabilir, ikinci cisme
uygulanan Fk biiyik de olabilir, kiiciik de olabilir.

S4 Yanit Fky1 = Fkga Hareket ettirici

... yogunlugu K cismini kaldiracak sekilde artacaktir... ni... K
Fkia > Fkia kuvvet, yizme, cismi ylzeye cikacaktir... Fk'yi dengeleyecek sekilde
icsel bilissel  ne kadar ¢ok sivi yiizecektir bir kismu... ... hacim azalacaktir (body) yogunluk
tutarsizlik yogunlugu o (liquid) artacaktir ama Fk degismeyecektir.... Yogunlugun d
kadar ¢ok sivi artacak d batan sabit kalacagi icin Fk artacaktir. Eger
kuvvet, cisim ylizmezse konumu degisirse sadece ama cisim ylizer ve
nominal form.

batan hacmi degisirse o zaman iki degiskenim oluyor esit de
olabilir (symbolic form)

S5 Yanit Fky = Fkn Hareket ettirici

...Kaldirma kuvvetleri uygulanan kaldirma kuvvetleri esittir;
kuvvet, ¢linkd su ayni su yogunlugu ayni... Fk da ayni...
(yogunlugun
esitligine atif da,
dolayli olarak bu
p-prim'e atiftir),
ayni sivi
yogunlugu ayni
kuvvet
S6 Yanit Fkg = Fkp Ayni sivi
yogulugu ayni
kuvvet, ne
kadar ¢ok sivi
yogunlugu o
kadar ¢ok
kuvvet.

... Sivi yogunlugu sabit... Fk'lar esit...
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Tablo 5. (devam)

S7 Yanit Fky > Fki Nominal form, ikinci fazla da olabilir derim... ... esit de olabilir derim...
Fki - Fka yuzme, farkli yani diyelim ki 10 metrekip 10 a kadar genislettiniz hacmi

i¢csel bilissel  cisim yogunlugu bunun 7 si batti 3 U disarida.Yogunlugu arttirmak igin de

tutarsizlik cismi sikistirdiniz orada 7 ye kadar sikistirdiniz 10 du.... Bu

sefer batmis olan sekle daha fazla kaldirma kuvveti hacim
daha fazla oldugu icin orada orda daha fazla Fk uygulaniyor
olabilir....Sagdakine daha fazla Fk etki ediyor da olabilir.
ikisine ayni kuvvet etki ediyor da olabilir. Soldakine daha

fazla Fk da etki ediyor olabilir.

Tablo 6. Arastirma Gorevlileri (Doktorant) Katilimcilara Yénelik Yanitlar, G-ilkseller ve Alintilar

Yanitlar G-ilkseller Alintilar
S1 Yanit Fky1 = Fkyz Hareket ettirici .... Fk aynidir. Yogunluga gore, onlar ortada Ustte altta
kuvvet, farkli cisim  kalir.... ben seyi cismin yogunlugu onun... ni... kladirma
yogunlugu. uygulanan kaldirma kuvveti esittir cismin
yogunlugunun fazlhigina ya da azligina gére onun
seviyesi degisir....
S2 Yanit Fkka > Fkga Hareket ettirici .... 0 zaman yiiksekte kalanin kaldirma kuvveti daha
kuvvet, ylizme. fazladir.... yogunluklari ayni kitleleri ayni o zaman
kaldirma kuvveti farkhdir....
S3 Yanit Fkka = Fka, Figlrsel yaklasim .... simdi sivilar var ya sekiller kaldirma kuvvetini
Fk'lar (cismin sekli/bicimi)  etkiliyorsa kaldirma kuvvetleri esittir sekille alakalidir
farkhdir, 0.... Simdi ayni yogunlukta ve esit kitleli ise seklin de
igsel kaldirma kuvvetine etki etmedigini bildigim icin
bilissel kaldirma kuvvetleri farkhdir...
tutarsizhk
S4 Yanit Fkia > Fkga, Hareket ettirici .... yogunluk artacak dogal olarak yogunluk artinca
Fk1 = Fkga, kuvvet, icindeki kaldirma kuvveti de artar diye
igsel Ne kadar ¢ok sivi diistiniyorum.... Simdi yogunlugu daha fazla geliyorsa
bilissel yogunlugu o kadar kaldirma kuvveti ayni kalsa dahi gelen cismin
tutarsizhk ¢ok kuvvet yogunluguyla o sivi yukari gikacaktir.... kaldirma
kuvveti ayni kalacaktir
S5 Yanit Fkg = Fky Farkl cisim .... yani cismin yogunlugu kaldirma ku ... yani cismin ...
yogunlugu 1 ... suyun i¢indeki durumuna etki ediyor .... K
cisminin, o N mi??? tam olarak géremiyorum o (K)
cisimden yogunlugu daha az oldugu icin batmis
S6 Yanit Fkk = Fkp, Figlrsel yaklasim, .... kaldirma kuvveti esitse sekil etki eder o zaman ...
Fkg # Fkp Farkli cisim hacmi, sekil etkilemiyorsa kaldirma kuvvetleri farkli o zaman
igsel farkli cisim .... hacimleri ayni .... ama yogunluklari farkli o zaman
bilissel yogunlugu. .... bunun kaldirma kuvveti esittir ama cismin
tutarsizlik yogunlugu farklidir.... kaldirma kuvveti aynidir ama o

iki cisim arasinda hacimleri ayni olsa da kitleleri ya da
yogunluklari farkhdir ....
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Tablo 6. (devami)

S7 Yanit Fki=Fky, Figlrsel yaklasim, 0O zaman sekli etkiliyor .... kaldirma kuvvetinin esit
Fka # Fkq Ne kadar ¢ok cisim oldugunu digiiniyorum, birinin yizeyde kalip birinin
igsel ylizey alani o kadar batmasina da ylizey alani genisledik¢e uygulayacagi
bilissel az cisim basinci, basing daha azaliyor... i ... sivri bir seyin uygulayacagi
tutarsizlik Hareket ettirici basing...1n...basing daha kigiik ya, onun uygulayacagi
kuvvet, ylizme, basin¢ daha fazla olacagi icin o batmistir diyorum 6teki

daha genis oldugu icin de uygulayacagi basing daha az
oldugu icin sivinin icinde daha ylizeyde kalmistir
diyorum

Tablo 7. Ogretim Uyesi Katilimciya Yonelik Yanitlar, G-ilkseller ve Alintilar

Yanitlar G-ilkseller Alintilar
S1Yanit  Fkg; = Fkgo G-ilksel yok Formel Dil:
mi;=m;
pP1# P2

Fkk1= mg= Vp1p18
Fkk2= mg=Vp2p2 g
»

Vb1p1 = Vu2p2
»

Fk1 = sz

S2 Yanit Fky = Fki G-ilksel yok Formel Dil:
mg=mg
P1# P2
Fky= myg= Vukp1g
Fki= mig= Vuip2g
»
Vokp1 = VoLp2
FkK = Fk|_

S3 Yanit Fkk = Fkm G-ilksel yok Formel Dil:
mg=my
P1=p2
Fky= mig= Vpkpg
Fkm= m2g= Vpmpg
»
Vikp = Vomp
»

FkK = FkM

S4Yanit  Fkgs = Fkgo G-ilksel yok Formel Dil
mi;=m;
P2>p1
Fkx1= mxg= Vbk1p18
Fki2= mg= Vbk2p28
»
Viok1P1 = Vbk2p2
»
FkKl = FkKZ
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Tablo 7. (devami)

S5 Yanit Fkg = Fky G-ilksel yok Formel Dil
Vik = Vi
Fky= mgg= Vukpg
Fkkn= mng= Vonpg
»
Vokp = Vonp
»

FkK = FkN

S6 Yanit Fk = Fke G-ilksel yok Formel Dil
VK= Vp
Fky= mgg= Vukpg
Fkp= mpg= Vpppg
»
Vikp = Vipp
»

FkK= FkN

S7 Yanit Fki> Fk; G-ilksel yok Formel Dil
Vb1 # V2
Fki = mg, Fko<mg
ve
Fk1= Vblpg
Fko= Vbapg
»
FkKl > Fsz

Tablo 4, 5, 6 ve 7 yedi soruluk bir set dahilinde farkh gruplardaki katihimcilarin, yanitlarina gore bilissel

durumlarini (tutarhhk veya tutarsizlik), g-ilkselleri ve veri olarak sunulan temel nitel alintilari gdstermektedir.

TARTISMA

Calisma, nitel arastirma yontemiyle ylritilmis olmakla birlikte, katihmcilarla sinirli kalmak kosuluyla ve bir
genelleme kaygisi giidiilmeden betimsel diizeydeki nicel bulgulari da kullanmistir. Oyle ki katilimcilara ait bilissel
tutarhhik durumu, varyasyonel olup basit sayisal ifadeler (izerinden belirtilebilmektedir. Dolayisiyla tartismanin
bilissel tutarhlikla ilgili ilk bolimu, nitel alintilarin destegiyle bu sayisal sembollerle yiritiilecektir. Bu baglamda
ilgili nicel bulgulara gore, 6gretim Uyesi katilimci disinda, diger katiimcilarin bilissel yapisi tutarsizlik lehinde bir
ortintl ortaya koymaktadir (Tablo 2). Tablo 2'deki bulgular detaylandirildiginda, kitle ve suyun kaldirma
kuvvetini sorgulayan I. kisim igin; 11 katihmcinin biligsel tutarsizliga sahip oldugu; 4 katiimcinin ise biligsel
tutarhhk gosterdigi belirtilebilir. Yine batan hacim ve suyun kaldirma kuvveti arasindaki iliskiyi sorgulayan II.
kisim icin; 9 katihmci bilissel tutarsizlik sergilerken; 6 katiimcinin ise bilissel tutarlihga sahip oldugu
gorilmektedir. Bu yondeki bulgular diSessa'nin (1993) parcali biligi yapisi teorisiyle uyumlu niteliktedir. Bununla
birlikte ilgili bulgularin katilimci kategorileri arasinda da varyasyon gosterdigini ifade etmek olasidir. Buna gore,
I. kisim icin lisans 6grencisi statlisindeki katilimcilarin tamaminin, ylksek lisans 6grencilerinin 4'linln ve
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arastirma gorevlisi doktorantlarin da 2'sinin biligsel tutarsizlik sergiledigi gortlmektedir. 1l. kisim igin; lisans
ogrencilerin 1 tanesinin, ylksek lisans 6grencilerinin 6'sinin ve arastirma goérevlisi doktorantlarin yine 2'sinin
tutarsizliga sahip oldugu gorulebilir. Her iki kisim igin suyun kaldirma kuvvetine yoénelik yanitlar birlikte
degerlendirildiginde ise; 6gretim lyesi katimci disindaki tim katilimcilarin biligssel tutarsizlik lehinde yanitlar
olusturdugunu gérmek mumkindir (Tablo 2). Yanitlarin degisen sorulara gore bir tutarliliga sahip olmamasi,
parcal biligi yapisi teorisinin naif bilisler icin 6n gordigi, baglam duyarhihg yaklasimiyla uyumlu bir bulgu olarak
degerlendirilmektedir (diSessa, 1993; 2002; diSessa, Gillespie ve Esterly, 2004). Bilissel tutarlilik analizinde,
yanitlarin bilimsel dogrulugundan ziyade, baglamsal varyasyonu dikkate alinmaktadir. Bununla birlikte, bilissel
tutarsizlik gésteren yanitlar, cogunlukla yanilgilh 6ncti kavramlar ya da kavram yanilgilarindan olusmaktadirlar.
Parcgall bilgi yapisi teorisinin terminolojisine gore, bu tiirden tutarsizlik ve yanilgilarin ortaya ¢ikmasina neden
olan yapilar g-ilkseller olarak tanimlanirlar. G-ilkseller dogal diinyanin veya fiziksel evrenin algilanmasi ve
yorumlanmasinda dogallik hissi yaratan, parcali yapida yani birbirleriyle yari bagimsiz iliski icinde olan eklektik
bilissel yapilar olarak degerlendirilmektedirler. Bu yaklasim, bir doga olayina veya fiziksel evrenin bir parcasina
yonelik naif bir biligsel yapi sergileyen bireylerin, g-ilkseller (izerinden yanitlar vermelerinin bilissel tutarsizhga
neden oldugunu ifade etmektedir. Alanyazinda, bu yaklasimi destekleyen g¢alismalar oldukga fazladir (Apaydin,
2014; Apaydin, Akman, Tas ve Peker, 2014; Apaydin, Cobanoglu ve Ergtil, 2018; Chiou ve Anderson , 2010;
Clark, 2006; Eshach ve Schwartz, 2006; Furuta, 2000; Galili ve Hazan, 2000; Hamid ve Widodo, 2017; lJin, Zhan
Anderson , 2013; Jin, Rijn, Moore, Bauer, Pressler ve Yestness, 2019; Khishfe, 2017; Kirbulut ve Beeth, 2013;
Leppavirta, 2012; Liu ve Maclsaac, 2005; MclLure, 2018; Ozdemir, 2007; 2017; Ozdemir ve Clark, 2009;
Reinfried ve Tempelmann, 2014; Southerland ve ark., 2001; Turcotte, 2012; Tytler, 1998).

Apaydin'in (2014), ortaokul 6grencilerinin suyun kaldirma kuvveti kavramina yonelik ¢alismasinda, katilimcilarin
bilgi yapilarinda tutarsizhk bulundugu ve oOzellikle yiizme olgusuna yonelik kavramsallastirmanin bir g-ilksel
olarak davrandigi belirlenmistir. Calismamizin nitel bulgulari degerlendirildiginde; farkh bilissel asamalar ve
O0grenim dizeylerinde olan katilimcilarda dahil yizme olgusuna yonelik bir kavramsallastirmanin bir g-ilksel
olarak davrandigi goriilmektedir. Bu yondeki bulgular 6grencilerin ylizme g-ilkseli sergilemelerinde belirleyici
faktorin; yas, farkl bilissel asama ve 6grenim diizeylerinden bagimsiz olarak fen 6gretimi niteliginin oldugunu
gostermektedir. Buradan hareketle, suyun kaldirma kuvvetiyle ilgili 6grenim siireglerinde baglamsal gesitlilik
saglanmasi veya igerik bilgilerinin farkli ornekler bakimindan zenginlestiriimesi; 06grencilerin bilimsel
actklamalara yakin bir kavramsal tutarliliga ulasmasini hizlandiracaktir. Uneo (1993) da g-ilksellerin, yalnizca
bireysel bilisimizle ilgili olmayip sosyal bir yoninin oldugunu ve fen kavramlarina yonelik baglamsal 6rnek
cesitliligi ile baglantili olarak akran etkilesiminin arttirilmasinin, g-ilksellerin yonlendiriciligini azaltacagini iddia
etmektedir. Tekrarlamak gerekirse g-ilkseller, bilissel yapiyi yonlendiren ve dolayisiyla bilissel tutarsizliga neden
olan bilesenler olarak degerlendirilmelidirler. Calismamizdaki yiizme kavramsallastirmasi da bir g-ilksel olarak
katihmcilarin biligsel etkinliklerini yonlendirmis ve bir bilissel tutarsizhgin ortaya ¢ikmasinin temel nedeni
olmustur (Tablo 3). Apaydin ve ark.'lari (2014) besinci sinif 6grencilerinin 1sik kavramina yénelik bilgi yapilarinin

kavramsal degisim teorilerine gore analizi isimli arastirmalarinda; gorme ve isik iliskisi, golge ve isik iliskisi,
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saydamlik ve 1sik iliskisi gibi olgularla ilgili katilimcilarin blyik bir kisminin bilissel tutarhlk sergilediklerini; ancak
1Is18in  hareketi olgusuna yonelik kavramsallastirmalarinda ise biyldk bir tutarsizliga sahip olduklarini
belirlemislerdir. Yazarlar, bu yondeki bir bulguyu; ilk G¢ olgunun makro buylklikler diinyasiyla ve dolayisiyla
dogrudan kanitlarla iliskili olgular oldugunu belirterek ve fakat isigin hareketine yonelik olguyu ise mikro
blyklikler diinyasi ve dolayisiyla dolayli kanitlarla iliskilendirerek agiklama yoluna gitmislerdir. Boylesi bir
iliskilendirmeye gore, dogrudan kanitlarla iliskili, kapsami dar, betimsel kavramlara yonelik olarak, bilissel bir
tutarlilik beklenirken; dolayh kanitlar yani dogrudan gozlenemeyen, isik hizi gibi fotonlar boyutunda mikro
dinyay ilgilendiren teorik kavramlarda, tutarsizhigin ortaya ¢ikmasi beklenen durumdur (Halloun, 2006;
Lawson, 1995; Lawson, Alkhoury, Benford, Clark ve Falconer, 2000). Calismamizin konusunu olusturan suyun
kaldirma kuvveti, etkileri bakimindan dogrudan gozlenebilen bir olgu iken; yogunluk ve dolayisiyla kitle,
hacim/batan hacim olgulariyla iliskisi baglaminda maddenin tanecikliligi ve atom teorisi gibi dogrudan
gozlenemeyen mikro olgulari agiklayan teorilerle iliskilidir. Bundan dolayl suyun kaldirma kuvvetinin, 1sigin
hareketi olgusu gibi teorik kavramsallastirmalarla iliskili oldugu ve bu durumun da, katilimcilarda bilissel
tutarsizlik olusmasina neden oldugu belirtilebilir. diSessa'nin pargali bilgi yapisi teorisi, teorik nitelikteki
kavramlara yonelik naif bilissel yapilandirmalari agiklamada oldukga islevsel goriinmektedir. Bu islevsellik, teorik
nitelikteki kavramlarin yine diSessa'nin (2002) esgiidiim siniflari olarak adlandirdigi; kapsamli ve bir cok
bilesenden olusan, bir kavramsal cerceveye sahip olmasiyla da iliskilidir. Dolayisiyla birden fazla kavramsal
bilesenin kompleks iliskisinin bir sonucu olarak, naif bir bilise sahip uzman olmayan katilimcilarin teorik
kavramlarla ilgili farkli soru baglamlarinda tutarsizlik gostermesi pargali biligi yapisi teorisini destekler
niteliktedir. Russanen (2013) kavramsal degisim teorilerinin, blyik boyutlu karmasik ve farkli alt bilesenleri
olan olgusal sistemleri agiklamaya calistigini ve baglh olarak kavramsal degisim siirecinin ise bireylerin giinlik
kavramsallastirmalarindan cok, akademik ve teorik kavramlar Gzerinden betimlendigi elestirisini getirmektedir.
Bu aciklama; oOgrencilerin bilimsel kavramlara yonelik ginlik deneyimlerinden hareketle olusturduklar
kavramsallastirmalarla, ilgili kavramlarin formel agiklamalarini iligkilendirerek bir analiz yontemi kullanan pargali
bilgi yapisi teorisinin yaklasimini desteklemektedir. Oyle ki parcal bilgi yapisi teorisi, 6grencilerin naif
bilislerindeki g-ilksellere ve boylece bireysel giinlik kavramsallastirmalarina odaklanmaktadir. Yine Apaydin ve
ark.'larinin (2018) ortaokul 6grencilerinin fiziksel ve kimyasal degisim olgulariyla ilgili bilgi yapilarinin analizine
yonelik bir diger calismalarinda, katilimcilarin 6zellikle kimyasal degisim olgulariyla ilgili sorularda tutarsiz
yanitlar verdikleri belirlenmistir. Bu yondeki bir bulgu da; katiimcilarin anilan nedenlerden dolayi kimyasal
degisim Ozelindeki teorik kavramsallastirmalarla iliskili olgularda, tutarsiz yanitlar verebilecegini tespit etmesi
bakimindan énemlidir. Chiou ve Anderson (2010) isi iletimiyle ilgili arastirmalarinda, her ne kadar mental model
ya da cerceve teorisine uygun yanitlar bulduklarini ileri siirseler de; 06grencilerin 1si iletimine yonelik
kavramsallastirmalarinin yalnizca tutarh ontolojik elementlerle veya inancglarla agiklanamayacagini ifade
etmektedirler. Bu nedenle yazarlar, 6grencilerin baglamlara bagh akil yiriitmelerinin birebir onlarin mental
modelleriyle uyum icinde olmadigini da vurgulamaktadirlar. Chiou ve Anderson'in (2010) mental modeller
yaklasimina dayanan calismalarinin dahi, katilimci 6grencilerin naif bilgilerinin tam olarak tutarl olmadigini ima
etmesi ¢alismamizin sonuglariyla uyumu bakimindan 6nemlidir. Clark (2006) boylamsal bir calismasinda
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ortaokul 6grencilerinin termal dengeyle ilgili bilgi yapilarinin degisimini incelemis olup; katilimcilarin termal
denge kavramina yonelik parcali bilgi yapilar sergiledigini ve yanitlarinin g-ilksellere sahip oldugunu
belirlemistir. Galili ve Hazan (2000), lise 6grencileri ve 6gretmen lisesi 6grencileriyle gergeklestirdikleri bir
¢alismada o6grencilerin, diiz aynada gorinti olusumu konusunda bir hiyerarsi sergileyen alternatif bilgi
yapilarina sahip olduklarini belgelemislerdir. Bulgulara gére, 6grencilerin bilgi yapilari, ¢esitli bilgi gérintimleri
ve bilgi tasarimlari olarak kendini gostermekte ve bilgi tasarimlari, tipki g-ilkseller gibi, baglam duyarl ve

sagduyu temelli bir agiklama yapisi sergilemektedirler.

Calismanin nicel bulgularina gore, 6zellikle 1. kisim igin 5 katilimci lisans 6grencisinden 4'Uinin bilissel tutarhlik
sergilemesi, g-ilksellere sahip olmadigl anlamina gelmemektedir. ilgili lisans &grencisi katimcilarin, II. kisim igin
de gesitli g-ilksellerin etkisinde yanitlar olusturduklari gésterilmistir (Tablo 3 ve Tablo 4). Ayrica katilimcilarin bir
¢alisma kapsaminda ilgili soru setine tutarli yanitlar vermesi, bu yondeki olgunun genel geger oldugu anlamina
gelemez. Ayni arastirmaci ya da arastirmaci grubu, ayni soru seti icin farkh katiimcilarla yirattiikleri bir baska
calismada bilissel tutarlihk yakalayabilirler. Nitekim Vosniadou ve Brewer'in (1992) temel egitim diizeyindeki
ogrencilerle gergeklestirdigi bir calisma, katilimcilarin diinyamizin sekline yonelik belirli kronolojik donemler igin
tutarh mental modellere sahip oldugunu iddia ederken; Vaiopoulou ve Papageorgiou (2018) ise ayni yas
grubuyla gerceklestirdikleri bir ¢alismada, katilimcilarin diinyanin sekline yénelik kavramsallastirmalarinin hig
de biligsel bir tutarhlik sergilemedigini ortaya koymuslardir. Béylece bu ¢alismanin bulgularina gére de,
katilimcilarin diinyamizin sekline yonelik parcali yapida naif ve g-ilksel benzeri bilgi yapilarina sahip olduklari
kanitlanmistir. Bu durum, bir calismada katiimcilarin, bir fen kavrami icin tutarli bir bilissel yapi
sergilemelerinin, g-ilkseller tarafindan yonlendirilmedikleri anlamina gelmedigini gostermesi bakimindan
dnemlidir. Oyle ki calismamizin bulgulari da, lisans diizeyindeki 5 katilimcinin en azindan 1l. soru setine
verdikleri yanitlar Gizerinden; benzer yaklasimi desteklemektedir. Buna goére, belki de ayni katilimcilar sivilarin
kaldirma kuvvetine yonelik farkl formile edilmis sorulara bilissel tutarsizlik géstererek ve fakat yine g-ilksellerin
etkisinde vyanitlar verebileceklerdir. Leppavirta (2012), elektrik ve magnetizma kavramlarina yoénelik
¢alismasinda katilimcilara ait bulgulari, diSessa 'nin ileri sirdigi ohm g-ilkseli'nin tutarliigi Gzerinden
degerlendirmistir. Buna bagli olarak da Ohm g-ilkseli'nin 6zellikle Ohm yasasiyla ilgili elektrik kavramina yonelik
sorularin yanitlanmasinda tutarh bir bigimde kullanildigi belirtilmistir. Eshach, Lin ve Tsai'nin (2018) fakl sinif
dizeylerinden 6grencilerin katilimcr oldugu calismalarinda, her ne kadar bir bilissel tutarlilik sergilense de
yinede g-ilksellere atifta bulunulmustur. Yani ilgili calisma bulgulari, bilissel tutarligin oldugu durumlarda da g-
ilksel gibi davranan naif kavramlarin oldugunu desteklemektedir. Bu baglamda, Tablo 3'te, Lisans 6grencilerinin,
hareket ettirici kuvvet, ylizme, ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet, ayni sivi yogunlugu ayni kuvvet,
farkli cisim yogunlugu, farkli cisim hacmi, figiirsel yaklasim biciminde ifade edilebilecek g-ilksel 6rnekleri
sergiledigi goriilmektedir. Yiksek lisans 6grencileri de, yiizme, hareket ettirici kuvvet, ne kadar ¢ok sivi
yogunlugu o kadar ¢ok kuvvet, ayni sivi yogunlugu ayni kuvvet, farkli cisim yogunlugu, farkli cisim hacmi,
nominal form seklinde terimlestirilebilecek g-ilksel o6rneklerine sahipken; arastirma gorevlisi doktorant

katilimcilarin ise benzer bicimde, hareket ettirici kuvvet, ylizme, ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet,
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figiirsel yaklasim, farkli cisim yogunlugu, farkl cisim hacmi, ne kadar ¢ok cisim yiizeyi o kadar az cisim basinci
terimleriyle ifade edilebilecek g-ilksel rneklerine sahip olduklari gdsteriimektedir. Ogretim Uyesi katihmci ise,
onundeki gorsel soru senaryolarinin bir siire etkisinde kalarak, mimikleriyle biligsel tutarsizhg cagristirabilecek
davranislar sergilemisse de; kisa siirede formel dili kullanmaya yonelmis ve sorulara bilissel bir tutarlilik icinde
yanit vermistir. Ogretim Qyesi katilimcinin yanitlarinda, g-ilkseller ile iliskilendirilebilecek nitel verilere
rastlanmamistir. Bundan dolayi diger katiimcilarin yanitlarinda g-ilksellere génderme yapmalarinin; pargali bilgi
teorisinin, naif bilisin; tutarli bir kavramsal ¢ergeveye sahip olmadigi ve g-ilksllerden olusan yari bagimsiz ve

eklektik bir yapi sergiledigi goriisiine katki sagladigi ifade edilebilir.

Hareket ettirici kuvvet ve ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet g-ilkselleri, diSessa (diSessa, 1993;
2002 ve diSessa, Gillespie ve Esterly, 2004) tarafindan gelistirilen terimler olup; ¢alismanin katilimcilarinda da
bu g-ilksellere ait garpici yanitlarin oldugu tespit edilmistir (Tablo 3). Katihmcilarin bu ¢alismaya 6zgl ve
ortaklastiklari g-ilkseller de belirlenmistir. Buna gore, hareket ettirici kuvvet, yiizme, ne kadar ¢ok sivi yogunlugu
o kadar ¢ok kuvvet, ayni sivi yogunlugu ayni kuvvet, farkli cisim yogunlugu, farkli cisim hacmi, terimlerinin her
katihmci grubu igin ortak g-ilkseller olduklari rahatlikla gorilebilmektedir (Tablo 3). Katiimcilarin ortaklastigr g-
ilkseller arasinda diSessa'nin (diSessa, 1993; 2002 ve diSessa, Gillespie ve Esterly, 2004) hareket ettirici kuvvet
ve ne kadar ¢ok bagimsiz degisken bliyiikliigii o kadar ¢ok kuvvet g-ilkselleri ile iliskili ve bu calismaya 6zgi g-
ilkseller de mevcuttur. Calismamiza 6zgl ve katilimcilarin ortak basvuru yaptigi, ne kadar ¢ok sivi yogunlugu o
kadar ¢ok kuvvet g-ilkseli, dogrudan diSessa'nin ne kadar ¢ok bagimsiz degisken biiyiikligi o kadar ¢ok kuvvet
g-ilkseliyle iliskilidir. Figiirsel yaklasim teriminin bu ¢alisma kapsaminda lisans 6grencileri ve arastirma goreuvlisi
doktorantlar; nominal form teriminin, yiksek lisans 6grencileri ve ne kadar ¢ok cisim yiizeyi o kadar az cisim

basinci teriminin ise arastirama gorevlisi doktorantlar igin 6zgilin g-ilkseller oldugu belirtilebilir.

Nitel bulgulara gore katilimcilarimizin soru setine verdigi yanitlarin irdelenmesi olduk¢ca 6nemlidir. Tablo 4,
Tablo 5, Tablo 6, Tablo 7; yanitlara gére bilissel tutarsizligi, g-ilkselleri ve veri olarak kullanilan temel nitel
ahintilari iliskilendirmektedir. Bu baglamda, g-ilksel bulgulari detayl incelendiginde; bilissel tutarsizlik ve g-ilksel
iliskisini acikca gormek olasidir. Lisans 6grencilerinin yanitlarini temsil eden temel g-ilksel kodlamalari ve alinti
orlintlist bakimindan, S1, S2, S4, S6, S7 kodlu sorulara yonelik, suyun kaldirma kuvvetiyle ilgili birinci ve ikinci
durum karsilastirmalarinda kuvvet biyikliklerinde bir esitsizlik oldugu ifade edilirken; S3 ve S5 kodlu sorularda
kuvvet buyukluklerinde esitlik oldugu belirtilmektedir (Tablo 4). Yanitlardaki bu farklilik bilissel tutarsizliga isaret
etmektedir. Burada ilging olan bulgu tiiri ise, sorulara verilen yanitlarin g-ilksellerin kontroliinde verilmesidir.
Buna gore; S1'le ilgili senaryoda Fkg, > Fk esitsizligi ileri strGlmustir. Bu yaniti 6zetleyen alinti, "... Yogunluk
ne kadar fazlaysa, kaldirma kuvveti o kadar artiyor..." seklinde olup; yogunluk ve kaldirma kuvveti arasinda,
cismin pozisyon farkliligi ve hareket etmesi lizerinden iliski kurulmustur. Boylesi bir iliskilendirme acik olarak,
vanitlarin, hareket ettirici kuvvet, yiizme, ne kadar ¢ok sivi yodunlugu o kadar ¢ok kuvvet g-ilkselleri
kontroliinde oldugunu belgeler niteliktedir. Ayni sekilde; S2, S4, S6 ve S7 senaryolarina yonelik yanitlarin da

benzer g-ilksellerin kontroliinde olusturulduklari gérilmektedir. S2 irdelenirse; "hareket ettirici kuvvet ve ne
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kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet" g-ilksellerinin, "... L cisminin bulundugu sivinin yogunlugu

digerinden fazladir..." alntisiyla iliskili ve "yizme" g-ilkselinin, ".... L daha yukardaydi..." alintisiyla iliskili

oldugunu gérmek mimkindir. S4 igin; " ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet " g-ilkselinin, "... Fk
artar... sivinin yogunlugu arttigi igin hocam...." alintisiyla iliskilendirilebilecegi, yine S6 igin ise; ".... K'nin agirhgi
daha fazla.... P ile esit yerde olmamasi.... K'ya uygulanan kaldirma kuvveti daha fazladir." alintisinin, "hareket
ettirici kuvvet" g-ilkselinin kontroliinde oldugu ifade edilebilir. S3 ve S5 senaryolarina yonelik yanitlarda bir
esitlik iligkisi ortaya konsa da; bu yanitlarda da g-ilksellerin kontroliiniin oldugu asikardir. Buna gére S3 igin;
"....Seklin 6nemli oldugunu sey yaptim .... Hocam esit yogunluk ....K'nin hacmini sey yapabiliriz, hacim kaldirir...."
alintisi, "figiirsel yaklasim, ayni sivi yogunlugu ayni kuvvet, farkli cisim hacmi" g-ilksellerinin etkisi altindayken;

S5 igin; "...K cisminin adirligi daha fazla oldugu icin daha asadida olabilir." alintisi; yanitta, "hareket ettirici

kuvvet" g-ilkselinin etkili oldugunu ortaya koymaktadir. Katilimcilardan biri, S3'te cismin sekline génderme

yaparak . seklin énemli oldugunu sey yaptim...." biciminde yanit vermis ve bu yanit da yazar
tarafindan,"figiirsel yaklasim" terimleriyle ifade edilebilecek bir g-ilksel ile iliskilendirilmistir. Ayni sekilde "K'nin
hacmini sey yapabiliriz, hacim kaldirir...." alintisi da, "farkli cisim hacmi" g-ilkselliyle iliskilendirilmistir (Tablo 4).
Bu calismada ilk olarak ifade edilen bu g-ilkseller'in, diSessa'nin Newton fizigindeki etki-tepki kuvvetlerinden ve
ohm vyasasindan hareketle ileri siirdigu "ohm g-ilkseli" ile baglantili oldugunu belirtmek olasidir. "Ohm g-
ilkseline" gore; naif bir bilis, "ne kadar fazla direngle karsilasirsaniz o kadar fazla kuvvet liretirsiniz" bigiminde
bir algi olusturmaya egilimlidir (diSessa, 1993; 2002). Buradan hareketle bitin g-ilkseller birbirleriyle dogrudan
ya da dolayh olarak iliskili olup benzer baglam ve soru senaryolarinda farkh diizeylerde orta cikarlar (Apaydin,
2014). Bundan dolayi, "figiirsel yaklasim"™ ve "farkli cisim hacmi" g-ilksellerinin, diSessa'daki "hareket ettirici
kuvvet" ve "ne kadar ¢cok bagimsiz degisken miktari o kadar ¢ok kuvvet" g-ilkselleri ile de dolayh olarak baglantih
oldugu belirtilebilir. Bulgularin bu yonde degerlendiriimesi, benzer baglamlarin benzer g-ilkselleri harekete

gecirecegini ve g-ilksellerin, dncelik sonralik iliskisi icinde yeni g-ilksellerin ortaya ¢ikmasina neden olabilecegini

gostermesi bakimindan 6nemlidir (diSessa, 1993; 2002).

Yiiksek lisans diizeyindeki katiimcilarin bulgulari degerlendirildiginde de, benzer yorumlarda bulunmak olasidir
(Tablo 5). S1 icin; katimcilari temsil eden tipik bir alinti, tutarsizlik ve g-ilksel iliskilendirmesinde soru icinde
dahi bir icsel bilissel tutarsizlik oldugunu ortaya koymaktadir. Oyle ki; ilgili soruda, birinci ve ikinci baglamlar
karsilastirildiginda, hem kuvvetlerin esitligi hemde esitsizligi Uzerinden yorumlar getirilmis oldugu
gorilmektedir (Tablo 5). Buna gore, "....Formiile gére esit olur.... sol taraftaki kaldirma kuvveti daha az bana

gore... yiizen pozisyonda olanin daha fazla..." alntisi ilgili durumu ozetler niteliktedir. S2 ile ilgili alintida;
"...eger ki birinci kaptaki sivinin 6z kiitlesi ikinci kaptaki sivinin 6z kiitlesinden faylaysa yani birine 3 diyelim
birine 2 diyelim K ve L cisimlerinin hacimleri esitse... K cismine uygulanan Fk 3a olur. L cisimine uygulanan Fk ise
yine batan seyle orantili seyle orantil.... ona (L cismine) uygulanan Fk daha kii¢iik olur." seklinde katihmcinin
formiile yeni bir anlam katmasi; Sherin'in (2001) sembolik formlarina atfen nominal form gelistirdigini destekler

niteliktedir. Bu yazida ilk olarak ifade edilen nominal formlar, tipki g-ilkseller gibi baglam duyarliligina sahip;

daha deneyimli ya da yari deneyimli bireylere ait yari bagimsiz, karmasik ve atomistik bilgi elemanlarini temsil
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etmektedirler. S3, S4 ve S7 baglamlarinda da nominal form 6rnekleriyle karsilasmak olasidir. "... M cismine
uygulan Fk daha az olur.... kiitleleri esitse ve ayni siviya atilip biri yiiziip digeri ylizmiiyorsa birinin hacmi daha
fazladir ya da yogunlugu daha diisiik ayni sey, hacmi daha biyiik olacagi icin batan kisminin hacmi K'nin
hacmine esit olabilir.... esit de olabilir, ikinci cisme uygulanan Fk biiyiik de olabilir, kii¢iik de olabilir." bigcimindeki
bir alinti, her ne kadar "yiizme" g-ilkseline de gonderme yapsa; formili yorumlama c¢abasi icerdigi icin bir

nominal form ornegi olarak da degerlendirilebilir. Yine ".... Yogunlugun???... d sivi artacak d batan sabit

kalacadi icin Fk aratacaktir. Eger cisim ylizmezse konumu dedisirse sadece; ama cisim yiizer ve batan hacmi

degisirse o zaman iki degiskenim oluyor esit de olabilir...." ifadeleri de, S4 icin formilin nominal diizeyde
yorumlandigi seklinde ve nominal form 6rnegi olarak degerlendirilebilir. Bununla birlikte S7 baglami icin de;
"... yani diyelim ki 10 metrekiip 10 a kadar genislettiniz hacmi bunun 7 si batti 3 i disarida.Yogunlugu arttirmak
icin de cismi sikistirdiniz orada 7 ye kadar sikistirdiniz 10 du... Bu sefer batmis olan sekle daha fazla kaldirma

kuvveti hacim daha fazla oldugu icin orada orda daha fazla Fk uygulaniyor olabilir...." ifadeleri bir nominal
form 6rnegidir. Nominal form disinda, S3, S4 ve S7 baglamlarinda ilging olarak i¢sel bilissel tutarsizlik 6rneklerini
de gérmek mumkunddr. ".... kiitleleri esitse ve ayni siviya atilip biri yiiziip digeri yiizmiiyorsa birinin hacmi daha
fazladir ya da yogunlugu daha diisiik ayni sey hacmi daha biyiik olacagi icin batan kisminin hacmi K'nin
hacmine esit olabilir.... esit de olabilir, ikinci cisme uygulanan Fk bliyiik de olabilir, kiiciik de olabilir...."
bigimindeki bir alinti S3 baglaminda ortaya ¢ikan igsel bilissel tutarsizligi gostermesi bakimindan oldukga
onemlidir. S4 bagalami icin; "ui... K cismi ylizeye ¢ikacaktir... Fk'yi dengeleyecek sekilde yiizecektir bir kismi...
... hacim azalacaktir (cisim igin) yogunluk (sivi icin) artacaktir ama Fk degismeyecektir.... Yogunlugun d sivi
artacak d batan hacim sabit kalacagdi i¢in Fk artacaktir. Eger cisim ylizmezse konumu degisirse sadece ama cisim

ylizer ve batan hacmi degisirse o zaman iki degiskenim oluyor esit de olabilir...." alntisi bir i¢sel bilissel
tutarsizlik 6rnegidir. S7 baglami icin ise; "....ikinci fazla da olabilir derim... ui... esit de olabilir derim.... Sagdakine
daha fazla Fk etki ediyor da olabilir. ikisine ayni kuvvet etki ediyor da olabilir. Soldakine daha fazla Fk da etki
ediyor olabilir." ifadeleri yine bir i¢sel bilissel tutarsizliga karsilik gelmektedir. Tiim soru seti bakimindan bilissel
tutarhhk irdelendiginde; aslinda farkli sorularda igsel bilissel tutarsizlik érneklerinin varhigi tim soru setinde de

bir bilissel tutarsizligin varligini isaret etmektedir (Tablo 5).

Yiksek lisans dizeyindeki katilimcilarin bilissel durumu, g-ilkseller bakimindan degerlendirildiginde; yukarida
belirtilen nominal formlar disinda "hareket ettirici kuvvet, ne kadar ¢ok bagimsiz degisken o kadar ¢ok kuvvet,
ylizme, farkli cisim hacmi, farkh cisim yogunlugu, ayni sivi yogunlugu ayni kuvvet" seklinde farkli g-ilksellerin

]

varligi belirlenmistir (Tablo 5). Buna gore, .. sol taraftaki kaldirma kuvveti daha az bana gére... yiizen
pozisyonda olanin daha fazla... o sivi daha yogun...." ifadelerinden olusan S1'e ait bir alinti; hem "harket ettirici
kuvvet" hem "yiizme" hemde "ne kadar ¢ok sivi yogunlugu o kadar ¢ok kuvvet" g-ilkselleri icin bir drnek
niteligindedir. Diger soru baglamlarinda da ayni g-ilksellere gonderme yapan alintilar vardir. S3'ten bir alinti, "....
M yiizdiigiine gére yogunlugu diisiik yani hacmi daha fazla, biiyiik bir hacmi var M cisminin ama K cisminden

ne oranda bliyiik onu bilmiyorum... batan kisminin hacminin sivinin 6z kiitlesiyle ¢arpimi K cisminin hacminin

sivinin 6z kiitlesiyle ¢arpimina esit olabilir... burada bir esitlik ihtimali var... M cisminin batan hacmi K cisminin
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hacminden kiiglikse... M cismine uygulan Fk daha az olur..." biciminde olup; kitlenin degisken olarak

degerlendirilmesi gereken bir baglamda cismin hacmine ve yogunluguna génderme yapilmasi, "farkl cisim

hacmi " ve "farkli cisim yogunlugu" g-ilksellerinin etkisinde yanit verildigini destekler niteliktedir. S5'ten,
Kaldirma kuvvetleri... uygulanan kaldirma kuvvetleri esittir; ¢linkii su ayni su yogunlugu ayni... Fk da ayni..."
alintisi ile S6'dan "... Sivi yogunlugu sabit... Fk'lar esit..." alintisinda; batan hacmin degisken olarak kullanilmasi
gereken baglamlarda, sivi yogunluklarinin 6zdesligine génderme yapilarak Fk'lar degerlendirilmistir. Bu yanitlar
ise "ayni sivi yogunlugu ayni kuvvet" varligiyla iligkilendirilebilir. Bu g-ilksel, ilgili sorular baglaminda sivi
yogunluklarinin Fk'lar (zerinde belirleyici bir degisken oldugunu ortaya koyarak aslinda "ne kadar ¢ok sivi

yogunlugu o kadar ¢ok kuvvet" g-ilkseli (Apaydin, 2014) ve daha genelde ise "ne kadar ¢ok bagimsiz degisken
miktari o kadar ¢ok kuvvet" g-ilkselleriyle iligskilendirilebilir (diSessa, 1993; 2002).

Arastirma gorevlisi katilimcilari temsil eden nitel bulgularda da bilissel bir tutarsizigin mevcut oldugunu
gorebiliriz (Tablo 6). Tim soru seti icin bir bilissel tutarsizlik oldugu gibi, bir tek soru baglami igin de i¢sel bilissel
tutarsizligl destekleyen bulgular vardir. Ayni zamanda butin soru baglamlarina g-ilksellerin etkisi altinda
yanitlar Uretildigi gorilmektedir. S1 baglamina ait bulgularda her iki durum igin de, "... Fk aynidir. Yogunluga
gore, onlar ortada istte altta kalir.... ben seyi cismin yogunlugu onun... ni... kaldirma uygulanan kaldirma

kuvveti esittir cismin yogunlugunun fazhligina ya da azhgina gére onun seviyesi degisir...." alintisindan
hareketle, Fk'larin esitligine gondermede bulunulmakta; ancak vyalnizca kitlenin degisken olarak
degerlendirilmesi gereken bir baglamda, "farkl cisim yogunlugu" g-ilkseli ve st 6rtik olarak "hareket ettirici
kuvvet" g-ilkselinin etkisi altinda yanit verildigi degerlendirilmesi yapilabilir. S2 baglamindaki karsilastirmada,
".... 0 zaman yiiksekte kalanin kaldirma kuvveti daha fazladir.... yogunluklari ayni kiitleleri ayni o zaman
kaldirma kuvveti farklidir...." alintisina gore ve "hareket ettirici kuvvet" ve "ylizme" g-ilksellerine dayanilarak
Fk'larin esitsizliginin vurgulanmakta oldugunu belirlemek olasidir. Yeri gelmisken S2 baglaminda ¢ok agik olarak
gorilduga gibi, tim g-ilksel degerlendirmeleri; katilimcinin ilgili soru baglamindaki figlrin etkisinde bir
karsilastirma yaptigl ve bu yondeki karsilagtirmasini da yanitlarina yansittigi kabuliyle gergeklestirilmektedir.
Aslinda bu yoéndeki kabuller yanitlarda karsihgini bulan birer veri olarak kendini gostermektedirler. S2
baglaminda, ".... 0 zaman yiiksekte kalanin..." ifadesi "hareket ettirici kuvvet" ve "yiizme" g-ilkselleri igin bir
nitel veridir. S3 baglaminda, ".... simdi swvilar var ya sekiller kaldirma kuvvetini etkiliyorsa kaldirma kuvvetleri
esittir sekille alakalidir o.... Simdi ayni yogunlukta ve esit kiitleli ise seklin de kaldirma kuvvetine etki etmedigini

bildigim icin kaldirma kuvvetleri farklidir..." alintisina dayanarak; acik bir icsel bilissel tutarsizlk gorilmekte

olup; yanitin "figlirsel yaklasim" g-ilkseli etkisinde olusturuldugu belirtilebilir. "...kaldirma kuvvetleri esittir....

kaldirma kuvvetleri farkhdir." ifadeleri igsel bilissel tutarsizliga, "... sekille alakalidir o..." ifadesi ise, "figiirsel
yaklasim" g-ilkseline gonderme yapmaktadir. S4'te, "... yogunluk artacak dogal olarak yogunluk artinca icindeki
kaldirma kuvveti de artar diye diisiintiyorum.... Simdi yogunlugu daha fazla geliyorsa kaldirma kuvveti ayni
kalsa dahi gelen cismin yogunluguyla o sivi yukari ¢ikacaktir.... kaldirma kuvveti ayni kalacaktir." alintisindan
anlasildig lizere, yine bir igsel bilissel tutarsizlik mevcut olup; "hareket ettirici kuvvet" ve "ne kadar ¢ok sivi

yogunlugu o kadar ¢ok kuvvet" g-ilkselerinin yonlendirici oldugu ifade edilebilir. S5 baglaminda, bir esitlik iliskisi
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kurgulanmis; ancak ".... yani cismin yogunlugu kaldirma ku ... yani cismin ... i ... suyun igindeki durumuna etki
ediyor...." alintisi, yanitin yine bir g-ilksel etkisinde olusturuldugunu destekler niteliktedir (Tablo 6). S6 ve S7
baglamlarinda da g-ilksellerin etkisi altinda yanitlar olusturuldugu ve 6zellikle bir igsel biligsel tutarsizlik
oldugunu Tablo 6’da ilgili sorularin siitunlarinda gérmek olasidir. S6 ve S7 baglamlarinda, "figiirsel yaklasim,
farkli cisim hacmi, farkli cisim yogunlugu ve ne kadar ¢ok cisim ylizeyi/yiizey alani a kadar az cisim basinci,
hareket ettirici kuvvet, yiizme" g-ilksellerinin etkisinde yanitlarin olusturuldugunu okuyucunun yine Tablo 6’dan
izlemesi imkan dahilindedir. ilgili bulgulari destekler nitelikte; Teichert, Tien, Anthony ve Rickey (2008),
ogrencilerin molekiiler diizeydeki kavramsallastirmalarinin baglamdan etkilendigini ve yanitlarindaki tutarlihgin
ortadan kalktigini bulgulamislardir. Hammer, Elby, Scherr ve Redish (2005) 6grencilerin fakh baglamlarda akil
yuritmelerinin farkhlagmasinin, bir baglamda 6grenilen ya da 6grenildigi iddia edilen bir bilgi butunligiinin
baska bir baglama dogrudan transferiyle agiklanamayacagini; daha ziyade fakli bilissel kaynaklarin devreye
sokulmasiyla aciklanabilecegini ileri siirmektedirler. Ozdemir (2017) ortaokul 6grencilerinin kuvvet kavramina
yonelik kavramsallastirmalarini degerlendirmeye yonelik bir ¢alismada, katilimcilarin kuvvet kavramiyla ilgili
anlamlandirmalarinin asiri baglam duyarh oldugunu ve farkli baglamsal érneklerin beklenmeyen ve daha 6nce
literatiire gecmemis bilgi parcalarini tetikledigini belgelemistir. Khishfe (2017) farkli okullardan 261 lise
ogrencisiyle gerceklestirdigi calismada, 6grencilerin yanitlarinin baglam ya da 6rnek cesitliliginin fazla oldugu
sosyo-bilimsel konularda tutarsizlik sergiledigini ve okul ortaminda 6grenilen bilimsel kavramlarin, asina
olunmayan durumlara tutarh bir bicimde aktarilamadigini belgelemistir. Hamid ve Widodo (2017) 6grencilerin,
elektrik olgusuyla ilgili kavramsallastirmalarinin glinlik deneyimlerinden ¢ok etkilendigini; baglam duyarl ve
oldukga tutarsiz bir yapida bulundugunu belirtmislerdir. Belirtilen bulguya dayali agiklamalarin tamaminin

diSessa’nin parcal bilgi yapisi teorisinin dnerdigi g-ilksel yaklasimiyla 6rtistligi izlenebilmektedir.

Calismamizin bulgularinda tutarlilik sergileyen katilimcilarin oldugunu tekrarlamak olduk¢a 6nemlidir. Yine bu
yondeki bulgular, katilimcilarin g-ilksellerin etkisinde yanitlar olusturmadigi anlamina gelmemektedir. Oyle ki
arastirma gorevlisi katihmcilar arasinda da biligsel tutarlihk sergilenen soru kaliplarinda, yanitlarin bilimsel
actklamalar olmayip; g-ilksellerin yonlendiriciliginde agiklamalarin yapilandirildigi gézlenmistir. Fk ve kitle
iliskisini irdeleyen soru kaliplarinda, katilimcilardan biri, bilissel bir tutarlilik sergilemis; ancak bilimsel olmayan
aciklamalara bagvurmustur. Buna gore, ilk soru setinde bulunan soru 6rneklerinde, kiitlenin 6zdeslig§inden
dolayi Fk'nin esitligine gonderme yapilmasi gerekirken; sivinin yogunlugundaki degisime bagh olarak, "ne kadar
cok sivi yogunlugu o kadar ¢ok kuvvet", "hareket ettirici kuvvet" ve "yiizme" g-ilkselerinin etkisinde yanitlar
olusturulmustur. Bulgular detaylandirilacak olursa, ilk soru setini olusturan S1, S2, S3 ve S4 sorulari igin ikinci
durum Fk'larinin daha biylk oldugu yaniti verilerek bir bilissel tutarhlik 6rnegi sergilenmistir; ancak S1 igin; "...

yogunluk bence ordaki yogunluk, icindeki maddenin yogunlugu....", S2 icin; ".... digerini daha fazla kaldirmis

digeri askida...", S3 icin; ".... 0 zaman yiiksekte kalanin kaldirma kuvveti daha fazladir..." ve S4 icin; " Artar,
bence artar... yogunlugu arttigi igin..." seklindeki alintilar agiklamalarin, 6zellikle "ne kadar ¢ok sivi yogunlugu o
kadar ¢ok kuvvet", "hareket ettirici kuvvet" ve "yilizme" g-ilksellerinin yonlendirmesiyle olusturuldugunu

destekler niteliktedir (Tablo 6). Ayni zamanda teknik agidan dogru yanitlarin verildigi sorularda dahi, 6rnegin;
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lisans 6grencilerinden bir katilimci, S5 ve S6 igin Fk'larin esit oldugunu ifade etmekte ve fakat yanls bir
gerekcelendirmenin kontroliinde bilimsel olana uygun yanitlar olusturuldugu tespit edilebilmektedir. Buna

gore, S5 icin " ... esittir diye disiiniiyorum hocam ¢iinki sivinin yogunlugu ayni kaliyor ayni sivi oldugu igin
sivinin zaten belli bir kaldirma kuvveti var ikisine esit uyguluyor (ayni sivi yogunlugu ayni kuvvet g-ilkseli) ile N
daha az oldugu igin yiizeye ¢ikiyor K da esit oldugu icin askida kaliyor (hareket ettirici kuvvet,ylizme, farkli cisim

yogunlugu g-ilkselleri)..." ve S6 icin "... yine esit oldugunu diisiinliyorum ¢linki sivi ayni. Pozisyonlarla ilgili P
daha yukarida birakilmis aslinda siviyla yogunlugu esit, K birazcik daha asagida birakilmis ama ikisi de askida
kalmis sonugta (hareket ettirici kuvvet, ylizme, ayni sivi yogunlugu ayni kuvvet g-ilkselleri)..." seklindeki alintilar
katilimcin hala g-ilksellerin etkisi altinda kaldigini 6zetler niteliktedir (Tablo 4). Baska bir ifadeyle dogru
yanitlarin verilmesi, g-ilksellerin etkisi altinda olunmadigini garantileyememektedir. Bu soru &rneklerinde
dogrudan, batan hacim iliskilendirmesi yapilmaliyken ve es gtidiim siniflari olarak gérev yapan formel dile (Fk=
Vppds formild) gonderme yapilarak yanitlar gerekgelendirilmeliyken; g-ilksel gorevi yapan sivi yogunlugu
benzerligine atifla "ayni sivi yogunlugu ayni kuvvet" ve hatta pozisyonlara atifta bulunularak "yiizme ve hareket
ettirici kuvvet" g-ilksellerinin kontroliinde yanitlar olusturuldugu agik edilmistir. Benzer bi¢cimde, Eshach, Lin ve
Tsai (2018), Universite diizeyinde fen bilimleri egitimi alan 6grencilerin bile, ses olgusuyla ilgili hala materyal
temelli ¢oklu disiincelere sahip olduklarini belirterek, g-ilksel temelli bir yonlendirmenin olabilecegini ima
etmektedirler. Katilimcilarin g-ilksel yonlendiriciliginde yanitlar olusturmasinin altinda, karsilastiklari soru
baglamlarinin gorsel etkisi olabilir. Nitekim g-ilkseller giinlik yasamda karsilasilan gorsel temalarin etkisiyle,
yani baglamdan hizlica etkilenerek harekete gecen bilissel yapilar olarak degerlendirilebilirler (diSessa, 1993;
2002). McLure (2018) TFA yaklasimini uygulamadan 6nce, elektrik akimi kavramina yonelik 6grencilerin yaklasik
yarisinin teori benzeri bilgi yapisi teorisine uygun bir bilissel yapiya sahip olduklarini; dértte birinin ise parcali
bilgi yapisi teorisine uygun bir yapilandirma sergilediklerini bulgulamistir. Aslinda pargali bilgi yapisi
teorisyenleri, MclLure'un bulgusuna farkli bir yaklasim sergileyerek; 6grencilerdeki bilgi yapilarinin
parcaliligindan ¢ok baglam duyarlilig§ina gonderme yapip; pargal yapinin ve dolayisiyla g-ilkseller benzeri biligsel
yapilarin asirt baglam duyarhliktan kaynaklanabilecegini belirtmektedirler. Diger taraftan fizigin mekanik
alanindaki kadar gilinlik yasamla ve baglamsal cesitlilikle ilgili olmayan daha teorik disiplin alanlarinda
ogrencilerin bilgi yapilar gorece daha tutarli da olabilir (Samarapungavan ve Wiers1997). Bununla birlikte
6grencilerin fakh alanlardaki bilgi yapilarinin gérece tutarl olabilecegi iddiasi, (Chi ve Slotta, 1993; loannides ve
Vosniadou, 2002; Reiner, Slotta, Slotta, Chi ve Resnick 2000); aslinda onlarin bilgi yapilarinin yeterince tutarh
olmadiginin yani gorece tutarsiz oldugunun da bir itirafi niteligindedir. Nitekim Jin, ark.'larinin (2019), ¢alisma
bulgularini olusturan 6grencilerin yanitlarini, mahcup bir bigimde ve goreli tutarli olarak yorumlamalari da

bunun bir 6rnegi olarak degerlendirilebilir.

Calismamizin katilimcisi fen egitimi uzmani 6gretim Gyesinin, formel dile basvurdugu ve yanitlarinda herhangi
bir g-ilkselin etkisinde kalmadigi bulgulanmistir (Tablo 7). Bu yondeki bir bulgu da, pargali bilgi yapisina ait,
bilissel turasizhgin ve g-ilksellerin etkisinde yanit verme egiliminin; naif bilislerin 6zelligi oldugu yoniindeki

yaklasimini destekler niteliktedir. diSessa, pargali bilgi yapisi teorisiyle; 6grenme olgusunun ve dolayisiyla
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kavramsal degisimin, tutarsiz ve g-ilkselerin yonlendiriciliginde naif biligsel yapilardan zaman iginde evrilerek
tutarh bilissel yapilarin olusmasina neden olduguna génderme yapar. Bu baglamda 6gretim Uyesi katilimci, 7.
soru disinda kalan ve denge durumlarini igceren diger tiim sorulara yonelik formel dili isletip Fk olgusunun ilgili

baglamlarda degismeyecegi gercegini ortaya koymustur. Bazi soru baglamlarina verilen yanitlar ise soéyledir:

S1igin;

Formel Dil

P1# P2, ise

Fkxai=mg=Vp1p18
ve

Fkia= mg=Vi2p28

»

Vb1p1 = V22

»

Fk1 = sz'dir.

Yukaridaki formel dilde, Fk'nin denge durumunda, kitleye esit oldugu gergekligi Gzerinden bir dediiksiyonla iki

farkh baglamda farkli pozisyonlardaki 6zdes cisimler igin Fk'larin esitligi ¢ikariminda bulunulmustur.

S4 igin;

Formel Dil

m; =m;

P2>pP1

Fkki= mkg= Vbk1p1g
ve

Fkko= mkg= Vpk2p28
»

Vibkip1 = VbkaP2

»

FkK1= FszldiI’.

Formel yapisi verilen Ustteki ¢oziimlemede de; ayni cisme farkh iki baglamda ve fakat denge durumunda esit
nicelikte Fk'larin uygulandigi sonucuna ulasilmaktadir. Bu 6rnekte de gorildiugi gibi formel dilin etkin bir
bicimde kullanildigi bir bilissel pozisyon, ilgili teorik cercevenin kendisine sundugu imkanlari kullanip gerceklikle

tutarh bir agiklamaya ulasabilmektedir.
Bir diger 6rnek, denge durumunda batan hacimlerin verili oldugu bir baglami islemektedir. Buna gore S6 igin;

Formel Dil
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Vk=Vp

Fkk= myg= Vbkpg
ve

Fke= mpg= Vpppg
»

Vikp = Voep

»

FkK= FkN'dir

seklinde olup; denge konumunda olan farkli cisimlerin hacimlerinin ve dolayisiyla batan hacimlerin esitligi, yine
sivi yogunlugunun esitligi ile batan hacim ve sivi yogunlugunun carpim esitligi tzerinden Fk'larin esitligi

sonucuna ulagiimistir.

Bu orneklerde de gorildugl gibi uzman bir bilis, sivilarin kaldirma kuvveti olgusuna yoénelik problem
durumlarini agiklamada; bir teorik cergeveyi etkin bicimde kullanarak; her soru baglaminda yani farkh baglamsal
durumlarda baglam bagimsiz bir akil yiritme isletmekte ve benzer sonuglara ulasmaktadir. Sivilarin kaldirma
kuvvetini belirleyen degiskenlerin esitligi ve denge durumun formel dile transferi sayesinde tutarh bir biligsel
yap! sergilenmektedir. Bir uzmanin bilissel yapisinin, baglamsal degisiklige karsin tutarlilik sergilemesi;
diSessa'nin (1993; 2002), es glidim siniflari olarak tanimladigi istikrarli bir kavramsal ¢erceveyi her baglama
transfer edebilmesi ve alan bagimsiz bir kavramsal sablona sahip olmasiyla iliskilendirilebilir (Clair-Thompson,
Overton, and Botton, 2010). Bu yondeki bulgular, 6grencilerin bilgi yapilari (naif bilgi) ile uzmanlarin bilgi
yapilarinin farkliigini baglamsal bir sorgulama siirecinde, ¢ok acik bir bicimde ortaya koymasi bakimindan
oldukca dnemlidir. Son calismalardan birinde, Ozdemir (2017), katimci 6grencilerin fizikle ilgili bilgi yapilarinin
parcal bir bilgi yapisi sergiledigini ve katiimcilarin cesitli g-ilksellerin etkisinde yanitlar ortaya koydugunu
belirlemistir. Buna gore diSessa and Sherin'in (1998) onerdigi gibi, etkilesimsel boyutlariyla birlikte
degerlendirildiginde, sivilarin kaldirma kuvvetini tanimlayan formel dil olan formiil, teorik bir kavram olup;
uzman bir bilis icin es glidiim sinifi olarak gorev yapmistir. Es glidiim siniflari (diSessa and Sherin, 1998) iki temel
bilesenden olusmakta olup; veriyi okuma stratejisi, karsilasilan olgusal bir durumla iliskili bilgilerin hangi bilgiler
oldugunu belirleyebilme kapasitesine gonderme yaparken; nedensel iliski kurma ise, mevcut olgusal durumla
ilgili bilgilerden hareketle bir neden sonug iliskisi kurarak sonug ¢ikarma yetenegine gonderme yapmaktadir.
Calismamizdaki olgusal durum ya da problem, sivilarin kaldirma kuvvetidir. Sivilarin kaldirma kuvvetiyle ilgili
kavramsallastirma teorik bir kavramsallastirma olup; ilgili problem durumla iliskili verili kavramlar ya da bilgiler
kiitle (m) ve batan hacim (Vp) kavramlaridir. Uzman bilis karsilastigi probleme yonelik olarak (m) ve (V)
kavramlarinin iligkisini kurabilme becerisini gostermis; bagka bir ifadeyle veriyi okuma stratejisini isletebilmistir.
Es anli ve/veya ardisik olarak bu kavramlarla sivilarin kaldirma kuvveti arasinda gergeklikle tutarh bir neden
sonug iliskisi kurgulayabilmis ve dogru cikarimlara ulasabilmistir. Boylesi bir bilissel islev de nedensel iligki

kurma olarak degerlendirilir. Tum bu iligkilerin gergeklikle tutarl ve istikrarl bir bicimde isletilebilmesi ise; Fk=
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Vp.p.g esitliginin ilgili uzman tarafindan bir es gidim sinifi olarak kullanilabilmesinden gegmektedir. Bu bulgu ve
aciklamalara gore, 6grenci ya da 6grenen konumundaki bireyler, naif bir bilissel yapiya sahip olup; asiri baglam
duyarli, kavramsal istikrari olmayan ve yari bagimsiz, eklektik bir yapi sergileyen g-ilksellerin etkisinde tutarsiz
yanitlar verirlerken; uzman bir birey, diSessa ve Sherin'in (1998) es gtidim siniflari olarak tanimladig; istikrarli
bir kavramsal ¢erceveden hareketle, her baglam degisikliginde tutarli ¢ézimler Uretebilme becerisini ortaya

koyabilmistir.

Asagidaki paragraflarda, egitim ve Ogretim sureglerini igine alan ve kaynaklarla da uyumlulugu gosterilen

oneriler ileri striilmektedir.

SONUC ve ONERILER

Galismamizin bulgularindan hareketle ve Lawson'dan (1995) esinlenilerek; sivilarin kaldirma kuvveti 6zelinde,
temel egitim ve orta 6gretim fen bilimleri 6gretim programlarinda ve (niversite diizeyinde, 6grencilerin bilissel
pozisyonlari dikkate alinip bir icerik bilgisi olusturulmal ve icerik bilgisi ile stireg bilgisinin i¢ iceligini dikkate alan

kapsam yapilandiriimasina gidilmelidir.

Ogrenme siirecinde, 6grencilerin bilissel pozisyonlarina gére bir dilin kurgulanmasi olduk¢a énemlidir. Hemen
her fen kavrami farkh bilissel diizeylerde ele alinabilir; ancak burada énemli olan kullanilan dildir. Bilimsel bir
terminolojinin pedagojiyle iliskilendirilmesi; fen 6gretiminde farkh bilissel diizeylerde kullaniimasi gereken dilin
"neliginin" farkinda olmaktan gecmektedir. Bilissel gelisimin daha erken asamalarinda, nominal dilin
kullanilmasi; 6grenilen fen terimleriyle ilgili s6zciiklerden hareketle olusturulan sézel énermeler araciligiyla,

olgusal diinyanin neden sonug iliskilerinin kurgulatilmasi anlamina gelmektedir (Halloun, 2006).

Akademik sureg icinde, dereceli ve orantili iligkilerin yine sozcliklerin hakim oldugu nominal diizeyde
kurgulatilarak farkindalik yaratiimasi ve bilissel diizeyin daha ileri asamalarinda formel dile ulasilmasi; 6grenme

strecinin verimliligini olumlu yonde etkileyecektir.

Ogrencilerden fen bilimlerinin her kavramina yénelik ve bilissel diizeylerine uygun dogru akil yiriitmeler
beklenebilir. Ornegin, Newton mekanigi oldukca teorik bir alan oldugu halde, fen &grenimin erken asamalarinda
dogru nominal dil kullanilirsa; 6grencilerin dogru akil yiriitmelere ulagsmasini saglamak o 6l¢tide kolay olacaktir.
Boylesi bir 6grenme kazanimina erismek icin, 6grencilerin okul ortamina getirdikleri g-ilksellerce zengin bilissel

yapilarinin analiz edilerek belirlenmesi 6nemlidir.

Ogretme-6grenme siireglerinde bilissel diizeylere uygun dil kullaniminin tercih edilmesi ve akil yiiritme
becerilerine odaklaniimasi 6grencilerin bilissel gelisimin erken asamalarinda fen terimlerini es giidim siniflari
olarak kullanma yeteneginin gelismesine katki verebilecektir. Ogrencilerin cesitli fen kavramlari baglaminda
farkh dil duzeyleriyle (nominal dil, formel dil vb.) karsilasmalarinin anlamli 6grenmeyle sonuglanacag ileri

surdlebilir. Eshach, Lin ve Tsai'nin ¢calismalari (2018), tniversite diizeyinde fen bilimleri egitimi alan 6grencilerin
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bile, ses olgusuyla ilgili hala materyal temelli ¢oklu disiincelere sahip olduklarini bulgulayarak; Gniversitede
bilimle ilgili olmanin dahi tutarsiz yanitlari ortadan kaldirmadigini géstermistir. Bu durum ilgili yazarlarca,
Ogrencilerin yalnizca matematiksel yani formel dille ilgili olmalariyla iligskilendirilmistir. Bu degerlendirmenin fen

ogretiminde kullanilmasi gereken dillerin agamaliligi yoniindeki 6nerimizle uyum iginde oldugu gorilmektedir.

Calismamizda sergilenen baglamsal soru durumlarinin, 6gretme/6grenme stireglerinde kullanilmasinin ve hatta
bu baglamlar esliginde deneysel siireclerle iliskilendirme yapilmasinin; baskaca g-ilkselerin ortaya ¢cikmasina da
neden olacagl ve bdylece deneysel etkinliklerin manipule edilmesinin formel dil gelisimini hizlandiracagi ileri
siiriilebilir. Oyle ki, Ozdemir (2017) ortaokul 6grencilerinin kuvvet olgusuyla ilgili bilgi yapilarina yénelik bir
calismasini, somut sorular esliginde farkli baglamsal durumlari 6rnekleyen bir sorusturma siireciyle
yuritmustur. Kuvvet olgusunu iceren farkh ve 6grencilerin asina oldugu durumlara yénelik bir sorugturmanin
ogrencilerin baskaca g-ilkseller olusturmasina katki vermesinin yani sira, akil yiritmelerini de tetikledigini
bulgulardan hareketle ileri stirmustir. Bu yondeki bir bulgu; fen kavramlarina yoénelik 6gretme/6grenme
sireclerinde, calismamizda kullanilan baglamsal soru 6rneklerinin tutarl kavramsallastirmalarin gelistiriimesine
katki vereceginin bir 6rnegini sergiler niteliktedir. Bilim tarihi temelli fen 6gretimi de baglamsal 6gretme-
o0grenme sireglerinin 6nemine gondermede bulunmaktadir. Stinner ve Williams'in (1993) fen Ogretimine
yonelik bilim tarihi temelli calismalari, gelenekel ders kitabi iceriklerinin 6grencilerin bilimsel olmayan
gorislerini ortadan kaldiramadigini ortaya koymaktadir. Bu goriisten hareketle de algoritma tekrari teknigini
asan baglamsal 6gretme-6grenme sireglerinin, hem akil yiritme becerilerini hemde icerik bilgilerini

gelistirmeyi hedefleyen anlaml 6grenmeye neden olabilecegi 6nerilebilir.

Vosniadou (2019) dahi, 6grencilerin sezgisel bilgilerinin pargali olduguna géndermede bulunarak; etkili bir fen
egitiminin gergeklestirilebilmesi ic¢in; 6grencilerin sezgisel bilgilerinin farkinda olmalarinin 6nemine vurgu
yapmaktadir. Ayni zamanda ona gore, fen egitiminin 6grencilerin akil yiriitme becerileri ve beraberinde
uygulama becerilerini de destekler nitelikte olmasi gerekir. Bu yondeki bir yaklasim, calisma bulgularimizin fen

Ogretim sireclerinin nasil olmasi gerektigine yonelik ¢cikarim ve tavsiyeleriyle uyum igindedir.
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