2
Hacettepe Universitesi Egitim Fakiiltesi Dergisi (H. U. Journal of Education) 36: 41-50 [2009] ;_
'f

FACILITATING CONCEPTUAL CHANGE IN UNDERSTANDING STATE OF
MATTER AND SOLUBILITY CONCEPTS BY USING SE LEARNING CYCLE
MODEL

MADDENIN YOGUN FAZLARI VE COZUNURLUK KAVRAMLARINI
ANLAMADA 5E OGRENME MODELININ KULLANIMI iLE KAVRAMSAL
DEGIiSIMIN KOLAYLASTIRILMASI

Eren CEYLAN", Omer GEBAN™

ABSTRACT: The main purpose of the study was to compare the effectiveness of 5E learning cycle model based
instruction and traditionally designed chemistry instruction on 10th grade students’ understanding of state of matter and
solubility concepts. In this study, 119 tenth grade students from chemistry courses instructed by same teacher from an
Anatolian High School in Ankara, Turkey took part. This study included two groups which were randomly assigned as
experimental and control groups. During teaching the topic state of matter and solubility concepts, students were taught with
instruction based on 5E learning cycle model in experimental group while students in control group were taught with the
traditional instruction. The results revealed that S5E learning cycle model caused significantly better acquisition of the
scientific conceptions related to state of matter and solubility concepts than traditional instruction.
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OZET: Bu caligmanin baglica amaci, SE 6grenme modeline dayali 6gretim yonteminin 10. simif dgrencilerinin
maddenin yogun fazlar1 ve ¢oziiniirliik konularindaki kavramlar1 anlamalarina etkisini geleneksel kimya 6gretim yontemi ile
karsilastirarak incelemektir. Bu caligma, Ankara ilinde Atatiirk Anadolu Lisesinde, ayni 6gretmenin kimya derslerinde
bulunan 119 onuncu siif 6grencilerinin katilimi ile gerceklesmistir. Bu ¢alismada, deney grubu ve kontrol grubu olarak
rastgele secilen iki grup bulunmaktadir.Maddenin yogun fazlar1 ve ¢oziintirlik kavramlarinin 6grenimi sirasinda, deney
grubundaki 6grencilere SE 6grenme modeline dayali 6gretim yapilirken, kontrol grubunda geleneksel 6gretim kullanilmistir.
Sonuglar gostermistir ki, SE 6grenme modeli geleneksel dgretim yontemine kiyasla 6grencilerin maddenin yogun fazlar ve
¢oziintirlik konusunu daha iyi kavramalarina neden olmustur.

Anahtar Soézciikler: SE 6grenme modeli, maddenin yogun fazlar1 ve ¢dztiniirliik, kimya egitimi.

1. INTRODUCTION

Research on science education have consistently showed that students come to classrooms with
well-established understandings about how and why everything behaves as they do (Posner, Strike,
Hewson, & Gertzog, 1982; Resnik, 1983; Strike, 1983; Savinainen, Scott, & Viiri, 2004). However,
students’ existing knowledge which appears them logical, sensible, and valuable, may be differing
from the definitions accepted by experts and scientific definitions (Osborne, 1982; Schoon & Boone,
1998). Students conceptions or ideas that are differ from the definitions accepted by experts or
scientific community are generally called misconceptions (Hewson & Hewson, 1984; Schmidt, 1997;
Sungur, Tekkaya & Geban, 2001), alternative conceptions (Driver & Easley, 1978; Taber, 2001),
preconceptions (Novak, 1977), alternative frameworks (Kuiper, 1994; Gonzalez, 1997; Taber, 2001),
naive conceptions (Champagne, Klopfer, & Gunstone, 1982), children’s science (Osborne &
Cosgrove,1983), alternative conceptual framework (Taber, 1998), intuitive conceptions (Lee & Law,
2001).

Students’ pre-existing beliefs have important role in gaining new scientific knowledge and play
an essential role in subsequent learning (Tsai, 1996). Since the knowledge is actively constructed by
learner on the basis of the knowledge that individual already held (Duit & Tregaust, 1998),
misconceptions should be taken into consideration and eliminated to prevent new ones developing
(Olgun, 2008).
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It was accepted that misconceptions are persuasive, stable, and resistant to change via traditional
instructional strategies and these beliefs may be found in individuals’ cognitive structure even after
completion of years of formal science instruction (Guzzetti, 2000; Osborne & Cosgrove, 1983; Stavy,
1991; Tsai, 1996; Wandersee, Mintzes, & Novak, 1994). Several contemporary instructional
approaches based on constructivism were developed to overcome and remediate students’ alternative
conceptions. Instruction based on learning cycle model, also based on constructivist epistemology, is
an instructional model in which conceptual change is facilitated (Boylan, 1988).

Instructional models based on learning cycle considered to be important and became popular as
it use of coordinated and coherent sequencing lessons. S5E learning cycle model has a potential to be
applied several levels in the design of curriculum materials and instructional sequences. Each phase in
the 5E instructional model contributes learners to better understand scientific and technological
knowledge and each phase has a different function (Bybee, 1997). These phases are engagement,
exploration, explanation, elaboration, and evaluation. In the engagement phase (1), students are
exposed to an object, problem, situation or events which were prepared to activate students’
misconceptions that were identified before the instruction. And, these activities serve to create
cognitive conflict and motivate students to learning activity. In exploration phase (2), the required time
to investigate objects, materials, and situations is provided. Students have a chance to establish
relationships, observe patterns, identify variables, and question events as a result of mental and
physical involvement in the activity. Students try to find out the rationale behind their ideas to
overcome and remedy their misconceptions. In explanation phase (3), concepts, process, and skills are
presented simply, clearly, and directly by attracting students’ attention to specific aspects of
engagement and exploration experiences. The reason of the misconceptions and the correct scientific
explanation of the misconception are also presented in this phase. In the elaboration phase (4),
students are involved further experiences to extent or elaborate their concepts, skills, and processes. In
other words, extension of the concepts is provided in this phase. So, students who have still
misconceptions find a chance to remedy these misconceptions and comprehend their understanding. In
the last phase, evaluation (5), students’ misconceptions and educational outcomes that are identified at
the beginning of the lesson are evaluated through formative evaluation to give students feedback about
their misconceptions that they already had and their understandings (Bybee et al., 2006).

It was indicated that understanding of chemistry is a hard thing for most of the students
(Nieswandt, 2001; Chittleborough, Treagust & Mocerino, 2002). Facilitating conceptual change and
remediation of misconceptions about chemistry subjects should be the main aims to promote
meaningful learning. Since state of matter and solubility constitute fundamentals of complex topics in
chemistry, it is very important to find an instructional method that prevent students from the
misconceptions and eliminate the misconceptions about this subject. For instance, the properties of
gases and the fundamentals of gases concepts can be understood more meaningfully when the phase
changes concepts are learned appropriately. Although many researchers investigated students’
misconceptions about chemistry topics such as electrochemistry (Garnett & Treagust, 1992), acid-base
(Cakir, Uzuntiryaki & Geban, 2002), atom and molecules (Griffiths & Preston, 1992), chemical
equilibrium (Chiu, Chou & Liu, 2002), chemical change (Hesse & Anderson, 1992), researches about
state of matter and solubility topic are limited. As it was indicated above, 5E learning cycle model can
be effective on removing students misconceptions related to chemistry concepts especially in state of
matter and solubility concepts.

2. METHOD

2.1. Purpose

The main purpose of this study was to investigate the effectiveness of instruction based on 5E
learning cycle model over traditionally designed chemistry instruction on 10" grade students’
understanding of state of matter and solubility concepts.
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2.2. Subjects

An Anatolian High School was chosen from the schools in Cankaya district in Ankara. Four
classes of chemistry course were selected randomly from the 12 possible classes of this Anatolian
High School. Since the classes were formed at the beginning of the semester by school administration,
it was not possible to assign students randomly to both experimental and control group. However, the
classes were randomly assigned as control and experimental group. 119 tenth grade students that
involve 69 male and 50 female students participated this study. The experimental groups in which
instruction based on 5E learning cycle model was implemented consisted of 59 tenth grade students
while the control groups in which instruction based on traditional methods was implemented consisted
of 60 tenth grade students.

2.3 Instruments

State of Matter and Solubility Concept Test (SMSCT): This test consisted of 20 multiple choice
and 2 open-ended questions, five of them taken from literature (Mulford & Robinson, 2002; Ebbing &
Gommon, 2005), and the rest of the questions were developed by researcher by examining related
literature (Ahmad, 2000), textbooks (Ebbing & Gommon, 2005; Sarikaya & Erdik, 2005). The test
includes State of Matter concepts which include solid and liquids, phase transitions, boiling point and
melting point, heat of phase transition subtopics; Solubility concepts which include solubility and the
solution process, colligative properties of solutions, boiling point elevation and freezing point
depression subtopics. The multiple choice items in the test included one correct answer and three or
four distracters that reflected students’ probable alternative conceptions identified in the related
literature (Kind, 2004; Stavy, 1990; Osborne & Cosgrove, 1983; Bodner, 1991; Mulford & Robinson,
2002; Ure & Colinvaux, 1989; Krnel, Watson & Glazar, 1998; Hatzinikita & Koulaidis; 1995) and
interviews with chemistry teachers (see Table 1). Before using of the test in its actual aim, a pilot test
was conducted to evaluate its reliability and validity aspects. Cronbach-alpha reliability of the pilot
scores was found 0.673.

Table 1: List of Students’ Misconceptions about State of Matter and Solubility

The weight or mass of a substance changes as it melts or evaporates. Mass not conserved.

Water (or alcohol) disappears as it evaporates.

Bubbles from boiling water made of air, or air and oxygen gas, or hydrogen gas, or heat, or oxygen and
hydrogen gas.

The temperature at which water (or any substance) boils is the maximum temperature to which it can be
raised

Molecules are breaking up on boiling and reforming on condensing during the state change of matter.

Freezing always occurs at cold temperatures and boiling occurs at hot temperatures.

Water condensing on the outside surface of a sealed glass jar containing ice comes through the glass, or due
to the coldness that comes through the glass, or due to the cold surface and dry air (oxygen and hydrogen)
react to form water, or due to the water in the air sticks to the glass.

The ice or the cold water from the ice prevented the water’s temperature from rising during the process of
melting.

The reason for constant temperature is due to the thermometer being in the ice cube in the process of
melting.

Water molecules are largest and heaviest when in the solid phase.

The meaning of “dissolving” has been referred to outside action such as stirring, mixing, and in some cases
heating or to dissolve means to mix

Mass of sugar and water solution is less than mass of the sugar and water.

The process of melting and dissolving are used interchangeably.

Sugar breaks down into its ions or elements during the process of dissolving in water.

Salt becomes liquid salt when it dissolves.

Concentration of a saturated solution increases or decreases as water evaporates

A strong solution of a salt contains more of that salt than a weak solution, without regard to the quantity of
solution.
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Science Process Skills Test (SPST): The test was developed by Okey, Wise and Burns (1982).
This test consisted of 36 four-alternative multiple choice questions. The reliability of the test was
found to be 0.85. This test includes five subsets designed to measure the different aspects of science
process skills. These are identifying variables, identifying and stating hypothesis, defining
operationally, designing investigations, graphing and interpreting data.

2.4. Treatment

This study was conducted over six-week period. 119 tenth grade students from four chemistry
classes of same teacher were participated in the study. Two of these classes were assigned as the
experimental group in which the instruction was designed with respect to instruction based on SE
learning cycle model, the other classes were assigned as the control group in which the instruction was
designed with respect to traditional instruction. During the treatment, the state of matter and solubility
concepts was covered as part of the regular curriculum in the chemistry course. The classroom
instruction was two 40-minute sessions per week.

In the control groups, the teacher used lecture/discussion method to teach state of matter and
solubility concepts. The students were instructed with respect to teaching strategies that are relied on
teacher explanation and textbooks without considerations of students’ alternative conceptions. Before
the lessons, reading the related topics in the textbooks on their own was offered to the students. The
definitions of the concepts and chemical reactions were written to the chalkboard and worksheets were
passed out for students to complete. The main underlying principle was that the whole knowledge
about the subject was known only by teacher and it is the teacher’s responsibility to transfer that
knowledge as fact to students. After teacher’s explanations of concepts, discussion environment was
directed by teacher’s questions to discuss some concepts that were not understood completely by
students. The worksheets involved some practice activities, open-ended questions to reinforce the
concepts presented in the classroom sessions.

In the experimental groups, the alternative conceptions were taken into account and the
plausibility of scientific conceptions was provided. In addition, instruction was designed to maximize
student active involvement in the learning process. Before the treatment, the teacher was trained about
three hours. In this training, the teacher was informed about constructivist learning strategies, how to
implement lesson that was design based on 5E learning cycle model, and in which stage the activities
will be performed. In engagement phase (1), the teacher started the lecture with inquiry questions with
respect to the list of alternative conceptions to activate students’ prior knowledge and misconceptions
and promote the interaction in class. Teacher attempted to create a discussion environment and tried to
explore students’ inappropriate conceptions about the related concepts with these questions. Teacher
acted as a guide in this discussion and directed students to understand their conceptions were not
sufficient to explain some phenomena. In other words, students were puzzled and actively motivated
by these discussions. In the exploration phase (2), activities were designed for students to acquire
concrete experiences upon which concepts, processes, and skills formulated. Demonstrations, hands-
on activities, and laboratory activities were used in this phase. Some of these activities were about
phase changes, melting point and boiling point, colorimeter, vapour pressure, dissolving of NaCl in
water, unsaturated solutions, saturated solutions, supersaturated solutions, and boiling point elevation
and freezing point depression. Teacher behaved as a facilitator and coach in this phase and supplied
sufficient time and opportunity to students for investigating objects and materials. In the exploration
(3) phase, students attention was directed to specific aspects of the engagement and exploration
experiences. First, teacher gave opportunities to students to explain their opinions and ideas. Second,
scientific and technological explanations were introduced in a direct, explicit, and formal manner.
Video animations such as changes of state, solution formation by dilution, dissolution of NaCl in
water, solution formation from a solid were used to present concepts and skills briefly, simply, clearly,
and directly. In the elaboration phase (4), students were involved further experiences to extent or
elaborate the concepts, processes, or skills. The activities that were used in this phases were closely
related to activities that were presented in exploration phase, but they were completely based on new
situation. Teacher gave students time to deal with these activities and also created discussion
environment based on these activities. As in the exploration phase, these activities were some
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laboratory activities, hands-on activities, demonstrations, or discussion of an event. Students defended
and presented their ideas and approaches on new situation. Students found opportunities to gain
information from each other, the teacher, and activities they conducted during the discussion sessions.
In the evaluation phase (5), teacher gave students opportunities to evaluate their understanding and
skills that they acquired during previous phases. In addition, students received feedback about their
understanding and skills.

3. RESULTS

Prior to treatment, t-test were performed to investigate whether there was a significant mean
difference between the control group (CG) and experimental group (EG) with respect to students’
pretest scores on SMSCT. The results revealed that there was no significant difference between CG
and EG in terms of students understanding of state of matter and solubility concepts, t (117) =-0.519,
p > 0.05. While the experimental group students’ pre-test mean (Xgg) score was 10.06, the control
group students’ pre-test mean score (Xcg) was 9.92.

After the treatment, univariate Analysis of covariance (ANCOVA) was used to determine the
effectiveness instruction based on 5E learning cycle model on understanding of sate of matter and
solubility concepts when students’ science process skills was controlled as covariate. The analysis
results showed that there was a significant difference between the post-test mean scores of the students
taught by instruction based on 5E learning cycle model and those taught by traditional method with
respect to the understanding of state of matter and solubility concepts when science process skill was
controlled as a covariate (F = 236.32; p<0.05). The experimental group scored significantly higher
than control group (Xgg = 17.28; Xcg = 11,96). On the other hand, science process skills was a
statistically significant predictor for understanding of state of matter and solubility concepts (F =
49.09; p<0.05).

Items in the SMSCT were developed with respect to students’ misconceptions in state of matter
and solubility concepts and the objectives in the curriculum. The items were also written in terms of
levels in Bloom’s taxonomy. The proportions of correct responses and alternative conceptions were
examined by using item analysis for experimental and control group. The results revealed that whereas
the percentages of correct responses are nearly the same in the questions requiring simple recall,
define, and label for both experimental and control group students, the percentages of correct
responses was higher in the questions requiring interpret, organize, and integrate the knowledge for
experimental group students. For instance, one of the items related to temperature changes during the
phase changes. In this item, students were asked to simply to recall whether the temperature changes
during phase changes. After the treatment, 60 % of the students in control group and 72.9% of the
experimental group students answered this question correctly. On the other hand, another item was
related to the relationship between temperature changes and molar concentrations of saturated
solutions. Students were required integrating their knowledge about saturated solutions with the effect
of temperature on concentration changes of the solutions, and interpreting a graph to answer this item.
The percentage of students who answered this item correctly was 38.3% in control group. In
experimental group, 71.2% of the students answered this item correctly. It was realized that students in
control group had some difficulties to integrate and infer their knowledge to answer related questions.
This striking difference can be seen in another item related to molecular appearance of the water in
different phases. Students in experimental group were better in understanding phase change concepts
in molecular level. After the treatment, while 38.3% of the students in control group selected the
desired answer, 59.3% of the students in experimental group answer this item correctly. In addition,
the results indicate that treatment has an effect on remediation of misconceptions. For example, an
item was related to students’ misconceptions about defining the bubbles that form during the boiling
process. Whereas 40% of the students in control group defined these bubbles properly, the percentage
of students who defined the bubbles that form during the boiling process was 72.9% in the
experimental group. Moreover, 58.3% of the students in control group held the alternative conception
about the ‘condensing water on the outside surface of a sealed class jar containing ice’, whereas 40.7%
of the students in experimental group held this misconception after the treatment. What is more,
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students in the experimental group used better the relevant information in adressing the problems,
interpret the information, and use the priciples to solve the problems in anwering the essay type items.
For instance, students required to know some of the principles about the colorimetry to answer one of
the essay type question. The results revealed that while 56.7% of the students in control group
responded this item correctly, 67,8% of the students in experimental group answered this item
correctly.

Moreover, in an item, students were required to simply recall the conservation of mass during
phase changes. The misconception which was stated as “the weight or mass of a substance changes as
it melts or evaporates, mass not conserved” was identified from literature and structured interviews at
the beginning of the study. After the treatment, 26.7 % of the students in control group held this
misconception; on the other hand only 6.8 % of the students in experimental group had this
misconception. In other words, whereas 61.7% of the students in control group answered this question
correctly, the proportion of students in experimental group who answered this item was 86.4%. In
addition, 11.7% of the students in control group selected only the correct response, the reason of the
correct response were not written. And, 6.4% of the students in experimental group did not write the
reason of the correct response. Therefore, the percentages of correct responses for this item in both
groups indicated as evidence to say that instruction based on SE learning cycle model improve
students’ performance skills better when compared with the instruction based on traditional method. In
another items, it was required thinking critically to answer these items correctly. Whereas 25% of the
students in control group answered one of these items correctly, the percentage of correct response for
this item was 66.1% in experimental group. In addition, while 23.3% of the students in control group
answered the other item correctly, 59.3% of the students in experimental group answered this item
correctly

4. DISCUSSION AND IMPLEMENTATION

It was found that the instruction based on 5E learning cycle model caused a significantly better
acquisition of scientific conceptions and elimination of alternative conceptions related to state of
matter and solubility concepts than the traditionally designed chemistry instruction. There is a
consistency between the findings in our study and the previous studies in that instruction based on SE
learning cycle can facilitate learning of scientific concepts (Akar, 2005; Coulson, 2002; Boddy,
Watson, & Aubusson 2003; Garcia, 2005; Campell, 2000; Balci, Cakiroglu & Tekkaya, 2006; Lord,
1997; Mecit, 2006; Bevenino, Dengel & Adams, 1999). In these studies, activities in the phases of SE
learning cycle model were used to remedy students’ alternative conceptions and better acquisition of
scientific conceptions. In addition, SE learning cycle model use a sequence and emphasis the phases in
this sequences and use the work of Jean Piaget (Piaget & Inhelder, 1969; Piaget, 1975). Moreover, SE
learning cyle model view learning as dynamic and interactive process and this model believes that
changing and improving conceptions often require to challenge students’ current conceptions and to
show students the inadequacies of these concepts.

The superiority of instruction based on 5E learning cycle model caused from its instructional
sequence and the activities that used in the phases of 5E learning cycle. In the engagement phase (1),
activities were developed to create interest and generate curiosity which involved a problem,
situation, or an event. The activities that were employed in this phase exposed students’ prior
knowledge and made connections to present and future topics. In the exploration phase (2), students
were exposed to activities to explore the ideas. The activities which were common for all students in
class were designed for students to identify the current concepts, include misconceptions, processes
and skills and facilitate conceptual change. In the explanation phase (3), the concepts, processes, or
skills became plain, comprehensible, and clear. Although teacher preferred to use verbal explanations,
variety of techniques and strategies such as videos, films, and educational courseware were employed.
In addition, students found opportunities to explain their ideas and concepts related to state of matter
and solubility concepts. In elaboration phase (4), the extension of concepts that had experienced
through the previous three stages was achieved. Students who had still misconceptions found
additional time to understand a concept in terms of the exploratory experience and to remedy
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misconceptions. In the evaluation phase (5), students found opportunity to evaluate their
understanding, which were gained in previous phases. In addition, feedback on the adequacy of
students explanation were provided by teacher.

On the other hand, the traditional instruction in this study comprised lectures given by teacher,
use of textbooks, and clear explanation of important concepts. The major responsibility of the teacher
in this group was transferring the knowledge to the students. The difference between the two strategies
was that while the traditional approach did not take account students’ alternative conceptions, the
conceptual change approach explicitly dealt with students alternative conceptions. The results found in
this study support the view that traditional instruction methods have not enough quality to eliminate
students’ alternative conceptions.

Coulson (2002) conducted a study to investigate how varying levels of fidelity to the 5E
learning cycle model affected student learning. It was found that teachers who taught their students
with medium of high levels of fidelity to the SE learning cycle model contributed students leaning
gains nearly double that of teachers did not used the model or used with levels of fidelity. In other
words, when teachers implemented the 5E learning cycle model with a medium or high level of
fidelity, the learning gains experienced by their students were significantly greater than the learning
gains of teachers who did not adhere closely to the SE learning cycle model. In this study, the lessons
that implemented in both experimental and control group were observed by researcher and observation
checklist that was prepared by the researcher was completed. The evidences gathered from the results
of observations indicated that teacher implemented the S5E learning cycle model with a high level of
fidelity for the current study.

Also, a significant portion of variation in students’ understanding of state of matter and
solubility concepts was accounted by the degree of students’ science process skills in this study. It is
useful to bring out analysis ability of students in solving complex problems that requires students’
conceptual understanding, because it measures the intellectual abilities of students including the items
related to identifying variables, identifying and stating the hypotheses, operationally defining,
designing investigations and graphing and interpreting data. To understand complex concepts and
problems in science, students should be able to apply fundamental facts and principles, use appropriate
conceptual and theoretical frameworks, and perform calculations.

In instruction based on 5E learning cycle model, students’ prior knowledge were taken into
account and integrated with the new knowledge. As it was indicated, it is very difficult to understand
concepts in meaningful way when the prior conceptions are inconsistent and students can not link the
new knowledge with existing knowledge. Students’ misconceptions were examined by teachers at the
beginning of the instruction based on SE learning cycle model to avoid students to create more
misconceptions in their mind. Well designed instruction based on 5E learning cycle model can lead
better acquisition of scientific concepts. Therefore, the principles and the fundamentals of 5E learning
cycle model should be explained to science and chemistry teachers in in-service teacher training
programs.

5. RECOMMENDATIONS

Similar studies can be conducted in different school types or different grade levels with a larger
sample size to increase generalizability of the study. Studies can be conducted to investigate the effect
of instruction based on 5E learning cycle model on students’ understanding of concepts, attitudes and
motivations other than state of matter and solubility concepts. In addition, similar studies can be
conducted to investigate the effect of instruction based on 5E learning cycle model on students’
understandings of concepts, students’ motivation and learning strategies in other subject areas such as
biology and physics.
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GENISLETILMIiS OZET

Arastirmalar, Ogrencilerin derslere, Ogrenecekleri konularla ilgili, giinlik yasamlarindaki
deneyimlerinden ve birbirleri ile olan iletisimlerinden elde ettikleri birtakim bilgilerle geldiklerini
ortaya koymaktadir. Ogrencilerin derslere gelmeden, 6grenecekleri konu hakkinda edinmis olduklar1
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bilgiler ¢ok 6nemlidir. Ogrencilerin bir konu hakkinda derse gelmeden sahip olduklar1 bu bilgiler, her
ne kadar kendilerine mantikli ve degerli gelse de, bu bilgiler kabul edilmis bilimsel anlamlarindan
farklilik gosterebilir. Bilim adamlarinin kabul ettigi bilimsel kavramlardan farklilik gosteren bu
kavramlara kavram yanilgilar1 denmektedir. Yapilandirmaci yaklasimin da savundugu gibi bilgi birey
tarafindan aktif bir sekilde bireyin sahip oldugu bilgiler tizerine yapilandirildigi icin yeni bilgilerin
anlamli bir sekilde Ogrenilmesi, bireyde varolan bilgilere baghdir. Bu nedenle &grencilerin yeni
kavramlar1 dogru 6grenebilmesi i¢in sahip oldugu kavram yanilgilarinin giderilmesi gerekmektedir.
Kalici, degismesi zor olan bu kavram yanilgilarim1 gidermek geleneksel 6gretim yontemi ile pek
miimkiin olmamaktadir. Cagdas, yapilandirict yaklasima dayali 6gretim yontemleri Ogrencilerin
varolan bilgilerini dikkate aldigindan 6grencilerin kavram yanilgilarin1 gidermekte etkilidirler.

Maddenin yogun fazlar1 ve c¢oziiniirlik konusu kimyadaki bir¢ok konunun 6grenimine temel
olusturdugundan ¢ok onemli bir yere sahiptir. Ornegin, gazlar konusunun daha iyi anlasilmasi igin,
kimyasal degisim ve fiziksel degisim arasindaki farklarin daha iyi anlasilmasi icin maddenin yogun
fazlart konusunun iyi anlasilmasi gerekmektedir. Bununla beraber, maddelerin faz degisimleri
sirasindaki sicaklik degisimi termodinamik konusunun alt yapisi i¢in 6nemlidir. Coziiniirliik konusu,
¢oziiniirliik dengesi ve elektrokimya konular1 i¢in bir temel olusturmaktadir.

Bu calismanin amaci, maddenin yogun fazlari ve c¢Oziinilirlik konusunda onuncu sinif
ogrencilerinin sahip olduklar1 kavram yanilgilarinin giderilmesi ve maddenin yogun fazlari ve
coziiniirlik konusunu daha iyi anlamalart icin SE 6grenme modeline dayali Ogretim yOntemi
gelistirmektir. SE 6gretim yontemi icerisinde izlenen basamaklar sdyledir: Mesguliyet (engagement)
basamagi (1); bu basamakta 6grenciler, dersden once 6gretmen tarafindan belirlenmis olan kavram
yanilgilarin1 aktif hale getirecek bir nesneye, bir duruma veya bir olaya maruz birakilirlar. Bu
etkinlikler dgrencileri bir kavram celigkisine siiriikler ve icinde bulunduklari kavram yanilgilar ile
belli durumlart agiklayamadiklarini onlara gosterir. Ikinci basamak kesfetme (exploration)
basamagidir (2); bu basamakta Ogrecilerin olaylari, durumlart ve sunulan materyalleri kesfetmesi
saglanir. Sunulan etkinliklere aktif olarak katilan 6grenciler, olaylar1 gdzlemleme, ilgili degiskenleri
tamimlama ve olaylar1 sorgulama firsat1 bulurlar. Ogrenciler icinde bulunduklar1 kavram yamlgilarinin
arkasindaki fikirlerin mantigim bulmaya calisarak gidermeye calisirlar. Ugiincii basamak aciklama
(explanation) basamagidir (3). Bu basamakta kavramlar, bilimsel siire¢ ve beceriler, daha onceki iki
basamakta edinilen deneyimler 1siginda, ogrencilere basit, net ve dogrudan sunulur. Ik olarak
ogrencilerin kavramlar agiklamart saglanir ve daha sonra 6gretmen kavramlari net ve acgik bir yolla
izah eder. Dordiincii basamak, ayrintilara girerek isleme (elaboration) basamagidir (4). Bu basamakta
ogrenciler kavramlarini, becerilerini genisletmek ve ayrintilari daha iyi anlamak i¢in ayn1 konularda
fakli deneyimlere maruz birakilirlar. Hala kavram yanilgilarina sahip olan 6grenciler bu basamakta bu
kavram yanilgilarim giderme ve konulari daha iyi kavrama firsati bulurlar. Son basamak,
degerlendirme (evaluation) basamagidir (5). Ogrencilerin kavram yanilgilar1 ve konuyu kavramalari
cesitli testler veya etkinliklerle degerlendirilerek, 6grencilere doniitler verilir.

Bu c¢alisma, Ankara’daki bir Anadolu Lisesinde, ayni1 6gretmenin kimya derslerinde bulunan
119 onuncu sinif d6grencisinin katilimi ile gerceklesmistir. Kontrol grubundaki 6grencilere geleneksel
kimya Ogretim yontemi uygulanirken, deney grubundaki &grencilere SE 6grenme modeline dayali
Ogretim yontemi uygulanmistir. Deney grubunda ogrencilere S5E 0Ogrenme modelinin igerdigi
basamaklar gosteriler, video animasyonlari, laboratuvar aktiviteleri ve tartisma yoluyla uygulanmustir.
Kontrol grubunda dersler O6gretmen aciklamalar1 ve ders kitaplarina dayali olarak islenmistir.
Maddenin yogun fazlart ve coziiniirlik testi (SMSCT), ogrencilere ilk-test ve son-test olarak
dagitilarak Ggrencilerin  maddenin yogun fazlart ve ¢Oziiniirlik konularin1  anlamalari
degerlendirilmistir. Ogrencilerin bilimsel islem becerilerini belirlemek iizere bilimsel islem beceri testi
(SPST) calismanin basinda 6grencilere uygulanmustir.

Uygulanan tek degiskenli kovaryans (ANCOVA) analizi sonucunda, 5E 6grenme modeli
kullanilan 6grencilerin, maddenin yogun fazlar1 ve coziiniirlik kavramlarini, geleneksel kimya
anlatim1 kullanilan gruba gore daha iyi anladiklar tespit edilmistir. Son olarak, dgrencilerin bilimsel
islem becerileri, 6grencilerin maddenin yogun fazlari ve coziiniirliirlik kavramlarimi anlamasinda
belirleyici bir unsur olarak karsimiza ¢ikmaktadir.



