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ABSTRACT

EFFECTIVENESS OF 5E LEARNING CYCLE MODEL ON HIGH SCHOOL
STUDENTS” UNDERSTANDING OF SOLUBILITY EQUILIBRIUM CONCEPT

Aydemir, Nurdane
Ph.D., Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Omer Geban

May 2012, 271 pages

The purpose of this study was to investigate the effect of instruction based on 3E
learning cycle model (LCI) compared to Traditional Instruction (TI) and gender on
11" grade students’ understanding of solubility equilibrium concept, students’
perceived motivation, use of learning strategies, and attitudes towards chemistry.
There were 53 students in the experimental group instructed by the LCI and 56
students in the control group instructed by the TI. Solution Concept Test and Science
Process Skills Test were administered to students in both groups as a pre-test.
Attitude Scale towards Chemistry and Motivated Strategies for Learning
Questionnaire were given to students in both groups before and after the treatment.
Moreover, Solubility Equilibrium Concept Test was administered to both groups as a
post-test and retention test two months after treatment. Treatment implementation
continued for seven weeks. After the instruction, semi-structured interviews were
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conducted with six students from experimental group and six students from control
group. Data were analyzed by using MANCOVA. The results revealed that LCI was
more effective than the TT on students’ understanding and retention of the solubility
equilibrium concepts. In addition, LCI improved students’ attitudes towards
chemistry, intrinsic goal orientation, task value, self-efficacy for learning and
performance, rehearsal, elaboration, organization, critical thinking, metacognitive
self-regulation, time and study environment, and peer learning. Moreover, females
found as more positive towards chemistry and better organization and help seeking.
Furthermore, interview results indicated that students in experimental group
demonstrated better scientific understanding of solubility equilibrium concepts

compared to those in control group.

Keywords: Learning Cycle Model, SE Learning Cycle Model. Solubility equilibrium,
Attitude towards Chemistry, Motivation
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SE OGRENME MODELININ LISE OGRENCILERININ COZUNURLUK
DENGESI KONUSUNU ANLAMASINA ETKISI

Aydemir, Nurdane
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez YoOneticisi - Prof. Dr. Omer Geban

Mayis 2012, 271 sayfa

Bu ¢aligma, Geleneksel Kimya Ogretim Yoéntemi (GKOY) ile kiyaslandiginda, 5E
d8renme dongiisii  yonteminin (ODY) ve cinsiyetin 11, suuf 6grencilerinin
¢Oziintirlik dengesi konusunu anlamalari, motivasyonlari, &grenme stratejilerini
kullanmalar1 ve kimya dersine Karst tutumlar tzerindeki etkisini incelemeyi
amaglamistir. Deney grubunda 33 8grenci bulunup ODY ile 8gretim vyapilirken
kontrol grubunda 56 ogrenci olup GKOY ile ogretim yapilmistir. Cozinirlik
Kavram Testi (CKT) ve Bilimsel Islem Beceri Testi (BIBT) her iki gruptaki
ogrencilere uygulamadan énce 6n test olarak uygulanmigtir. Kimya Dersine Kargi
Tutum Olgegi (KTO) ve Oprenmede Gudiisel Stratejiler Anketi (OGSA)
uygulamadan 6nce ve sonra her iki gruba uygulanmigtir. Ayrica Coziinlirlilk Dengesi
Kavram Testi 6grencilerin ¢oztintirliik dengesi kavramlarini anlamalarinda 6gretimin
etkisini 6lgmek igin her iki gruba son test ve uygulamadan iki ay sonra tekrar testi
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olarak verilmigtir. Uygulama yedi hafta stirmiigtiir. Aragtirmanin bitiminde deney
grubundan 6 kontrol grubundan da 6 6grenci ile yari-vapilandirilmig gortigmeler
yapilmigtir. Bu caligmadan elde edilen nicel veriler MANCOVA yontemi
kullanilarak analiz edilmigtir. Sonugta, geleneksel yonteme kiyasla 5E 6grenme
dongtisii yaklagiminin 11. smif 6grencilerin ¢oziintirlik dengesi kavramlarim anlama
ve hatirlama diizevlerinde daha etkili oldugu bulunmugtur. Ayrica, 5E dgrenme
modeline dayali 6gretimin 6grencilerin kimyaya kargi tutumlarina, i¢sel motivasyon,
deger verme, Ogrenmeye yonelik Oz-yeterlik, tekrar stratejileri, detaylandirma,
orgitleme, elegtirel diigiinme, biligétesi ozdiizenleme, ¢aligma ortami ve zamam ve
esli 6grenmelerine etkisi oldugu tespit edilmigtir. Kizlarin kimyaya kargi daha positif
tutumlarinin oldugu ve oérgiitleme ve yardim arama becerilerinde daha iyi olduklar
bulunmustur. Ek olarak, goriismeden elde edilen sonuglar deney grubundaki
ogrencilerin  kontrol grubundakilere kiyasla ¢oziniirlik dengesi kavramlarim

anlamada daha iyi oldugunu gostermigtir.

Anahtar Sézcikler: Ogrenme Halkasi, 5E Ogrenme Modeli, Coziniirlik Dengesi,

Kimyaya Kargi Tutum, Motivasyon
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CHAPTER 1

INTRODUCTION

In recent years, studies in chemistry education have increased and especially
how students learn and the factors that influence their learning have become
important. Many researches in the literature revealed that students come to the
classes with ideas, expectations, and conceptions (Bodner, 1986; Driver, Guesne, &
Tiberghien, 1985). Generally, students bring these prior understandings from daily
life experiences (Boo, 1998). These kinds of ideas are labed as misconceptions
(Chambers & Andre, 1997, Nakhleh, 1992; Nussbaum, 1981), alternative
conceptions (Gilbert & Swift, 1985; Taber, 2001) or children’s ideas (Osborne &
Wittrock, 1983). These ideas are personal, stable, and different from the scientifically
accepted concepts. Many studies supported the notion that misconceptions are so
powerful in that that they impede students’ learning and they are not often
completely eliminated even after the instruction (Andersson, 1986; Bilgin & Geban,
2006; Canpolat, Pmarbasi, Bayrakceken, & Geban, 2006; Calik, Kolomuc, &
Karagolge, 2010; Driver & Easly, 1978; Duit, 2007; Pinarbasi, Canpolat,
Bayrakceken, & Geban, 2006). Therefore, researchers sought ways to improve
students’ understanding of scientific conceptions and developed various instructional
strategies based on constructivism.

Constructivism is a learning theory, which pays attention to the students’
prior knowledge. According to constructivism, learners construct the knowledge in
the their mind (Rowlands & Carson, 2001). Constructivism stems from the works of
Piaget, Bruner, Vygotsky, and Ausubel. Piaget believed that individuals construct
knowledge through a continuous self-construction process. Piaget defined three

1



processes critical to cognitive development: assimilation, accommodation, and
equilibration. If a child uses existing concepts to perceive new objects or events, this
is called assimilation. When students’ existing concepts are inadequate to explain
new experience, then accommodation occurs. Equilibration encompasses both
assimilation and accommodation and it determines the child’s transition from one
stage of development to the next. Bruner and Vygotsky stressed the importance of
social and cultural factors on construction of knowledge. Moreover, Ausubel focused
on meaningful learning by considering existing knowledge as the most influential
factor efffecting learning (Driscoll, 1994). In constructivist view, it is important to
climinate students’ misconceptions. Therefore, many leaming models were
developed to deal with misconceptions. One of them is conceptual change model.

Conceptual change is one of the most effective strategies in the application of
constructivist ideas to science instruction (Hewson & Thorley, 1989). There is a
difference between the ideas of conceptual change approach and constructivism.
Constructivism emphasizes general process of learning, but conceptual change
approach emphasizes the specific conditions which must be fulfilled for the
modification of existing conceptions by new ones (Weaver, 1998).

Posner, Strike, Hewson, and Gertzog (1982) proposed first conceptual change
model. According to conceptual change model, learning occurs through the
construction of knowledge in appropriate conditions. Two type of conceptual change
were specified: Assimilation and accommodation. For the assimilation, existing
concepts are used to deal with new phenomena. However, for the accommodation,
existing concepts are insufficient to understand new phenomenon. Accordingly,
existing concepts are replaced or reorganized with adequate ones (Posner et al.,
1982). Four conditions for accomodation were suggested Posner et al. (1982). These
are: a) new conception must formed dissatisfaction with prior conceptions, b) there
must be intelligible, ¢) there must be plausible, d) a new concept should be fruitful.

There are various conceptual change strategies targeting students” acquisition

of scientific conceptions or remediation of misconceptions. One of the techniques



used for elimination misconceptions is conceptual change text (Yuruk & Geban,
2001). In conceptual change model text, a question is asked students to make
prediction about a situation. Later some common students” misconceptions in science
are presented. Then, scientifically correct statements are given (Chambers & Andre,
1997). Many researches supported that conceptual change texts are effective for
meaningful learning and conceptual change (Balci, Cakiroglu, & Tekkaya; 2006;
Sungur, Tekkaya, & Geban, 2001; Uzuntiryaki & Geban, 2005).

Besides conceptual change texts, learning cycle model is also used for
promoting conceptual change. Learning cycle model is grounded on constructivism:
The three phase learning cycle was derived from Piaget’s mental functioning model.
The three phases were initially called preliminary exploration, invention, and
discovery (Karplus & Thier, 1969). Later, the names of the phases in the learning
cycle have been modified (Abraham & Renner, 1986; Glasson & Lalik, 1993). More
recently, they were referred to as exploration, term introduction, concept application
(Lawson, Abraham & Renner, 1989). In the exploration phase, students explore new
materials and new ideas through their own actions with minimum guidance. In term
introduction phase, the terms, which refer to the patterns discovered during the
exploration phase, are introduced by the textbook, the teacher, a film or another
medium. In concept application phase, the new concept is applied in additional
situations (Lawson et al., 1989). The phases of learning cycle are consistent with the
principles of Piaget’s theory. The exploration phase facilitates assimilation, the term
introduction phase demonstrates the information to be accommodated, and the
concept application phase provides opportunities for the organization of newly
acquired knowledge (Abraham, 2003). Leaming cycles can be classified as
descriptive, empirical-abductive, and hypothetical-deductive. In descriptive learning
cycles, the data are gathered in a descriptive manner without explanation but in
hypothetical-deductive learning cvcles, alternative hypotheses are generated and
tested. Empirical-abductive learning cyeles are intermediate and data gathering

process requires both description and explanation (Lawson et al., 1989).



The three phase learning cycle has been expanded into 4E, 5E, 6E, and 7E
models by adding more phases. A popular form of the learning cycle is the 5E
mmstructional model and it involves the five phases: Engagement, exploration,
explanation, elaboration, and evaluation. It integrates two more phases into the three
original learning cycle phases. The engagement phase is designed to gain students’
attention, make connection between prior concepts and new concepts, and elicit
students” misconceptions. The evaluation phase gives the opportunity for students to
evaluate their understanding and for teachers to determine student’s level of
understanding. SE instructional model is designed to facilitate conceptual change
process (Bybee, Trowbridge, and Powell, 2004). Morecover, Eisenkraft (2003)
expanded the 5E model into 7E model in order to ensure instructors do not omit
“‘transfer of learning’ and “eliciting prior knowledge’ in their learning cvcle lessons.
In 7E model, engagement phase is expanded into elicitation and engagement phases,
and elaboration and evaluation phases are expanded into elaboration, evaluation, and
extension phases.

A large body of learning cycle research has been conducted including its
effect on conceptual understanding (Ates, 2005; Musheno & Lawson, 1999),
reasoning abilities (Johnson & Lawson, 1998, Lawson, 2001), attitudes (Cavallo &
Laubach, 2001; Yilmaz & Huyuguzel Cavas, 2006), science process skills and
logical thinking skills (Lavoie, 1999; Westbrook & Rogers, 1994), and elimination of
misconceptions (Balci et al., 2006). These studies confirmed that learning cycle
approach has many advantages over traditional instruction in terms of attitudes
towards science, science process skills, thinking skills and conceptual understanding,
Its power comes from the inductive use of the laboratory and defined phases of
instruction (Abraham, 2003).

Students” misconceptions and learning difficulties in chemistry constitute a
problem because most phenomena discussed in chemistry are abstract in nature, and
thereby students have a lot of misconceptions in chemistry (BouJaoude, 1991). Most

of the studies dealing with students’ misconceptions in chemistry have been focused
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on chemical equilibrium (Gussarsky & Gorodetsky, 1990; Huddle & Pillay, 1996;
Quilez-Pardo & Solaz-Portoles, 1995, Voska & Heikkinen, 2000; Thomas &
Schwenz, 1998), thermodynamics (Kesidou & Duit, 1993; Thomas & Schwenz,
1998), stoichiometry (Huddle & Pillay, 1996), nature of matter (Haidar & Abraham,
1991; Lee, Eichinger, Anderson, Berkheimer, & Blakeslee., 1993; Renstrém,
Andersson, & Marton, 1990), mole concept (Staver & Lumpe, 1995), chemical
bonds (Boo, 1998), e¢lectrochemistry (Sanger & Greenbowe, 1999), general and
organic chemistry (Zoller, 1990). On the other hand, there are few studies on
solubility equilibrium (Cam, 2009; Onder & Geban, 2006; Raviolo, 2001). Solubility
equilibrium is one of the most important topics in high school chemistry since
students often hold misconceptions in this topic. In addition, solubility, solution,
solute, Le Chatelier’s principles, physical and chemical equilibrium are crucial pre-
requisite concepts for leaming solubility equilibrium. These pre-requisite concepts
are also abstract in nature and students often misunderstand those concepts.
Therefore, it is important to investigate how students change their misconceptions on
solubility equilibrium.

Since science learning cannot be explained only by examining cognitive
factors, learners” attitudes should also be considered. One of the affective constructs
influencing students’ learning is their attitudes towards subject matter. Several
studies in science education investigated the relationship between students’ attitudes
towards chemistry and their achievement. There were different relationships between
attitudes towards science and science achievement. Several studies detected that
there was a positive correlation between attitude and achievement (e.g., Altun
Yalcin, Acish, & Turgut, 2010; Greenfield, 1997; Ozden, 2008; Sasmaz Oren &
Tezcan, 2009).

Motivation and self-regulation effect students” learning in various disciplines
(Pintrich & De Groot, 1990; Uredi & Uredi, 2005). Uredi and Uredi (2005) found
that self-regulation 1s a significant predictor of student achievement with high-

achieving students demonstrating a greater use of self-regulatory strategies than low-



achieving students do. Previous research demonstrated that learning cycle model
(Ceylan, 2008; Savgin, 2009; Yilmaz, 2007), and instructional approaches based on
constructivism (Sungur & Tekkaya, 2006) are effective in developing students’
perceived motivation and use of learning strategies.

As mentioned above, learning cycle model can be effective on students’
acquisition of chemistry concepts by promoting the conceptual change, and has a
potential of improving students’ attitudes towards chemistry, motivation to learn
chemistry and use of leaming strategies. Therefore, the present study aimed to
identify and examine students’ misconceptions about solubility equilibrium concepts.
This study also aimed to compare the effectiveness of instruction based on SE
learning cyecle model and instruction based on traditional method with respect to a)
understanding of solubility equilibrium concepts, b) students’ attitudes towards
chemistry as a school subject, ¢) students’ perceived motivation, d) students’
perceived use of learning strategies. Students” ideas about the implementation of 5E

learning cycle model were further investigated in this particular research.

1.1 Significance of the Study

Students often hold some ideas, interpretations, and concerns even if they do
not take any formal instruction regarding the subject matter (Chandran, Treagust, &
Tobin, 1987; Reynolds & Walberg, 1992; Uzuntiryaki & Geban, 2005). Some of
these prior understandings are not congruent with the scientific conceptions (Driver
et al., 1985). These understandings are often labeled as misconceptions by many
researchers (Chambers & Andre, 1997; Nakhleh, 1992; Nussbaum, 1981). Most of
misconceptions are resistant to change and they are not completely eliminated
through regular instruction (Driver & Easly, 1978; Fisher, 1985; Hynd, McWhorter,
Phares, & Suttles, 1994) because they are embedded in students’ alternative beliefs
system (Boujaoude, 1991; Guzzetti, 2000; Hewson & Hewson, 1988; Taber, 2001).



Students’ misconceptions in all chemistry grade levels create a main problem to
science educators, researchers, students, and teachers (Nussbaum & Novick, 1982).
Because most of the chemical phenomena are hard to understand due its abstract
character, which results in various misconceptions (Gabel, 1999). Students having
misconceptions in basic chemistry concepts struggle with learning further concepts
because new conceptions are integrated with existing conceptions. It would be hard
for the students having misconceptions to acquire new conceptions scientifically.
Therefore, determination of students’ misconceptions is very crucial in chemistry
teaching. Once teachers identify their students’ misconceptions, they can design their
instruction based on those specified misconceptions and they can use various
instructional strategies for the remediation of those misconceptions. Therefore, one
of the aimes of the current research is to identify students’ misconceptions about
solubility equilibrium concepts. Another aim 1s to eliminate those specified
misconceptions using instruction based on 5E learning cycle model.

Instruction based on 5E learning cycle model includes hands on activities,
daily life examples, conceptual change texts, and demonstrations in order to
eliminate misconceptions and promote meaningful learning. Daily life examples are
helpful to take students’ attention to the subject. Morcover, SE learning cycle
instruction including daily life examples and small group activities could eliminate
students” misconceptions in chemistry topics and help students to construct new
conceptions.

Solubility equilibrium is an important topic in chemistry since students
should have scientific understanding of solubility, solution, solute, Le Chatelier’s
principles, physical and chemical equilibrium prior to the mstruction of solubility
equilibrium (Raviolo, 2001). Because of its abstract nature, solubility equilibrium
concepts are hardly understood by the students and students often hold
misconceptions in solubility equilibrium. Therefore, it is important to investigate
how students change their misconceptions on solubility equilibrium. In addition,

there is limited study related to students’ misconceptions about solubility equilibrium
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(e.g., Cam, 2009; Onder, 2006; Raviolo, 2001). Therefore, in the present study,
students” misconceptions about solubility equilibrium were investigated and
mmstruction based on 5E leaming cycle was applied in order to promote conceptual
change in students.

Affective factors are influential in students’ learning as well as cognitive
factors (Duit & Treagust, 2003). Besides promoting scientific acquisition of
scientific knowledge, an effective science instruction also encourages individuals to
apply their acquired knowledge into new and real-world situations. Students having
positive attitudes toward subject matter, who are motivated to learn and
demonstrating use of learning strategies can plan a strategy for problem solving, are
conscious of their own steps and strategies during problem solving. and can reflect
on and evaluate their own decision-making processes (Baird, 2003). Because
attitude, motivation, and self-regulation play a critical role in successful learning, it is
worth to develop students” attitudes towards chemistry, motivation to learn chemistry
and use of learning strategies by using appropriate instructional strategies. Learning
cycle model was found effective in developing students’ attitudes towards subject
matter (Altun Yalcin et al, 2010; Sasmaz Oren and Tezcan, 2009), perceived
motivation and perceived use of leaming strategies (Ceylan, 2008; Saygin, 2009;
Yilmaz, 2007). Therefore, the effect of instruction based on 3E learning cvcle model
on students attitudes towards chemistry, perceived motivation and perceived use of

learning strategies were also investigated in this particular study.



1.2 Definition of Important Terms

In this section, the definitions of important terms were given.
Misconception: students’ concepts or ideas that differs from the views of

scientists (Nakhleh, 1992).

Constructivism: a theory of learning that emphasizes students’

misconceptions in order to construct new scientific concepts.

Conceptual change approach: an effective strategy for eliminating students’
misconceptions in science classes. In this approach, students should be dissatisfied
with their existing ideas first. Then, students presented new concepts and it is
explained that these concepts should be parallel to the knowledge in other areas.

Finally, they should be led to new insights (Posner et al., 1982).

Traditional instruction: an instruction in which students are taught by means

of lecture. That is, students are passive during the instruction.

Learning cycle: a three step instructional sequence that includes exploration,

term introduction and concept application

SE learning cycle: an expanded version of three-phase learning cycle

including engagement, exploration, explanation, elaboration, and evaluation.

Attitude towards chemistry: involves interest in chemistry, attitude about
chemists, attitudes towards methods of teaching chemistry, and attitudes toward the
use of chemistry (Parker, 2000).

Motivation: is an internal state that arouses, directs, and maintains behavior

(Woolfolk, 1998).



CHAPTER 2

LITERATURE REVIEW

Many researches in the science education literature are concerned students’
understanding of scientific phenomena. Learning new knowledge will be meaningful
to the degree that learners can relate it to the ideas that they already understand.
Therefore, learning in science should be seen as a rearrangement of previous ideas
rather than just adding information to previous knowledge (Hackling & Garnett,
1985). Learning is an active process in which knowledge 1s constructed through the
combination of new concepts with the prior concepts. Science educators have been
focused on changing misconceptions with scientifically accepted ideas since the
students have difficulty in changing their misconceptions in traditionally designed
science lesson (Jones & Beeth, 1995).

Research in students’ conceptual knowledge 1s based on a model of learning
in which students construct their own concepts (Osborne & Wittrock, 1983).
Students develop ideas even without teaching takes place. Some of these ideas are
not consistent with the scientific understandings (Driver et al., 1985), and they are
often called as misconceptions (Nakhleh, 1992). Students have misunderstandings
and learning difficulties in various chemistry topics (Garnett, Garnett, & Hackling,
1995). Several studies dealt with identifying and eliminating students’
misconceptions encountered in chemistry (Bilgin & Geban, 2006; Ceylan & Geban,
2009, 2010, Calik, Ayas, & Coll, 2007, 2009, Cetingtil & Geban, 2011; Gussasky &
Gorodetsky, 1990; Huddle & Pillay, 1996; Ozmen, 2008). The concept of solubility
equilibrium is a main part of the chemistry curriculum. The studies on the concept of
solubility equilibrium have shown that students struggle with learning solubility
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equilibrium concepts because similar to other topics of chemistry solubility
equilibrium include abstract concepts, and therefore students do not understand
solubility equilibrium concepts (Garnett et al., 1995). On this ground, the following
review aims to provide a necessary background for the current study. The literature
review consists of the following parts: Misconceptions, constructivism and
conceptual change, learning cycle approach, research on learning cycle model,
attitude, motivation and self-regulation, and summary of the findings of the reviewed

studies.

2.1 Misconceptions

Concept is defined as a scientifically desired knowledge that is given to the
learner through his/her formal education. It is established that children improve their
personal ideas and experience during daily life (Andersson, 1986).

It has been widely accepted that students come to the class with certain ideas,
expectations, and concepts. However, some of these intuitively held ideas differ from
scientifically accepted ones. These kinds of ideas are referred to as “preconception”
(Benson, Wittrock, & Baur, 1993), “misconception” (Brown, 1992; Chambers &
Andre, 1997; Din, 1998; Gonzalez, 1997; Griffiths, 1994; Griffiths & Preston, 1992;
Helm, 1980; Lawson & Thompson, 1988; Michael, 2002; Nakhleh, 1992; Nussbaum,
1981; Schmidt, 1997, Treagust, 1988), “alternative conception™ (Dykstra, Boyle, &
Monarch, 1992; Gilbert & Swift, 1985; Niaz, 2001; Palmer, 2001; Taber, 2001;
Wandersee, Mintzes, & Novak, 1994), “alternative frameworks™ (Gonzalez, 1997,
Kuiper, 1994; Taber, 1999), “children’s science” (Gilbert, Osborne & Fensham
1982; Stenhouse, 1986), “children’s scientific intuitions™ (Sutton, 1980), “naive
conception” or “naive beliefs” (Caramaza, McCloskey & Green, 1981), and

“intuitive ideas™ (Hynd, et al., 1994).

11



Students” misconceptions in at all levels create a main problem of concern to
science educators, scientist-researchers, students, and teachers (Nussbaum & Novick,
1982). Misconceptions are embedded in students’ alternative beliefs system;
therefore, most of misconceptions are resistant to change (Boujaoude, 1991;
Guzzetti, 2000; Hewson & Hewson, 1988; Taber, 2001). Generally, the possible
sources of students” misconceptions are “prior knowledge™ (Driver & Easley, 1978;
Driver & Erickson, 1983; Palmer, 1999; 2001; Posner et al., 1982; Taber, 2000),
textbooks (Barrow, 2000; Chiu, 2003; Sanger & Greenbowe, 1999; Storey, 1989;
Ozkaya, Uce, & Sahin, 2003), teacher (Birk & Kurtz, 1999, Calik & Ayas, 2005;
Ebenezer & Erickson, 1996; Gilbert & Zylbersztajn, 1985; Valanides, 2000, Taber,
2001), everyday language (Boo, 1998; Papageorgiou & Sakka, 2000; Prieto, Blanco,
& Rodriguez, 1989), and instructional strategies (Feltovich, Spiro & Coulson, 1989;
Fisher, 1985; Haidar & Abraham, 1991).

A variety of methods has been developed to probe children understanding of
natural and technological concepts and to discover the meaning children have for the
words they use in explaining things that happen in the world (Osborne & Wittrock,
1983). Most of these methods involve in depth interviews that focus on specific
aspects of problems and more general interviews which attempt to discover that a

person knows about a topic (Osborne & Gilbert, 1980).

2.1.1 Misconceptions in Solubility Equilibrium

Solubility equilibrium occurs between the undissolved and dissolved solute in
a saturated solution at a particular temperature (Silberberg, 2007). When adding
soluble ionic compound into water, compounds dissolved into ions. Then, ions
produce more solid, and precipitation occurs. At the end of this process, the
equilibrium exists. At the equilibrium, the dissolving and precipitation rates are
equal. Because of its abstract nature, solubility equilibrium concepts are hardly

understood by the students. Therefore, students often hold misconceptions in
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solubility equilibrium. The studies investigating students’ misconceptions of
solubility equilibrium were discussed in the following section.

Raviolo (2001) assessed students” conceptual understanding of solubility
equilibrium and diagnosed difficulties in relation to previous concepts including
dissolution, stoichiometry, chemical equations, the particular nature of matter. ionic
compounds, chemical equilibrium characteristics, solubility, the common ion effect,
and Le Chatelier’s principle. The students were given a figure showing a system in
equilibrium between AgCl (a less soluble salt, Ksp = 1.6x10™"") and its ions,
surrounded by water molecules. Then students were asked to 1) describe the
phenomenon from the moment the salt was added to the water using the previous
concepts (macroscopic description), 2) write down the corresponding chemical
equation (symbolic representation), and 3) draw situations before equilibrium, at
equilibrium and at a new equilibrium after the addition of AgNQO; to the system
(microscopic representation). The results revealed that students had trouble when
writing the chemical equation (2nd question). It was difficult for the students to relate
the microscopic and symbolic levels. Some students could not incorporate the
corresponding aggregation states. Some of the students omitted the double arrow.
Some confused the chemical equation with the particular experimental situation (e.g.,
they wrote AgCly <> 3CI™ (ag) + 3Ag g according to the number of ions in solution
drawn in the given figure). Students also encountered difficulties in depicting the
particle representations asked in the 3™ question. For example, some students
dissolved all the salt or completely precipitated it rather than considering the
coexistence of both the precipitate and ions in the equilibrium situation. In applying
the Le Chatelier’s principle or the common 1on effect in question 3, students failed to
maintain the solution’s neutrality although they stated that solubility of AgCl
decreases with the addition of AgNO;.

Akaygun (2009) investigated students' mental models of solubility
equilibrium. The study was conducted with 10 high school students, 32 second-

semester college general chemistry students, four university chemistry instructors,
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and two high school chemistry teachers. An open-ended questionnaire on solubility
equilibrium was administered to the participants. The mental models of experts and
novices were identified and compared in this study. Then, a treatment which 1s a
simulation or screen-captured animation of the same simulation was applied to
novices. Novices” mental models on solubility equilibrium were assessed before and
after using simulation. The results revealed that novice mental models were found to
be similar to expert mental models at the macroscopic level but at the molecular level
the novices were less likely to emphasize the dynamic nature of equilibrium and held
specific misconceptions. For example, some novice mental models of solubility
equilibrium were found to include a chemical reaction between solute and solvent.
Onder and Geban (2006) assessed students” conceptions of solubility
equilibrium in their study investigating the effects of conceptual change text oriented
and traditional instructions in learning solubility equilibrium. For the assessment of
students’ conceptions, a multiple-choice test was used. Distracters of each item in the
test reflected students” misconceptions about solubility equilibrium. After the
treatment, the following misconceptions were detected as common among the
students in both groups (Onder, 2006):
- There is no relationship between Ksp and solubility.
- The temperature has no effect on solubility.
- At equilibrium, the concentration of ions will remain constant although
common ion is added.
- At equilibrium, there is no precipitation and dissolution.
- Solubility of sparingly soluble salts is affected by change made in
pressure and volume.
- At a given temperature, the value of Ksp changes with the amount of solid
or ions added.
- Atequilibrium addition of salt effects the equilibrium
- At equilibrium the concentrations of the ions produced is equal to the

concentration of the salt
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Mass can be used instead of concentration in solubility equilibrium
calculation.

At equilibrium the concentrations of the ions produced is equal to the
concentration of the salt.

At a given temperature, Ksp can change.

At a given temperature, the value of Ksp changes with the amount of solid
or ions added.

Rate of dissolving increases with time from mixing the solid with solvent
until equilibrium establishes.

As the magnitude of the Ksp increases, the rate of solubility increases

Ion product (Q1) can be used interchangeably with Ksp.

The value of Ksp always decreases, as temperature decreases.

Similar to Onder and Geban (2006), Cam (2009) assessed students’

understanding of solubility equilibrium conceptions in her study investigating the

effects of case-based and traditional instructions in learning solubility equilibrium.

Students’ understanding of solubility equilibrium was measured using both multiple

choice questions and open-ended questions after the treatment. The results revealed

that students instructed with case-based instruction demonstrated more scientific

conceptions and fewer misconceptions compared to those instructed with traditional

instruction. Common misconceptions elicited after the instruction of solubility

equilibrium were stated in below. Most of the misconceptions stated below were also

uncovered in the study of Onder (2006).

The temperature has no effect on solubility.

Before the system reached at equilibrium, there was no precipitation
reaction.

At a given temperature, Ksp can change.

Ksp and solubility are not related to each other.

The solubility of solution at equilibrium is determined by only comparing

Ksp values.
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- The coefficients at solubility equation were used for only balancing

equation.

- Ksp 1s calculated for both saturated and unsaturated solutions.

- Adding common ion does not change the solubility of solution.

- Precipitation happens when the ion product of sparingly soluble salts is

equal to or smaller than the solubility product constant.

- The solubility of sparingly soluble salts is affected by change in pressure

and volume

- The solubility of solid changes with pressure.

- The rate of dissolving increases with time from mixing the solid with

solvent until equilibrium establishes.

Moreover, in their study, O’Sullivan and Crouch (2009) demonstrated that
students could not differentiate solution species concentrations for solids with
varying thermodynamic solubility product constant. Students had difficulty in
calculating Ksp in smaller concentrations. Hawkes (1998) concluded that solubility
equilibrium calculations can be omitted from the introductory chemistry course and
they can be taught at later chemistry courses because solubility equilibrium
calculations in the textbook included errors and their usage for experienced teacher
was wrong. Additionally, solubility product calculations were not useful during the
instruction, since calculations were not used in real situation. Using computer
programs for solubility equilibrium calculations was encouraged in this study.

The studies investigating students’ misconceptions in chemistry (e.g.,
solubility equilibrium) demonstrated the abstract nature of the chemistry as the main
source of student misconceptions (Garnett et al., 1995). One of the purposes of
science education is to use appropriate strategies in order to eliminate student
misconceptions identified in various topics. However, it is not easy to remediate
students” misconceptions under traditional classroom environment (Driver & Easly,

1978; Fisher, 1985; Hynd et al., 1994). The strategies emphasizing students” prior
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understandings and supporting the conditions of conceptual change are promising in
eliminating student misconceptions (Niaz, 2002).

There are also other researches in the literature about solubility equilibrium. It
was given in the following section.

In order to investigate the perspectives of students on constructivist role-play
instruction method, Kavak and Koseoglu (2007) carried out a study. There were 35
tenth grade students in the study. Interviews, observations, and teaching method
evaluation form including two open-ended questions were used as instruments.
Students participated five role-playing activities about solubility equilibrium during
seven-class hour. Content analysis was used to analyze the results. The results of the
study showed that role-playing based on constructivist approach helped the
understanding the topies. In addition, it was found that role-playing provide
conceptual change, meaningful and permanent learning. In addition, results showed
that role-playing had some advantages such as, “creating enjoyable learning
environment, revealing leadership, providing active participation and social
interaction. However, there were some disadvantages of role-playing such as, “the
activities were time-consuming, and students personalized the events, object, and
concept.”

Coleman and Fedosky (2006) investigated the effect of computer simulations
on teaching of solubility of salts. The computer program shows the differences in the
entropy of solvation. It is suitable for high school and college introductory chemistry
courses to illuminate equilibrium concepts qualitatively. The computer program
made chemical equilibrium easy to understand for the students’ conceptual
understanding without any quantitative interpretations. It provides presenting
appearances of before and after dissolutions of equal amounts of the two salts in the
same amount of water. This animations and applications were discussed by Gil and
Paiva (2006). They conducted a study related to using computer simulations to teach
salt solubility. They compared solubility of different salts and discovered computer

simulations to help the thermodynamic interpretation of the differences. They
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investigated two questions. First question was why calcium carbonate is much less
soluble for the same temperature. Second question was why magnesium sulfate is
much more soluble in water than magnesium carbonate. They selected salts and
simulations according to some criteria such as familiar salts of very different
solubility, salts with similar packing structures, and pairs of salts that essentially
require discussion of only configurational disorder or thermal disorder. They
discussed first question including comparison of NaCl and CaCOj; about
configurational disorder since there was small differences between their dissolution
enthalpy changes. It was found that CaCOj is less soluble than NaCl since dissolution
of CaCOs is slightly exothermic. They also compared dissolutions of MgCO; and
MgS0O4. They discussed the changes of configurational disorder. Since dissolution of
MgS0;4 1s highly exothermic, MgSQO, is much more soluble in water than MgCOs.
The results showed that discussions and simulations were effective to provide deep
understanding of chemical equilibrium since graphical simulations helped to students
to see the small particles.

Pereira, Alcalde, Villegas, and Vale (2007) developed the predominance
interval diagrams to solve the problem about solubility. They applied the unified
treatment to the precipitation-solubility equilibrium. Unified treatment was based on
reactions of particle exchange. The problems about solubility were solved this
method. The results indicated that predominance interval diagrams were effective
and useful for solving problems of solubility. In addition, it provides a new and more
meaningful view for the students to solve the solubility equilibrium problems.

In order to see differences between computed Ksp and experimental Ksp, a
study was carried out by Clark, and Bonicamp (1998). They investigated which Ksp
value will be used. They examined ten general chemistry textbooks for computed
Ksp values, and six sources for experimental Ksp values. They rearranged
thermodynamic values as Ksp' and concentration Ksp values as Ksp® from texbooks.
To compare theoretical and experimental values, they converted solubilities to

moliL.. They used a computer program (EQUIL) to calculate the solubility from
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theoretical Ksp. They made a comparison between the theoretical and experimental
solubility values. They found that some compounds were eliminated from tables
because their values exceed computed solubility values from EQUIL. Three
compounds such as silver bromate, and strontium carbonate, which had acceptably
standard solubility, were added. They formed the new table including Ksp', and Ksp®

values to help the future researchers.

2.2 Constructivism and Conceptual Change

Recently, constructivism has become the most powerful theory about
knowing and learning (Tobin, 1993). In this theory, leamer is active in constructing
knowledge (Wu & Tsai, 2005). Since students connect prior knowledge with new
knowledge to be taught, to find out their prior knowledge that affects further learning
is important. In addition, to promote learning students’ prior knowledge should be
taken into account by teachers. Brooks and Brooks (1999) argued that what
traditional and constructivist environments should include in Table 2.1 (pp.17).

To provide meaningful learning, constructivist-oriented instruction can be
used in the learning environment (Tsai, 1998). Ausubel (1968) explained the students

used their prior knowledge in constructing the new knowledge in a meaningful way.
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Table 2.1 Differences Between Traditional and Constructivist Classrooms

Traditional Classrooms

Constructivist Classrooms

Curriculum is presented part to whole,
with emphasis on basic skills.

Strict adherence to fixed curriculum is
highly valued.

Curricular activities rely heavily on
textbooks and workbooks.

Students are viewed as “blank slates™
onto which information is etched by the
teacher.

Teachers generally behave in a didactic
manner, disseminating information to
students.

Teachers seek the correct answer to
validate student learning.

Assessment of student learning is viewed
as separate from teaching and occurs
almost entirely through testing.

Students primarily work alone.

Curriculum 1s presented whole to part
with emphasis on big concepts.

Pursuit of student questions is highly
valued.

Curricular activities rely heavily on
primary sources of data and manipulative
materials.

Students are viewed as thinkers with
emerging theories about the world.

Teachers generally behave in an
interactive manner, mediating the
environment for students.

Teachers seek the students’ points of
view in order to understand students’
present conceptions for use in subsequent
lessons.

Assessment of student learning is
interwoven with teaching and occurs
through teacher observations of students
at work and through student exhibitions
and portfolios.

Students primarily work in groups.

Piaget’s theory is clearly constructivist. Piaget’s theory describes and

explains the development of intellectual structures and knowledge in a systematic
way. Instead of being a product of maturation or controlled by external events, the
child is a scientist, an explorer, and an active seeker of information. Piaget was
concerned about intellectual development and he was mainly interested in how
knowledge is constructed within the mind of the individual. Children construct
knowledge through their exploratory actions on the environment. Piaget classified
knowledge into three as physical knowledge, logical-mathematical knowledge, and
social knowledge. Physical knowledge is the knowledge about physical properties of
objects and events, and it is acquired through actions of the children on the objects
with their senses. Like physical knowledge, logical-mathematical knowledge is

acquired from the actions of the children on objects but it is not inherent in objects,
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rather it 1s invented by the children. Social knowledge is made by the children
through their interactions with other people. Exploration activities should be used to

enhance children’s construction of knowledge (Wadsworth, 1996).

Piaget viewed intellectual development as processes of adaptation and
organization to the environment. Organization and adaptation are viewed by Piaget
as complementary processes. Organization refers to the arrangement, combination,
recombination, or rearrangement of information and experience mto mental
structures. Adaptation is a process of adjusting to the environment and it involves the
processes of assimilation and accommodation (Wadsworth, 1971; Woolfolk, 1998).
Four basic concepts, called as schema, assimilation, accommodation, and
equilibration, are necessary in order to understand these processes. Schemata are the
mental structures used for the processes of adaptation and organization. The
schemata tend to grow and change through assimilation and accommodation.
Assimilation is the process of integrating new information into existing schemata.
Assimilation occurs all the time and allows for the growth of the schemata. If the
new information fits with the existing schemata, assimilation occurs. If there are no
schemata into which new information fits, accommodation occurs. Accommodation
is the formation of new schemata or revision of existing schemata. Accommodation
is followed by the process of assimilation. Equilibration is defined as balance
between assimilation and accommodation. The state of imbalance between
assimilation and accommodation is mentioned as disequilibrium. Disequilibrium
encourages the individuals to seek equilibrium. The process of moving from
disequilibrium to equilibrium is called as equilibration (Wadsworth, 1971). There are
three factors contributing to equilibration: maturation, experience, and social
transmission. As the children grow and mature, their mental structures enable them
to deal with new phenomena and assimilate it. Therefore, children become active and
achieve the state of equilibrium. The children maintain the state of equilibrium if
they are allowed to have experience with concrete objects. The interaction of the

children with other people also enables children to achieve higher levels of
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equilibrium (Pulaski, 1971). Maturation, experience, social transmission, and
equilibration are necessary conditions for intellectual development. Intellectual
development is divided into four broad stages: sensory-motor, pre-operational,
concrete operational and formal operational. In sensory-motor stage, a child’s
reflexive behaviors gradually evolve into intelligent behavior, the child becomes able
to represent objects internally, and the child develops object permanence. In pre-
operational stage, language is acquired by the child. Egocentrism, ability to follow
transformations, centration, and irreversibility serve as the obstacles to logical
thinking of a child in this period. In concrete operational stage, a child makes logical
decisions, solves conservation problems, decenters his/her perceptions, attends to
transformations, and attains reversibility of operations. A concrete operational child
can not solve hypothetical problems, completely verbal, and complex problems but
rather can solve problems involving concrete objects and events. In formal
operational stage, the child can deal with all kinds of problems, including
hypothetical problems, and verbal problems. A formal operational child can organize
data, reason scientifically, and generate hypotheses (Wadsworth, 1971).
Hypothetical-deductive thinking, scientific-inductive reasoning, and reflective
abstraction are the characteristics of an individual who is in formal operational
period (Wadsworth, 1996). Hypothetical-deductive thinking means, “Thinking based
upon a hypothesis which leads to certain logical deductions™ (Pulaski 1971, pp. 66).
Inductive reasoning is reasoning from specific observations to general principles, and
it is mainly used by scientists. One of the characteristics of scientific reasoning is
thinking about a set of variables at one time. Reflective abstraction, or inferential
thinking, is thinking about thoughts rather than about the observable things (Pulaski,
1971).

In the constructivist view of leaming, knowledge is constructed by learners.
Students use their prior knowledge in constructing the new knowledge. That is,
students’ prior knowledge affects the further learning. Moreover, students come to

the classroom with some misconceptions that prevent meaningful learning. In order
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to remediate students’ misconceptions and to learn their prior knowledge that
students bring to the classroom, many strategies were developed (Posner et al.,
1982). Conceptual change 1s one of the most effective strategies in the application of
constructivist ideas to science instruction (Hewson & Thorley, 1989). Conceptual
change model is an outgrowth of constructivist approach in which knowledge
acquisition involves active participation of the learners (Tyson, Venville, Harrison, &
Treagust, 1997).

Conceptual Change Model was developed by Posner et al. (1982). They
described it as “the substantive dimensions of the process by which people’s central,
organizing concepts change from one set of concepts to another set, incompatible
with the first” (pp. 211).

Piaget only stated that accommodation is necessary for conceptual change,
but he could not explain how this should be achieved. Posner et al. (1982) clarified
that how assimilation and accommodation should be accomplished. There are four
conditions, which are necessary for an accommodation (Posner et al., 1982).

1) There must be dissatisfaction with an existing knowledge.
2) A new conception must be intelligible.

3) A new conception must be plausible.

4) A new conception must appear fruitfil.

These four conditions form the status of an idea or conception. The degree of
learners knowing and ideas is presented as status of conception (Hewson, Beeth, &
Thorley, 1998). Intelligibility, plausibility, and fruitfulness raise the status of an idea.
Conceptual change is about raising or lowering the status of conceptions. If the new
concept has higher status than the current concept, there will be an accommodation.
However, if the prior concept retains higher status, new concept will not be
accommodated until the status of the old concept is lowered (Duit & Treagust, 2003;
Hewson & Thorley, 1989).

Conceptual change is usually not elicited through regular instruction in

science (Hynd et al., 1994). Scott, Asoko, and Driver (1991) have identified two
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main groupings of conceptual change strategies to promote conceptual change. The
first grouping of strategies are based on cognitive conflict and the resolution of
conflicting perspectives; the second grouping of strategies are built on students’
existing ideas and are extended through, for example, analogy or metaphor, to a new
domain. According to Limon (2001), presenting anomalous data or contradictory
information to induce cognitive conflict i1s very common in conceptual change
strategies. Cognitive conflict has a central role in conceptual change in that
presenting conflicting information helps students to activate their prior conceptions
concerning the phenomena studied. Presenting anomalous data creates dissatisfaction
that is the first step of conceptual change proposed by Posner et al. (1982).

Changing students’ misconceptions is a rather difficult task because they are
resistant to change under traditional classroom conditions (Driver & Easly, 1978;
Fisher, 1985). There are various conceptual change strategies targeting students’
understanding of scientific concepts or remediation of misconceptions: cooperative
groups (e.g., Bilgin & Geban, 2006), refutational texts (e.g., Hynd et al., 1994),
conceptual change texts (e.g., Calik et al., 2007), analogies (e.g., Calik et al., 2009),
and combination of conceptual change texts with concept mapping (e.g., Uzuntiryaki
& Geban, 2005). Conceptual Change Text is frequently used in educational research
and has been found successful in the elimination of misconceptions, in different
subject domains, like physics (e.g., Baser & Geban, 2007), chemistry (e.g., Calik et
al., 2007), and biology (e.g., Ozkan, Tekkaya, & Geban, 2004) at various grade
levels. In conceptual change texts, firstly, common misconceptions in a particular
subject matter are determined. Next, students” misconceptions are activated by
asking them explicitly to predict what would happen about a given situation. In the
following step, the inconsistency between common misconceptions and scientific
conception is demonstrated by presenting evidence in a text in which the wrongness
of the misconceptions is described. Finally, the correct scientific explanation of the
given situation is presented, and students are given the opportunity of using scientific

explanations in new situations (Chambers & Andre, 1997, Wang & Andre, 1991).
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Conceptual change texts are commonly used for eliminating students’
misconceptions in various topics. For example, Cetingul and Geban (2011)
conducted a study to examine the effects of conceptual change oriented instruction
and traditional instruction on students’ understanding of acids and bases concept.
The participants of the study included 50 tenth grade students, which were assigned
to experimental and control groups. In the experimental group, students were taught
acid-base conceptions using conceptual change text while in the control group
students were taught the same concepts using traditional instruction. Acid-Base
Concept Test was administered to students in both groups as pre- and post-test.
Interviews were also conducted with students at the end of the treatment. The results
indicated that students in experimental group demonstrated higher performance than
those in control group with respect to understanding of acid-base concepts.
Moreover, working with conceptual change texts helped students revise their prior
knowledge, struggle with their misconceptions and ¢liminate them.

Calik et al. (2009) used analogies in order to promote conceptual change for
solution chemistry concepts in a sample of 44 Grade 9 students. Students were
administered two concept test items prior to the instruction. Then, an analogy activity
was used as intervention in teaching the solution concepts. During the treatment,
students worked in small groups to explore their existing conceptions. The teacher
explained the parts of analogy that students failed to understand. Students elaborated
their i1deas by negotiating them in their own groups. Lastly, in the whole-class
discussion the similarities and differences between the analog and target concept
were clarified. After the intervention, students were administered the same concept
test as post-test. The same test was re-administered as a delayed post-test 10 weeks
after the intervention to measure the effect of treatment on students’ retention of the
scientific concepts in long-term memory. Interviews were conducted with six
students to probe student understanding and reasoning of the solution conceptions in
depth. The findings revealed a significant difference between pre-test and post-test

scores, in favor of the post-test scores, but not a significant difference between the
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post-test and delayed post-test scores. In addition, using analogy was found helpful
in students’ acquisition of scientific conceptions. Some students retained alternative
conceptions even after the intervention.

Demonstration was used as a conceptual change strategy in the study of
Ceylan and Geban (2010). Grade 10 students (N = 61) were assigned to either
experimental or control groups. In the experimental group, students were taught
chemical reactions and energy conceptions by using conceptual change oriented
instruction through demonstrations while those in control group were instructed the
same conceptions by traditional instruction. Data were collected using Chemical
Reactions and Energy Concepts Test as pre- and post-test. The results indicated that
students in the experimental group outperformed those in control group in terms of
acquisition of scientific conceptions in chemical reactions and energy. The results
also showed that the instruction used in experimental group promoted conceptual
change by challenging students” misconceptions emphasizing the intelligibility and
usefulness of the scientific conceptions.

The effects of cooperative learning approach over traditional instruction on
10" grade students” conceptual understanding in chemical equilibrium was
investigated by Bilgin and Geban (2006). A sample of 87 students of a teacher
participated in this study, and they were assigned to either experimental or control
groups. Students in experimental group were nstructed with the cooperative learning
approach by supporting the conditions of conceptual change while those in control
group were instructed with the traditional instruction. A concept test was
administered as a pre- and post-test to students in both groups, After the treatment,
interviews were also conducted with 12 students in both groups to probe students’
conceptual understanding in-depth. Results showed that students in the experimental
group performed better than those in control group in understanding chemical
equilibrium concepts. Using cooperative learning approach facilitated students’

acquisition of scientific conceptions and eliminated student misconception. However,
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the students even in the experimental group retained some of the misconceptions
after the instruction.

Moreover, Ozmen (2008) examined the influence of computer-assisted
instruction on 11" grade students’ conceptual understanding of chemical bonding. A
total of 50 students were assigned to experimental and control groups. In the
experimental group, computer assisted instruction was used as supplementary to
other methods such as power point presentation and regular instruction. Computer
software package used in the experimental group included figures, graphs, three-
dimensional animations, and problem-solving exercises to supplement to theoretical
content knowledge. This software also encouraged student-student interaction. On
the other hand, traditional teacher-centered instruction was used in the control group.
A test measuring students” understanding in chemical bonding was administered to
students in both groups as pre- and post-test. The results revealed that students in
experimental group developed a better understanding of chemical bonding compared
to those in control group. In addition, computer-assisted instruction was found
effective in remediating students’ misconceptions in chemical bonding,

In the above-mentioned studies, conceptual change texts, case-based
instruction, and role-playing were used for the elimination of student misconceptions
and supporting student acquisition of scientific conceptions. In addition to these
strategies and methods, inquiry-based approaches including learning cycle model can
also be used in eliciting and changing students’ misconceptions in various science

topics (Colburn & Clough, 1997).

2.3 Learning Cycle Model

Learning cycle has been implemented and investigated by many science
educators for about half a century. The learning cycle was initially developed in the

1960s for the Science Curriculum Improvement Study (SCIS). The three phases of
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the learning cycle were initially called preliminary exploration, invention, and
discovery (Karplus & Thier, 1969). Later, the names of these phases have been
altered. Three phases of learning cycle were named as: (1) the exploration (or
gathering data) phase, (2) the conceptual invention phase, and (3) the conceptual
expansion (or expansion of the idea) phase (Abraham & Renner, 1986; Renner,
Abraham, Birnie, 1985). Although the names of the phases were stated differently by
the researchers, the structure of the learning cycle remains the same. The origins and

development of instructional models were given in the following figure.
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Figure L1 Ovigins and Development of Instructional Models (Bybee et al_, 2006,
p.13)

Each learning cycle begins with an activity, usually a laboratory expeniment,
before the introduction of the concept. Through this activity, students are given
experiences with the concepts to be learnt. After that the students are engaged in
activities, usually in clazstoom discussion, for the invention of the concepts from the

data. Finally, studentz are given opportunities, involving extra laboratory
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experiments, demonstrations, readings, etc. to develop understanding of the newly
discovered concept.

The learning cycle method can be contrasted with the traditional method with
respect to the sequence of the phases. In traditional method, the students are firstly
informed about the concepts intended to be taught through a textbook, a teacher, or a
different type of media. After that, verification of the concepts is provided usually by
using laboratory. Finally, the students are engaged in practice with the newly
acquired concepts. If the phases of the traditional and learning cycle methods are
compared, there are similarities among the phases of the two instructional methods.
The ‘inform’ phase of the traditional method appears to be parallel with the
‘invention” phase of the leaming cycle method; the ‘verification’ phase of the
traditional method seems to be similar to the “exploration’ phase of the learning cycle
method; and the ‘practice’ phase of the traditional method appears to be similar to
the ‘expansion’ phase of the learning cycle method (Abraham & Renner, 1986).

Generally, there are three tvpes of learning cycles, namely descriptive,
empirical-abductive and hypothetical-deductive. In descriptive learning cycles,
students observe a small part of the world and attempt to discover a pattern and
describe it without explaining (exploration). The students report the data they have
obtained and they describe the pattern with their teacher; then the teacher introduces
a term to refer to the pattern (term introduction). The pattern is discussed and
explained mn additional contexts (concept application). Descriptive learning cycles
raise the question “What?” (Lawson, et al., 1989).

In empirical-abductive learning cycles, the cycle beging with the descriptive
and causal question raised by the teacher. The students discover and describe an
empirical pattern while they are answering the descriptive question. The students
generate alternative hypotheses related to that pattern to answer the causal question
(exploration). Then the teacher and/or the students introduce the terms related to the
explored pattern and alternative hypotheses (term introduction). The pattern is

discussed or explained in other situations (concept application) (Lawson et al., 1989).
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In hypothetical-deductive learning cycle, the students are asked to generate
alternative hypotheses with regard to the causal question introduced at the beginning
of the istruction. Then, students design and conduct experiments to test those
hypotheses (exploration). The terms are introduced based on the analysis of the
experimental data (term introduction). The newly acquired concept is applied in
additional contexts (concept application) (Lawson et al., 1989).

Apart from descriptive, empirical-abductive and hypothetical-deductive
learning cycles, there are revised versions of learning cycle. Glasson and Lalik
(1993) suggested use of Language-Oriented Learning Cycle. Language-oriented
learning cycle is a modified version of learning cycle that reflects a social
constructivist perspective. Glasson and Lalik (1993) proposed labels that reflect the
reciprocal use of language and action in each phase. The phases of the learning cycle
were renamed in language-oriented learning cycle as: exploration, clarification, and
claboration. In exploration phase, students engage in stimulating activities and work
in collaborative groups. Students make predictions and explanations, and raise
questions. In clarification phase, teacher introduces scientific concepts and designs
activities through which students and teacher discuss the meaning of scientific
explanations. Students relate scientific explanations to their personal understandings,
and represent those concepts meaningfully. Finally, in elaboration phase, students
engage in divergent problem solving activities.

Another revised version of learning cycle model, metacognitive learning
cycle, was proposed by Blank (2000) in order to give opportunities for teachers and
students to formally discuss their science ideas. The phases of the metacognitive
learning cycle are concept assessment, concept exploration, concept introduction,
and concept application. In the concept assessment phase, students talk about the
status of their ideas before the instruction. In the concept exploration phase, students
explore new phenomena regarding the concept being investigated. In the concept
introduction phase, the teacher and students discuss about the exploratory activity,

and introduce the new concept. During the concept introduction phase, students
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reflect on the status of their ideas. In the concept application phase, students are
given opportunities for applying new concept into additional situations and they
check the status of their ideas.

The original version of the learning cycle includes three phases namely
preliminary exploration, invention and discovery (Karplus & Thier, 1969). Later,
more phases have been added to the learning cvcle model. Bybee et al. (2004)
extended and elaborated the original version of the learning cycle and proposed 5E
instructional model. The 3E instructional model has five phases, namely,
engagement, exploration, explanation, elaboration, and evaluation. 3E instructional
model provides guidance for curriculum developers and helps the classroom teachers
improve instructional effectiveness by presenting a systematic approach.
Engagement

In the engagement phase, the students are asked a question in learning task,
defined a problem, or shown a discrepant event. The activities presented in this phase
hold students mentally and physically active by creating interest and generating
curiosity. This phase initiates the process of disequilibrium by activating students’
prior knowledge. The role of the teacher is to determine the instructional task and
present situations (Bybee et al., 2004).

In this phase teacher

» Creates interest

» Generates curiosity

» Raises questions

# Elicits responses that uncover what the students know or think about
the concept or topic (Bybee, Taylor, Gardner, Van Scotteer, Powell,
Westbrook, & Landes, 2006, p.34).

In this phase student

» Asks questions such as, “Why did this happen?” “What do I alrecady
know about this?” “What can I find out about this?”

» Shows interest in the topic (Bybee et al., 2006, p.33).
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Exploration

In the second phase (exploration), concrete and hands-on activities are used

to make students explore objects, events, or situations. During the exploration

activities, students create relationships, detect patterns, classify variables, and

question events. This phase initiates the process of equilibration. The facilitator role

of the teacher encourages students work together. The teacher initiates the

exploration activity, gives students enough time and opportunities to make them

mentally and physically involved in the activities (Bybee et al., 2004).

In this phase teacher

»

>
>
>

Encourages the students to work together without direct instruction
from the teacher

Observes and listens to the students as they interact

Asks probing questions to redirect the students’ investigations when
necessary

Provides time for the students to puzzle through problems

Acts as a consultant for students

Creates a “need to know™ setting (Bybee et al., 2006, p.34).

In this phase student

»

Y ¥V ¥ ¥V V¥V V¥

Explanation

Thinks freely, within the limits of the activity
Tests predictions and hypotheses

Forms new predictions and hypotheses

Tries alternatives and discusses them with others
Records observations and ideas

Asks related questions

Suspends judgment (Bybee et al., 2006, p.33).

In the third phase (explanation), students are asked to make explanations

based on the data obtained from the engagement and exploration activities. Then, the

teacher introduces the scientific explanations of the phenomena involved in the
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learning task. This phase allows both students and teacher use common scientific
terms. Explanation phase can be achieved through a variety of ways: (1) oral
explanation of the teacher, (2) technology such as reading, video, film, and (3)
textbook (Bybee et al., 2004).
In this phase teacher
» Encourages the students to explain concepts and definitions in their
own words
» Asks for justification (evidence) and clarification from students
» Formally clarifies definitions, explanations. and new labels when
needed
» Uses students” previous experiences as the basis for explaining
concepts
» Assesses students” growing understanding (Bybee et al., 2006, p.34).
In this phase student
» Explains possible solutions or answers to others
Listens critically to others” explanations
Questions others” explanations
Listens to and tries to comprehend explanations that the teacher offers
Refers to previous activities

Uses recorded observations in explanations

Y ¥V Y ¥V V¥V VY

Assesses own understanding (Bybee et al., 2006, p.33).
Elaboration

In the fourth phase (elaboration), students are involved in additional activities
that extend or clarify the concepts, processes, and skills. During this phase, students
share their understanding of the subject through their engagement in group
discussions and cooperative learning situations. In this phase, students have also
opportunity to apply the newly acquired concepts in additional contexts and

problems (Bybee et al., 2004). Application activities include designing additional
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experiments or new research projects, role-playing, debates, and field trips (Colburn

& Clough, 1997).

In this phase teacher

>

Expects the students to wuse formal labels, definitions, and
explanations provided previously

Encourages the students to apply or extend the concepts and skills in
new situations

Reminds the students of alternate explanations

Refers the students to existing data and evidence and asks, “What do
you already know?” “Why do you think ...?” (Strategies from
exploration also apply here.) (Bybee et al., 2006, p.34).

In this phase student

>

Y

Evaluation

Applies new labels, definitions, explanations, and skills in new but
similar situations

Uses previous information to ask questions, propose solutions, make
decisions, and design experiments

Draws reasonable conclusions from evidence

Records observations and explanations

Checks for understanding among peers (Bybee et al., 2006, p.33).

In the fifth phase (evaluation), students evaluate themselves through formal

and informal

assessment. Students receive feedback on their conceptual

understandings, process skills and behaviors that they acquired during the

mstruction. Informal assessment can occur at any phase of the leaming cycle. Formal

assessment is done at the end of the elaboration phase. The teacher can administer

test or performance activities to evaluate students’ conceptual understandings and

skills (Bybee et al., 2004).

In this phase teacher

» Observes the students as they apply new concepts and skills
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Assesses students” knowledge and skills

Looks for evidence that the students have changed their thinking or
behaviors

Allows students to assess their own learning and group-process skills
Asks open-ended questions such as, “Why do you think ...7” “What
evidence do you have?” “What do you know about x?” “How would

you explain x?” (Bybee et al., 2006, p.34).

In this phase student

>

Answers open-ended questions by using observations, evidence, and
previously accepted explanations

Demonstrates an understanding or knowledge of the concept or skill
Evaluates his or her own progress and knowledge

Asks related questions that would encourage future investigations

(Bybee et al., 2006, p.33).

There is a lot of methods used SE learning cycle model phases (Aggul Yalcin,

2010). These methods were given the following table.

Table 2.2 The Methods used in the 5e Learning Cycle Phases

Phases Example Methods

Engagement Question and Answer, Demonstartion, Video, Predict- Observe-
Explain, Reading interesting story, Brain storming

Exploration Inquiry, Small group negotiation, Role-playing, Field trip,
Experiment, Preparing poster

Explanation Concept map, Role-playing, Question and Answer, Teacher
presentation, Student presentation, Discussion

Elaboration Analogy, Question and Answer, Brain storming, Concept map,
Problem solving, Relating the words

Evaluation Concept map, Drawing, Interview, Performance assessment,

rubric

Eisenkraft (2003) expanded the 5E model to a 7E model to ensure instructors

do not ignore important aspects of learning from their lessons. The proposed 7E

model expands the engagement phase of the 5E model into two components:

elicitation and engagement. In a similar way, 7E model expands the elaboration and
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evaluation phases of the SE model into three components: elaboration, evaluation,
and extension. The reason of the emergence of 7E model is to increase the
significance of eliciting students’ prior knowledge and transfer of learning. Students’
abilities to apply their knowledge in new situations are enhanced through learning

cycle.

2.4 Research on Learning Cycle Model

Several studies have been conducted in the area of learning cycle. The nature
of the studies changes from descriptive to experimental. Lawson et al. (1989) and
Abraham (2003) reviewed and synthesized a considerable number of studies
concerning the learning cycle approach. It was supported that learning cycle
instructional method has many advantages over traditional instruction in terms of
students’ attitudes towards science, conceptual understanding, process skills,
thinking skills, motivation, and reasoning ability.

Colburn and Clough (1997) provided teachers guidelines about the
implementation of learning cycle in science teaching by altering the inform (lecture)-
verity (lab)-practice cycle. These guidelines can be summarized as follows:

¢ Do the lab activity first

e Discuss the lab activity before the introduction of the new concept

¢ Have students communicate their lab findings

e Administer tests including questions that require students to use or reflect

upon their experience in the laboratory

e Begin changing your role during the activity by eliciting what students are

thinking

e Have students develop procedures about how to answer a lab question

e Continue changing your role during the activity by allowing students to

think independently
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e Ensure students to apply their new knowledge in additional situations

In order to understand why the learning cycle is effective, three variables
were investigated: sequence of the phases, necessity of each phase, and the form in
which students acquired data. Renner et al. (19835) changed the form of the
exploration and extension steps of the learning cycle and examined whether the form
variables affect physics students’ content achievement and their attitudes towards the
learning procedures. The findings indicated that the form in which the phases of the
learning cycle are experienced does not affect the level of students” content
achievement. The content understandings are more permanent when students engage
in regular forms of the learning cycle. Most of the students showed positive attitudes
towards the regular-form learning cycle.

Abraham and Renner (1986) altered the sequence of the three phases of two
high school learning cycles in chemistry and compared with the normal learning
cycle sequence with respect to content achievement and student attitudes. The results
revealed that (a) the sequence of the phases of the learning cycle is important, (b) the
normal learning cycle format is optimum for content achievement, and (c¢) the
students prefer sequences where the invention comes later in the sequence.

Renner, Abraham, and Birnie (1988) investigated whether or not each
learning cycle phase is necessary in physics students’ conceptual learning. The data
regarding the necessity of each phase of the learning cycle revealed that (a) the
exploration phase alone is inefficient to provide maximum concept learning, (b)
explaining a concept before the exploration phase adds little or no conceptual
understanding, (c¢) exploration phase needs to be followed with term introduction
phase, (d) all phases of the learning cycle are necessary, but any phase of the learning
cycle can be substituted for if the remaining phases produce a thorough laboratory
experience with the concept and integrate its language with that experience, and (e)
students believe that all phases are necessary.

Abraham (1989) conducted experiments with 11" and 12" grade chemistry

students in order to examine three variables of instructional strategies (sequence,
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necessity, and form). In an experiment designed to investigate the necessity variable,
six chemistry classes were exposed to learning cycle teaching method on the topic of
physical and chemical change. The three phases of instruction were alternated in
order to make each class to be instructed with one of the six possible sequences of
the three phases. After each phase of the instruction, the equivalent test administered
to each group. The results revealed that instructional strategies consisting of all three
phases achieved better than those involving one or two phases. Another experiment
was designed to investigate the sequence variable. Three groups of high school
chemistry students were instructed with learning cycle method on the topic of heat
laws. The position of the invention phase was different in each group. The findings
indicated that the instructional sequences that have invention as the second phase
resulted in higher content achievement than other sequences. Moreover, form
variable was investigated in another experiment. Most commonly used instructional
forms include laboratory/discussion, demonstration, lecture, and reading. Four high
school chemistry classes were taught with learning cycle method on the topic of
simple chemical reactions. The learning cycle activities were designed considering
one of the instructional form in each group. The results revealed that students taught
with the laboratory/discussion form scored higher in tests than those in the lecture
and reading groups. The students exposed to the demonstration form scored
moderately in tests.

There are some studies combining the learning cycle with other instructional
methods. Odom and Kelly (1998) combined the learning cycle and concept mapping
methodologies. When combined, the learning cycle provides students concepts
relevant to the new leamning based on the concrete experiences; and concept mapping
makes students to link between the concepts. The combination of concept mapping
and learning cycle results in higher science achievement. Odom and Kelly (2001)
compared the effect of concept mapping, the learning cycle, expository instruction,
and a combination of concept mapping/learning cycle with respect to high school

biology students’ conceptual understanding of diffusion and osmosis. As a result,
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concept mapping/learning cycle and concept mapping treatment groups achieved
higher understanding of diffusion and osmosis than expository treatment group. No
significant difference was found among the learning cycle and other groups.

Learning cycle research has been conducted with pre-service teachers as well
as high school and elementary school students because teachers play a key role in
developing students’ understandings of science concepts and process skills. Various
researchers studied on pre-service elementary teachers” understanding of the learning
cycle. Hanuscin and Lee (2007) designed science methods course activities for each
of the five phases of learning cycle in order to teach the learning cycle to pre-service
clementary teachers. Lindgren and Bleicher (2005) studied with 83 pre-service
clementary teachers who were taught with learning cycle teaching strategy in their
science methods course. Changes in pre-service elementary teachers” understanding
of learning cycle and the factors affecting understanding the learning cycle were
examined. The results showed that there was a significant improvement in
participants’ understanding of the learning cycle. Multiple exposures to the learning
cycle, discussion, and journal writing were found necessary for pre-service
elementary teachers to understand the learning cycle. Like Lindgren and Bleicher
(2005), Settlage (2000) examined the factors influencing teachers” ability to
understand the learning cycle. The findings indicated that science teaching outcome
expectancy contributed to the understanding of the learming cycle but personal
science teaching efficacy and attitudes towards science could not explain
understanding of the learning cycle. Another study examining pre-service elementary
teachers’ understandings of the learning cycle was conducted by Marek, Laubach,
and Pedersen (2003). It was found that participants demonstrated differing levels of
understandings of each phase of the learning cycle after completing two elementary
school science methods course. Understandings of the exploration and concept
introduction phases were greater than that of concept application phase.

The learning cycle and traditional methods were compared in order to

understand the effect of learning cycle instruction on students’ subject matter
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knowledge and reasoning abilities. Ates (2005) investigated the effectiveness of
learning cycle and traditional methods when teaching direct current circuits to
university students. The findings revealed that learning cycle method resulted in
better understanding of the direct circuit concepts than traditional method. The
learning cycle was found equally effective for both males and females when prior
knowledge of the students was controlled.

Like Ates (2005), Musheno and Lawson (1999) supported the effectiveness
of the learning cycle in science teaching in their study. There is a difference between
these two studies with respect to the application of learning cycle. Ates (2005)
applied learning cycle in science instruction by using hands-on laboratories and
interactive discussions but Musheno and Lawson (1999) applied learning cycle to
science text.

Learning cycle instruction was found very effective not only on developing
students’ subject matter knowledge but also on improving reasoning ability (Johnson
& Lawson, 1998; Lawson, 2001). The effects of the learming cycle on some
variables, e.g., science process skills, logical thinking skills, and attitudes were
investigated by various researchers. Westbrook and Rogers (1994) examined the
development of gt grade physical science students” scientific reasoning, science
process skills, and logical thinking by making variations in the form of the expansion
phase of the learning cycle. Their study showed that using laboratory exercises alone
1s not sufficient to stimulate students to reason at a formal operational level and to
think of scientifically. Students’ science process skills and logical thinking can be
enhanced when they are given the opportunity to design and conduct experiments or
to generate and test hypotheses. Lavoie (1999) investigated the effects of adding a
prediction-discussion phase at the beginning of a three-phase learning cycle;
including exploration, term introduction, and concept application. The
prediction/discussion-based learning cycle instruction was found effective on
developing students’ science process skills, logical thinking skills, conceptual

understandings, and scientific attitudes compared to traditional leaming cycle
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instruction. Cavallo and Laubach (2001) investigated the wvariable ‘attitude’” by
comparing high paradigmatic and low paradigmatic learning cycle classrooms and
found that students in the high paradigmatic learning cycle classes demonstrated
positive attitudes towards science and their science classroom environments. Like
Cavallo and Laubach (2001), Yilmaz and Huyuguzel Cavas (2006) investigated the
effect of learning cycle method on 6™ grade students’ attitudes. They compared 4E
(exploration, explanation, expansion and evaluation) with traditional method and
demonstrated the effect of leaming cycle method on students’ attitudes towards
science and understanding of electricity concepts. This study is also similar to Ates’s
(2005) study in that both of them investigated the influence of learning cycle on
students’ conceptual understanding regarding the electricity unit.

There are some studies in which learning cycle method is used for
eliminating students’ misconceptions. Balci et al., (2006) investigated the effects of
5E learning cycle method, conceptual change text instruction method and traditional
method on 8" grade students” understanding of biology concepts. SE learning cycle
and conceptual change text instruction methods were found equally effective on
remediation of students’ misconceptions, so they led to better conceptual
understanding compared to traditional method.

Ceylan and Geban (2009) examined the effects of 5E learning cvcle method
and traditional instruction on 10th grade students’ conceptual understanding related
to the state of matter and solubility. The participants of this study were 119 students
of a teacher. Students were assigned to either experimental or control groups. In the
experimental group SE learning cycle method was used in teaching state of matter
and solubility concepts while in control group traditional mstruction was used in
teaching the same concepts. A test including both multiple-choice and open-ended
questions was administered to all students as a pre- and post-test. The findings
indicated a significant different between the two groups with respect to

understanding of state of matter and solubility concepts, in favor of the experimental
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group. Moreover, 5E learning cycle method helped students overcome their
misconceptions about state of matter and solubility.

Yilmaz, Tekkaya, and Sungur (2011) investigated the effects of
prediction/discussion-based learning cycle (conceptual change text and traditional
instructions on students’ conceptual understanding in genetics. A pre-test post-test
non-equivalent control group design was used in the study. Students taught by the
same teacher were assigned to prediction/discussion-based learning cycle class (N =
30), conceptual change text class (N = 25) and traditional class (N = 26). A test
measuring students’ conceptions about genetics was administered to all students’ as
pre-test, post-test and delayed post-test. The results revealed that students in both
prediction/discussion-based learning cycle and conceptual change text classes
demonstrated higher levels of scientific understanding and retention of genetic
conceptions than students in traditional class. In addition, prediction/discussion-
based learning cycle and conceptual change text instructions helped students
overcome misconceptions of genetics.

Turgut and Gurbuz (2011) examined the comparative effects of 5E model and
traditional instruction on eighth grade students” understanding of heat and
temperature concepts and their attitudes towards science and technology. The
participants included 37 eighth grade students attending to two intact classes taught
by the same teacher. One class was randomly assigned as experimental group and
instructed by 5E model, while the other was assigned as control group and taught by
traditional instruction. The data were collected using a three-tier Heat and
Temperature Misconception Test and the Attitude Scale towards Science and
Technology. The results revealed that 5SE model was more effective than traditional
instruction in eliminating students” misconceptions and providing a permanent
conceptual change. However, there was not any statistically significant difference in

the mean scores of students” attitudes towards science and technology across the two

groups.
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Demircioglu, Ozmen, and Demircioglu (2004) investigated the effectiveness
of 5E learning cycle model over traditional instruction on 10" grade students’
conceptual understanding in factors affecting solubility equilibrium. There were 46
students assigned to either experimental or control groups. In the experimental group,
5E leaming cycle was used while in the control group traditional instruction was
used. A concept test including both multiple-choice and open-ended items were
administered to all students as pre- and post-test. After the treatment, semi-structured
interviews were conducted with five students in experimental group. Post-test
analysis revealed that students in experimental group performed significantly better
than those in control group. There were striking differences in the proportions of
correct responses for several post-test items between the groups in favor of the
experimental group. In the interviews, students stated that 5E learning cycle activities
helped them learn the factors affecting solubility equilibrium in an effective and a
permanent way. Some students taught that the activities provided in 5E learning

cycle classes helped them change their misconceptions.

2.5 Attitude

Attitude towards science is one of the most important affective variables in
science leamning as well as cognitive variables. The affective domain includes
constructs, such as attitudes, values, beliefs, opinions, interests, and motivation.
Therefore, science learning cannot be explained only by examining cognitive factors,
learners” attitudes should also be considered. Attitude is commonly defined as a
predisposition to respond positively or negatively to things, people, places, events, or
ideas (Simpson, Koballa, Oliver, & Crawley, 1994, pp. 212). This definition suggests
that attitudes have three major components: cognitive, affective, and behavioral.
Some confusion can emerge between the terms ‘scientific attitudes’ and “attitudes

towards science’. Scientific attitudes refer to ways in which scientists believe and
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conduct their work, whereas attitudes towards science refer to whether a person likes
or dislikes science. ‘I enjoy science courses’, and ‘Everyone should learn about
science’ reflect attitudes towards science as an example (Koballa & Glynn, 2004;
Simpson et al., 1994).

Several studies in science education have investigated the effect of gender
(Liu, Hu, Jiannong, & Adey, 2010; Ozyalcin Oskay, Erdem, & Yilmaz, 2009; Usak,
Prokop, Ozden, Ozel, Bilen, & Erdogan, 2009), age (George, 2000; Prokop, Tuncer,
& Chuda, 2007), instructional strategies (Adesoji & Raimi, 2004; Baser & Geban,
2007, Siribunnam & Tayraukham, 2009), grade level (Greenficld, 1997, George,
2000; Pehlivan & Koseoglu, 2011; Stefan & Ciomos, 2010), achievement level
(Greenfield, 1997, Pehlivan & Koseoglu, 2011), peer group (Koballa & Crawley,
1985; Simpson & Oliver, 1990; Tsivitanidou, Zacharia, & Hovardas, 2011), and
parents involvement (George & Kaplan, 1998; Haladayna & Shauhnessy, 1982;
Papanastasiou, 2002) on students’ attitudes towards different school subject.

A common intuitive belief among the individuals is “attitude and
achievement are positively related.” Many studies were conducted to verify this
assumption. Indeed, several of them found that there was a positive low up to
moderate correlation between attitude and achievement (e.g, Kose, Sahin, Ergun, &
Gezer, 2010; Ozyalcin Oskay et al., 2009; Salta, & Tzougraki, 2004). However,
some studies found that there a significant relationship between students’
achievement and attitude (e.g., Hough & Piper, 1982; Mitchell & Simpson, 1982).

There are some contradictory results about gender issues in the researches.
Ozyalcin Oskay et al. (2009) conducted a study to explore undergraduate students’
attitudes towards chemistry course with respect to taking General Chemistry
Laboratory lesson and gender. Moreover, the relationship between students’ attitudes
towards chemistry course and their achievement were investigated. Total of 99
undergraduate students from education faculty participated in this study. The results
showed that students who took General Chemistry Laboratory lesson had positive

attitudes toward science. Female students had better attitudess toward chemistry than
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males. In addition, it is found that there was low correlation between attitude towards
chemistry and achievement in chemistry courses. On the other hand, Ozden (2008)
carried a study to investigate university student attitudes towards chemistry. The data
were obtained from 627 prospective teachers (science, elementary, and mathematics
teachers) four different Education Faculties of Adiyaman, Inonii, Anadolu and Gazi
University in Turkey. The results indicated that males have more positive attitude
towards chemistry compared to females. In addition, it is found that prospective
science teachers had more positive attitude towards chemistry. Kan and Akbas
(2006) investigated students” level of attitude and self-efficacy towards chemistry,
and how the chemistry achievement was predicted by these variables. The study
involved 1000 students studying at the 1%, 2" and the 3™ grade of 10 high schools in
Mersin. The results revealed that attitude towards chemistry is an important predictor
of chemistry achievement. Second grades students had more positive attitude towards
chemistry and self-efficacy. Moreover, it is found that there was no significant
difference between attitudes of female and male.

Instructional strategies based on the learning cycle approach that emphasizes
active learning affect students” attitudes positively. For example, Sasmaz Oren and
Tezcan (2009) investigated the effect of the learning cycle approach on learners’
attitudes towards science in 7" grade elementary science classes. The results showed
that the learning cycle approach affected students’ attitudes towards science more
positively than the traditional chemistry instruction. In another study, Altun Yalcin et
al. (2010) conducted a study to investigate the effect of SE Instructional Model on
the first year science undergraduates’ attitudes towards physics laboratory and
development of scientific process skills. The results revealed that the 5E learning
cycle approach produced significantly higher positive attitudes towards physics
laboratory and scientific process skills than the traditionally designed instruction.
There are similar results in the literature such as Ergin, Kanli, and Unsal (2008), and
Nuhoglu and Yalcin (2006). However, there were some researches that could not

found an improvement in students” attitudes through the implementation of learning
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cycle approach in the literature (Gonen, Kocakaya, & Inan, 2006; Koseoglu &
Tumay, 2010).

In conclusion, there were different relationships between attitudes towards
science and science achievement. Several studies detected that there was a positive
correlation between attitude and achievement (e.g., Altun Yalcin et al., 2010; Ozden,
2008; Sasmaz Oren & Tezcan, 2009). Therefore, instruction based on the 5E learning
cycle is taken into consideration of students’ attitudes towards chemistry in this

study.

2.6 Motivation and Self-regulation

Motivation 1s an internal state that arouses, directs, and maintains behavior
(Woolfolk, 1998). It is also defined as “the process whereby goal-directed activity is
instigated and sustained™ (Pintrich & Schunk, 2002, p.5). Motivation has three
components: a) beliefs about the importance, interest, and utility of learning task
(value components), b) beliefs about one’s ability or skill to perform a learning task
(expectancy components), and c) feelings about the self or emotional reactions to a
learning task (affective component) (Pintrich, 2003; Pintrich, Smith, Garcia &
McKeachie, 1991, 1991).

The value component of motivation includes intrinsic goal orientation,
extrinsic goal orientation and task value (Pintrich, 2003). Individuals always have
some reasons or purposes for their engagement in learning tasks. Goal orientation is
defined as “behavioral intentions that determine how students approach and engage
in learning activities” (Meece, Blumenfeld, & Hoyle, 1988, pp.514). Goal orientation
could be either specific (e.g., a midterm exam) or general (e.g., a course) Students
purswing intrinsic goal orientation engage in activities for reasons such as challenge,
curiosity and mastery, while those adopting extrinsic goal orientation engage in tasks

for reasons such as grades, rewards, performance, evaluation by others, and
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competition (Pintrich et al., 1991 ). Besides individuals” goals to achieve a task, their
perceptions of the importance, interest, and utility about the learning task have an
influence on their achievement behaviors. There are three components of task value:
a) individual’s belief about the importance of a task, b) individual’s personal interest
in a task (intrinsic interest), and ¢) individual’s perception about the utility of the task
for future goals (Eccles & Wigfield, 1995).

The expectancy component contains control of learning beliefs and self-
efficacy for learning and performance. Control of learning refers to individuals’
perceptions about their efforts to learn will result in adaptive outcomes. Students
believe that their leaming outcomes depend on their effort exerted on a task rather
than the external factors (e.g., teacher). Such a belief makes students feel that they
can control their learning by studying more strategically (Pintrich et al., 1991). Self-
efficacy is known as beliefs about one’s own abilities to perform a task successfully.
Self-efficacy beliefs contribute to motivation and there is a closer link between self-
efficacy and intrinsic interest. Self-efficacy beliefs influence goal setting, the effort
needed to master a task, the persistence to cope with threatening situation, and the
resistance to failure. High self-efficacious people set themselves challenging goals
and exert a persistent effort to deal with stressful situations. In case of failure, they
attribute failure to insufficient effort or deficient knowledge and heighten their effort
rather than avoiding. There are four general ways for the development of sense of
self-efficacy, namely, mastery experience, vicarious experience, verbal persuasion,
and emotional state. Mastery experience is known as the most effective source of
self-efficacy. Successes raise people’s beliefs that they have the capabilities to master
given task while failures diminish them. People rely on not only mastery experience
but also vicarious experiences in developing expectations about their own
capabilities. Observing people similar to oneself succeed by persistent effort
influence judgments of one’s own capabilities to master comparable activities. Verbal
persuasion is widely used because of its ease. People who are persuaded verbally that

they have adequate ability to master the given task tend to exert grater effort and
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maintain it. People’s interpretations about their emotional state influence their
judgments of their personal efficacy. Positive emotional state strengthens sense of
self-efficacy while opposite diminishes it (Bandura, 1994).

Test anxiety 1s one of the affective components of motivation. Test anxiety
has two components: a cognitive (or worry) component and an emotional
component. The cognitive component is described as individuals’ negative thought
that lower performance, while the emotionality component 1s described as affective
and physiological arousal aspects of anxiety. Individuals® anxiety could be adjusted
to optimum level by training them in the use of effective learning strategies and test-
taking skills (Pintrich et al., 1991).

Self-motivational beliefs act as an energizing agent for an individual’s self-
regulatory behaviors and influence the implementation of self-regulatory knowledge
and skills appropriately through the enhancement of learning motivation and the
quality of the selection and use of learning strategies (Torrano Montalvo & Gonzales
Torres, 2004). Self-regulation is described as “self-generated thoughts, feelings, and
actions that are planned and cyclically adapted to the attainment of personal goals™
(Zimmerman, 2000, pp. 14). There are three cyclical phases of self-regulatory
processes, namely, forethought, performance or volitional control, and self-reflection.
The forethought phase involves processes and beliefs that come before efforts to
learn; the performance or volitional control phase refers to processes that occur
during performance efforts and influence attention and action; and the self-reflection
phase includes processes that occur after each learning effort and affect a person’s
response to that action. Personal, behavioral, and environmental factors have an
influence on the development of these processes.

Learning strategies are tactics used by self-regulated learners to facilitate the
acquisition of knowledge and skills. By employing learning strategies, self-regulated
learners take the major responsibility for their own learning and guide their own
learning process rather than having the learning process supplied by the instruction.

Learning strategies are categorized as cognitive and metacognitive strategies
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(rehearsal, elaboration, organization, critical thinking, and metacognitive self-
regulation), and support strategies (time and study environment, effort regulation,
peer learning, and help seeking) (Pintrich et al., 1991).

Rehearsal strategies simply refers to recite or name items from a list to be
learned. These strategies are useful for activation of information stored in working
memory rather than acquisition of new information in long-term memory. These
strategies assist learners in the encoding and retrieval of information but do not assist
them i developing connections among the information and integrating the
information with the previous knowledge. FElaboration strategies are used to
establish connections between new information and previous knowledge. Elaboration
strategies assist learners store information into long-term memory by building
associations among the information. Paraphrasing, creating analogies, and generative
note-taking are examples of elaboration strategies. Organization strategies are used
to structure information in memory and to store new information in memory within
an appropriate structure. Organization strategies assist individuals in selecting
appropriate information and establish connections among the information to be
learned. Clustering and outlining are examples of organization strategies. Critical
thinking 1s described as the extent to which individuals apply previously acquired
knowledge to new situations in solving problems, making a decision, and making
critical evaluations with respect to higher standards (Pintrich et al., 1991; Weinsten &
Mayer, cited in Pintrich, 2002).

Metacognition refers to “knowledge of one’s knowledge, processes, and
cognitive and affective states; and the ability to consciously and deliberately monitor
and regulate one’s knowledge, processes, and cognitive and affective states™
(Papaleontiou-Louca, 2003, pp. 10). The components of metacognition are
knowledge of cognition and regulation of cognition. The subcomponents of
knowledge of cognition are declarative knowledge, procedural knowledge and
conditional knowledge while the subcomponents of regulation of cognition are

planning, information management, monitoring, debugging, and evaluation (Schraw
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& Dennison, 1994). The regulation of cognition component of the metacognition can
be referred as metacognitive self-regulation (Pintrich et al., 1991). Metacognitive
strategies are sequential processes because they are used for controlling cognitive
activities and ensuring that a cognitive goal has been met. These processes help
individuals in planning and monitoring, and regulating their learning and thinking
(Pintrich, 2002). Planning activities (e.g., goal setting, task analysis, etc.) activate
prior knowledge and thereby makes easier the comprehension of the learning task,
monitoring activities help the individuals integrate new mformation with the prior
knowledge, and regulating activities help individuals in controlling and correcting
their behavior as they work on task (Pintrich et al., 1991). An example of
metacognitive strategy would be ‘individuals re-read the text they don’t understand’.

Self-regulated learners can use management strategies effectively as well as
cognitive and metacognitive strategies. Time management includes scheduling,
planning, and managing one’s study time in an effective and realistic way. Study
environment management involves organizing the setting where an individual does
her class work. Self-regulated learners can achieve their pre-determined goals in the
face of difficulties or distractions by controlling their effort. Effort management can
improve performance by regulating the continuous use of learning strategies. Peer
learning has been found to be positively related to the achievement. The dialogical
interaction with peers can help individuals learn deeply by acquiring them multiple
viewpoints. Self-regulated learners ask for support of both their peers and instructors
when they do not know something. Several studies consistently reveal that help
seeking facilitates students’ learning (Pintrich et al., 1991).

The research on the relationship between self-efficacy and self-regulation
revealed that higher levels of self-efficacy were associated with higher levels of self-
regulation (Iverach & Fisher, 2008; Pintrich & De Groot, 1990; Pintrich, Roeser, &
De Groot, 1993). Individuals who believed that they were capable of accomplishing
classroom tasks were more likely to use cognitive and metacognitive strategies. Both

mathematical and verbal self-efficacy beliefs were found to be correlated with the
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strategy use (Zimmerman & Martinez-Pons, 1990). Verbal self-efficacy was
associated with the use of organizing and transforming, reviewing notes, and seeking
peer assistance strategies while mathematical self-efficacy was associated with the
strategy of reviewing notes. Both verbal and mathematical self-efficacy beliefs were
found to be negatively correlated with secking adult assistance.

The relationships among these motivational constructs and achievement have
been studied extensively. Pintrich and De Groot (1990) reported that self-efficacy,
intrinsic interest, and self-regulation were positively related to students’ academic
performance. Relevant literature indicated that self-efficacy beliefs have an effect on
academic achievement either directly or indirectly through mediating the influence of
other variables (e.g., mental ability, previous knowledge) that predict academic
achievement (Pajares & Schunk, 2001; Wolters & Pintrich, 1998). Uredi and Uredi
(2005) examined relationships among motivational beliefs, self-regulation, and
mathematics performance of 550 Grade 8 students. Significant positive correlations
were detected among mathematics achievement, motivational constructs, and self-
regulation. Self-regulation was found to be a significant predictor of student
achievement with high-achieving students demonstrating a greater use of self-
regulatory strategies than low-achieving students do.

Ceylan (2008) investigated the comparative effects of SE learning cycle
model and traditional instruction on 10" grade students’ perceived motivation and
use of learning strategies. The participants were 119 students from two intact classes
instructed by the same chemistry teacher. One class was assigned as experimental
group and taught the state of matter and solubility concepts using SE learning cycle
model while the other class was assigned as control group and taught the same
concepts using traditional instruction. Motivated Strategies for ILearning
Questionnaire (MSLQ) was administered to all students in both groups as pre- and
post-test. The findings indicated that students taught by 5E learning cycle model
were more curious, willing to mastery the subject and challenged the chemistry tasks

compared to students taught by traditional instruction. Students in 5E leaming cycle
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class tended to perceive chemistry more interesting, more important, and more useful
course than those in control class. Instruction based on 5E learning cycle model
positively affected students” intrinsic goal orientation, extrinsic goal orientation, and
task value, but it doesn’t have effect on control of learning beliefs, self-efficacy for
learning and performance, and test anxiety. In addition, 5E learning cycle model was
found effective on students” use of elaboration and organization strategies compared
to traditional instruction. On the other hand, there was no significant difference
between the two groups with respect to rehearsal, critical thinking, metacognitive
self-regulation, time and study environment, effort regulation, peer learning, and help
seeking strategies. Moreover, the findings indicated non-significant difference
differences between males and females with respect to perceived motivation and use
of learning strategies.

Saygin (2009) examined the effects of learning cvcle model and traditional
instruction on high school students’ understanding of nucleic acids and protein
synthesis, their perceived motivation and learning strategies. The sample included
105 11™ students attending two intact classes of the same teacher. One class was
assigned as experimental group and taught by 3E learning cycle model while the
other class was assigned as control group and taught by traditional instruction. A
concept test and MSLQ were administered to students in both groups as pre- and
post-test. The results indicated a significant difference between the two groups with
respect to understanding of nucleic acids and protein synthesis, in favor of the
experimental group. The results also showed that learning cycle model was more
effective than traditional instruction in eliminating student misconceptions on nucleic
acids and protein synthesis. Moreover, students in learning cycle class had higher
levels of intrinsic goal orientation, control of learning beliefs, self-efficacy for
learning and performance. and metacognitive self-regulation and help seeking
strategies.

Yilmaz (2007) investigated the comparative effects of prediction/discussion-

based learning cycle, conceptual change text, and traditional instructions on g grade
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students’ perceived motivation and use of learning strategies. A total of 81 students
from three classes of the same teacher participated in this study. Two classes were
assigned as experimental groups and the other class was assigned as control group.
One of the experimental group was instructed genetics concepts by
prediction/discussion-based learning cycle instruction, the other experimental group
was instructed the same concepts by conceptual change text instruction, and the
control group was taught the same concepts by traditional instruction. MSLQ was
administered to all students as pre- and post-test. The findings indicated that the only
difference among the groups was the use of elaboration strategies. Students in
prediction/discussion-based learning cycle class appeared to use elaboration
strategies more than those in conceptual change text group. However, results
indicated no statistically significant differences among the groups with respect to
students’ perceived motivation.

Sungur and Tekkaya (2006) examined the influence of an instructional
approach based on constructivism and traditional instruction on 10" grade students’
perceived motivation and use of learning strategies. The participants included 61
tenth grade students attending two intact classes of the same teacher. One class was
assigned as experimental group and instructed the human respiratory system and
excretory system concepts using problem-based learning (PBL) approach. The other
class was assigned as control group and instructed the same concepts using
traditional approach. MSLQ was administered to the students in both groups as pre-
and post-test. The findings demonstrated that the instruction based on constructivism
(PBL approach) enhanced students’ intrinsic goal orientation, task value, use of
elaboration strategies, critical thinking, metacognitive self-regulation, effort
regulation and peer learning compared to traditional instruction. On the other hand,
there was no significant differences between the two groups with respect to extrinsic
goal orientation, control of learning beliefs, self-efficacy for learning and
performance, text anxiety, and using the strategies of rehearsal, organization, time

and study environment and help seeking. Regarding the gender effect on perceived
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motivation and use of learning strategies (Sungur, 2004). there was no significant
difference between males and females with respect to perceived intrinsic goal
orientation and control of learing beliefs, and perceived use of rehearsal, critical
thinking, metacognitive self-regulation, time and study environment management,
effort regulation, peer learning and help secking strategies. Boys’ perceived extrinsic
goal orientation and test anxiety were higher than that of girls; but girls perceived
task value and self-efficacy for learning and performance; and use of elaboration and
organization strategies more than that of boys.

In the light of literature mentioned above, it can be concluded that motivation
and self-regulation are two important constructs influencing students’ learning in
various topics (Pintrich & De Groot, 1990; Uredi & Uredi, 2005). That means,
development of students’ motivational beliefs and use of learning strategies are
critical in the development of scientific conceptions. Previous research demonstrated
that learning cycle model (Ceylan, 2008. Saygin, 2009; Yilmaz, 2007) and
instructional approaches based on constructivism (Sungur & Tekkaya, 2006) are
effective in developing students’ perceived motivation and use of learning strategies.
Therefore, in the current study, the comparative effects of 5E learning cycle model
and traditional instruction on students’ perceived motivation and use of learning

strategies were investigated.

2.7 Summary of the Findings of the Reviewed Studies

Students have some ideas, interpretations, and concepts that are not congruent
with the scientifically accepted ones (Driver et al,, 1985). These kinds of ideas are
often referred to as misconceptions (Nakhleh, 1992). Students have misconceptions
in various chemistry concepts (Garnett et al., 1995) including solubility equilibrium
(Akaygun, 2009, Cam, 2009; Hawkes, 1998; Onder, 2006; Onder & Geban, 20006
O’Sullivan & Crouch, 2009; Raviolo, 2001).
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Abstract nature of the chemistry is the main source of student misconceptions
(Gamnett et al., 1995). It is not easy to remediate students’ misconceptions under
traditional classroom environment (Driver & Easly, 1978; Fisher, 1985; Hynd et al.,
1994). The strategies emphasizing students” prior understandings and supporting the
conditions of conceptual change are promising in eliminating student misconceptions
(Niaz, 2002). There are various conceptual change strategies targeting students’
understanding of scientific concepts or remediation of misconceptions: cooperative
groups (e.g., Bilgin & Geban, 2006), refutational texts (e.g., Hynd et al., 1994),
conceptual change texts (e.g.. Calik et al., 2007), analogies (e.g.. Calik et al., 2009),
and combination of conceptual change texts with concept mapping (e.g., Uzuntiryaki
& Geban, 2005).

Learning cycle is an instructional method based on constructivism. It
emphasizes active participation of the students to the learning environment. The
studies comparing learning cycle instruction with traditional instruction were
reviewed and synthesized (Lawson et al, 1989. Abraham, 2003). The findings
revealed that learning cycle instructional method was superior to traditional method
in terms of conceptual understanding, attitude towards science and reasoning ability.

Three variables (sequence of the phases, necessity of each phase, and the
form in which students acquired data) have been investigated extensively within the
framework of learning cyele research (Abraham, 1989; Abraham & Renner, 1986;
Renner et al., 1985; Renner et al., 1988). Some studies described the implementation
of learning cycle in science classrooms (Colburn & Clough, 1997). In some studies,
learning cycle was combined with other mstructional methods (Odom & Kelly,
1998).

Learning cycle research has been conducted with elementary school students
(Balci et al., 2006; Yilmaz & Huyuguzel Cavas, 2006), middle school students
(Turgut & Gurbuz, 2011; Yilmaz et al., 2011), high school students (Abraham, 1989;
Abraham & Renner, 1986; Ceylan & Geban, 2009; Demircioglu et al., 2004; Saygin,



2009; Westbrook & Rogers, 1994) and pre-service teachers (Ates, 2005; Hanuscin &
Lee, 2007, Lindgren & Bleicher, 2005, Marek et al., 2003; Settlage, 2000).

Learning cycle instruction was found very effective on developing students’
subject matter knowledge (Ates, 2005; Ceylan & Geban, 2009; Demircioglu et al.,
2004; Musheno & Lawson, 1999; Saygin, 2009; Turgut & Gurbuz, 2011; Yilmaz et
al., 2011), reasoning ability (Johnson & Lawson, 1998; Lawson, 2001), attitudes
(Altun Yalcin et al., 2010; Cavallo & Laubach, 2001; Ceylan, 2008; Ergin et al.,
2008; Nuhoglu & Yalcin, 2006; Sasmaz Oren & Tezcan, 2009; Yilmaz & Huyuguzel
Cavas, 2006), science process skills and logical thinking skills (Westbrook &
Rogers, 1994; Lavoie, 1999), and perceived motivation (Ceylan, 2008; Saygin. 2009)
and perceived use of learning strategies (Ceylan, 2008; Saygin, 2009; Yilmaz, 2007).
Leamning cycle method can be wused effectively for eliminating students’
misconceptions (Balci et al., 2006; Ceylan & Geban, 2009; Demiricioglu et al., 2004;
Saygin, 2009; Turgut & Gurbuz, 2011; Yilmaz et al., 2011).

The learning cycle is a teaching model used for designing curriculum
materials and instructional strategies in science. Many strategies can be used within
the phases of the learning cycle including laboratory experiments, demonstrations,
group work, simulations, field trips, analogies, and models (Marek, Gerber, &
Cavallo, 1998), all of which makes learning cycle highly constructivist. Since
learning cycle instruction is applied as step by step. it is easy to use and it has many
advantages compared to traditional instruction, especially for concrete operational
students. Learning cycle method works well in high school science teaching as well
as in elementary science teaching because most of the high school students have not
yet attained formal operational level (Abraham, 1989). Leaming cycle is very
effective in reducing the performance difference between concrete operational and
formal operational students (Ward & Herron, 1980).

In the light of the summary of the reviewed studies, this study aims to
investigate the effect of SE learning cycle instruction over traditional chemistry

instruction on 11™ grade students” understanding of solubility equilibrium concepts,
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attitudes towards chemistry, and perceived motivation and use of learning strategies.

In addition, the effect of gender on these dependent variables was also investigated.



CHAPTER 3

PROBLEMS AND HYPOTHESES

This chapter includes main research problems, sub problems, and hypotheses.

3.1 The Main Problems

There were three main research problems of the study:

1. What is the effect of instruction based on 3E learning cycle model
compared to the traditional instruction and gender on the 11th grade
students” understanding in solubility equilibrium concept and their

attitudes towards chemistry as a school subject?

2. What is the effect of instruction based on 3E learning cycle model
compared to traditional instruction and gender on students’ perceived
motivation (Intrinsic Goal Orientation, Extrinsic Goal Orientation, Task
Value, Control of Learning Beliefs, Self-Efficacy for Leaming and
Performance, Test Anxiety)?

3. What is the effect of instruction based on 3E learning cycle model
compared to traditional instruction and gender on students’ perceived use
of learning strategies (Rehearsal, Elaboration, Organization, Critical
Thinking, Metacognitive Self-Regulation, Time and Study Environment,
Effort Regulation, Peer Learning, Help Seeking)?
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3.2 Sub-Problems

1. Is there a significant mean difference between the effects of instruction
based on 5E learning cycle model and traditionally designed chemistry
instruction on students’ understanding of solubility equilibrium concept
and attitude towards chemistry as a school subject when their science

process skill scores 1s controlled as a covariate?

2. Is there a significant mean difference between males and females with
respect to students” understanding of solubility equilibrium concept and
attitude towards chemistry as a school subject when their science process

skill scores is controlled as a covariate?

3. Is there any significant interaction between treatment and gender with
respect to students’ understanding of solubility equilibrium and attitudes
toward chemistry as a school subject concept when their science process

skill scores is controlled as a covariate?

4. TIsthere a significant mean difference between the effects of instruction SE
learning cycle model and traditionally designed chemistry instruction on
students’ retention in solubility equilibrium concept when their science

process skill scores is controlled as a covariate?

5. Is there a significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed
chemistry instruction with respect to students’ perceived motivation
(Intrinsic ‘Goal Orientation, Extrinsic Goal Orientation, Task Value,
Control of Learning Beliefs, Self -Efficacy for Learning and Performance,

Test Anxiety)?
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6.

10.

Is there a significant mean difference between males and females with
respect to students’ perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs, Self-
Efficacy for Learning and Performance, Test Anxiety)?

Is there any significant interaction between treatment and gender with
respect to students’ perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs, Self-

Efficacy for Learning and Performance, Test Anxiety)?

Is there a significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed
chemistry instruction with respect to students’ perceived use of learning
strategies (Rehearsal, Elaboration, Organization, Critical Thinking,
Metacognitive Self-Regulation, Time and Study Environment, Effort
Regulation, Peer Learning, Help Seeking)?

Is there a significant mean difference between males and females with
respect to students’ perceived use of learmning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self -
Regulation, Time and Study Environment, Effort Regulation, Peer
Learning, Help Secking)?

Is there any significant interaction between treatment and gender with
respect to students’ perceived use of learning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-
Regulation, Time and Study Environment, Effort Regulation, Peer
Learning, Help Seeking)?

61



3.3 Hypotheses

Hol: There is no significant mean difference between the effects of
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction on students’ understanding of solubility equilibrium concept and attitude
towards chemistry as a school subject when their science process skill scores is

controlled as a covariate

Ho2: There is no significant mean difference between males and females with
respect to students’ understanding of solubility equilibrium concept and attitude
towards chemistry as a school subject when their science process skill scores is

controlled as a covariate.

Ho3: There is no significant interaction between treatment and gender with
respect to students’ understanding of solubility equilibrium and attitude towards
chemistry as a school subject concept when their science process skill scores is

controlled as a covariate.

Ho4: There is no significant mean difference between the effects of
instruction SE learning cycle model and traditionally designed chemistry instruction
on students” retention in solubility equilibrium concept when their science process

skill scores 1s controlled as a covariate.

Ho5: There 1s no significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students” perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Leaming Beliefs, Self -Efficacy

for Learning and Performance, Test Anxiety).

Hy6: There is no significant mean difference between males and females with

respect to students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
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Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and

Performance, Test Anxiety).

Ho7: There is no significant interaction between treatment and gender with
respect to students’” perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and
Performance, Test Anxiety).

Hp8: There is no significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students’ perceived use of learning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, Time
and Study Environment, Effort Regulation, Peer Learning, Help Seeking).

Hy9: There is no significant mean difference between males and females with
respect to students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self -Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, Help Secking).

Hp10: There is no significant interaction between treatment and gender with
respect to students” perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self-Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, Help Seeking).
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CHAPTER 4

METHOD

In this chapter, design of the study, population and subjects, description of
variables, instruments, procedure, treatment, treatment fidelity and verification,
ethical concerns, methods that were used to analyze the data, power analysis,

assumptions, and limitations of the study are explained briefly.

4.1 The Experimental Design of the Study

Non-equivalent control group design, a type of quasi-experimental design,
was used in this study (Gay & Airasian, 2000). Students were not randomly assigned
to experimental and control groups because it is unlikely to assign each subject to
experimental and control groups in the Turkish school system. Two experienced
chemistry teachers were participated in this study. One class of cach teacher was
randomly assigned as the experimental group and the other class of each teacher was
assigned as the control group. In total, there were two experimental and two control
groups from a high school.

Instruction based on the 5E learning cvcle was used in the experimental
groups and traditionally designed chemistry instruction was used in the control
groups. The teachers were informed about the aim of the study and instruction based
on the 5E learning cycle model before the treatment. They taught three 45-minute
sessions per week for each group and the treatment was carried out over seven

weeks.
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Solution Concept Test and Science Process Skills Test were administered to
students in both groups before the treatment as a pre-test. Attitude Scale towards
Chemistry and Motivated Strategies for Learning Questionnaire were given to
students in both groups before and after the treatment. Moreover, Solubility
Equilibrium Concept Test (SECT) was administered to students in both groups after
the treatment as a post-test to compare the effects of instructions on students’
understanding of solubility equilibrium concepts. Furthermore, SECT was
administered as a retention test two months later. Table 4.1 shows the design of the

study.

Table 4.1 Research Design of the Study

Groups Pre-test Treatment Post-test Retention
Test
Experimental Groups SCT SEIM SECT SERT
(EG) ASTC ASTC
SPST MSLQ
MSLQ
Control Groups (CG) SCT TDCI SECT SERT
ASTC ASTC
SPST MSLQ
MSLQ

The meanings of abbreviations in the table are presented below.
SCT: Solution Concept Test
SECT: Solubility Equilibrium Concept Test
SERT: Solubility Equilibrium Retention Test
ASTC: Attitude Scale towards Chemistry
SPST: Science Process Skill Test
MSLQ: Motivated Strategies for Learning Questionnaire
SEIM: Instruction based 5E Learning Cycle Model
TDCI: Traditionally Designed Chemistry Instruction

65



4.2 Population and Subjects

The target population of the study consisted of all eleventh grade public high
school students in Ankara. However, since it is not easy to conduct an experimental
study on such a large population, an accessible population was chosen as all eleventh
grade students in Cankava district. There are 19 public high schools and
approximately 2000 eleventh grade students who are taught chemistry in Cankaya
district. One Anatolian high school was selected from the accessible population
randomly. A convenience sampling technique was used to choose a sample from the
accessible population since it would be extremely difficult to select a random sample
of individuals. Four classes taught by the two-chemistry teacher were selected. One
class from each teacher was randomly assigned as the experimental group; the other
class was randomly assigned as the control group. In total, there were four groups in
this study in which two of them were defined as control groups and two of them were
defined as experimental groups.

A total of 109 eleventh grade students (56 male and 53 female) attending to
an Anatolian High School in Ankara during the 2009-2010 spring semester were
participated in this study. There were 33 students (29 female and 24 male) in the
experimental group and 56 students (24 female and 32 male) in the control group.
The ages of the students ranged from 16 to 17. Experimental groups were taught by
S5E Learning Cyele instruction and the control groups were taught by traditionally
designed chemistry instruction. Both groups received regular instruction on the

solubility equilibrium concept.
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4.3 Variables

4.3.1 Independent Variables

The independent variables of this study were the type of instruction (5E
learning cycle instruction or traditional instruction), gender, and science process
skillg test scores (SPST). Among these variables, types of instruction and gender

were used as group membership and SPST scores was used as covariate.

4.3.2 Dependent Variables

The dependent variables of this study were students’ understanding of
solubility equilibrium concepts scores obtained from the administration of Solubility
Equilibrium Concept Test (SECT) as a post-test and retention test, and students’
attitudes toward chemistry scores, which was measured by the Attitude Scale
towards Chemistry. In addition, the other dependent variables were students’
intrinsic goal orientation, extrinsic goal orientation, task value, control of learning
beliefs, self-efficacy for learning and performance, test anxiety, rehearsal,
claboration, organization, critical thinking, metacognitive self-regulation, time and
study environment, effort regulation, peer learning, and help seeking scores as

measured by the MSLQ.

4.4 Instruments

Solution Concept Test (SCT), Solubility Equilibrium Concept Test (SECT),
Science Process Skill Test (SPST), Attitude Scale towards Chemistry (ASTC), and
Motivated Strategies for Learning Questionnaire (MSLQ) were used as instruments.
In addition, semi-structured interview schedule and classroom observation checklist

were used for the collection of the qualitative data.
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4.4.1 Solubility Equilibrium Concept Test (SECT)

This instrument was used to assess students’ understanding of solubility
equilibrium concepts. The researchers developed this instrument by taking into
account the high school chemistry curriculum. In test development process; first, the
instructional objectives of this unit were defined by considering the national
curriculum (see Appendix B). Second, possible misconceptions about solubility
equilibrium were investigated from related literature (Cam, 2009; Raviolo, 2001,
Onder, 2006). These misconceptions were included in the alternatives of each item.
Common misconceptions and the corresponding items addressed by the SECT were
given in Table 4. 2. In total, there were 23 multiple-choice items in this test.

After the preparation of this test, it was examined by one-chemistry professor,
one associate professor, and two research assistants in chemistry education, a
specialist in chemistry education, and three high school chemistry teachers. Their
recommendations were taken into account to revise the test.

This test was administered to students in both groups just after the treatment
as a post-test and two months later as a retention test to compare the effects of
instruction on students’ understanding of solubility equilibrium concepts. This test

was administered in both groups and took 45 minutes.

Table 4.2 Common Misconceptions and Corresponding Items Addressed by the
SECT

Misconception Item No

At equilibrium, the concentrations of the ions produced  1(D), 14(A), 18(D)

is equal to the concentration of the salt.

Believing that coefficients in solubility equilibrium 1(A, B, E)

equations have no other meaning then equating the

solubility reaction.

Solubility equilibrium equations are written as sum of I(A, B, E)

the concentration of different substances whose

concentration are more than 1.

At equilibrium, there is no precipitation and dissolution  2(B, D), 11(E), 12(A, B,
or dissolution stops. C, D), 14(B, D), 18(B)
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Table 4.2 Common Misconceptions and Corresponding Itemns Addressed by the

SECT (Contunied)
Misconception Item No
Mass can be used instead of concentration in Ksp 15(D)
calculations.
The value of Ksp always decreases as temperature 21(B, D)
decreases and the concentrations of 1ons decrease.
Before the system reaches equilibrium, there was no 2(C), 18(E)
precipitation reaction.
Believing that solubility of sparingly soluble salts is 8(A, B, D), 10(A, B, E),
effected by change made in pressure and volume. 20(A, C.E)
Believing that in all situations one can compare 3(C. E)., 13(E)
solubility of salts at equilibrium by just looking at Ksp
values.
Compounds in solid form should be included while 4B, E), 15(B)

writing Ksp equations,
At equilibrium, the concentrations of ions will remain 5(C), 11(E), 20(C)
constant although common ion is added.

Amount (moles) can be used instead concentration 6(A), 15(C)

(molarity) in Ksp calculation.

At equilibrium, addition of salt increases the 7(B)

concentrations of ions.

Believing that there is no relation between Ksp and 8(0), 17(A)

solubility.

Temperature has no affect on solubility. 9D. E), 21(C)

At a given temperature, Ksp can change with the 8(A, B, D), 12(A, B, C),
amount of solid or 1ons added. 20(A, C.E)

If system is at equilibrium no other solute that doesn’t 12(A, B, C)
contain common ion can dissolve and solubility doesn’t

change.

Believing that solubility of sparingly soluble salts is 19(A, B, ©)
effected by change made in pressure.

Believing that ion product (Q1) can be used 16(A, D, E)

interchangeably with Ksp.
Believing that large Ksp implies very fast dissolution. 22(A,C.E)

The rate of dissolving increases with time until 23(E)
equilibrium establishes.
The rate of dissolving remains constant until 23(B)
equilibrium establishes.
The rate of precipitation remains constant until 23(C)

equilibrium establishes.
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A pilot test was conducted to evaluate the reliability aspects of this test
scores. There were 233 students in the pilot study. Cronbach - alpha reliability of the
test was calculated as 0.78. A Turkish teacher’s and chemistry teachers” opinions
were used as an evidence for face validity because they evaluated the test items in
terms of appropriateness of language and grammatical aspects. The professor and
associate professor in chemistry education evaluated the test items according to their
appropriateness with the related test specifications, which were used as content-

related evidence.

4.4.2 Solution Concept Test (SCT)

The test was developed by Onder (2006). This test contains 20 multiple-
choice questions related to solution concepts (see Appendix D). The test was
administered to students in both groups before the treatment as a pre-test to evaluate
students’ prior knowledge in solution and solubility concepts. The test was
investigated by faculty members in chemistry and science education, and by
chemistry teachers to provide content validity. The mean proportion correct and
mean biserial values were obtained as 0.645 and 0.468, respectively. The reliability
of the test was found to be 0.607. This test was administered in groups and took 45

minutes.

4.4.3 Attitude Scale toward Chemistry (ASTC)

This test was developed to measure students” attitudes towards chemistry as a
school subject by Geban, Ertepinar, Yilmaz, Altin, and Sahbaz (1994). This
instrument includes 15 items in a likert type scale (fully agree, agree, undecided.
partially agree, and fully disagree) in Turkish (see Appendix E). There are both
positive and negative statements. This test was given to students in both groups
before and after the treatment. Total possible ASTC scores range is from 15 to 75.
While lower scores show negative attitudes towards chemistry, higher scores show
positive attitudes towards chemistry. The reliability of the test was found previously

to be .83 (Geban et. al., 1994).
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4.4.4 Science Process Skills Test (SPST)

This test was originally developed by Okey, Wise, and Burns (1982). It was
adapted into Turkish by Geban, Askar, and Ozkan (1992). This test contains 36 four-
alternative multiple-choice questions. The reliability of the test was found to be 0.835.
This test measures intellectual abilities of students related to identifying variables,
identifying and stating hypotheses, creating operational definition, designing
investigations, and graphing and interpreting data. Total possible score of the SPST
1s 36. This test (see Appendix F) was given to all students in the study before the
treatment to determine whether there is a significant contribution of science process
skills to the variation in students’ understanding of solubility equilibrium concepts.

This is a standard test; therefore, there is no need to collect evidence for validity.

4.4.5 Motivated Strategies for Learning Questionnaire (MSL(Q)

It is an 81-item-questionnaire developed to measure students’ motivational
orientations and learning strategies for a college course (Pintrich, et al., 1991).
Students responded to items on each subscale on a seven point scale ranging from
always “not at all true of me” to “very true of me.” A response of “not at all true of
me’” was assigned a value of 1, “very true of me” was 7.

MSLQ includes two section; motivation and learning strategies. There are 31
items in the motivation part. This part assesses the students’ goals and value beliefs
for a course, and their anxiety about tests in a course. There are six sub-scales in the
motivation part. These are intrinsic goal orientation (IGQO), extrinsic goal orientation
(EGO), task value (TV), control of learning beliefs (CLB), self-efficacy for learning
and performance (SELP), test anxiety (TA).

In the learning strategies section, there are 50 items concerning students’ use
of different cognitive and metacognitive strategies. In addition, there are 19 items
related to students” management of different resources. There are nine sub-scales
including rehearsal (R), elaboration (E). organization (O), critical thinking (CT),

metacognitive self-regulation (MSR), time and study environmental management
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(TSE), effort regulation (ER), peer learning (PL), help seeking (HS). MSLQ was
originally developed in English.

Confirmatory factor analysis was conducted to calculate fit statistics (y2/df,
GFI, AGFI and RMR) for motivation section in MSLQ. In order to indicate a good
fit between observed and reproduced correlation matrices, the ¥ 2/df ratio must be
less than 5. In addition, to fit the model, acceptable values are GFI or AGFI is 0.9 or
greater and an RMR is 0.05 or less (Hayduk, 1987). The results of confirmatory
factor analysis showed that ¢2/df ratio, GFI, and RMR are 3.49, 0.77, and 0.07,
respectively. These results are not within acceptable limits. However, these values
were accepted as reasonable by Pintrich et al. (1991) since course characteristics,
teacher demands, and individual student characteristics may affect the motivational
attitudes.

The MSLQ was translated and adapted into Turkish for a biology course by
Sungur (2004). A pilot study included 319 tenth and 169 eleventh grade students and
confirmatory factor analysis was conducted for the 31 motivation items. Intrinsic
Goal Orientation, Extrinsic Goal Orientation, Task Value, Control of Learning
Beliefs, Self-Efficacy for Learning and Performance, Test Anxiety are six latent
factors. y2/df, GFL, and RMR were calculated as 5.3, 0.77, and 0.11, respectively by
Sungur (2004). These indices values were accepted as reasonable by considering the
results of the English version. It was given the fit indices of English and Turkish

version of MSLQ for motivation section in Table 4.3.

Table 4.3 Comparison of Fit Indices For English Version, and Turkish Version by
Sungur (2004) of MSLQ’s Motivation Section (31 Items)

N(sample size) y2/df GFI RMR
ENG 380 3.49 0.77 0.07
TUR 488 5.3 0.77 0.11

Ceylan (2009) adapted MSLQ for chemistry course from Turkish biology
course adaptation of Sungur (2004). In this current study, Turkish chemistry version

of MSLQ was used (see Appendix G). The test was piloted on 159 tenth grade
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students in an Anatolian High School and it was given to students at one time. To
calculate the reliability coefficients (Cronbach alphas) of English version, Turkish
version for biology and chemistry, SPSS was used. Cronbach alpha values were

given in Table 4.4 for the motivation subscales.

Table 4.4 Reliability Coefficients of MSLQ's Motivation Subscale

N(samplesize) IGO EGO TV CLB SELP TA

ENG 380 0.74 0.62 0.90 0.68 0.93 0.80
TUR(Sungur’s) 488 0.73  0.34 0.87 0.62 0.89 0.62
TUR(Ceylan’s) 159 0.71 0.36 0.84 0.63 0.86 0.68

For learning strategies section in MSLQ for English and Turkish version,
confirmatory factor analysis was also carried out. The results of confirmatory factor
analysis for English version showed that y2/df ratio, GFI, and RMR are 2.26, (.78,
and 0.08, respectively (Pintrich et al., 1991). On the other hand, it was found that
y2/df=4.5, GFI=0.71, and RMR=0.08 at the results of confirmatory factor analysis
for Turkish version by Sungur (2004). Since fit indices of English and Turkish
version were similar, no modifications were made the fit indices of English and

Turkish version of MSLQ for learning strategies subscales are reported in Table 4.5.

Table 4.5 Comparison of Fit Indices For English Version, and Turkish Version
(Sungur, 2004) of MSLQ’s Learning Strategies Subscale (50 items)

N(sample size)  y2/df GFI RMR
ENG 380 2.26 0.78 0.08
TUR 488 4.5 0.71 0.08

Reliability coefficients (Cronbach alpha) were given in Table 4.6 for MSLQ’s

learning strategies section.
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Table 4.6 Reliability Coefficients of MSLQ'’s Learning Strategies Subscale

N R E O CT MSR TSE ER PL HS

ENG 380 069 076 064 080 079 076 069 076 052
TUR(Sungur’s) 488 073 078 071 081 081 073 062 061 057

TUR(Ceylan’s) 159 071 071 066 082 079 074 070 066 055

To investigate the effect of instruction based on 5E learning cycle model on
eleventh grade students” motivation and learning strategies, the Turkish version of
MSLQ adapted for use in chemistry courses (Ceylan, 2009) was used in the present
study.

4.4.6 Semi-Structured Interviews

A semi-structured interview schedule was conducted with 12 students in both
groups after the treatment to investigate the nature of and reasons for students’
misconceptions in solubility equilibrium concepts. Students in both groups were
categorized as high achievers, middle achievers and low achievers according to post-
solubility equilibrium concept test scores on the SECT, and six students from each
group were chosen randomly based on their achievement level. By comparing the
answers of experimental (24 Male and 29 female Students) and control group (32
Male and 24 female students) students, the treatment effectiveness on remediation of
students’ misconceptions about solubility equilibrium was analyzed in-depth.
Interview schedule was constructed by the researchers, and it included two parts (see
Appendix H). In the first part, students were asked conceptual questions related to
solubility equilibrium concepts. Second part included seven questions related to the
differences between traditional and 5E learning cycle instruction, changes in the
teacher, and general questions. The questions in the second part were only
administered to the students in the experimental group. Before conducting the
interview, a pilot study was carried out with six eleventh grade high school students
to check the effectiveness of the interview questions in gaining information about

students”  misconceptions  about  solubility  equilibrium  concepts.  The
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recommendations of the professors and colleagues were also taken into
consideration, and some revisions were done on the interview schedule. A tape
recorder was used during interview process in order to record the data. Each

interview process took approximately 30-40 minutes.

4.4.7 The Classroom Observations

Observations in both control and experimental group classrooms were
conducted by the researcher. An observation checklist with respect to lesson plans
was prepared before the treatment. This checklist consisted of 16 items with 3 points
Likert type scale including yes\ no\ partially (see Appendix I). The checklist was
examined by a specialist in chemistry education and three high school chemistry
teachers from different schools. The researcher observed all classrooms and scored
whether the steps in the checklist were observed or not. It was decided by the

researcher whether the treatments were applied properly or not after the observation.

4.5 Procedure

The aim of the study was to investigate the effect of the 5E learning cycle
instruction on students” understanding of solubility equilibrium concepts. First, a
detailed review of the literature was conducted. Keywords, such as learning cycle, 5E
learning cycle, science education, chemistry education, solubility equilibrium,
conceptual change approach, hands-on activities, laboratory activities, attitude,
motivation, science process skill, MSLQ, metacognition, self-efficacy, self-
regulation were determined. Then, Educational Resources Information Center
(ERIC), Social Science Citation Index (SSCI), Dissertation Abstracts International,
and the Internet were searched by using these keywords. Finally, literature was

examined in detail and the instruments were developed by the researcher.
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4.6 Treatment

This study was conducted over seven weeks during the spring semester of
2009-2010 academic year. A total of 109 students from four 1" grade classes
participated in the study. Classes were randomly assigned to control and
experimental treatments. Experimental group students were instructed using the 5E
leaming cyecle model whereas control group students were instructed with
traditionally designed chemistry instruction. Both groups were instructed by the two-
chemistry teacher throughout the treatment. Each chemistry teacher taught one
control and one experimental class.

The 5E learning cycle instruction was defined by creating a list that showed
each step of instruction. The objectives of this lesson were determined by the
researcher. Detailed lesson plans were prepared by integrating these two procedures
(see Appendix I).These lesson plans were examined by experts in chemistry,
chemistry education, and chemistry teachers. Revisions were made with respect to
their recommendations. The last version of lesson plan served as an instructional
guideline that was used in the experimental groups. The same procedures were
conducted for the traditionally designed chemistry instruction. Pilot study was
conducted in a public high school. After the minor revisions on the pilot study, the
actual study was carried out. The teachers were trained with respect to these lesson
plans and instruction based on 5E learning cycle model, how to implement the lesson
plan in the experimental groups, and which steps of 5E learning cycle model were
represented by the activities. Furthermore, the teachers were informed about possible
students’ misconceptions about solubility equilibrium. As it was said before, there
were two teachers in this study; therefore, the main aim of the training was to
climinate the differences that might arise from differences in implementation.

Permission was granted from the teachers to observe the control and experimental

groups.
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Same subject matter and textbook were used by both groups. The classroom
mnstruction consisted of three 45-minutes sessions each week. Solubility equilibrium
topics were covered as a part of the regular curriculum.

Before the treatment, the Solution Concept Test, Attitude Scale towards
Chemistry, Science Process Skill Test, and Motivated Strategies for Learning
Questionnaire were administered to both groups as a pre-test. The Solution Concept
Test was used in order to examine students” level of understanding about solution
concepts before the treatment. The aim of using Attitude Scale towards Chemistry as
a pre-test was to measure students’ attitudes towards chemistry as a school subject.
Science Process Skill Test and Motivated Strategies for Learning Questionnaire were
administered to assess students’ level of science process skills and students’
motivational constructs, respectively. The Solubility Equilibrium Concept Test,
Motivated Strategies for Learning Questionnaire, and Attitude Scale towards
Chemistry were administered as post- tests to examine the effect of the treatment.
Two months after the treatment the SECT was administered again to both groups to
assess their retention on solubility equilibrium concepts (SERT).

The 3E learning cycle model consisted of five steps including engagement,
exploration, explanation, e¢laboration, and evaluation. Each lesson in the
experimental group started with a question asked by the teacher (Engage). The aim
of these questions was to activate students’ prior conceptions or misconceptions
about the concepts and to engage students in the lesson. Generally, after this
question, different answers emerged and a disagreement among students occurred.
The teacher guided this discussion until students were aware of where their
knowledge failed to explain the situation. In the exploration phase, activities were
designed for students to acquire concrete experiences of the concepts. Generally,
demonstrations, hands-on activities, and laboratory activities were used in this phase.
To attract students’ attention, these activities were conducted by teachers. In the
explanation phase, teachers presented scientifically content explanations for the

students. After the discussion, the teacher explained and connected early phases
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concepts. The aim of the claboration phase was to provide students’” further
experiences to elaborate the concepts, process, or skills. The activities in this step are
similar to exploration phase but completely based on new situation. In the evaluation
phase, students received feedback from the teachers about their understanding and
skills. For example, in a week, teacher asked these questions “Have you ever been
Alanya and Burdur?”, “Have vou ever seen Damlatas cave, and Insuyu cave?”, “How
these caves were formed?”. These questions were discussed by students in the
engagement phase. In the exploration phase. teacher demonstrated the experiment
about equilibrium. Students were given observations sheet to fill the results of the
experiment. In the explanation phase, teacher reminded chemical equilibrium.
Writing of Ksp and equilibrium equation were explained and given activity sheets.
Students were answered these questions in the whiteboard. After this activity,
students were given the activity sheet related formation of Damlatas and Insuyu
caves becase teacher asked the questions these subject in the first phase. These
formations were discussed and explained by the teacher and students. Teacher
continued the solubility equilibirum expalanations, which are related with the types
of solubility. In the elaboration phase, the teacher tells the hard water leaves the scaly
residues in the sanitary installations and asked the students “Could you explain the
reason why?.” After the discussion, teacher distributed hard water and teacher asked
“What are the advanages and disadventages of hard water?.” After students gave
their answers, activity sheet about the advanatages and disadvantages of hard water
were distributed to them. In the final phase, teacher was given conceptual change
texts about subject to evaluate the students. After students were answered these texts,
teacher gave the answers them.

In the experimental classes, groups of 4-5 students were formed. Students
were engaged in activities aiming to increase their attention, and curiosity and to
clicit their misconceptions related to solubility equilibrium. Then, students were
given opportunity to explore new phenomena. Both the teacher and the students

engaged in a discussion based on the previous exploratory activity and the teacher
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introduced the scientific explanation of the new concept. At the end, students were
given opportunities to apply the new concepts to additional situations and their
acquisitions of the scientific concepts were evaluated both formally and informally.
In the control groups, traditionally designed instruction was used. Lecture,
and discussion were used to teach solubility equilibrium concepts and problems were
asked. Before the lesson, students read the topic from their textbook. During the
lesson teacher explained the topic without consideration of students” misconceptions,
and wrote content and formulas to the board. Students took the notes from the board
to their notebooks. Teacher did not ask question to the students in order to check if
they understood or not. Then, teacher asked algorithmic and conceptual questions
related to the topic. Adequate time was given to respond to the questions. If the
question was conceptual, a discussion session followed. During this session, teacher
gave directions to find the correct answer. That is, students took the correct answers
from their teacher and memorized them. If the question was algorithmic, two
problems were solved by the teacher on the board. Then, similar questions were
asked to provide student understanding. In this questioning process, a question was
written on the board and the teacher gave two or three minutes to solve the problem.
The teacher often selected faster or eager students to solve the problem on the board.
Most of the students were passive listeners and only took notes. In general, the same
students answered the questions. There was limited teacher-student interaction. For
example, at the beginning of the lesson the teacher asked “what is the solubility?”,
“what are the factors affecting the solubility?.” Mostly by using rote knowledge,
students answered these questions. At the end of the lesson, worksheets including
problems were given to the students. In next week, the teacher solved these problems

on the board.
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4.7 Treatment Fidelity and Treatment Verification

Treatment fidelity is an attempt by the researcher to ensure that no other
factor except the treatment is responsible for the difference in the dependent variable
before study is conducted (Borrelli, Sepinwall, Bellg, Breger, DeFrancesco, Sharp,
Ernst, Czajkowski, Levesque, Ogedegbe, Resnick, & Orvig, 2005; Detrich, 1999;
Hennessey & Rumrill, 2003). To do this, the instruction based on the 5E learming
cycle model was defined by creating a list that shows each steps of this instruction
and then the objectives of this lesson were determined. Detailed lesson plans for the
instruction based on 5E learning cycle model were prepared. These lesson plans were
examined by a chemistry professor, an associate professor, two research assistants in
chemistry education, a specialist in chemistry education, and three high school
chemistry teachers. Revisions were made with respect to their recommendations.
Moreover, the last version of lesson plans served as a guideline for the instruction
used in experimental groups. Furthermore, in the last step, the teachers were trained
with respect to these lesson plans. As it was said before, there were two teachers in
this study; therefore, the main aim of the training was to eliminate the differences
that may arise from the different implementer factor. Morcover, the researcher
observed the control and experimental groups. These procedures are defined as
treatment fidelity.

Treatment verification enables the researcher to ensure that the treatment was
implemented as defined in the study (Shaver, 1983). Observations in both control
and experimental groups were conducted by researcher. An observation checklist
with respect to lesson plans was prepared before the treatment. This checklist was
examined by a specialist in chemistry education and two high school chemistry
teachers from different schools. The researcher observed the classrooms and decided
whether the steps in the checklist were completed or not. After the observation, the
researcher with the help of experts decided whether the treatments were applied

properly or not. The minimum criterion for accepting the treatment implemented as
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intended was at least 75% of the items, above the average. This procedure is defined

as treatment verification.

4.8 Ethical Concerns

In this research, there were no ethical problems. Some issues such as the
protection of students from harm, the ensuring of confidentiality of research data,
and the question of deception of subjects were addressed in the study. This study did
not cause any physical or psychological harm or danger. In addition, students were
given a consent form that involved the information about potential harm of the
mmstruction used in the experiment. The data were not accessed by anyone except
researcher. Additionally, the subjects’ names were removed from instruments by
assigning a number to each student. Students’ names were not stated in the study. All
students had a chance to withdraw or not to participate in the study. All students in
the study were assured that any data collected from or about them were held in

confidence. The researcher avoided deceiving any subject in the study.

4.9 Analysis of Data

Data obtained from this study were entered in a SPSS data file after data
collection. Descriptive and inferential statistics were conducted.
4.9.1 Descriptive Statistics

Mean, range, minimum and maximum values, standard deviation, skewness,

kurtosis, and frequency tables were presented to describe the data for the both
groups.
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4.9.2 Inferential Statistics

To check the equality of experimental and control groups, independent t-tests
were conducted at the beginning of the study with respect to students’ pre-test scores
on solution concept test, attitude scale towards chemistry, and science process skill
test. Since there were significant differences between control and experimental
groups with respect to students” science process skills, SPST were assigned as a
covariate. Moreover, two different MANOV A were executed to determine whether
there was a significant difference between control and experimental group with
respect to students” motivation and learning strategies.

After the treatment, two-way MANCOVA was used to determine the
effectiveness of instruction based on the 5E learning cycle model and traditional
mstruction, and gender difference on students’ understanding of solubility
equilibrium concepts and attitude by controlling the effect of students’ science
process skills as a covariate. In addition, in order to determine the effect of two
different instructional methods on students’ retention related to solubility equilibrium
concepts by controlling the effect of students” science process skills as a covariate,
ANCOVA was carried out. Moreover, MANOVA was conducted in order to
examine the effect of two different instructional methods on students” motivation to
the chemistry as a school subject including intrinsic goal orientation, extrinsic goal
orientation, task value, control of leaming beliefs, self-efficacy for learning and
performance, and test anxiety. Furthermore, another MANOVA was executed to
determine effectiveness of two mstructional methods on students’ use of learning
strategies including rehearsal, elaboration, organization, critical thinking,
metacognitive self-regulation, time and study environment, effort regulation, peer

learning, and help secking.
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4.10 Power Analysis

Before conducting statistical procedures, the power, which is the probability
of rejecting a false null hypothesis (1-B), and the sample size (n) are needed to
discuss (Hinkle, Wiersma, & Jurs, 2003). Alpha (&), which is the probability of
rejecting true null hypothesis, was set to 0.05 for the present study. Moreover, 3,
which is the probability of failing to reject a false null haypothesis, was set to 0.20.
In addition, the power of the study (1- B), which is the probability of rejecting a false
null hypothesis, was set to the value of 0.80 at the beginning of the study (Cohen,
Cohen, West, & Aiken, 2003). k; (the number of covariates) = 1, and k;, (the number
of fixed factors) = 1. Then, L. value was found as 7.85 from table presented Cohen et
al. (2003, p.651). Required sample size was determined by using the “n= L/ + k, +
ky+17 formula (Cohen et al., 2003). By applying the values of L=7.85, f*= 0.15. k, =
1, and ky = 1 to the n formula, sample size is found as 35. Sample size was 109
eleventh grade students in the current study. k; (the number of independent variables)
for the study is gender and teaching method. 1. value was calculated for the 109
participants as 15.90 by using same formula (109=L\0.15+ 2 + 1 — L= 15.90). Then
by using the table of Cohen et al. (2003, p.651), the calculated power was found as
between 0.95 (15.44 of 1. value) and 0.99 (21.40 of L value). The calculated power

was more close 0.95 value.

4.11 Assumptions of the Study

1. There were no interaction between students in the experimental group and the
control group during treatment.

2. Teachers were not biased during the treatment.

3. The results of the study were not affected by characteristics of two chemistry

teachers who implemented the treatments.
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4. All instruments were administered under standard conditions in experimental
and control groups.

5. The students answered the tests truthfully, honestly and seriously.

4.12 Limitations of the Study

1. The study was limited to the topic of solubility equilibrium.

2. The findings of the study are limited to the 109 eleventh grade students from
one school in Ankara.

3. The independence of observation assumption of the MANOVA may not be
met properly since treatments and instrumentation were applied at the same
time.

4. Already formed groups were used and the subjects in the groups were not

assigned randomly in this study.

84



CHAPTER S

RESULTS AND CONCLUSION

In this chapter, hypotheses of the study were analyzed statistically and the
results were presented. In addition, results of interviews and observations were
given. The results were divided into five sections. In the first section, statistical
analyses of pre-test scores on the SCT, ASTC, SPST, and MSLQ were displayed.
The second section included statistical analyses of post-test and retention test scores.
In the third section, analyses of students” responses to interviews were presented.
The fourth section explains the analyses of students’ ideas about the 5E learning
cycle model. In the fifth section, the results of classroom observation were presented.

Finally, the results of this study were summarized.

5.1 Statistical Analysis of Pre-test Scores

Prior to the treatment, independent t-tests were conducted to determine
whether there was a statistically significant mean difference between experimental
and control groups with respect to students’ pre-test scores on Solution Concept Test,
Attitude Scale towards Chemistry Test, and Science Process Skill Test. Two separate
MANOVA were executed to determine whether there was a statistically significant
mean difference between experimental and control groups with respect to students’
perceived motivation and learning strategies. Statistical analyses were performed at

(.03 significance level using PASW (Predictive Analytics Software) Statistics 18.
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S5.1.1 Statistical Analysis of the pre-SCT, pre-ASTC, and pre-SPST scores

Descriptive statistics of experimental and control group students” pre-SCT,

pre-ASTC, and pre-SPST scores were given in Table 5.1.

Table 5.1 Descriptive Statistics related to the pre-SCT, pre-ASTC, and SPST
Scores of Students in Experimental (EG) and Control Group (CG)

Test N Mean Std Dev Skewness Kurtosis

G EG CG EG CG EG CG EG CG EG
Pre-5CT 56 53  11.07 1200 356 332 -369 -536 -1.008  -.597
Pre-ASTC 56 53 4816 4966 1043 107 -745 -1.286 002 2.498
SPST 56 53 29775 2658 229 210  -055 201 -.986 -.643

The mean of the experimental and control groups with respect to the pre-SCT
were 12.00 and 11.07, respectively. A better understanding of solution concept is
represented by higher scores. The experimental group students had a higher mean
score than the control group students in terms of prior knowledge on the solution
concept.

Experimental group students’ mean scores in the pre-ASTC were 49.66 while
control group students’ mean scores in pre-ASTC were 48.16. Students in the
experimental group had more positive attitude towards chemistry than those in
control group prior to the study.

As shown in Table 5.1, the experimental group students” SPST mean scores
were 26.58 while control group students® SPST mean scores were 29.75. Students in
the control group showed better abilities in science problem solving than those in the
experimental group before the treatment.

Before interpreting, the independent t-test outputs, normality, independence
of observations, and equality of variance assumptions were checked. Normal
distribution, skewness, and kurtosis values ranged between -2 and +2. All skewness
and kurtosis values ranged between -2 and +2, except for the kurtosis value of the
pre-ASTC. However, this violation was very small. Therefore, all distributions were

normal. Since the students answered the tests independently, the independence of
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observation assumption was assumed to be met. Levene’s test results, shown in

Table 5.2, revealed that the population variances for the two groups were equal.

Table 5.2 Levene’s Test of Equality of Variances

i b4
pre-SCT 343 .560
pre-ASTC 249 A75
SPST 697 406

Having met the assumptions, independent t-test outputs were interpreted to
determine whether there was a significant mean difference between experimental and
control group with respect to pre-SCT, pre-ASTC, and SPST. The results of
independent t-tests were displayed in Table 5.3.

Table 5.3 Independent t-Tests Results with respect to pre-SCT, pre-ASTC, SPST

t df P
pre-SCT 1.402 107 164
pre-ASTC 740 107 461
SPST -7.497 107 000

According to this analysis, there were no significant mean differences
between the EG (M= 12.00, SD= 3.32) and the CG (M= 11.07, SD= 3.56) with
respect to students” previous solution concept understanding as measured by pre-
SCT, t (107) = 1.402, p > 0.05. Moreover, results showed that there was no
significant mean difference between EG (M= 49.66, SD= 10.70) and CG (M= 48.16,
SD= 10.43) with respect to students’ previous attitude towards chemistry as a school
subject measured by pre-ASTC, t (107) = .740, p > 0.05. On the other hand, there
was a significant mean difference between EG (M=26.58, SD= 2.10) and CG (M=
29.75, SD= 2.29) with respect to students’ science process skills measured by SPST
in favor of the control group, t (107) = -7.497, p < 0.05. Therefore, to control
preexisting differences SPST was assigned as a covariate in the statistical analyses of
post-SECT and SERT scores.
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5.1.2 Statistical Analysis of the pre-MSLQ scores for Motivation Section

Prior to treatment, a MANOVA was conducted to investigate whether there
was a significant mean difference between EG and CG group in terms of the
motivational collective dependent variables of students” Intrinsic Goal Orientation
(IGO). Extrinsic Goal Orientation (EGO), Task Value (TV), Control of Learning
Beliefs (CLB), Self-Efficacy for Learning and Performance (SELP), and Test
Anxiety (TA) for groups. Table 5.4 displays descriptive statistics for the motivational

dependent variables for experimental and control groups.

Table 5.4 Descriptive Statistics of IGO, EGO, TV, CLB, SELP, and TA for EG and
CcG

N Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG CG EG
IGO 56 53 1807 1981 487 399 -020 -065 -1.142 -519
EGO 56 53 1943 1877 460 534 -319 -151 -223 =737
TV 56 53 2673 27.74 6.18 492 -214 -037 -484 -1.039
CLB 56 53 2173 2226 407 346 -439 -298 -106 -.458
SELP 56 53 3857 39.28 8.763 866 -352 -747 -271 675
TA 56 53 18352 1991 6.442 6.75 -446 -117 252 -311

Before interpreting the MANOVA outputs for motivation section, the

assumptions were checked, as reported in the following sections.

5.1.2.1 Assumptions of Multivariate Analysis of Variance

5.1.2.1.1 Sample Size

The sample size was large enough to execute MANOVA because the number

in each cell was greater the number of dependent variables (Pallant, 2007).

88



5.1.2.1.2 Normality and Qutliers

Skewness and kurtosis values for the dependent variables, which were
presented in Table 5.4, were checked for univariate normality assumption. Since the
values varied between -2 and +2 in the experimental and the control group, this
assumption was met. In addition, histograms with a normal curve were tested to
check normality.

Mahalanobis value was calculated to test for multivariate outliers. Moreover,
this value was compared to the critical value for six dependent variables given in the
Chi-square table (Pallant, 2007). The critical value with six dependent variables was
found to be 22.46 from the table. The maximum Mahalanobis distance of the sample
was found as 20.955. Since this value was smaller than the critical value, there were
no multivariate outliers in the data. That is, there was no need to remove any value
from the data. Moreover, the multivariate normality assumption was met by

considering the maximum Mahalanobis distance of the sample.

5.1.2.1.3 Linearity

Presence of a straight-line relationship between each pair of the dependent
variables is called as linearity assumption. By generating a matrix of scatterplots
between each pair of the dependent variables, this assumption was checked (Pallant,
2007). Since the matrix of scatterplots did not demonstrate any obvious of non-

linearity, the linearity assumption was verified.

5.1.2.1.4 Multicollinearity and Singularity

If the correlations among the dependent variables are moderate, a MANOVA
runs well. When correlations of dependent variables are high, multicollinearity
occurs. To check whether multicollinearity exists, correlations among dependent
variables are computed. If the correlations are around .8 or .9, there is a problem with

multicollinearity. When the correlations of dependent variables are too low,
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singularity occurs (Pallant, 2007). Table 5.5 shows that the dependent variables were

moderately correlated. Therefore, these assumptions were satisfied.

Table 5.5 Correlations among Dependent Variables

1GO EGO TV CBL SELP TA
IGO ===
EGO -.155 -
TV A88H* -.020 ---
CBL ALTHR* 038 285%* ---
SELP 280 -.095 538%* 339 -
TA -.229% A39%* -.088 -.139 -.252 ---

* Correlation is significant at the 0.05 level (2-tailed).
*% Correlation is significant at the 0.01 level (2-tailed).

5.1.2.1.5 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was
checked by using Box’s Test of Equality of Covariance Matrices and Levene’s Test
of Equality of Error Variances. Box’s Test results revealed that the covariance
matrices of the dependent variables were equal across groups, F (21, 41834) = 1.240,
p = .205. That is, the homogeneity of variance-covariance matrices assumption was

not violated with a Box’s M significance value of 0.205.

Table 5.6 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box’s M 27.713
F 1.240
df1 21
df2 41834
Sig. 205

To check the homogeneity of variance assumption, the Levene’s test results
were examined. The results in Table 5.7 showed that each dependent variable except
IGO has the same variance across groups. Since skewness and kurtosis values are
normal and F value of IGO was not large, it can be accepted there was no violation

of this assumption (George & Mallery, 2003).
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Table 5.7 Levene’s Test of Equality of Error Variances

F df1 df2 p
IGO 4.036 1 107 047
EGO 1.896 1 107 171
TV 1.980 1 107 162
CLB 819 1 107 368
SELP 164 1 107 686
TA 345 1 107 558

After verifying the assumptions, a Multivariate Analysis of Variance

(MANOVA) was conducted.

5.1.2.2 Multivariate Analysis of Variance

Prior to treatment, a MANOVA was executed to check whether there was a

significant mean difference between experimental and control group with respect to

IGO, EGO, TV, CLB, SELP, and TA. The results of MANOVA were given in Table 5.8.

Table 5.8 MANOVA Results with respect to Collective Dependent Variables of
1GO, EGO, TV, CLB, SELP, and TA

Source Wilk’s Lambda F Sig. (p)

Treatment 0.92 1.39 0.225

The results of MANOVA revealed that there was no significant mean
difference between experimental and control groups’ students in terms of collective
dependent variables of IGO, EGO, TV, CLB, SELP, and TA, F (6, 102) = 1.39,
p=.225, Wilks” Lambda = .92. In other words, before the treatment students’

motivations in chemistry were not different in experimental and control group.
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5.1.3  Statistical Analysis of the pre-MSLQ scores for Learning Strategies

Section

A MANOVA was carried out to determine whether there was a significant
mean difference between EG and CG group in terms of collective dependent
variables of Rehearsal (R), Elaboration (E), Organization (Q), Critical Thinking
(CT), Metacognitive Self-Regulation (MSR), Time and Study Environment (TSE),
Effort Regulation (ER), Peer Learning (PL), and Help Seeking (HS) before the
mstruction. Table 5.9 displays descriptive statistics of learning strategies dependent

variables for experimental and control groups.

Table 5.9 Descriptive Statistics of R, E, O, CT, MSR, TSE, ER, PL, and, HS for
EG and CG

N Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG CG EG

R 56 53 1695 1789 481 514 440 132 -210  -170
E 56 53 2591 26.58 622 508 -234 -134 -298 -581
O 56 33 1727 1858 4356 462 -210 -066  -1.132 -758
CT 56 33 19.09 2026 583 503 -003 -199  -701 -575
MSR 56 53 51.04 5453 10.10 8.68 328 193 378 -.297
TSE 56 353 36.63 38.17 753 678 219 - 179 201 121

ER 56 53 1846 1931 512 412 -457 -101 073 -418
PL 56 33 1093 11.19 338 3.09 .625 - 147 110 =400
HS 56 53 18.80 1942 466 453 -737 -689 913 615

Before interpreting MANOVA outputs for learning strategies section, the

assumptions were checked.

5.1.3.1 Assumptions of Multivariate Analysis of Variance

5.1.3.1.1 Sample Size

The sample size was large enough to execute MANOVA because the number

in each cell was greater the number of dependent variables (Pallant, 2007).
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5.1.3.1.2 Normality and Qutliers

Skewness and kurtosis values for the dependent variables, which are
presented in Table 5.4, were checked for univariate normality assumption. Since the
values varied between -2 and +2 in the experimental and the control groups, this
assumption was met. In addition, histograms with a normal curve were tested to
check normality.

Mahalanobis value was calculated to test for multivariate outliers. Moreover,
this value was compared to the critical value for nine dependent variables given in
the Chi-square table (Pallant, 2007). The critical value with nine dependent variables
was found to be 27.88 from the table. The maximum Mahalanobis distance of the
sample was found as 26.269. Since this value was smaller than the critical value,
there were no multivariate outliers in the data. That is, there was no need to remove

any value from the data.

5.1.3.1.3 Linearity

Presence of a straight-line relationship between each pair of the dependent
variables is called as linearity assumption. By generating a matrix of scatterplots
between each pair of the dependent variables, this assumption was checked (Pallant,
2007). Since the matrix of scatterplots did not demonstrate any obvious of non-

linearity, the linearity assumption was verified.

5.1.3.1.4 Multicollinearity and Singularity

If the correlations among the dependent variables are moderate, a MANOVA
runs well. When correlations of dependent variables are high, multicollinearity
occurs. To check whether multicollinearity exists, correlations among dependent
variables were computed. If the correlations are around .8 or .9, there is a problem
with multicollinearity. When the correlations of dependent variables are too low,
singularity occurs (Pallant, 2007). Table 5.10 shows that the dependent variables

were moderately correlated. Therefore, these assumptions were satisfied.
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Table 5.10 Correlations among Dependent Variables

R E 0 CT MSR  TSE ER PL HS

JITFY e
A32%% 0 421%% .
T 086%*  488%*  321%* ...
MSR  511%%  401%*%  302%%  426%* __.
TSE Ae1**  378%F 354%F 166 533 s
ER 337k 237F  378FF 279%%  527FF  G28FF ...
PL 324%%  398%F  321FF 441FF 389FF 155 P23TF s
HS 369%k D5ZFE 344k D745k 246%F 152 260%%  256%% ...

Qom=

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation 1s significant at the 0.01 level (2-tailed).

5.1.3.1.5 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was
checked by using Box’s Test of Equality of Covariance Matrices and Levene’s Test
of Equality of Error Variances. Box’s M Test results in Table 5.11 revealed that the
covariance matrices of the dependent variables were equal across groups, F (45,
37372) = 1.208, p = .161. That is, homogeneity of variance-covariance matrices

assumption was not violated with a Box’s M significance value of 0.161.

Table 5.11 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box’s M 59.660

F 1.208
df1 45

df2 37372
Sig. 161

To check homogeneity of variance assumption the Levene’s test results were
examined. The results in Table 5.12 showed that each dependent variable has the

same varlance across groups.
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Table 5.12 Levene’s Test of Equality of Error Variances

F dfl df2 p
R 208 1 107 .649
E 1.624 1 107 205
(@) .033 1 107 857
CT 1.201 1 107 276
MSR 767 1 107 383
TSE .169 1 107 682
ER 1.489 1 107 225
PL 737 1 107 392
HS .009 1 107 926

After verifiying the assumptions, Multivariate Analysis of Variance

(MANOVA) was conducted.

5.1.3.2 Multivariate Analysis of Variance

Prior to treatment, MANOVA was executed to check whether there was a
significant mean difference between experimental and control group with respect to
R, E, O, CT, MSR, TSE, ER, PL, and HS. The results of MANOV A were given in
Table 5.13.

Table 5.13 MANOVA Results with respect to Collective Dependent Variables R, E,
0, CT, MSR, TSE, ER, PL, and OS

Source Wilk’s Lambda F Sig. (p)

Treatment 0.95 0.61 0.79

The results of MANOVA in Table 5.13 revealed that there was no significant
mean difference between experimental and control groups’ students in terms of
collective dependent variables of R, E, O, CT, MSR, TSE, ER. PL, and HS, F (9. 99)
=.61, p=.79; Wilks’ Lambda = .95; partial eta squared =.052. In other words, before
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the treatment students’ learning strategies in chemistry were not different in

experimental and control group.

5.2 Statistical Analyses of Post-test Scores

Statistical analyses of post-SECT, post-ASTC, and post-MSLQ scores were
conducted to test the hypotheses given in Chapter 3.

5.2.1 Statistical Analyses of the post-SECT and post-ASTC Scores

Hol: There is no significant mean difference between the effects of
instruction based on the 5E learning cycle model and traditionally designed
chemistry instruction on students’ understanding of solubility equilibrium concept,
and students’ attitudes towards chemistry as a school subject when their science
process skill is controlled as a covariate.

Ho2: There is no significant mean difference between males and females with
respect to students’ understanding of solubility equilibrium concept and students’
attitudes towards chemistry as a school subject when their science process skill is
controlled as a covariate.

Ho3: There is no significant interaction between treatment and gender with
respect to students” understanding of solubility equilibrium and attitudes towards
chemistry as a school subject concept when their science process skill is controlled as
a covariate.

These hypotheses were tested by two-way MANCOVA where independent
variables were treatment and gender. Understanding of solubility equilibrium
concept (SECT) and students’ attitudes towards chemistry as a school subject
(ASTC) were dependent variables. Students” science process skills (SPST) scores
were assigned as a covariate. Descriptive statistics for the dependent variables across

the experimental and control groups were displayed in Table 5.14.

96



Table 5.14 Descriptive Statistics in terms of SECT and post-ASTC across

Experimental and Control Groups

Mean Std. Dev. Skewness Kurtosis
CcG EG CG EG CG EG CG EG
SECT 10.66 1519 3.28 3.36 .294 -005  -419 -.174
ASTC 4650 5230 9.11 9.30 -.699 237 1.799 -363

Descriptive statistics for the dependent variables across gender were given in

Table 5.15.

Table 5.15 Descriptive Statistics in terms of SECT and post-ASTC across Gender

Mean Std. Dev. Skewness Kurtosis
Male Female Male Female Male Female Male Female
SECT 1216 13.60 3.69 4.23 -.268 267 =754 -.811
ASTC 4723 51.53 10.34 8.32 -.186 245 1.315 -.396

5.2.1.1 Assumptions of Multivariate Analysis of Covariance

5.2.1.1.1 Sample Size

The sample size was large enough to execute MANCOVA because the

number in each cell was greater the number of dependent variables (Pallant, 2007).

5.2.1.1.2 Normality and Qutliers

Skewness and kurtosis values for the dependent variables, which are
presented in Table 5.14, were checked for univariate normality assumption. Since the
values varied between -2 and +2 in the experimental and the control group. this
assumption was met. In addition, histograms with a normal curve were tested to
check normality.

Mahalanobis value was calculated to test for multivariate outliers. Moreover,
this value was compared to the critical value for two dependent variables given in the

Chi-square table (Pallant, 2007). The critical value with two dependent variables was
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found to be 13.82 from the table. The maximum Mahalanobis distance of the sample
was found as 13.55. Since this value was smaller than the critical value, there were
no multivariate outliers in the data. That is, there was no need to remove any value

from the data.

5.2.1.1.3 Linearity

Presence of a straight-line relationship between each pair of the dependent
variables is called as linearity assumption. By generating a matrix of scatterplots
between each pair of the dependent variables, this assumption was checked (Pallant,
2007). Since the matrix of scatterplots did not demonstrate any obvious of non-

linearity, linearity assumption was verified.

5.2.1.1.4 Multicollinearity and Singularity

If the correlations among the dependent wvariables are moderate, a
MANCOVA runs well. When correlations of dependent variables are high,
multicollinearity occurs. To check whether multicollinearity exists, correlations
among dependent variables were computed. If the correlations are around .8 or .9,
there is a problem with multicollinearity. When the correlations of dependent
variables are too low, singularity occurs (Pallant, 2007). Table 5.16 shows that the
dependent variables were moderately correlated. Therefore, these assumptions were

satisfied.

Table 5.16 Correlations among Dependent Variables

SECT ASTC

SECT -
ASTC 171 -

5.2.1.1.5 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was

checked by using Box’s Test of Equality of Covariance Matrices and Levene’s Test
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of Equality of Error Variances. Box’s Test results revealed that the covariance
matrices of the dependent variables were equal across groups, F (9, 100597) = 1.531,
p = .130. That is, homogeneity of variance-covariance matrices assumption was not

violated with a Box’s M significance value of 0.130.

Table 5.17 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box’s M 14.281
F 1.531
df1 9
df2 100597
Sig. 130

To check homogeneity of variance assumption the Levene’s test results were
examined. The results in Table 5.18 showed that cach dependent variable has the

same variance across groups.

Table 5.18 Levene's Test of Equality of Error Variances

F df1 df2 P
SECT 1.793 3 105 153
ASTC 1.191 3 105 H1m

5.2.1.1.6 Homogeneity of Regression Slopes

Multiple Regression Correlation (MRC) analysis was conducted to check
assumption of homogeneity regression slopes. This analysis was carried out both
dependent variables, Post - SECT and Post — ASTC. Set A, Set B, and Set C was
determined for this analysis. Set A was covariate (Pre-SPST), and Set B was
Treatment, Gender, and Treatment*Gender. Set C included Pre-SPST* Treatment,
Pre-SPST*Gender, Pre-SPST*Treatment*Gender. All interaction terms were formed
by multiplying all variables in Set A and Set B. The results of MRC analyses were
given in Table 5.19 and Table 5.20. According to these tables, there was no

significant interaction between covariate and group membership for the Post-SECT

99



(0.820) and Post-ASTC (0.347). Therefore, assumption of homogeneity regression

slopes was met.

Table 5.19 MRC Analysis indicating Homogeneity of Regression Assumption For
The post-SPST

Change Statisties for the post-SPST

Model R” Change F Change dfl df2 Sig F Change
Set A (Covariate) 0.058 6.564 1 107 0.012
Set B (Grup Membership) 0.287 15.167 3 104 0.000
Set C (Set A X Set B) 0.006 0.307 3 101 0.820

Table 5.20 MRC Analysis indicating Homogeneity of Regression Assumption For
the post-ASTC

Change Statistics for the post-ASCT

Model R’ Change F Change dfl df2 Sig F Change
Set A (Covariate) 0.105 12.493 1 107 0.001
Set B (Grup Membership) 0.085 3.633 3 104 0.015
Set C (Set A X Set B) 0.026 1.114 3 101 0.347

5.2.1.1.7 Linear Relationship between Dependent Variables and Covariate

The correlation between dependent variables and covariate should be
significant in order to meet this assumption. By calculating the correlations between
dependent variables and covariate, this assumption was checked. The correlations
between post-SECT and SPST (p = .012), and post-ASTC and SPST (p = .001) were

significant.

5.2.1.2 Multivariate Analysis of Covariance

After verifying the assumptions, a Multivariate Analysis of Covariance

(MANCOVA) outputs were interpreted.
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Table 5.21 MANCOVA Results with respect to Collective Dependent Variables

Source Wilks”  Multivariate Hypothesis Error Sig.  Eta- Observed

Lambda F df df (p)  Squared Power
Treatment 129 19.112 2 103 .000 271 1.000
Gender 925 4.153 2 103 018 075 21
SPST 934 3.645 2 103 .030 066 661
Teamenl® g 650 2 103 524 012 0156
Gender

The results revealed that there was a significant mean difference between
experimental and control groups with respect to understanding of solubility
equilibrium concepts and attitude towards chemistry as a school subject when the
effect of SPST mean score was controlled (F(2,103) = 19.112, Wilk’s Lambda =
0.729, p< 0.05). The difference between the groups occurred as a result of treatment
was large since eta-squared value was calculated as 0.271 (Green & Salkind, 2008).
In other words, 27% of the multivariate variance of the dependent variables was
related to the treatment. Moreover, the result showed that the difference between
experimental and control group arose from the treatment effect because the observed
power value was found to be 1.00. The size of difference between the groups arise
from the treatment effect had practical importance. In addition, the results indicated
that there was a significant mean difference between males and females with respect
to understanding of solubility equilibrium concepts and attitude towards chemistry as
a school subject when the effect of SPST mean score was controlled (F (2.103) =
4.153, Wilk’s Lambda = .0. 925, p < 0.05). The difference between males and
females was large since eta-squared value was calculated as 0.075 (Green & Salkind,
2008). In other words, 7.5 % of the multivariate variance of the dependent variables
was related to the gender. Furthermore, Table 5.21 indicated that there was no
interaction between treatment and gender (F (2,103) = .650 Wilk’s Lambda = .0. 988,
p > 0.05). On the other hand, students’ science process skills (F (2,103) = 3.645,
Wilks” Lambda = .934, p < 0.03) significantly contributed to students’ understanding

of solubility equilibrium concepts and attitude towards chemistry.
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In order to determine whether the effect of treatment and gender were
significant on each dependent variable, multiple univariate ANCOVAs were carried

out. Table 5.22 displays the results of univariate ANCOV As.

Table 5.22 Univariate ANCOVA Results with respect to Dependent Variables

Source ezﬁzr];cll:nt df1 F Sig. (p) ]é:(tzlauare d Power
LT post-SECT 1 37.720 .000 266 1.000
post-ASTC 1 902 345 .009 156
—— post-SECT 1 1.332 251 013 208
post-ASTC 1 7.069 .009 064 750
Treatment™ post-SECT 1 260 .607 003 .080
Gender post-ASTC 1 1.044 .309 010 173

Table 5.22 shows that there was a statistically significant mean difference
between the experimental and control groups in the favor of the experimental group
with respect to post-SECT when SPST was controlled as a covariate. Moreover, the
results indicated that there was a statistically significant mean difference between
males and females in favor of female with respect to post-ASTC when SPST was

controlled as a covariate.

5.2.2 Statistical Analysis of the retention-SECT (SERT)

Ho4: There is no significant mean difference between the effects of
mstruction based on 5E learning cycle model and traditionally designed chemistry
instruction on students’ retention in solubility equilibrium concepts when their
science process skill is controlled as a covariate.

This hypothesis was tested by analysis of covariance (ANCOVA) where
independent variable was treatment, and Retention of solubility equilibrium concept
(SERT) was dependent variable. Students’ science process skills (SPST) were
assigned as a covariate. Descriptive statistics for the dependent variable across the

experimental and control groups were displayed in Table 5.23.
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Table 5.23 Descriptive Statistics in terms of SERT across Experimental and

Control Groups

Mean Std. Dev. Skewness Kurtosis
CG EG CG EG CG EG CG EG
SERT 9.18 1496 3105 3.069 -332 -469  -.706 005

Prior to the interpretation of the outputs, assumptions of ANCOVA were
checked.

5.2.2.1 Assumptions of Analysis of Covariance

5.2.2.1.1 Normality

Skewness and kurtosis values for the dependent variable, which were
presented in Table 5.21, were checked for univariate normality assumption. Since the
values varied between -2 and +2 in the experimental and the control groups, this
assumption was met. In addition, histograms with a normal curve were tested to

check normality.

5.2.2.1.2 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was
checked by using Levene’s Test of Equality of Error Variances. The results in Table
5.24 showed that the dependent variable has the same variance across groups (F

(1,107) = .258, p > 0.05).

Table 5.24 Levene's Test of Equality of Error Variances

F dfl df2 p

SERT 258 1 107 612
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5.2.2.1.3 Linear relationship between dependent variable and covariate

The correlation between the dependent variable and covariate should be
significant in order to meet this assumption. By calculating the correlation between
dependent variable and covariate, this assumption was checked. The correlations

between SERT and SPST (p = .000) was significant.

5.2.2.1.4 Homogeneity of Regression Slopes

Multiple Regression Correlation (MRC) analysis was conducted to check
assumption of homogeneity regression slopes. This analysis was carried out
dependent variables, SERT. Set A, Set B, and Set C were determined for this
analysis. Set A was covariate (Pre-SPST), and Set B was Treatment. Set C included
Pre-SPST*Treatment. All interaction terms were formed by multiplying all variables
in Set A and Set B. The results of MRC analyses were given in Table 5.25.
According to the table, there was no significant interaction between covariate and
group membership for the SERT (0.878). Therefore, assumption of homogeneity

regression slopes was met.

Table 5.25 MRC Analysis indicating Homogeneity of Regression Assumption for

the SERT
Change Statistics for the SERT
Model R” Change F Change dfl df2 Sig F Change
Set A (Covariate) 0.116 14.083 1 107 0.000
Set B (Grup Membership) 0.361 73.297 1 106 0.000
Set C (Set A X Set B) 0.000 0.024 1 105 0.878

By checking the significance of the interaction between the treatment and
covariate, homogeneity of the regression slopes assumption was checked. No custom

interaction was found between the treatment and SPST (F (1,105) = .024, p = .878).
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5.2.2.2 Analysis of Covariance

Provided having met assumptions, an ANCOVA outputs were interpreted.

The result of the ANCOVA was given in Table 5.26.

Table 5.26 ANCOVA Summary

Source df SS MS F Eta Squared p
SPST 1 11.318 11.318 1.189 011 278
Treatment 1 697.583 697.583 73.297 409 .000
Error 106 1008.821 9.517

The results indicated that there was a significant mean difference between
scores of students taught by instruction based on the 5E learning cycle model and
traditional instruction in students’ retention test scores when their science process
skill was controlled as a covariate (F (1,106) = 73.297, p = .000, partial eta squared =
409). Students in the experimental group scored significantly higher than those in
control group (Xgg = 14.96, Xcg = 9.18). The difference between experimental and
control group was large since eta-squared value was calculated as 0.409 (Green &
Salkind, 2008). In other words, 41% of the variance of the dependent variable was

related with the treatment.

5.2.3 Statistical Analysis of the post-MSLQ for Motivation Section

Ho3: There is no significant mean difference between the groups exposed to
instruction based on the 5E learning cycle model and traditionally designed
chemistry instruction with respect to students” perceived motivation (Intrinsic Goal
Orientation, Extrinsic Goal Orientation, Task Value, Control of Learing Beliefs,
Self -Efficacy for Learning and Performance, Test Anxiety).

Hy6: There is no significant mean difference between males and females with

respect to students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
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Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and
Performance, Test Anxiety).

Hy7: There i1s no significant interaction between treatment and gender with
respect to students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and
Performance, Test Anxiety).

After the treatment, a two-way MANOVA was executed to test hypothesis 5,
hypothesis 6, and hypothesis 7. Dependent variables were students’ Intrinsic Goal
Orientation (IGO), Extrinsic Goal Orientation (EGO), Task Value (TV), Control of
Learning Beliefs (CLB), Self-Efficacy for Learning and Performance (SELP). and
Test Anxiety (TA) and independent variables were treatment and gender. Table 5.27
displays descriptive statistics of motivational dependent variables for experimental

and control groups.

Table 5.27 Descriptive Statistics of 1GO, EGO, TV, CLB, SELP, and TA for EG

and CG
N Mean Std. Dev Skewness Kurtosis
CG EG CG EG CG EG CG EG CG EG
IGO 56 53 17.02 1892 414 391 -123 331 .806 144
EGO 56 53 2064 1855 436 466 -122 -.162 -.371 -.496
TV 56 53  26.02 30.40 6.31 587 -384 -.029 -.815 - 477

CLB 56 53 2138 22.08 376 322 -253 A77 -1.192 -.553
SELP 56 53 3554 40.74 8060 947 020 -221 -1.180 -.240
TA 56 53 2146 2166 586 529 -794 018 -.097 -.864

As seen from Table 5.27, the students of experimental group had highest
mean scores on IGO, TV, CLB, SELP, and TA whereas the students of control group
only had highest mean scores on EGO.

Descriptive statistics for the dependent variables across gender were given in

Table 5.28.
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Table 5.28 Descriptive Startistics of IGO, EGO, TV, CLB, SELP, and TA for Males

and Females
N Mean Std. Dev Skewness Kurtosis
Male Female Male Female Male Female Male Female Male Female
IGO 36 53 17.59 1832 4.07 4.18 -.106 .153 1.702 -.375

EGO 56 53 20.04 19.19 468 454 -302 -036 -.127 -.518
V. 56 53 27.50 28.83 6.72 6.16 -210 -270  -206 -.475
CLB 56 53 21.64 21.79 3.65 3.39 =291 075 -.895 -.768
SELP 56 53 37.02 39.17 922 947 044 -111  -769 -.517
TA 56 53 21.61 21.51 5.38 5.82 -350 -563 -.008 -.614

Before interpreting the MANOVA outputs for motivation section, the

assumptions were checked.

5.2.3.1 Assumptions of Multivariate Analysis of Variance

5.2.3.1.1 Sample Size

The sample size was large enough to execute MANOVA because the number

in each cell was greater the number of dependent variables (Pallant, 2007).

5.2.3.1.2 Normality and Qutliers

Skewness and kurtosis values for the dependent variables, which were
presented in Table 5.27, were checked for univariate normality assumption. Since the
values vary between -2 and +2 in the experimental and the control group, this
assumption was met. In addition, histograms with a normal curve were tested to
check normality.

Mahalanobis value was calculated to test for multivariate outliers. Moreover,
this value was compared to the critical value for six dependent variables given in the
Chi-square table (Pallant, 2007). The critical value with six dependent variables was
found to be 22.46 from the table. The maximum Mahalanobis distance of the sample

was found as 21.64. Since this value was smaller than the critical value, there were
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no multivariate outliers in the data. That is, there was no need to remove any value

from the data.

5.2.3.1.3 Linearity

Presence of a straight-line relationship between each pair of the dependent
variables is called as linearity assumption. By generating a matrix of scatterplots
between each pair of the dependent variables, this assumption was checked (Pallant,
2007). Since the matrix of scatterplots did not demonstrate any obvious of non-

linearity, the linearity assumption was verified.

5.2.3.1.4 Multicollinearity and Singularity

If the correlations among the dependent variables are moderate, a MANOVA
runs well. When correlations of dependent variables are high, multicollinearity
occurs. To check whether multicollinearity exists, correlations among dependent
variables are computed. If the correlations are around .8 or .9, there is a problem with
multicollinearity. When the correlations of dependent variables are too low,
singularity occurs (Pallant, 2007). Table 5.29 shows that the dependent variables

were moderately correlated, these assumptions were satisfied.

Table 5.29 Correlations among Dependent Variables

1GO EGO TV CBL SELP TA
IGO -
EGO 020 -
TV 626%* 071 ---
CBL 493 %* 274%* S10%* ---
SELP S .060 610%* S509%* -
TA -.071 284%* 100 066 -.203* ---

* Correlation is significant at the 0.05 level (2-tailed).
*% Correlation is significant at the 0.01 level (2-tailed).
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5.2.3.1.5 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was
checked by using Box’s Test of Equality of Covariance Matrices and Levene’s Test
of Equality of Error Variances. Box’s Test results revealed that the covariance
matrices of the dependent variables were equal across groups, F (63, 23228) = 1.166,
p = .173. That is, homogeneity of variance-covariance matrices assumption was not

violated with a Box’s M significance value of 0.173.

Table 5.30 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box's M 82.148
F 1.166
dri 63
dr2 23228
Sig. 173

To check homogeneity of variance assumption the Levene’s test results were
examined. The results in Table 5.31 showed that each dependent variable has the

same varlance across groups.

Table 5.31 Levene's Test of Equality of Error Variances

F dfl df2 p

IGO 718 3 105 543
EGO 771 3 105 513
TV 512 3 105 675
CLB 2.173 3 105 .096
SELP 583 3 105 627
TA 470 3 105 704

Having meting the assumptions, MANOVA outputs were interpreted.
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5.2.3.2 Multivariate Analysis of Variance

After the treatment, a two-way MANOVA was executed to check whether
there was a significant mean difference between the experimental and control groups
with respect to IGO, EGO, TV, CLB, SELP, and TA. The results of MANOVA were
given in Table 5.32.

Table 5.32 MANOVA Results with respect to Collective Dependent Variables of
I1GO, EGO, TV, CLB, SELP, and TA

Source Wilks’  Multivariate Hypothesis Error  Sig.  Eta- Observed

Lambda F df df (p) Squared Power
Treatment .808 3.97 6 100 .001 192 964
Gender 983 283 6 100 944 017 124
Ireatment™ g4 598 6 100 731 035 229
Gender

The results of MANOVA revealed that there was a significant mean
difference between experimental and control groups’ students in terms of collective
dependent variables of 1GO, EGO, TV, CLB, SELP, and TA (F (6, 100) = 3.97,
Wilks” Lambda = .808; p < 0.03). The difference between experimental and control
group was large since eta-squared value was calculated as 0.192 (Green & Salkind,
2008). In other words, 19% of the multivariate variance of the dependent variables
that reflect students’ motivation was related to the treatment. Moreover, results show
that the difference between the experimental and control groups arose from the
treatment effect because the observed power value was found to be .964. The size of
difference between the experimental and control groups have practical importance. In
addition, the results indicated that there was no significant mean difference between
males and females with respect to the dependent variables about motivation (F
(6,100) = .283, Wilk’s Lambda = .0. 983, p > 0.05). Moreover, there was no
significant interaction between treatment and gender (F (6,100) = .598 Wilk’s
Lambda = .0. 965, p > 0.05).
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In order to determine whether the effect of treatment was significant on each
dependent variable, multiple univariate ANOVAs were carried out. Table 5.33

displays the results of the univariate ANOV As.

Table 5.33 Univariate ANOVA Results with respect to Dependent Variables

Dependent . Fita- Observed
S0 Vgriable o ¥ Sig. () Squared Power

Treatment 1GO 1 5.543 020 .050 .645
EGO 1 5.323 023 .048 .628

TV 1 13.005 000 110 947

CLB 1 1.059 306 .010 175

SELP 1 8.154 005 072 .808

TA 1 033 .856 .000 054

There was a significant mean difference between experimental and control
group with respect to dependent variables of intrinsic goal orientation, extrinsic goal
orientation, task value, and self-efficacy for learning and performance because these
dependent variables were significant (p < 0.05). As seen from Table 5.27, students in
the experimental group had higher scores than those in the control group with respect
to IGO, TV, and SELP whereas students in the control group had higher scores than
those in the experimental group with respect to EGO. Mean scores of EG and CG
students were 1GO: 18.92 and 17.02; TV: 30.40 and 26.02; SELP: 40.74 and 35.54;
EGO: 18.55 and 20.64, respectively.

Table 5.34 displays the percentages of agreement with the selected items in
the IGO (item 1, 24), TV (item 26, 27), SELP (item 5, 31), and EGO (item 13, 30)
across experimental and control groups.

In general, students in the experimental group had higher scores than those in
the control group with respect to IGO items in Table 5.34. In other words, it could be
said that the experimental group students participated in the chemistry lesson more
because they were more curious about chemistry. For example, in item 1, the
statement; “In a chemistry class, I prefer course material that really challenges me so
I can learn new things™ was rated as 5, 6, and 7 by 35.8 % of experimental group

students while 16.1 % of control group students agreed with this statement.
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Moreover, the percentage of agreement with item 24, “When I have the opportunity
in chemistry lesson, I choose course assignments that I can learn from even if they
don't guarantee a good grade”, was 64.2 in the experimental group while it was 39.3

in the control group.

Table 5.34 Percentages of Responses to Selected Items of the IGO, the TV, the
SELP, and the EGO Scale

Scale Item Groups 1(%) 2(%) 3(%) 4(%) 5(%) 6(%) 7(%)
No

IGO 1 CG 21.4 8.9 25.0 28.6 54 8.9 1.8
EG 9.4 11.3 9.4 34.0 20.8 1.5 7.5
24 CG 3.6 7.1 23.2 26.8 21.4 14.3 3.6

EG 3.8 0 9.4 22.6 30.2 18.9 15.1

TV 26 CG 17.9 54 21.4 16.1 19.6 14.3 54
EG 1.9 7.5 20.8 11.3 24.5 17.0 17.0
27 CG 54 1.8 10.7 214 179 19.6 23.2
EG 0 0 1.9 11.3 24.5 34.0 28.3

SELP 5 CG 8.9 54 14.3 25.0 25.0 10.7 10.7
EG 3.8 1.9 13.2 20.8 13.2 30.2 17.0
31 CG 3.6 1.8 25.0 16.1 17.9 26.8 8.9

EG 0 1.9 3t 17.0 28.3 20.8 26.4
EGO 13 CG 1.8 0 1.8 10.7 14.3 26.8 44.6
EG 0 1.9 3.8 5.7 264 264 358
30 CG 8.9 7.1 17.9 8.9 25.0 25.0 7.1
EG 0 7.5 20.8 26.4 18.9 113 15.1

When the mean scores of task value were examined, it can be said that
students in the experimental group perceived chemistry as more interesting, more
important, and more useful. For instance, 58.8 % of students in the experimental
group agreed with item 26 stating, “I like subject matter of chemistry course.” while
39.3 % of the students in the control group agreed with the statement. In addition,
item 27, statement of “Understanding the subject matter of chemistry course is very
important to me”, was rated as 5, 6, and 7 by 86.8 % of students in the experimental
group and 60.7 % of students in the control group.

Students in the experimental group had higher scores with respect to self-
efficacy for leaming and performance. That is they were more confident than those
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in the control group in accomplishing a task. For example, the statement “T will
receive an excellent grade in the chemistry lesson™ (item 5) was rated as 5, 6, and 7
by 60.4 % of students in the experimental group and 46.4 % of students in the control
group. In addition, item 31, stating that, “Considering the difficulty of chemistry
course, the teacher, and my skills, I think I will do well in chemistry class™, was
agreed by 75.5 % of students in the experimental group and by 53.6 % of students in
the control group.

The students in the control group had higher mean scores compared to
students in experimental group with respect to extrinsic goal orientation. The
percentages of items that rated as 5, 6, and 7 were examined. However, it was found
that experimental group students had higher percentages of agreement in item 13
than the control group students. That is, the statement, “If T can, I want to get better
grades in chemistry class than most of the other students™ was agreed upon by 88.6
% of the students in experimental group whereas the percentage of students in the
control group that agree this statement was 85.7 %. In addition, item 31 stating, *“I
want to do well in chemistry class because it is important to show my ability to my
family, friends, employer, or others™ was agreed by 45.3 % of the students in
experimental group and 57.1 % of students in the control group.

In summary, the results showed that instruction based on the 5E learning
cycle model improved the students’ intrinsic goal orientation, task value, and self-
efficacy for learning and performance. In contrast, as can be seen from Table 5.30,
the results of MSLQ scores indicated that there was no significant mean difference
between experimental and control group with respect to control of learning beliefs

and task anxiety.

5.2.4 Statistical Analysis of the post-MSLQ for Learning Strategies Section

Hg8: There 1s no significant mean difference between the groups exposed to
instruction based on the 5E learning cycle model and traditionally designed

chemistry instruction with respect to the students’ perceived use of leaming
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strategies (Rehearsal, Elaboration, Organization, Critical Thinking, Metacognitive
Self-Regulation, Time and Study Environment, Effort Regulation, Peer Leaming, &
Help Seeking).

Hg9: There is no significant mean difference between males and females with
respect to the students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self -Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, & Help Seeking).

Hy10: There is no interaction between treatment and gender with respect to
students’ perceived use of learning strategies (Rehearsal, Elaboration, Organization,
Critical Thinking, Metacognitive Self-Regulation, Time and Study Environment,
Effort Regulation, Peer Learning, Help Secking).

After the treatment, a two-way MANOVA was executed to evaluate
hypothesis 8, hypothesis 9, and hypothesis 10. Dependent variables were students’
Rehearsal (R), Elaboration (E), Organization (0O), Critical Thinking (CT).
Metacognitive Self-Regulation (MSR), Time and Study Environment (TSE), Effort
Regulation (ER), Peer Learning (PL), and Help Seeking (HS). Independent variables
were treatment and gender. Table 5.35 displays descriptive statistics of the dependent

variables for the experimental and control groups.

Table 5.35 Descriptive Statistics of R, E, O, CT, MSR, TSE, ER, PL, and, HS for

EG and CG
N Mean Std. Dev Skewness Kurtosis
CG EG CG EG CG EG CG EG CG EG
R 56 53 143 1849 564 564 -293 194 -.142 =733

E 56 353 2332 2826 809 6.60 -871 433 -014  -410
O 56 53 1452 1849 554 455 -076 330 -217  -.695
CT 56 53 1764 2202 678 06.18 -350 334 -532 -532
MSR 56 33 48.23 5553 13.25 1029 -936 547 432 -.597
TSE 56 53 3454 40.19 991 847 -562 403 123 - 738
ER 56 53 1741 1879 577 398 -615 330 337 =702
PL 56 53 982 1283 416 352 006 A71 -.665 -.605
HS 56 33 17.82 1913 445 417 .091 =227 -1.072  -217
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As seen from Table 5.35, the students in the experimental group had highest
mean scores on R, E, O, CT, MSR, TSE, ER, PL, and HS than those in the control
group.

Descriptive statistics for the dependent variables across gender were given in

Table 5.36.

Table 5.36 Descriptive Statistics of R, E, O, CT, MSR, TSE, ER, PL, and HS for

Males and Females

N Mean Std. Dev Skewness Kurtosis

Male Female Male Female Male Female Male Female Male Female
R 56 53 1579 16.92 559 6.42 -122 -.063 .529 -483
E 56 53 25.18 2630 791 766 -555 -330 713 .942
0] 56 53 15.00 1798 512 538 -064 -318 484 -120
CT 36 53 1991 19.62 720 6.48 -230 -.021 -.094 .059
MSR 36 53 50.18 353.47 11.45 1322 -771 -639 2.174 .651
TSE 356 53 35.86 38.79 994 912 106 -803 386 1.2359
ER 56 53 18.11 18.06 479 327 -428 -.623 1.462 .392
PL 56 53 10.68 11.92 395 426 -064 -213 -365 -340
HS 36 53 17.48 1949 448 399 266 -397 -443 -764

Before interpreting MANOVA outputs for learning strategies section, the

assumptions were checked.

5.2.4.1 Assumptions of Multivariate Analysis of Variance

5.2.4.1.1 Sample Size

The sample size was large enough to execute MANOVA because the number

in each cell was greater the number of dependent variables (Pallant, 2007).

5.2.4.1.2 Normality and Qutliers

Skewness and kurtosis values for the dependent variables, which are
presented in Table 5.35, were checked for univariate normality assumption. In this

study, all skewness and kurtosis values ranged between -2 and +2, except kurtosis
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value of MSR. However, this violation is very small. Therefore, it can be said that
this assumption was met. In addition, histograms with a normal curve were tested to
check normality.

Mahalanobis value was calculated to test multivariate outliers. Moreover, this
value was compared to the critical value for nine dependent variables given in the
Chi-square table (Pallant, 2007). The critical value with nine dependent variables
was found to be 27.88 from the table. The maximum Mahalanobis distance of the
sample was found as 26.92. Since this value was smaller than the critical value, there
were no multivariate outliers in the data. That is, there was no need to remove any
value from the data. Moreover, the multivariate normality assumption was met by

considering the maximum Mahalanobis distance of the sample.

5.2.4.1.3 Linearity

Presence of a straight-line relationship between each pair of the dependent
variables is called as linearity assumption. By generating a matrix of scatterplots
between each pair of the dependent variables, this assumption was checked (Pallant,
2007). Since the matrix of scatterplots did not demonstrate any obvious of non-

linearity, the linearity assumption was verified.

5.2.4.1.4 Multicollinearity and Singularity

If the correlations among the dependent variables are moderate, a MANOVA
runs well. When correlations of dependent variables are high, multicollinearity
occurs. To check whether multicollinearity exists, correlations among dependent
variables are computed. If the correlations are around .8 or .9, there 1s a problem with
multicollinearity. When the correlations of dependent variables are too low,
singularity occurs (Pallant, 2007). Table 5.37 shows that the dependent variables

were moderately correlated. Therefore, these assumptions were satisfied.
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Table 5.37 Correlations among Dependent Variables

R E O CT MSR TSE

ER Pl HS

O43%F s

TA49%E - Q5THE —an
T 686%*  T41** 66TE¥  ---
MSR  .771%%  T85%* Te3F*  T43¥* .
TSE  475%%  §72%%  547%%  471%¥%  6T73*¥ .-
ER A59%% - 618%*%  406%*  412%*%  640%*  645%*
PL S50%% 0 566%*  548%%  618%*  603%F  449%*
HS A94%%  430%*  455%* 349 S502%%  349%*

QNoH™

352%% o
46T 519%F .

** Correlation 1s significant at the 0.01 level (2-tailed).

5.2.4.1.5 Homogeneity of Variance-Covariance Matrices

The assumption of homogeneity of variance-covariance matrices was

checked by using Box’s Test of Equality of Covariance Matrices and Levene’s Test

of Equality of Error Variances. Box’s Test results revealed that the covariance

matrices of the dependent variables were equal across groups, F (135, 21747) =

1.168, p = .090. That is, the homogeneity of wvariance-covariance matrices

assumption was not violated with a Box’s M significance value of 0.090.

Table 5.38 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box’s M 187.241
¥ 1.168
df1 135
df2 21747
Sig. 090

To check the homogeneity of variance assumption, the Levene’s test results

were examined. The results in Table 5.39 showed that each dependent variable has

the same variance across groups.
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Table 5.39 Levene’s Test of Equality of Error Variances

dfl df2

F p

R 629 3 105 598
E 382 3 105 766
) 1.356 3 105 260
CT 176 3 105 912
MSR 1.359 3 105 259
TSE 332 3 105 .802
ER 1.720 3 105 167
PL 780 3 105 507
HS 2.189 3 105 .094

Having meting the assumptions, a MANOV A outputs were interpreted.

5.2.4.2 Multivariate Analysis of Variance

After the treatment, a two-way MANOVA was executed to check whether

there was a significant mean difference between the experimental and control groups

with respect to R, E, O, CT, MSR, TSE, ER, PL, and HS. The results of MANOVA

were given in Table 5.40.

Table 5.40 MANOV A Results with respect to Collective Dependent Variables of R,
E, O, CT, MSR, TSE, ER, PL, and HS

Wilks’ Multivariate
Source

Hypothesis  Error  Sig.

Observed

Lambda F df df (p)  Squared Power
Treatment 191 2.854 9 o7 005 950
Gender 785 2.947 9 97  .004 957
E
2 Tttt 846 1.967 9 97 081 ;
Gender

The results of MANOVA revealed that there was a significant mean

difference between the experimental and control groups students in terms of the

collective dependent variables of R, E, O, CT, MSR, TSE, ER, PL, and HS (F (9, 97)
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= 2.854, Wilks’ Lambda = .791; p < 0.05). The difference between experimental and
control group was large since eta-squared value was calculated as 0.209 (Green &
Salkind, 2008). In other words, 21% of the multivariate variance of the dependent
variables, which reflect students’ learning strategies, was related to the treatment.
Moreover, the results show that the difference between experimental and control
group arose from the treatment effect because the observed power value was found to
be .950. The size of difference between experimental and control group has practical
importance. In addition, the results indicated that there was a significant mean
difference between males and females in favor of females on the collective
dependent variables (F (9, 97) = 2.947, Wilk’s Lambda = .985, p < 0.05). The
difference between males and females was large since eta-squared value was
calculated as 0.215 (Green & Salkind, 2008) and power was found to be .957.
Moreover, there was no interaction between treatment and gender (F (9,97) = 1.967
Wilk’s Lambda = .846, p > 0.05).

In order to determine whether the effect of treatment were significant on each
dependent variable, multiple univariate ANOVAs were carried out. Table 5.41
displays the results of the univariate ANOV As.

There was a significant mean difference between experimental and control
group with respect to the dependent variables of rehearsal, elaboration, organization,
critical thinking, metacognitive self-regulation, time and study environment, and peer
learning. These dependent variables were significant (p < 0.05). As seen from Table
5.35, students of the experimental group had higher scores than the control group
with respect to all dependent variables. Mean scores of EG and CG students were R:
18.49 and 14.30; E: 28.26 and 23.32; O: 18.49 and 14.52; CT: 22.02 and 17.64;
MSR: 55.53 and 48.23; TSE: 40.19 and 34.54; and PL: 12.83 and 9.82. Moreover, as
seen from Table 5.41, it was found that there was a significant mean difference (p <
0.05) between males and females with respect to the dependent variables of
organization and help seeking. Table 5.36 displays that females had higher mean

scores more than males with respect to organization and help seeking. In addition,
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results showed that there was no significant interaction between treatment and gender
with respect to the dependent variables of rehearsal, elaboration, organization,
critical thinking, metacognitive self-regulation, time and study environment, and peer

learning (p>0.05).

Table 5.41 Univariate ANOVA Results with respect to Dependent Variables

Dependent . Eta- Observed
Source Variable df F Sig. () Squared Power
R 1 14.678 .000 123 967
E 1 11.412 .001 098 917
O 1 15.066 .000 125 970
CT 1 12.493 .001 106 938
Treatment MSR 1 9.375 003 082 859
TSE 1 9.020 .003 079 845
ER 1 2.102 150 020 301
PL 1 15.266 .000 127 972
HS3 1 1.839 178 017 269
R 1 407 525 004 097
E 1 139 10 001 066
O 1 7.289 008 065 J63
L 1 A52 503 .004 102
Gender MSR 1 1.183 279 011 190
TSE 1 1.617 206 015 243
ER 1 .050 823 .000 056
PL 1 1.504 223 014 229
HS 1 5.407 022 049 635
R 1 2.779 099 026 379
H 1 039 844 .000 054
O 1 1.442 232 014 221
Treatment™ L 1 991 322 009 167
MSR 1 622 432 006 122
e TSE 1 747 390 007 137
ER 1 000 =20, .000 050
PL 1 652 421 006 126
HS 1 1.298 257 012 204

Table 5.42 displays the percentages of agreement with the selected items in
rehearsal (item 39, 59), elaboration (item 53, 64), organization (item 49, 63), critical
thinking (item 51, 66), metacognitive self-regulation (item 35, 61), time and study
environment (item 43, 70), and peer learning (item 34, 50) across the experimental
and control groups.

As seen in Table 5.42, students in the experimental group had higher scores

than students in the control group with respect to rehearsal, elaboration, and
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organization. In other words, the experimental group’ students perceived using
rehearsal strategies, elaboration strategies, and organization strategies more than the
control group” students. For example, in item 39, the statement “When I study for
chemistry class, I practice saying the material to myself over and over” was rated as
5,6, and 7 by 67.9 % of experimental group students while only 34.6 % of the
control group students agreed with the statement. Similarly, the percentage of
agreement with item 59, “I memorize the keywords to remind me of important
concepts in chemistry class” 58.6 % of the experimental group agreed with this
statement while only 30.4 % of the students in the control group agreed with it.
Moreover, item 53, “When I study for chemistry class, I pull together information
from different sources such as lectures, readings, and discussions™ was agreed to by
64.1 % of the students in the experimental group while only 46.4 % of the control
group students agreed with it. Item 64 stated, “When I study for chemistry class, 1
write brief summaries of the main ideas from the readings and the concepts from the
lectures” was agreed to by 68.0 % of students in experimental group and by 42.9 %
of the control group students. In addition, in item 49, the statement of “T make simple
charts, diagrams, or tables to help me organize course material” was agreed to by
39.7 % of experimental group students while 25.1 % of the control group students
agreed with it. The percentage of agreement with item 63, “When [ study for a
chemistry course, I go over my class notes and make an outline of important
concepts™ was agreed by 54.8 % of the experimental group while the corresponding

percentage of students in control group was 33.9 %.
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Table 5.42 Percentages of Responses to Selected Items of the R, E, O, CT, MSR,
TSE, and PL Scale

Scale Item Groups 1(%) 2(%) 3(%) 4(%) 5(%) 6(%) 7(%)
No
R 39 CG 17.9 3.6 14.3 19.6 23.2 12.5 8.9
EG 1.9 38 13.2 13.2 26.4 13.2 28.3
59 CG 23.2 7.1 23.2 16.1 10.7 17.9 1.8
EG 3.8 7.5 18.9 11.3 34.0 5.7 18.9
E 53 CG 12.5 7.1 17.9 16.1 33.9 12.5 0
EG 1.9 1.9 15.1 17.0 22.6 24.5 17.0
64 CG 17.9 7.1 12.5 19.6 232 17.9 1.8
EG 0 5.7 5.7 20.8 32.1 17.0 18.9
O 49 CG 28.6 21.4 14.3 10.7 17.9 5.4 1.8
EG 5.7 11.3 18.9 24.5 13.2 20.8 3.7
63 CG 21.4 5.4 14.3 25.0 14.3 8.9 10.7
EG 0 7.5 11.3 26.4 18.9 15.1 20.8
CT 51 CG 23.2 8.9 17.9 19.6 21.4 5.4 3.6
EG 5.7 11.3 15.1 20.8 22.6 13.2 11.3
66 CG 16.1 14.3 12.5 21.4 19.6 12.5 3.6
EG 1.9 5.7 22.6 20.8 22.6 9.4 17.0
MSR 55 CG 25.0 10.7 17.9 21.4 14.3 7.1 3.6
EG 38 11.3 15.1 17.0 26.4 15.1 11.3
61 CG 12.5 3.6 12.5 23.2 14.3 25.0 8.9
EG 0 1.9 7.5 20.8 30.2 22.6 17.0
TSE 43 CG 17.9 54 12.5 19.6 23.2 12.5 8.9
EG 1.9 0 13.2 18.9 26.4 18.9 20.8
70 CG 17.9 5.4 19.6 23.2 16.1 12.5 5.4
EG 0 5.7 18.9 15.1 24.5 5.7 30.2
PL 34 CG 21.4 8.9 25.0 10.7 21.4 5.4 7.1
EG 3.8 11.3 15.1 24.5 20.8 11.3 13.2
50 CG 17.9 14.3 14.3 17.9 19.6 12.5 3.6
EG 38 5.7 22.6 11.3 24.5 18.9 13.2

Students of experimental group had higher scores with respect to critical

thinking. In order to solve problems, reach decisions, or make critical evaluations

with respect to standards of excellence, they tended to apply previous knowledge.

For instance, item 51, “I treat the chemistry course material as a starting point and try

to develop my own ideas about it” was rated as 5, 6, and 7 indicating agreement by

47.1 % of students in the experimental group while only 30.4 % of control group
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students agreed with it. Similarly, the statement of “I try to play around with ideas of
my own related to what I am learning in chemistry course” (item 66) was agreed to
by 49 % of students in the experimental group and 35.7 % of the control group
students.

When considering the mean scores of metacognitive self-regulatory strategies
and time and study environment strategies, students in the experimental group
appeared to use these strategies more than the students in the control group. For
example, 52.8 % of experimental group students agreed with item 53, rating it as 5,
6, and 7. The item stating, “I ask myself questions to make sure I understand the
material I have been studying in the chemistry class” was agreed to by 25 % of
students in the control group. Similarly, item 61 stating, “I try think through a topic
and decide what I am supposed to learn from it rather than just reading it over when
studying for chemistry” was agreed to by 69.8 % of the experimental group students
and by 48.2 % of the control group students. Moreover, item 43, “I make good use of
my study time for chemistry course™ was agreed to by 81.2 % of the students in the
experimental group and only 66.1 % of the control group students. Item 70, “I make
sure I keep up with the weekly readings and assignments for the chemistry course™
was agreed to by 60.4 % of the students in the experimental group and by 34 % of
the control group students.

Students of the experimental group had higher scores with respect to peer
learning. The experimental group students tended to make more collaborate more
with peers compared to students in the control group. For instance, the item 34,
“When studying for chemistry course, I often try to explain the material to a
classmate or a friend” was rated 5, 6, and 7 indicating agreement by 43.3 % of the
students in the experimental group while only 33.9 % of control group students
agreed with the statement. In addition, the statement, “I try to work with other
students from this class to complete the course assignments™ (item 70) was agreed to
by 28.3% of the students in the experimental group whereas only 17.8 % of control

group students agreed with the statement.
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To sum up, the results showed that instruction based on 5E learning cycle
model improved the students’ rehearsal, elaboration, organization, critical thinking,
metacognitive self-regulation, time and study environment, and peer learning
strategies. In contrast, as can be seen from Table 5.41, the results of MSLQ scores
indicated that there was no significant mean difference between the experimental and

the control groups with respect to effort learning, and help seeking.

5.2.5 Students’ Misconceptions on Solubility Equilibrium Concept

SECT was administered to the experimental and control group after
instruction. This test was prepared to identify students’ misconceptions about the
solubility equilibrium. The results of SECT showed that instruction based on the 5E
learning cycle model eliminated students” misconception on the solubility
equilibrium concept and developed the students” motivation to learn chemistry and
learning strategies. In the following section, students’” misconceptions on solubility

equilibrium measured via SECT and interviews were analyzed briefly.
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5.2.5.1 Analysis of Students’ Responses to SECT
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Figure 5.1 Comparison of the Percentages of Students’ Correct Responses on post-

SECT across Experimental and Control Groups

Students’ responses on post-SECT were examined. There was a difference in
responses between students in the experimental and control group with respect to
SECT. The percentages of students’ correct answers on post-SECT for each item
were presented in Figure 5.1. In addition, the largest differences between
experimental and control group were found in the items 4, 5, 8, 10, 11, 12, 13, and

19. Therefore, student responses to these items were discussed in this section.
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Table 5.43 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 4
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage

A 6 10.7 6 11.3

B 8 14.3 4 13

C 11 19.6 0 0

1 20 357 36 67.9
E 11 19.6 7 13.2
Total 56 100 53 100

(*) Correct Alternative

Item 4 was prepared to investigate whether the students were aware of the
fact that compounds in solid form should not be included while writing Ksp
equations. The percentage of 67.9 of the experimental group students answered this
question correctly whereas 35.7 % of control group students answered this question
by selecting alternative D. The common misconception in both group [EG (20.7 %)
and CG (33.9%)] was that compounds in solid form should be included while writing
Ksp equations by selecting alternatives B and E. The frequencies and percentages of
experimental, and control group students’ selection of alternatives for item 4 in the

post-SECT were displayed in Table 5.43.
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Table 5.44 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 5
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage

A¥* 31 55.4 38 71.7
B 3 54 8 I5.1
C 18 32.1 7 13.2

D 0 0 0 0

E 4 Z 0 0
Total 56 100 53 100

(*) Correct Alternative

Item 5 was related to the effect of a common ion on the solubility equilibrium
system. The percentage of 71.7 of the experimental group students answered this
question correctly whereas 55.4 % of control group students answered this question
by selecting alternative A. The common misconception in both group [EG (13.2 %)
and CG (32.1 %)] was that at equilibrium the concentrations of ions will remain
constant although a common ion is added by selecting alternative C. The frequencies
and percentages of experimental, and control group students’ selection of alteratives

for item 5 in the post-SECT were given in Table 5.44.
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Table 5.45 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 8
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage
A 32 57.1 5 9.4
B 0 0 0 0
C 3 54 8 15.1
D 3 5.4 4 7.5
E* 18 321 36 67.9
Total 56 100 53 100

(*) Correct Alternative

In item 8, students were asked to describe what happened to the solubility and
Ksp of a compound when the same compound was added at a given temperature.
According to post-SECT results, the proportion of the correct responses was 67.9 %
for the experimental group and 32.1 % for the control group. The common
misconception in both groups [EG (16.9 %) and CG (62.5 %)] was that at a given
temperature, Ksp can change with the amount of solid or ions added by selecting
alternatives A, B, and D. The frequencies and percentages of experimental, and
control group students’ selection of altematives for item & in the post-SECT were

presented in Table 5.45.
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Table 5.46 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 10
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage
A 16 28.6 4 2.8
B 2 3.6 2 3.8
C 3 54 1 1.9
1 7 12.5 28 52.8
E 28 50.0 18 34.0
Total 56 100 53 100

(*) Correct Alternative

Item 10 was related to the effect of volume on solubility equilibrium.
Students were expected to find the ion concentration after the volume increases at a
given temperature. While 52.8 % of students in experimental group gave the correct
answer for this question, 12.8 % of students in the control group answered correctly
after instruction. The common misconception in both group EG [(45.3 %) and CG
(82.2%)] was that at a given temperature, solubility of sparingly soluble salts is
effected by the change made in volume by selecting alternatives A, B, and E. In other
words, students in the both groups still had this misconception. The frequencies and
percentages of experimental, and control group students’ selection of alternatives for

item 10 in the post-SECT were presented in Table 5.46.
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Table 5.47 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 11
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage

A 6 10.7 2 3.8

B L. 1.8 5 94
C* 25 44.6 34 64.2

D 10 17.9 6 11.3

E 14 25.0 6 11.3
Total 56 100 53 100

(*) Correct Alternative

In item 11, students were asked to find the concentration of ions after adding
common ions. The percentage of the students who selected the correct answer in
experimental group was 64.2 while the percentage of the students who selected the
correct answer in control group was 44.6 after the instruction. Some of the students
had two misconceptions: at equilibrium, there is no precipitation and dissolution or
dissolution stops; and at equilibrium, the concentrations of ions will remain constant
although a common ion is added (11.3 % for experimental group and 25 % for
control group). The frequencies and percentages of experimental, and control group
students’ selection of alternatives for item 11 in the post-SECT were presented in

Table 5.47.
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Table 5.48 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 12
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage
A 3 54 2 3.8
B 35 62.5 8 I5.1
C 1 1.8 0 0
D 3 5.4 12 22,6
E* 14 25.0 31 58.5
Total 56 100 53 100

(*) Correct Alternative

Item 12 was prepared to investigate whether the students were aware of the
fact that at a given temperature Ksp does not change with the amount of solid or ions
added. The percentage of 58.5 of the experimental group students answered this
question correctly whereas 25 % of the control group students answered this question
by selecting alternative E. The two common misconception in both group EG (18.9
%) and CG (69.7 %) were that at a given temperature, Ksp can change with the
amount of solid or 1ons added and if system is at equilibrium, no other solute that
doesn’t contain a common ion can dissolve and solubility doesn’t change, as
indicated by selecting alternatives A, B and C. The frequencies and percentages of
experimental, and control group students’ selection of alternatives for item 12 in the

post-SECT were displayed in Table 5.48.
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Table 5.49 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 13
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage

A 3 54 4 2.8
B* 23 41.1 33 62.5
C 5 8.9 7 13.2

D 2 3.6 2 3.8
E 23 41.1 7 13.2
Total 56 100 53 100

(*) Correct Alternative

In item 13, students were asked to choose the correct relationship between
Ksp of compound. In the experimental group, 62.5 % of the students and in the
control group 41.1 % of the students gave the correct answer after the treatment. The
common misconception in both groups [EG (13.2 %) and CG (41.1 %)] was that in
all situations one can compare solubility of salts at equilibrium by just looking at the
Ksp values, as indicated by selecting alternative E. The frequencies and percentages
of experimental, and control group students’ selection of alternatives for item 13 in

the post-SECT were displayed in Table 5.49.
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Table 5.50 Frequencies and Percentages of Students’ Selection of Alternatives for

Item 19
Control Group Experimental Group
Alternatives Frequency Percentage Frequency Percentage

A 18 32.1 4 2.8

B 11 19.6 2 3.8

C 8 14.3 1 1.9
D 3 5.4 16 30.2
E* 16 28.6 30 56.6
Total 56 100 53 100

(*) Correct Alternative

Item 19 was mainly about the effect of pressure on solubility. Students were
asked to find the concentrations of ions and Ksp when the pressure increases.
According to the results of post-SECT, the percentage of students giving the correct
answer was 56.6 % and 28.6 % for experimental and control group, respectively. The
common misconception in both group EG (13.2 %) and CG (66 %) was that
solubility of sparingly soluble salts is effected by the change made in pressure, as
indicated by selecting alternatives A, B, and C. The frequencies and percentages of
experimental, and control group students’ selection of alternatives for item 19 in the

post-SECT were displayed in Table 5.50.

3.3 Analyses of Students” Responses to Interview

In order to obtain detailed information about students’ reasoning and
misconceptions concerning solubility equilibrium  concepts, semi-structured
interviews were carried out with 12 eleventh grade students in both groups (6
experimental group students and 6 control group students). Students were selected
voluntarily and stratified by their achievement level, high, medium, and low
according to results of post solubility equilibrium test. Two students were high

achievers, two students were medium achievers, and two students were low achievers
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representing both groups. Interview results showed that the experimental group
students, instructed using the 5E learning cycle model, demonstrated higher
conceptual and scientific understanding of solubility equilibrium concepts when
compared to control group students. Students responses to the interview questions
were analyzed by coding. Moreover, five themes were found; writing a dissolution
equation and Ksp, drawing a graphic, reading the graphic, identifying factors
affecting solubility equilibrium, and using examples from daily life. The distributions
of the number (percentages) of the students in experimental and control groups
across codes were given in Table 5.51 and each category is explained in the

following part.
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Table 5.51 The Distribution of the Number (Percentages) of Students in Experimental and Control Groups
across the Codes identified from Interviews (NA: No answer, I: Incorrect, M: Misconception,
PC: Partially correct, C: Correct)

Experimental Group

Control Group

NA I M PC C NA [ M PC C
Writing of dissolution equation . . . . & . 1 . 2 2
and Ksp (100%) (16.6%) (333%) (33.3%)
Drawing a graphic . | . . 5 . . 5 1 .
(16.6%) (83.3%) (83.3%) (16.6%)
Reading the graphic ; ; 1 . 5 5 1 4 ; 1
(16.6%) (83.3%) (16.6%) (66.6%) (16.6%)
Indentifiving factors affecting
solubility equilibrium
Temperature 6 4 2
0 0 0 0 0 0 i 0
(100%) (66.6%) (33.3%)
Nature of solute or solvent 1 g " , 5 1 7 ; " 03
(16.6%) (83.3%) | (16.6%) (33.3%) (50%)
Common ion
0 0 : 0 ] 0 0 3 0 L
(16.6%) (83.3%) (83.3%) (16.6%)
Uncommeon ion . . . 9 A 1 7 . 3 .
(333%) (66.6%) | (16.6%) (33.3%) (50%)
Pressure . . 1 . 5 . . 4 ) 7
(16.6%) (83.3%) (66.6%) (33.3%)
Using examples from duaily life . . . . 6 3 3 . . .
(100%) (50%) (50%)
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3.3.1 Writing a Dissolution Equation and Ksp

The students in both the experimental and control groups were asked to write
the dissolution equation and Ksp of Cas(POy),. If both dissolution equation and Ksp
were written correctly, the answer was accepted as correct. If either dissolution
equation or Ksp were written correctly, the answer was accepted as partially correct.
If both dissolution equation and Ksp were written incorrectly, the answer was
accepted as incorrect. All students in the experimental group (six students) and two
students in the control group answered the question correctly. For example, the
writing of the dissolution equation and Ksp of Caz(PO,), of four students in the

experimental group and a student in the control group was as given below.

Figure 5.2 A Student Writing the Correct Dissolution Equation and Ksp in the

Experimental Group

Since two students in the control group wrote the Ksp correctly but they did
not write the dissolution equation correctly, their answer was accepted as partially
correct. For example, a student in the control group wrote the dissolution equation
without the arrow and phase. The other student in the control group wrote the
dissolution equation of Caz(PQj),, with the phases of ions as liquid. The statement of
“when writing the dissolution equation, liquid was written as the phase™ is a
misconception. Figure 5.3 and figure 5.4 showed partially correct answers of the

students in the control group.
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Flgure 5.3 A Student Writing the FPortlally Corvect Dissolution Eguation ond Ksp
in The Control Group

Fileure 5.4 A Strdent Wrkttng the Paytlally Corvect Dissolution Equnition and Ksp
in The Control Group

A student in the control group wrote both dissolution equation and Ksp

incorrectly. Student answer was given following figure 5.5.

Fleure 5.5 A Strdent Wylting the Incovvect Dissoliglon Equation ond Rsp in The
Contral Group

After writing the diszolution equation and Ksp, students in both expenimental
and control groups were asked the reason for not considering Caz;(POy); while
wiiting Ksp. Five students in the control group gave the aimilar reazon. For example,

a student in the confrol group explained the reason as “it is a tule, we do not know
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the reason. Our teacher said that reactants are not included when writing a
dissolution equation.” Six students in the experimental group and one student in the
control group explained the reason correctly. For example, a student in the
experimental group answered the question correctly as “we do not write the
Ca3(PQO,), in the dissolution equation because it is solid. Solids are not written in the
dissolution equation.”

Students in both groups asked, “Can we write Ksp for all solutions (saturated
and unsaturated solutions).” All students in the experimental group and one student
in the control group answered the question correctly. For example, a student in the
experimental group explained correctly that “we can write Ksp only for a saturated
solution because in the saturated solution, dissolved substances solved and they are at
equilibrium.” Five of the students in the control group answered the question with a
misconception. For example, a student in the control group answered with the
misconception “we can not do such a distinction, that is, we can write Ksp for all
saturated and unsaturated solutions.”

Experimental and control group students were asked the following question:
“Saturated Caz(PO.)2 is in equilibrium with solid matter. At equilibrium, which
Ca3(POy); solid, Ca+2, and PO, ions are found in the environment? Explain.” All
students in the experimental group and four students in the control group answered
the question correctly. For example, a student in the experimental group answered
correctly as “a solid and two ions are found because dissolution and precipitation
always continue.” Two students in the control group answered with a misconception.
For example, a student in the control group explained that “there are ions not solid
since solid finished in the environment.” Students in both groups were asked probing
questions. It was found that there were misconceptions of the students in the control
group (four students) and the experimental group (three students). They thought that
“before the system reaches equilibrium there was no precipitation reaction. “In

addition, a student in the control group had another misconception. The student
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thought that “at equilibnium, there 13 no precipitation and dissolution or disselution

stops ™

5.3.2 Drawing Graphic

The students in the expenmental and control groups were asked to draw a
graphic showing dissolution and precipatation rates. Whereas most of the students 1n
the expenimental group could draw the graphic correctly, none of the students in the
control group could draw it correctly, while some were pattially comrectly. Ilost of
the students in the control group in the control group drew it with a misconception
Oine student in the experimental group drew it incorrectly.

In the expenmental group, five students drew the graphic correctly For

exatmple, a student 1n experimental group drew it as below.

Figure 5.6 A Student Drewing in the Experimenial Group {Carrect Drawing)

A student in the experimental group drew it incorrectly. She drew incorrectly
both graphics about disselution and precipitation. The dravwangs are given following

Figure 5.6

Figure 5.7 A Student Drawing in the FExperimeniad Group (hicarrect Drawing)

In the control group, a student drew a partially correct answer That 1s, the

precipitation graphic was draw correctly but the disselution graphic was draw
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incorrectly. Therefore, 1t was accepted as partially correct. The drawings are given

bel ow,

Figure 5.8 A Student Drawing in the Cantral Group (Partially Carrect Drawing)

Five students in the control group drew the graphics with misconception, All
students believed that the rate of dissclving increases with time untl equlibrium 1z

established For example, a student drawing 1s given below.

Figure 5.9 A Student Drawing in the Conirel Group (Misconception Drgwing)

53.3 Reading Graphic

The students in both expenmental and control group wete asked the

Foll owing question

ey Dedzim
Drerima Tlerizirn
4 »
T Cal Oy - ;
b SBERT g S o -
-
,/1:/!/%._; Cuy= Pl s T
; - RO
i Faman L
Grafil-1 Grafik-TI Grafik-TI1 LTI

“The graphics showing CalCOsg, Ca+2, and (303'2 tons concentrations change
ower ime were given. Which one is drawn correctly? Please explain the reason ™
Five students 1n expenimental group and one student 1n the control group

could correctly select graphic ITT and correctly explain the reazon for their selection
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For example, one student in the experimental group correctly stated that “the
concentration of solid CaCO; does not change with time and maintains a constant
value. Ca”, and CO3'2 ions concentrations increase until equilibrium, and then they
will remain constant at equilibrium. Moreover, the concentration of the solid does
not have equal ions. Therefore, I seclected the graphic IIL.” Four students in the
control group and one student in the experimental group answered the question with
the misconception represented in graphic 1. For example, a student in the control
group explained the reason for selecting graphic I as “in my opinion, at the
equilibrium, solid concentration must equal ions concentration. When I look at the
alternatives, only graphic I show this. Therefore, the correct answer is graphic 1. “A
student in the control group answered the question incorrectly by selecting graphic I1.
The student explained the reason for this choice as “the concentration of the solid
will decrease and ions concentrations will increase with time. Therefore, graphics II

is correct drawing,”

3.3.4 Factors Affecting Solubility Equilibrinm

The students in the experimental and control groups were asked the factors
affecting solubility equilibrium. Most of the students in the experimental group and a
few students in the control group could answer these factors correctly. Most of the
students in the control group and only one student in the experimental group could
answer the question without misconceptions. Some of the students in the control
group answered the question incorrectly. A few students in the experimental and
control groups could not give any answer.

Related to the effect of temperature, all the students in the experimental group
(six students) explained it correctly. For example, a student in the experimental
group stated, “if the reaction is endothermic, as temperature increases, solubility
increases and Ksp increases. If the reaction is exothermic, as temperature increases,
solubility decreases and Ksp decreases.” On the other hand, in the control group two

students explained it correctly, while four students explained it with a misconception.
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For example, a student explained it correctly as “The temperature and solubility have
the right proportions in the endothermic reaction. There is an inverse proportion
between temperature and solubility in the exothermic reaction.” Four students
explained the temperature effect on solubility with a misconception. For instance,
three students in the control group answered the question with a misconception as
“the value of Ksp always increases as temperature increases™, and a student in the
control group explained it with another misconception that “temperature has no
effect on solubility.”

There were correct explanations in both experimental (five students) and
control (three students) groups about the nature of the solute or solvent. For example,
three students in the experimental group and one student in the control group
explained the nature of solute or solvent correctly as “apolar dissolves the apolar and
polar dissolves the polar, that is, similar dissolves similar and Ksp only changes with
temperature.” A student in the experimental group and a student in the control group
could not give any response to the question and two students in the control group
explained the effect of solute or solvent incorrectly. For instance, two students in the
control group explained the effect of the nature of solute or solvent as “there was no
effect of the solute or solvent on the solubility.” This explanation is incorrect because
the type of substance can change the solubility.

Related to the effect of a common ion on solubility equilibrium, five students
from the experimental group and one student from the control group answered
correctly. For example, a student in the experimental group explained it as “Ksp does
not change with the common ion and solubility decreases with adding the common
ion,” and a student in the control group explained it as “ion concentration changes
when adding a common ion. Equilibrium shifts left side (entrants) and ion
concentration decreases. Therefore, solubility decreases and Ksp cannot change. It
changes only with temperature.” Five students in the control group and one student
in the experimental group answered the question with a misconception. For example,

a student in the control group answered the question with the misconception as

142



“solubility can not change with adding a common 1on and Ksp decreases at a given
temperature.”

About the effect of an uncommon ion on solubility equilibrium, there were
correct explanations in the experimental group (four students). For example, a
student in the experimental group answered the question correctly as “when the
uncommon ion was added, solubility increases if the ions don’t react with ions in the
solution. Ksp cannot change with adding an uncommon ion.” There were also some
partially correct answers in the experimental (two students) and the control (three
students) groups. For example, a student from the experimental group and two
students from the control group explained it as “there is no effect of uncommon ion
on solubility and Ksp.” These answers were accepted as partially correct because the
statement that uncommon ions do not change the Ksp is correct, but the statement
that solubility does not change with adding uncommon ion is incorrect. One student
in the control group could not give any explanation related to the effect of an
uncommon ion on solubility equilibrium.

Related to the effect of pressure, students in the experimental group (five
students) and control group (two students) answered the question correctly. For
example, a student in the experimental group explained it correctly as “solubility of
solids do not change with pressure. There is no effect of pressure on solids.” Some
students in the control group (four students) and a student in the experimental group
explained it with a misconception. For example, a student in the control group
explained using the following a misconception: “the solubility of sparingly soluble

salts 1s affected by change made in pressure.”
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Table 5.52 The Misconceptions Distribution of Students in Experimental and

Control Groups Identified from Interviews

Misconception #]?(Ej) ) #((:0(/1 )
The rate of dissolving increases with time until equilibrium 0 5
1s established. (0%) (83.3%)
At equilibrium, the concentrations of the 1ons produced are | 4
equal to the concentration of the salt. (16.6%) (66.6%)
The value of Ksp always increases as temperature 0 4
Increases. (0%) (66.6%)
At equilibrium, the concentrations of ions will remain | 5
constant although a common ion is added. (16.6%) (83.3%)
The solubility of sparingly soluble salts is affected by a 1 4
change in pressure. (16.6%) (66.6%)
Ksp can be written for unsaturated solutions. ( 000 %) (83.530/6)
At the equilibrium, there is no solid. (000 %) (33é%)
Before the system reaches equilibrium, there is no 3 4
precipitation reaction. (50%) (66.6%)
At equilibrium, there is no precipitation and dissolution or 0 1
dissolution stops. (0%) (16.6%)

3.3.3 Daily Life Examples

The students in the experimental and the control groups were asked examples
of solubility equilibrium in the daily life. All students (six students) in the
experimental group gave the correct examples but three students in the control group
wrongly gave examples. Students in the experimental group gave similar correct

A

daily life examples such as “kidney stones,” “stalactites and stalagmites in Insuyu
caves,” travertine in Pamukkale,” “lime stone,” “tooth decay,” and “stomach x-ray is
taken.” In the control group, three students gave “dissolving tea and sugar”, and “salt
adding to the dinner” as incorrect examples to the daily life. Three students in the
control group could not give an example of daily life on solubility equilibrium.
Interview results indicated that control group students had difficulty in

writing a dissolution equation and Ksp, drawing, and reading graphic. Some students

in the control group had a difficulty in the effect of temperature on solubility
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equilibrium whereas the students in the experimental group did not have any
problem. Some students in the experimental and control group had difficulty in
describing the nature of solute or solvent on solubility equilibrium. Most of the
students in the control group and a student in the experimental group had
misconceptions about the effect of a common ion on solubility equilibrium. In
summary, misconceptions were detected in the interviews. These misconceptions
were consistent with those detected from SECT. In other words, the interviews

results verified the result of the SECT.

5.4 Students’ Ideas about the SE Learning Cycle Model

Semi-structured interviews were conducted to elicit the experimental group
students” ideas about the implementation of the 5E learning cycle model at the end of
the treatment. Two students were high achievers, two students were medium
achievers, and two students were low achievers in the experimental group. Interview
questions were analyzed by coding. Three themes were found: “comparison of the

instruction based on the 5E learning cycle model and traditionally designed

27 e 2

instruction,” “changes in students,” and “general ideas”. The distributions of the
number (percentages) of the students in the experimental group across codes are

given in Table 5.53, and each category is explained in the following part.
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Table 5.53 The Distribution of The Number (Percentages) of Students in

Experimental Group across the Codes Identified from Interviews

Codes Number of students
(Percentages)

Comparison of the instruction based on the SE learning
cyele model and traditionally designed instruction

- Daily life examples 3 (50%)
- Experiments and Activities 6 (100%)
- Participation of student 5(83.3%)
- More enjoyable 2 (33.3%)
- Preference of approach
instruction based on 5E learning cycle model 6 (100%)
Changes in students
- Increased attention to chemistry 4 (66.6%)
- Learning better 5(83.3%)
- More effort 2 (33.3%)
- More talking 5(83.3%)
- Willing to learn 3(50%)
(General ideas
- Suggestions
- doing experiments individual 2(33.3%)
doing experiments in the laboratory 3 (50%)
active participation 2 (33.3%)
more course credit 2 (33.3%)
more experiments 2 (33.3%)
- Problems
noise 1 (16.6%)
no problem 5(83.3%)

35.4.1 Comparison of the Instruction Based on the Se Learning Cycle Model and

Traditionally Designed Instruction

Students in the experimental group asked to make a comparison about the
instruction based on the 5E learning cycle model and traditionally designed
mstruction. Five codes formed according to their responses. These codes are “Daily
life examples™ (50%). “Experiments, and activities” (100%), “Students participation”™
(83.3%), “More enjoyable™ (33.3%), and “Preference of approach™ (100%).

Students said that daily life examples in instruction based on 5E learning
cycle model were different from previous lessons. Three students stated that they
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were not given daily life examples in their previous classes, but recognized the
inclusion of many daily life examples in this term. For example, a student expressed
her views as “we leamed the rate of reaction and chemical equilibrium before. In
these lessons, we used the course book but in solubility equilibrium unit, we learned
many daily life examples and chemistry is inside of the life. These examples helped
us to learn more.”

Another difference between instruction based on the 5E learning cycle model
and traditionally designed instruction was activities and experiments according to
students’ responses (6 students). All experiments were conducted in the classes
because the school did not have a laboratory during the treatment. For example, a
student stated, “We conducted experiments about solubility equilibrium concepts in
the classroom because this topic is suitable for experiments, but while participating
in the gases unit in last year, and the rate of reaction and equilibrium in the last
semester, we did not do any experiments. In this semester, chemistry courses were
good because of conducting experiments and activities.” Another student stated, “In
this term, while making experiments and activities, I was relaxed and motivated
easily to chemistry lessons™.

Students® participation was another different thing viewed by the
experimental group students (5 students) in the instruction based on 5E learning
cycle model. Students said that in this semester the teacher wanted more participation
and more discussion in the classes. For example, a student expressed his views as
“there was more our participation in the classes. Our teacher asked many questions to
discuss and wanted our comments. In the last semester, our teacher explained the
topic and then she solved the problems in the board, but in this term, she did not it.”

Two students in the experimental group said that in this term chemistry
classes were more enjoyable. For example, a student stated, “Generally, I am bored
in all the lessons, but in this solubility equilibrium topic, I always lived it up. The

teaching process was good for me since the lessons included more enjoyable things.”
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Students were asked which type of instruction they preferred: 5E learning
cycle model or the traditionally designed instruction. All students agreed that the
mmstructions based on the 5E learning cycle model helped their learning. They
selected the instruction based on the 5E learning cycle model for reasons such as
learning better in these classes, increasing their attention to chemistry, making more

effort, and doing experiments.

5.4.2 Changes in Students

Students asked their perceived changes during the instruction of the 5E
learning cycle model. Students said that the treatment was helpful and effective to
learn chemistry more permanently. They explained their perceived changes as
“Increased attention to chemistry” (66.6%), “Learning better” (83.3%), “More effort”
(33.3%), “More Talking™ (83.3%), and “Willing to learn™ (50%).

Some of the students stated that their attention and motivation increased
through the implementation of the 5E learning cycle model. For example, a student
stated, “Chemistry lessons did not get my attention in the last semester and last years.
However, I want to listen to the chemistry courses and participate in the activities. 1
want to learn daily life examples and do experiments in the classroom. That is, I can
say my attention and motivation to chemistry increased after about learning solubility
equilibrium with activities.”

Some students believed that their learning was better using the instruction
based on the 5E learning cycle model. For example, a student expressed her views as
“I think I internalized better chemistry. When you think there is no connection to
everyday life that course, this course is more boring to you. However, with
connections to everyday life, the chemistry was better, and we learnt better in this
way. Moreover, our learning from this course became more persistent.”

Some students claimed that they made more effort in implementation of the

activities. For example, a student stated, “All the activities and experiments were
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good. The courses were more enjoyable. In the courses, we made more effort by
conducting activities and participating in discussion.”

Most of the students stated that their talking in the courses increased in the
instruction based on the 5E learning cycle model. For example, a student expressed
her views as “While implementing solubility equilibrium, our teacher always asked
the questions and wanted our comments. So, we talked more in these courses.”

Some students stated that their willingness to learn increased after learning
process of solubility equilibrium. For example, a student stated. “during the courses,
we learned many daily life examples and conducted activities and experiments. Since
the process was funny and remarkable, we always wondered the following activities

and wanted to learn new things.”

5.4.3 General Ideas

The students were asked suggestions in order to improve their learning of
chemistry concepts and problems encountered in the instruction based on the SE
learning cycle model. Students gave many suggestions such as that experiments
could be done in the laboratory (3 students) and individually (2 students), that is that
all students could have the equipment to do the experiments. Some students thought
that “course credit” (2 students), and “experiments” (2 students) could be done more
in order to make more learning permanent. Some students stated that active
participation (2 students) could be increased more in order to support learning.
Moreover, most of the students (5 students) stated that there was no problem while
one student said that a noise created a problem during implementation.

In summary, students stated those daily life examples, activities and
experiments, students” participation, and the 5E learning cycle model made gaining
more enjoyable. These were the differences noted between the instruction based on
the 5E learning cycle model and traditionally designed instruction. All students
preferred chemistry classes taught using the SE learning cycle model. All students

enjoyed the 5E learning cycle instruction and stated that their thinking changed. They
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also stated that their attention and motivation to chemistry increased and they learned
better. They made more effort and were more willing to learn during the
implementation. The results of the interviews indicated that the instruction based on
the 5E learning cycle model was more effective in supporting learning and increasing

students” attitudes and motivation towards chemistry in positive way.

5.5 C(Classroom Observation Results

The treatment was conducted over seven weeks in an Anatolian high school
in Ankara. In order to provide treatment verification, the researcher observed all
class sessions for both the experimental and control groups during the treatment.
When the researcher was observing, she sat in the back of the classroom and took
notes about student-student interactions, students—teacher interactions, and treatment
implementation. She only observed and in no way was she involved in the lessons.

The chemistry curriculum and the teacher were same in both the experimental
and the control groups. The topic was solubility equilibrium concepts. Experimental
group students were instructed using the SE learning cycle model whereas the control
group students were instructed with traditionally designed chemistry instruction.
Both groups were instructed by the two chemistry teachers throughout the treatment.
In other words, each teacher taught one experimental group and one control group.
Prior the treatment, researcher explained the 5E learning cycle implementation and
what they would do during the classes. Although the steps of 5E learning cycle
model required students’ participation and investigations, the experimental group
students were not involved in the classroom discussions at the beginning of the
treatment. However, students participated in the lessons and became more active
after the teacher encouraged classroom participation. Generally, all students in the
experimental group talked during instruction, especially in the engagement phase.

Moreover, students were noisy in the exploration phase since this phase included an
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experiment. During the first week, while teacher was conducting the experiment,
students were talking and laughing, causing a classroom management problem.
However, students got used to the activities after the first week and were more
attentive to the lessons. It can be said that these activities were motivating for the
students.

In the control group, the traditional method was used. The teacher was active
and students were passive in the lectures. At the beginning of the lesson, the teacher
presented the subject, and solved the problem, especially algorithmic problems. After
teacher solved the first problem, she asked questions to the students. Students who
were willing solved the problem at the board. She generally used the whiteboard to
explain the topics and solve the problems. While the teacher presented the subject,
the students took notes in their notebooks. However, when the teacher asked
conceptual questions, the students were unwilling to answer them. There were few
students participating in the discussions. While discussing the subject, the students
talked with each other and were noisy. The teacher warned them to be quite.
Therefore, it was difficult to explain the subject and it was time consuming since the
teacher gave extra explanations. The teacher gave handouts to the students to solve in
the classroom. If all questions were not solved the classroom, she gave them as
homework. Most of students completed the homework before the class ended.

In summary, instruction based on the 5E learning cycle model was more
effective to teach solubility equilibrium concepts compared to traditionally designed

instruction because it made students more active and gained the students” attention.
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5.6 Summary of the Results

1. The analysis of pre-SCT results showed that there were no significant mean
differences between the experimental and control groups with respect to the

students’ previous solution concept understanding.

2. The analysis of pre-ASTC results revealed that there was no statistically
significant mean difference between the experimental and control groups with

respect to students’ previous attitudes towards chemistry as a school subject.

3. The analysis of pre-SPST results indicated that there was a significant mean
difference between the experimental and control groups with respect to
students’ science process skills in favor of the control group. Therefore, to
control for preexisting differences, SPST was assigned as a covariate in the

statistical analyses of post-SECT and SERT scores.

4. The analysis of pre-MSLQ for motivation subscale showed that there was no
significant mean difference between the experimental and control groups’
students in terms of the motivational collective dependent variables of
students’ Intrinsic Goal Orientation (IGO), Extrinsic Goal Orientation (EGO),
Task Value (TV), Control of Learning Beliefs (CLB), Self-Efficacy for
Learning and Performance (SELP), and Test Anxiety (TA). In other words,
before the treatment, student motivations in chemistry was not different in the

experimental and control group.

5. The analysis of pre-MSLQ for the learning strategies subscale results
revealed that there was no significant mean difference between experimental
and control group students in terms of the collective dependent variables of
Rehearsal (R), Elaboration (E), Organization (O), Critical Thinking (CT).
Metacognitive Self-Regulation (MSR), Time and Study Environment (TSE),

Effort Regulation (ER), Peer Iearning (PL.), and Help Seeking (HS). That
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means, students” learning strategies were similar in the experimental and

control groups before the treatment.

The analysis of post-SECT and post-ASTC results indicated that there was a
significant mean difference between experimental and control groups with
respect to understanding solubility equilibrium concepts and attitude towards
chemistry as a school subject when the effect of SPST mean score was

controlled in favor of the experimental group.

The analysis of post-SECT and post-ASTC results showed that there was a
significant mean difference between males and females with respect to
understanding solubility equilibrium concepts and attitude towards chemistry
as a school subject when the effect of SPST mean score was controlled in

favor of females.

The analysis of retention-SERT results revealed that there was a significant
mean difference between scores of students taught by instruction based on the
5E learning cycle model and traditional instruction in students’ retention test
scores when science process skill was controlled as a covariate in favor of the

experimental group.

The analysis of post-MSLQ for motivation subscale results indicated there
was a significant mean difference between experimental and control group
with respect to dependent variables of intrinsic goal orientation, task value,
and self-efficacy for learning and performance in favor of the experimental
group. There was a significant mean difference between the experimental and
control group with respect to extrinsic goal orientation in favor of the control
group. In addition, there was no significant mean difference between
experimental and control group with respect to control of learning beliefs and

task anxiety.
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10.

11.

12

3.

14.

The analysis of the post-MSLQ for motivation subscale showed that there
was no significant mean difference between males and females with respect

to the dependent variables about motivation.

The analysis of the post-MSLQ for learning strategies subscale revealed that
there was a significant mean difference between experimental and control
group with respect to the dependent variables of rehearsal, elaboration,
organization, critical thinking, metacognitive self-regulation, time and study

environment, and peer learning in favor of the experimental group.

The analysis of the post-MSLQ for learning strategies subscale indicated that
there was a significant mean difference between males and females with
respect to the dependent variables of organization and help seeking in favor

of the females.

The analysis of mterviews in both the experimental and control groups
showed that the instruction based on the 5E learning cycle model resulted in
significant gains on scientific conceptions about solubility equilibrium
concepts and elimination of misconceptions compared to traditionally
designed instruction. In addition, interviews results helped to elucidate

students’ misconceptions observed in post-SECT.

The analysis of interviews in the experimental group revealed that daily life
examples, activities and experiments, and students’ participation were
differences between the instructions based on the 5E learning cyele model
and traditionally designed instruction. All students preferred to have
chemistry classes in using the 5E learning cycle model. They also stated that
their attention and motivation to chemistry increased and they learned more.
They made more effort and were more willing to learn during the

implementation.
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15.

16.

The results of the interviews indicated that the instruction based on the 5E
learning cycle model were more effective in supporting learning and
increased students’ attitudes and motivation toward chemistry in positive

way.

Classroom observations revealed that instruction based on the 5E learning
cycle model was more effective to teach solubility equilibrium concepts
compared to traditionally designed instruction because it made students more

active and students paid more attention to the lesson.
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CHAPTER 6

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

6.1 Discussion of the Results

The main purposes of this study were to investigate the effect of instruction
based on 5E learning cycle model as compared to traditional instruction and gender
on 11™ grade students’ understanding of solubility equilibrium conceptions, their
attitudes towards chemistry, their perceived motivation (intrinsic goal orientation,
extrinsic goal orientation, task value, control of learning beliefs, self-efficacy for
learning and performance, test anxiety) and their perceived use of learning strategies
(rehearsal, claboration, organization, critical thinking, metacognitive self-regulation,
time and study environmental management, effort regulation, peer learning, help
seeking).

In the present study, pre-tests assessing students’ understanding of solution
concepts, attitude towards chemistry, motivation and learning strategies in chemistry
and science process skills were administered to the students in both groups in order
to understand whether experimental and control groups were equal prior to the study.
Solubility concept test was used as a pre-test instead of solubility equilibrium test
because students did not know solubility equilibrium concepts and they could make a
prediction about questions without thinking. Pre-test analyses indicated that mean
score on pre-SCT was higher in the experimental group than the control group. The
mean scores on pre-SCT were 11.07 and 12.00 in the control and experimental

group, respectively. Considering minimum and maximum values that can be
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obtained from pre-SCT (min = 0, max = 20), the mean scores of pre-SCT were
slightly above the average for both of the groups. However, students’ previous
knowledge in solution was not differing across the groups significantly. That means,
students’ readiness for learning solubility equilibrium was at medium level for both
groups. Other pre-test analyses revealed non-significant differences across the groups
with respect to attitude towards chemistry, and perceived motivation and use of
learning strategies in chemistry. The only significant difference was detected
between the two groups with respect to students’ science process skill scores.
Students in experimental group scored higher than those in control group in science
process skill test. Therefore, students’ science process skill scores were assigned as a
covariate in the post-test and retention test analyses. For the treatment, experimental
group students were instructed by 5E leaming cyvcle model and control group
students were taught by traditionally designed chemistry instruction.

In the current study, instruction based on 5E learning cycle model was used
in the experimental group. The treatment mainly focused on students’
misconceptions and their prior knowledge. In the first phase (engagement), the
students were engaged in a learning task by asking a question, defining a problem, or
showing a discrepant event. The activities presented in this phase hold students
mentally and physically active by creating interest and generating curiosity. This
phase initiated the process of disequilibrium by activating students” prior knowledge.
In the second phase (exploration), concrete and hands-on activities were used to
make students explore objects, events, or situations. During the exploration activities,
students had a chance to establish relationships, observe patterns, identify variables,
and question events. Students worked together and the teacher acted as facilitator. In
the explanation phase, students were asked to make explanations based on the data
obtained from the engagement and exploration activities. Then, the teacher
introduced the scientific explanations of the phenomena involved in the learning
task. In the elaboration phase, students involved in additional activities, which extend

or clarify the concepts, processes, and skills. During this phase, students shared their
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understanding of the subject through their engagement in group discussions and
cooperative learning situations. In this phase, students had also an opportunity to
apply the newly acquired concepts in additional contexts, and problems. In the final
phase (evaluation), teacher evaluated the students through formal and informal
assessment techniques like questioning. Students received feedback on thewr
conceptual understandings, process skills and behaviors that they acquired during the
mstruction.

On the other hand, traditionally chemistry instruction was used in the control
group. The teacher generally used the whiteboard to explain the topics and solved
algorithmic problems. In addition, the teacher did not consider students existing
knowledge and misconceptions. Lecturing method was used generally during the
mnstruction. The students were passive and the teacher was active in the lectures. That
is to say, students listened to the teacher, and then took notes. There were limited
interactions between the students and the teacher. These aforementioned points might
be reasons for the effectiveness of instruction based on 5E learning cycle model on
students’ better understanding of the solubility equilibrium concepts. In summary,
instruction based on the 5E learning cycle model was more effective in learning
solubility equilibrium concepts than the traditionally designed instruction because it
pushed students to be more active and gained the students’ attention.

In the post-test analyses, the descriptive statistics revealed that post-SECT
mean scores of the students in the experimental group were higher than that of in the
control group. When the minimum and maximum values that can be obtained from
post-SECT (min = 0, max = 23) were considered, the mean score of students in the
experimental group was above the average (X = 15.19) but the mean score of
students in the control group was at around the average (X = 10.66). The mean
difference between the groups with respect to post-SECT was also tested statistically
by controlling the effect of students’ science process skill scores. Results showed that
students instructed by using 5E learning cycle model scored significantly higher than

those mnstructed by using traditional instruction on post-SECT. The proportion of the
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variance of student understanding in solubility equilibrium concepts explained by the
treatment was 27%. The size of the observed group difference in understanding of
solubility equilibrium conceptions was large according to Cohen’s (1992) criteria.
Two months later, the test measuring students’ understanding of solubility
equilibrium was re-administered to the students in both groups. It was found that
students in the experimental group (X = 14.96) outperformed those in the control
group (X = 9.18) significantly. The size of the mean difference in the retention test
was larger than that of in the post-test. That is, the proportion of the variance of
student understanding in solubility equilibrium explained by the treatment was 41%
in retention test, while it was 27% in post-test. The findings obtained from this study
are consistent with the findings of other national and international studies in terms of
supporting the idea that learning cycle model leads to greater conceptual
understanding (Ates, 2005; Ceylan & Geban, 2009; Demircioglu et al., 2004,
Musheno & Lawson, 1999; Saygin, 2009, Turgut & Gurbuz, 2011; Yilmaz et al..
2011). When the characteristics of the learning cycle model are considered, these
findings can be considered as expected outcomes, because students actively involved
in the learning process and they constructed their own knowledge in the learning
cycle class (Krajcik & Sutherland, 2010). At the beginning of the instruction of
solubility equilibrium concepts, a demonstration, which naturally stimulated students
to learn, was provided rather than direct information about the concepts intended to
be taught. Through demonstrations, students were engaged in experiences with the
concepts to be learnt. Immediately afterwards, students were involved in classroom
discussions in order to discover the concepts from the data. Discussion of concepts
under consideration in the classroom context facilitated students” understanding of
those concepts. Students became convinced that new conception accepted as
scientific was more meaningful to them. Finally, students were given opportunities,
including conceptual change texts to develop the understanding of the newly

discovered concept (Abraham & Renner, 1986; Renner et al., 1985). All of these
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activities facilitated construction of new concepts in a scientific way (Driver, 1988;
Fellows, 1994).

Students’ responses on each item of post-SECT were also examined in this
study. For each item, the proportion of students” correct responses and
misconceptions were examined. The proportions of students’ correct responses in the
experimental group were greater than that of in the control group on several items of
the post-SECT. Students in the experimental group held fewer misconceptions about
solubility equilibrium in most of the items, compared to those in control group.
Treatment had an effect on elimination of students’ misconceptions in solubility
equilibrium. The difference between classroom activities provided in experimental
and control group may cause the difference in students” acquisition of the scientific
conceptions. Teaching for conceptual change requires identification of prior learning,
resolution of the conflict between prior understandings and new information, and the
application of new concepts into new situations. These steps were embedded in the
implementation of 5E learning cycle model. In the experimental group, students’
prior conceptions were taken into account, and their misconceptions were activated
through discussions. Students were dissatisfied with their existing conceptions
through demonstrations, discussions, and conceptual change texts provided in
learning cycle classes. Then, scientific conceptions were negotiated in small group
and whole-class discussions. The important part of the learning cycle approach was
the social interaction because the scientific concepts were discussed through student -
student and student - teacher interaction. These discussions facilitated students’
understanding of solubility equilibrium concepts, and encouraged the involvement of
the students in the learning process. On the other hand, in the control group,
traditional approach was used in teaching solubility equilibrium. The teacher taught
the solubility equilibrium concepts directly without considering students’ existing
conceptions. According to Pintrich, Marx, & Boyle (1993), classroom activities that
are designed to be more open-ended and creating student-student and teacher-student

interactions facilitates the process of conceptual change, as in the learning cycle
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approach. A practical way of fostering conceptual change in science is to provide
students with opportunities to experience scientific phenomena through
demonstrations and to relate scientific conceptions with everyday life.

The current study also revealed that there were still some misconceptions held
by a considerable number of students even after instruction of solubility equilibrium.
However, students in experimental group held fewer misconceptions compared to
those in control group. This finding implied that it is not easy to remediate
misconceptions just by using traditional instructional methods (Pmarbasi et al.,
2006). Prior conceptions were not abandoned by the learner completely (Garnett et
al., 1995). In other words, the conceptions that are not scientific can be transformed
into desired conceptions only to some extent with the instruction because they are
very resistant to change (Bilgin & Geban, 2006; Driver & Easly, 1978; Pinarbasi et
al., 2006). Common misconceptions held by the students were, solubility of sparingly
soluble salts is affected by the change made in pressure and volume (Onder, 2006;
Cam, 2009), Ksp can change with the amount of solid or ions added at a given
temperature (Onder, 2006), and solubility of salts at equilibrium can always be
compared according to Ksp values (Cam, 2009). The other misconceptions detected
in this study were, there is no precipitation and dissolution at equilibrium (Onder,
2006), the concentrations of ions will remain constant although a common ion is
added at equlibrium (Onder, 2006). and compounds in solid form should be included
while writing Ksp equations.

Attitude is very influential affective variable in science learning (Oliver &
Simpson, 1988; Pintrich et al., 1993). It contributes to science achievement and
conceptual change significantly (Germann, 1988; Mitchell & Simpson, 1982; Salta &
Tzougraki, 2004). For this reason, the effect of the instruction based on 3E learning
cycle model on students’ attitudes towards chemistry was also investigated in this
study. Prior to the study, students had the mean attitude score of 49.66 in the
experimental and 48.16 in the control group. Since the maximum score and

minmimum score that can be obtained from the attitude scale are 75, and 15,

161



respectively; students” mean scores of attitudes towards chemistry were positive but
not high at the beginning of the study. After the treatment, students held more
positive attitudes towards chemistry in the experimental group (X = 52.30), but not in
the control group (}_{ = 46.50). However, the difference in the mean scores of attitude
towards chemistry was not statistically significant across the two groups. It can be
concluded that SE learning cycle model influenced students’ attitudes towards
chemistry in a positive way. This finding is supported by the studies conducted by
Altun Yalcin et al. (2010), Ergin et al. (2008). Nuhoglu and Yalcin (2006), and
Sasmaz Oren ¢t al. (2009). Students’ attitudes towards science can be improved by
using effective instruction, including inquiry-based activities (Kyle, Bonnstetter, &
Gadsden, 1988), and relevance of science to daily life. Science activities that are fun
and personally fulfilling have the potential of leading positive attitudes towards
science and conceptual understanding (Koballa & Glynn, 2004). However, contrary
to the current study, Gonen ¢t al. (2010), and Koseoglu, and Tumay (2010) could not
find any effect of learming cycle model on students” attitudes towards subject matter.
Moreover, this finding is also supported by classroom observations performed during
the treatment. Students in the experimental group were more eager to participate to
classroom discussions and activities compared to that of the control group. The
reason why more positive attitudes in the experimental group might be due to the fact
that the teachers gave importance to identification and elimination of students’
misconceptions.

In addition, the effect of gender on students” attitudes towards chemistry was
investigated. The results revealed that there was a significant mean difference
between male and female students with respect to their attitudes towards chemistry.
The results showed that females demonstrated more favorable attitudes towards
chemistry than males. The finding of the present study is compatible with the
assertions in the study by Ozyalcin Oskay et al. (2009) claiming that female students
had better attitudes towards chemistry than males. On the other hand, Ozden (2008)

demonstrated that males have more positive attitude towards chemistry compared to
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females, and Kan and Akbas (2006) found that there was no significant difference
between males and female on attitudes towards science Morcover, thig study also
showed that there was no significant interaction between gender and treatment on
students’ attitudes towards chemistry.

Motivation is another affective variable influencing student learning (Pintrich
& De Groot, 1990; Uredi & Uredi, 2005) and it can be developed using learning
cycle model (Marek & Cavallo, 1997). Post-test results indicated a significant
difference between the two groups with respect to intrinsic goal orientation, task
value, and self-efficacy for learning and performance, in favor of the experimental
group. However, the difference in the mean score of extrinsic goal orientation was
significant across the groups, in the favor of control group. The reason of this finding
can be implementation period for instruction based on 5E learning cycle model. The
period of the treatment was only seven weeks. Therefore, that instructional time
using this technique was not sufficient for the students to be aware of usefulness of
the task, to improve expectation for positive products with their efforts instead of
external factors, and to adapt in a new technique. Moreover, because the results of
the current study showed that students pursuing intrinsic goal orientation engage in
activities for challenge, curiosity, and mastery, rather than rewards and competition,
which are signs of extrinsic goal orientation; it can be concluded that instruction
based on 5E leamming cycle model has no effect on extrinsic goal orientation.
Furthermore, since the present study indicated that students in the experimental
group believed the importance of daily life examples and experiments conducted
during the treatment, it could be claimed that treatment has a positive effect on task
value. In addition, the reason of why a significant difference was found between the
experimental and the control groups with respect to self-efficacy for learning and
performance might be due to the fact that instructional activities provided in 5E
learning cycle class was a student - centered and new method. On the other hand, it
was found that there was no significant difference between both the groups with

respect to test anxiety. This reason of this result can be attributed to 3E leaming
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cycle model because it was new for students and students participated in many extra
activities compared to those in the control group. The finding indicating positive
effects of 5E learning cycle model on students’ intrinsic goal orientation and task
value was also supported by the study of Ceylan (2008). Consistent with the current
study and Cevlan’s (2008) study, Saygin (2009) demonstrated an improvement on
students’ perceptions of intrinsic goal orientation in the learning cycle class in her
study. Contrary to Ceylan’s (2008) study, students’ perceptions of extrinsic goal
orientation was found higher in the traditional group than the learning cycle group in
the current study. In addition, consistent with the findings of Saygin (2009), using
learning cycle model improved students’ perceptions of self-efficacy for learning and
performance in the current study while in Ceylan’s (2008) study there was not any
improvement on the perceptions of self-efficacy for learmning and performance.
Furthermore, consistent with the study of Ceylan (2008), differences in the mean
scores of control of learning beliefs and test anxiety were not significant across the
two groups. However, Saygin (2009) revealed that students in the learning cycle
class had higher levels of control of learning beliefs. Moreover, Yilmaz (2007) could
not detect any effect learning cycle model on improvement of students” perceived
motivation. Moreover, Sungur and Tekkaya (2006) investigated the influence of an
instructional approach based on constructivism (problem-based learning) on
students’ perceived motivation and found consistent results with this study. The
instruction based on constructivism significantly improved students’ perceived
intrinsic goal orientation and task value. In the current study, there was not any
significant difference between males and females with respect to perceived
motivation. The reason why no significant difference was found between those two
in the present study might be due to similar student background characteristics,
school climate, and experiences. However, Sungur (2004) revealed that males’
perceived extrinsic goal orientation and test anxiety were higher than that of females;
but females” perceived task value and self-efficacy for learning and performance

were higher than that of males.
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Self-regulation has also positive influence on student learning (Pintrich & De
Groot, 1990; Uredi & Uredi, 2005). Post-test results indicated a significant difference
between the two groups with respect to learning strategy variables (rehearsal,
elaboration, organization, critical thinking, metacognitive self-regulation, time and
study environment, and peer learning), in favor of the experimental group. One
reason why significant difference was found in this study might be due to the fact
that instruction based on 5E learning cycle model gave importance to students’
existing knowledge, and active participation. Another reason may be that it included
student — centered activities such as demonstrations, experiments, daily life examples
etc. Consistent with these findings, the influence of 5E learning cycle model was
found effective on students’ use of elaboration strategy in studies conducted by
Ceylan (2008) and Yilmaz (2007), organization strategy in the study of Ceylan
(2008), and metacognitive self-regulation strategy in the study of Saygin (2009). The
current study also demonstrated that the differences in the mean scores of effort
learning and help seeking were not significant across the two groups. This can be
explained by duration of instruction based on 5E learning cycle model, whichwas
only seven weeks. Therefore, that treatment time using this technique was not
enough for the students to control their effort and attention, and learn peer help
seeking. However, the influence of learning cycle model on students’ use of help
seeking strategy was positive in the study of Saygin (2009). Moreover, by using an
instructional approach based on constructivism (problem-based learning) rather than
learning cycle model, Sungur and Tekkaya (2006) supported the findings of current
study by finding that the instructional approach based on constructivism improved
students’ use of elaboration, critical thinking, metacognitive self-regulation and peer
learning strategies. However, inconsistent with the findings of the current study,
Sungur and Tekkaya (2006) demonstrated that instructional approach based on
constructivism was effective on development of effort regulation strategy. In
addition, a significant difference was detected between females and males with

respect to leaming strategy variables including help seeking and organization. This
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can be because of the fact that students had similar experiences, and school climate.
Inconsistent to this finding, Sungur (2004) detected a difference between females and
males with respect to elaboration and organization strategies.

Interviews were conducted with 12 students in both groups. The purpose of
interviews was to analyze students’ reasoning about solubility equilibrium concepts.
Six students from experimental group and six students from control group
participated in interviews voluntarily. The students were a mixture of high-, medium-
and low-achievers in both groups. The results indicated that students in the
experimental group held more scientific conceptions and fewer misconceptions in
solubility equilibrium unit compared to those in control groups. The interviews also
helped to clarify students® misconceptions detected in post-SECT in an in-depth
manner. It was found that the misconceptions observed i the interviews were
consistent with those detected because of the concept test. Students had a difficulty
in writing the dissolution equation with corresponding Ksp, drawing a graphic that
shows dissolution and precipitation rates, interpreting given graphs about the
concentration change of a salt (which is less soluble in water) and its ions, and
interpreting the factors affecting the solubility equilibrium. In addition, students in
the experimental group integrated their understanding of solubility equilibrium
concepts with daily life situations. However, students in the control group could not
connect their knowledge in solubility equilibrium with everyday life.

Using the semi-structured interview protocol, students were questioned about
the implementation of the 5E learning cycle model. Semi-structured interviews were
conducted with six students from the experimental group. The results indicated a
variety of data about ‘comparison of the instruction based on the 3E learning cycle
model and traditional instruction’, ‘changes in students’, and ‘general ideas’. All the
interviewed students enjoved the activities in SE learning cycle class and expressed
that they learnt the chemistry concepts. This finding is supported by the study of
Demircioglu et al. (2004). Students preferred to have chemistry classes designed in

5E learning cycle format in further chemistry classes. The students emphasized the
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value of daily life examples and experiments in their learning. The students felt them
more active in SE leaming cycle classes compared to their previous semester
chemistry classes.

In this study, although instruction based on 5E learning cycle model
improved students’ understanding of solubility equilibrium concepts, attitudes
towards chemistry, motivation, and use of learning strategies; some challenges were
observed during the implementation of this method. Students and teachers had to
cope with several problems. Bozdogan and Altuncekic (2007) pointed out the
problems when using the 5E teaching method as follows; it needs extra materials and
long time, teachers’ lack of knowledge about this method, and crowded classes.

To sum up, the present study showed that students had several
misconceptions and learning difficulties in solubility equilibrium. Misconceptions
held by the students impede their further leaming negatively. Therefore, instructions
must be designed considering identification and elimination students misconceptions
by teachers. Traditionally designed chemistry instruction does not seem to be
effective in developing conceptual understanding in solubility equilibrium. On the
other hand, using instruction based on 5E learning cycle model resulted in a better
acquisition of scientific concepts, remediation of students’ misconceptions, and
meaningful learning. Using this instruction also caused improved students’ attitudes
towards chemistry, perceived motivation, and perceived use of learning strategies.
Therefore, it is suggested that using 5E learning cycle model should be preferred to
using traditional instruction to help students to become more successful in learning

chemistry.

6.2 Internal Validity

If the differences observed on the dependent variable are directly related to

independent variables and not to any other unintended variables, the study has
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internal validity (Fraenkel & Wallen, 2009). Therefore, to control internal validity,
threats are important to consider. Subject characteristics, mortality, location,
mmstrumentation, testing, history, maturation, attitude of subjects, regression, and
implementation were defined as potential internal validity threats (Fraenkel &
Wallen, 2009).

Subject characteristic threat is the major threat to internal validity of a quasi-
experimental study. This threat may occur in current study since students were not
randomly assigned. To control this threat at the beginning of the study, students’
academic achievement, age, attitude, gender, socio-economic status, and science
process skills were examined and compared. Students’ previous achievement and
science process skills were used as covariate to minimize the prior differences.
Moreover, all the students were in 11 grades and 16-17 years old.

Mortality threat was defined as students who drop out of the study because of
illness, family relocation, or the requirements of other activities. Since both students
in the experimental and control group answered all of the items, mortality threat was
controlled in this study.

Location threat was controlled by using similar location, that is, all the
students took the instruction and tests in each class during regular school hours in the
classroom environment.

Instrument decay threat was controlled by using multiple-choice format
(SCT, SECT, and SPST) and Likert scale (ASCT, and MSIL.Q) since all items
includes different interpretation.

In order to control the threat of data collector characteristics in this study, the
same data collector was used. In addition, students were given the same time on tests
in all classes. To prevent data collector bias they were trained how to administer the
instrument and not judging in favor of instruction based on 5E learning cycle model

over traditional instruction.
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Testing threat was not a problem in this study because time between pre-test
and post-test was not short. That is, there was enough time (seven weeks) for
desensitization.

History threat is defined as unanticipated or unplanned events that affect the
response of students. In order to identify any extraordinary events that affect the
students, the researcher continually made observations and interviewed the teachers
and the students. No extraordinary or unplanned events occurred during the
instruction and administration of the test. Therefore, history threat was assumed to be
controlled.

Both groups experienced the seven-week treatment at the same time and both
groups were given the instruments during regular school hour in the same week. This
time was too short to provide significant physiological or psychological changes in
students. Thus, maturation threat was controlled.

Subject attitude is another internal validity threat. The students in the control
groups received traditional instruction although the students in experimental groups
received instruction based on 5E learning cycle model. In order to control this threat,
students in the experimental groups were told that they were experiencing regular
instruction and students in the control groups were said that there was no superiority
of instruction applied experimental classes.

In this study, there was no regression threat because students were not
selected by their achievement level. In order to control for this threat, students’
understanding of solution concepts, attitudes towards chemistry as a school subject,
motivation, learning strategies, and science process skills were controlled by the pre-
tests.

Another internal validity threat was implementation. Since there were two
teachers in this study, this threat may occur. However, both teachers had one
experimental and one control group to equate treatment groups. Moreover, teachers

were given training sessions before the study to help standardize the intended
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implementation of the treatments. In addition, the researcher observed all classrooms

during the treatments to determine whether treatments were applied as intended.

6.3 External Validity

Population Generalizability is called as the extent to which a sample of a
study exemplifies the population of interest (Frankel & Wallen, 2009). Convenience
sampling technique was used in this study due to lack of the random selection of the
subjects in Turkey. The target population was Ankara, and the accessible population
was Cankaya. There were 19 public high schools in Cankaya, and there were
approximately 2000 students at 11" grade level. For this study, the sample included
109 students in a high school, and the number of the participants corresponded to
5.5% of the accessible population. Since this proportion of the sample was low and
convenience sampling was used in the present study, it can be concluded that
population generalizability of this study was limited. However, this study can be
generalized to other high school students having the similar characteristics since
students’ ages ranged from 16 to 17, and they were coming from same middle-class
families. In order to develop the generalizability of this study, more researches can

be carried out with similar samples in similar settings.

6.4 Implications

In the light of the findings of the present study, the following suggestions are
offered:

1. 3E learning cycle instruction including student-centered activities should

use in the chemistry lesson rather than traditional instruction.
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Chemistry teachers should take into account students® possible
misconceptions in designing classroom activities for the elimination of

them.

The sources of the students” misconceptions should be considered. As
being one of the potential sources of students’ misconceptions, teachers
should be careful when explaining concepts in order not to give rise to

any misconceptions in students.

In order to make a connection between students’ existing knowledge and
new knowledge, instructions should include daily life examples, and

hands-on and minds-on activities.

Because of the spiral curriculum in the Turkish chemistry curriculum,
understanding of solubility equilibrium at 11" grade is related with the
previously acquired chemistry conceptions including dissolution,
stoichiometry, chemical equations, the particular nature of matter, ionic
compounds, chemical equilibrium characteristics, solubility, the common
ion effect, and Le Chatelier’s principle (Raviolo, 2001). Since students’
existing knowledge influences their further learning, the chemistry
teachers should be aware of students’ prior learning and they should cope
with these misconceptions by embedding it within the instruction based

on constructivism, like learning cvcle approach.

Chemistry teachers should develop learning cycle lesson plans in all
chemistry subjects. They should ensure that their students become active.
Activity books about chemistry topics should be written for chemistry
teachers so that chemistry teacher can use those books as a guide when
preparing learning cycle lesson plans.

Chemistry curriculum should include some activities for chemistry

teachers to be used in the lesson plans based on learning cycle.
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9.

10.

11.

Chemistry teachers should be trained about implementation of the
learning cycle, and designing activities.

Chemistry teachers should concentrate on the development of students’
affective characteristics, including attitudes towards chemistry, perceived

motivation to learn chemistry and perceived use of learning strategies.

Chemistry teachers should be more careful about classroom management
issue because some unexpected situations may arise during the
implementation of student-centered activities provided in the learning

cycle class.

6.5 Recommendations

Based on the results of this study, the following things can be suggested:

1.

Similar studies can be carried out with a larger sample size and in
different high schools for the generalization of the findings to a larger
population.

Future study could examine the effectiveness of instruction based on 5E
learning cycle model as compared to traditional instruction and gender on
high school students’ understanding in different chemistry topics, and

different grade levels.

Further study can include a whole semester chemistry units, which is a
long-term study.

Further research can be conducted in order to investigate the effects of
learning cycle approach on students’ critical thinking skills and

epistemological beliefs.
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Further studies in which learning cycle class sessions were video-recorded
could be conducted. Then, the videotapes can be used for the treatment

verification.

In further studies, discourse analyses of the classroom interaction in

learning cycle classes can be conducted.

Rather than the 5E learning cycle model, the effect of the 7E learning

cycle model on students’ outcomes can be further investigated.

Teachers’ ideas about implementation of learning cycle model in a

chemistry course can be further examined.
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APPENDIX A

STUDENT BACKGROUND QUESTIONNAIRE

1. Adiniz, Soyadiniz:
2. Smifimiz:

3. Cinsiyetiniz:

0 Kiz 0O Erkek
4. Yagimz:

5. Gegen Doneme Ait Kimya Kame Notunuz:

6. Annenizin Egitim Durumu:

O Ilkokul [ Ortackul [ Lise 0 Universite Y. Lisans [ Doktora
7. Babanizin Egitim Durumu :

O llkokul [OOrtaokul [OLise [OUniversite [OY. Lisans [ Doktora
8. Anneniz Caligiryor mu? :

[I1Evet [1Hayir

9. Babamiz Caligiyor mu? :

U Evet [ Havir

10. Kullandigimiz Okul Kitaplar1 Hari¢ Evinizdeki Kitap Sayisi:

[10-25 026-60 [161-100 [1101-200 [ 200°den fazla

11. Evinizde size ait ¢aligma masast var mi1?

U Evet [ Havir
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APPENDIX B

COZELTILER TESTI

Bu test siz 0grenci arkadaglarin Cozeltiler Konusundaki basarinizi 6lgmeyi ve
degerlendirmeyi amaglamaktadir. 20 tane ¢oktan segmeli sorudan olugmaktadir.
Asagidaki her bir soru i¢in size en uygun segenegi igaretleyiniz. Bagarilar.....

1. Bir katinin sudaki ¢oziintirliigii agagidaki etkenlerden hangisi ile degigir?
A. Cozeltivi kanigtirmak.

B. Katiy1 toz haline getirmek.

C. Su miktarini arttumak.

D. Sicakligim arttirmak.

E. Kat1 miktari arttirmak.

2. Bir bardak saf su igerisine az miktarda yemek tuzu (NaCl) atilivor ve karigtirihyor.
Yemek tuzuna suda ¢oziintince ne olur?

A. Yemek tuzu erir.

B. Yemek tuzu su igerisindeki bogluklara yerlesgir.

C. Yemek tuzu elementlerine ayrigir.

D. Su molekiilleri ile etkilesen yemek tuzu, iyonlarina ayrisir.

E. Yemek tuzu yeni bir maddeve dontisiir.
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3. Doymug tuz gézeltisme aymt sicak likta bir miktar tuz eklenirse,

L. Dergimi artar.

II. Cdérimen madde miktan degigmez

[IT. Buhar basinet azalir,

vargilarindan hangileri dogrudur?

A Yalnwel B YalmzI C Ivell D. Ivelll
Ellyelll TFIIIwvell
4. Agafidaki grafiklerden hangisi gozinirloglh sicaklikla azalan bir madde igin

gizilgbilir?
A B C
Cozintirliik Coziniirlulke Cozuntirliik
_/ \ ’
- //
// =2 R
- < 0=
Sicaklik Swcaklik Sicakhk
D E. F
Coziniirliik l;'ﬁzﬁniirlijk l.’,'ijz‘[iniirliik
- 7
\-\_ i g~ ,f/
g /‘/ !
_ - - -
Sicaklik Sicaklik Sicaklik

8. Bir lifre gézeltinin iginde ¢dzinmiy maddenin mol sayisina molar derigim denir.
Buna goére, 1 molar tuzlu su gézeltisinden alnan iki drnekten, birmin hacmi 200
mililitre digerininki ise 2 litredir, Bu iki gézelti igin agagidaki ifadelerden hangisi
sovlenebilir?

&, Mol sayilan ve molar derigimleri fark lidir,

B. Mol sayilant farkli, molar derigimlert aynidir,

. Mol sayilan ve vogunluklar: aymidir,

D. Yogunluklan farkly, molar dengimlert aynidir.

E. Mol sayilan ve molar derigimleri aymdir,
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6. Asafidakilerden hangisi, gekerli su gézeltisinin gok az bir kismnin anlik bir

gorlintiistinii temsil etmektedir?

- = Secker mrolekiilii 2 = Su molekmnldn
A B ) o=
i e <@ > < o
c = Tl = . [ By
- ‘ . T — e = -
3 = = - <o @
)i B E. h iR
l’ ] e R L
- - e o P
P - T =, = ST
b} = p ] — — — L] —
= & S S B S X
> = P e S 5 g > - > >

7. Her birinde 100 mulilitre su bulunan aga@idaki kaplarin her birme, belitilen
sicakliklarda esit muktarda seker konuyor, Buna gére bu kaplarm hangismde

gozimme en mzhdnr?

A B [ =
15%C de 10°C de e
. _ 15%C " de
=i 1o i <
oy selker kiip seker tore ok
ED E F-
15°C de 10°C de 10 C de

pudra seken

pudra seken

oz seker

8. Asagidaki madde giftlennin hangisinden gdzelti elde edilemez?

A, Su, Amonyak
B Su, Zeytinyagi

C. Sirke, Tuz
D. Sike, Limon suyu
. Bu, Alkaol
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9. Asagdaki iglemlerden hangisi,

+2 s
CaCl &9 C + 2C1 +
a 2k ) a (suda) (suda) 151

denklemindeki CaClz(k) sudaki ¢oziinirlagini arttirir?
A. Bir miktar daha su ilave etmek.
B. Sicakhigi diistirmek.
C. Cozeltivi kangtirmak.
D. Bir miktar daha CaCl,, ilave etmek.

E. CaCly, “vi toz haline getirmek.

10. Agagidakilerden hangisi ¢ozelti degildir?

A. Cegme Suyu
B. Sodali Su

C. Kolanya
D. Tuzlu Su
E. Etil Alkol

11. 4 gram NaOH 1n suda ¢ozuliip toplam hacmi 500 mililitre olan ¢ozeltisi vapilirsa
¢ozeltinin molar derigimi kag (mol/litre)’dir? ( NaOH: 40 gram)

-4
A 210 B. 0.02 C.0.20 D.2 E. 20

12. 0,5 molar 200 mililitre MgCl, ¢ozeltisinde kag gram MgCl, ¢oztinmiigtiir?
(Mg: 24 gram, Cl: 35.5 gram)
A. 237 B. 9.50 C.1.05 D. 0.24 E. 38
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13. Agagidaki 6reklerin hangisinde KOH miktari en fazladir?
(K: 39 gram, O: 16 gram, : 1 gram)

A. 100 gram kiitlece %10°luk KOH su ¢ozeltisi.

B. 100 mililitre, 2 molar KOH su ¢ézeltisi.

C. 0.2 mol KOH.

D. 12 gram KOII.

E. 2 litre 0.1 molar KOH su ¢ozeltisi.

14. Asagidakilerden hangisi seker su ¢ozeltisi i¢in dogrudur?

A. Sckerli su ¢ozeltisinin agirlhigi, gsekerin ve suyun ayr ayri agirliklar toplamindan
bityiiktiir.

B. Sekerli su ¢ozeltisinin hacmi, sekerin ve suyun ayri1 ayri hacimleri toplamidan
bityiiktiir,

C. Sekerli su ¢ozeltisinin agirlii, sekerin ve suyun ayri ayri agirliklar: toplamindan
kuigiiktiir.

D. Sekerli su ¢ozeltisinin hacmi, sekerin ve suyun ayn ayr hacimleri toplamindan
kuigiiktiir.

E. Yukanidakilerden higbiri.

15. Kutlece %2071k 100 gram X ¢ozeltisi, kiitlece %10°luk 300 gram X ¢ozeltisi,
100 gram X ve 100 gram su kangtirthyor. Karigimda kiitlece % kag¢ X bulunur?
A. 20 B. 25 C.27 D. 30 E. 33
16. %10’luk 150 gram tuz ¢ozeltisine %025°1ik yapmak igin,
1. Bir miktar su buharlagtirmak.
II. Bir miktar tuz ilave etmek.
III. Bir miktar su ilave etmek.

1glemlerinden hangisi uygulanabilir?

A YalmzI B. Yalmz II C.lvell D. Ivelll E. L IIvelll
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17. Kat1 bir maddenin ¢éziiniirligine,
L Cézieinin tira
I Kanghirmak
I S1caklik
IV, Basing
czellikleninden hangis etki eder?
& Twve D B, Ivelll Co I velY DI Ovelll E I, Ol ve IV

18. Igerisinde veterince kati bulunan sulu gézeltinin 1smtilmasina iliskin gizilen

goziinen miktar-derigim grafiklennden hangist dogrudur? (géziinme endotermiktin)

A B. L &4
Cozinen Coziinen Coziinen
muktar miktar miktar & [
o
//’ | /
_—'-'—"'-’
B .
Derigmm Drerisitm Drerisim
D E
Coziinen C'ozinen
muktar & muktar &
1
\\R—_
—_—
Drerisim Drensim

19. Katis1 ile dengedela dovmug bir gézeltive bir miktar ar1 su yavag vavag eklenirse,

gozelti hacmi 1le dengim defigimim gosteren grafik agagidakilerden hangis ol abilir?

g, B L
ITreTI51111 Derisimm IDerisem
.
o~
L g
.-‘_"!—\_\_ //'
- - -
dieeln hacamn Cibeelin hacam i hcelin hoacain
. =
Dierzgizes Thezipirri
-
l“'.
\
“__\""— —
. |
Cozc ity hacou CCozelty hacnm
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20. Asagidaki islemler sonucunda,
I. Doymamig tuz ¢ozeltisine sabit sicaklikta bir miktar tuz eklemek.
I1. Doymus tuz ¢ozeltisine sabit sicaklikta bir miktar tuz eklemek.
III. Doymusg tuz ¢dzeltisine sabit sicaklikta toz halinde bir miktar tuz eklemek.
tuz ¢ézeltilerinin derigimleri nasil degigir?
L Cozelti 1L Cozelti HLCozelti
A. Artar Degismez Artar
B. Artar Artar Degismez
C. Degismez Artar Artar

D. Degismez Degismez Artar
E. Artar Degismez Degigmez
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APPENDIX C

OBJECTIVES

Coztinmeyi tanimlar.

Cozunurluk kavramini agiklar,

Sivi-kati ¢ézeltilerinin olugumunu agiklar.

Sivi-sivi gozeltilerinin olugumunu agiklar.

S1vi-gaz ¢ozeltilerinin olugumunu agiklar.

Cozinme olayinda diizensizlik faktdriiniin etkisini agiklar.

Maksimum diizensizlik ve minimum enerjinin ¢éziinme olayinda etkisini agiklar,
Sulu ¢ozeltilerin ¢dziinenin yapisina gore smiflandirilmasim kavrar.

Elektrolit olmayan ¢ozeltileri bilir, agiklar.

. Elektrolit ¢ozeltileri bilir, agiklar.

. Kuvvetli ve zayif elektrolit ¢ozeltiler arasindaki farklart séyler.

. Suda az ¢6ziinen tuzlarin iyonlarindan olugumu gosterir.

. Suda az ¢oéziinen tuzlarmn iyonlar arasmda meydana gelen dengeyi yazar.

. Az ¢ozlinen tuzlarin iyonlar ile olugturduklar dengenin denge bagintisim yazar.
. Cozuniirlik sabitinin denge bagintisindan yazilmasi ile ilgili problemleri ¢ozer.

. Coziictintin tiriniin ¢oztntrlik dengesine etkisinin agiklar.

. Sicakhigin etkisinin ¢oztintrlik dengesine etkisinin agiklar.

. Ortak 1yon etkisinin ¢éztintirlitk dengesine etkisinin agiklar.

. Yabanci maddelerin etkisinin ¢oziiniirliik dengesine etkisinin agiklar.

Cokelme sartlarmin gergeklesip gergeklesmedigini anlayabilir.

Cokelme gergeklesen tepkimeler igeren sorular1 ¢ozebilir.
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22. Cozunurlik ¢arpimi yardimi ile ¢oziintirliik hesaplamasini yapar.

23. Segimli ¢oktirmevi agiklayip yazar.

24. Az ¢ozlnen birden fazla tuzun aym ¢ozelti igerisinde ¢dkmesi durumunda
vapilacak iglem sirasini anlatip vazar.

25. Segimli ¢goktiirme ile 1lgili problemleri ¢dzer.
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APPENDIX D

COZUNURLUK DENGESI TESTI

AD SOYAD: SINIF:

Bu test siz 6grenci arkadaglarin Coziiniirlitk Dengesi Konusundaki bagarinizi
olemeyi ve degerlendirmeyi amaglamaktadir. 23 tane ¢oktan segmeli sorudan
olugsmaktadir. Agagidaki her bir soru i¢in size en uygun secenegi isaretleyiniz.

Bagarilar.....

1. Ag,CO; suda ¢dziindiigiinde ¢ozeltide Ag” ve CO57 iyonlari bulunmaktadir
ve ¢bziniirligi “S” mol/I.°dir. Ag” ve CO;™ tyonlarmin derigimleri ile
¢oziintrlign (S) arasinda nasil bir iligki vardir?

S=[Ag'" +[COs7]
S=2[Ag’] +[COs7|

28 = [Ag], 8 = [COy7]
S=2[Ag"] = [CO57|
S=]Ag"] +[COs7]

=0 0wE

2. Katisiile dengede olan bir ¢dzelti igin agagidakilerden hangisi dogrudur?

A. Yalniz ¢okelme olur, ¢géziinme olmaz.

B. Dengeve ulaginca ¢okelme baglamagtir.

C. Cozelti dengeye geldikten sonra ¢dkme baglar.

D. Yalniz ¢éztinme olur, ¢okelme olmaz.

E. Coziinme hizinin ¢okelme hizina egit olmas1 durumudur.
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3. Agagida oda sicakligindaki ¢oziniirltik ¢arpimlar verilen maddelerden
25"C deki suda ¢oziniirligii en fazla olan hangisidir?

AgBr K.=3,6.10"
AgCO; K =4.10"
SrCO;  K.=16.10"
Cu(OH); K=3,2.107%
BaCO;  K.=8,1.107

=0 0wE

4. Al,S; denge durumunda az ¢oéziinen bir tuzdur. Bu bilesigin ¢oziintirlitk
carpimi (K¢) 1¢in agsagidakilerden hangisi dogrudur?

+3 2
AIZSB(k) < 2l (suda)+ 38 (suda)

+3 -2
A K= 2[Al 13[S ]
3 -2
B. K.~ [Al LIS |
[Al2S;]
33 2o
C. Ko=[Al P[S ]
+3 2 -2 3
D. K,=[Al 1A[S ]

=)

+3
E. K=JAl PIs 7
[AlLS;]
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Ag' S0,2

o
|

Ag sS04

Y ukaridaki sekilde belirli bir sicaklikta katisi ile dengede olan Ag,SOy ¢ozeltisi
vardir. Bu ¢6zeltiye aym sicaklikta bir miktar AgCl katis1 ekleniyor. Buna gore,
AgCl katis1 eklemek Ag,SO, lin ¢oziintrligi nasil etkiler?

A. AgaSO; in ¢oziintirligint azaltr,
AgaS0O, in ¢ozintrligint arttirir.
AgrS0O, in ¢dziuntrligint degigtirmez.

AgrS0, in ¢bzintrligiinde beklenmedik degigsmelere sebep olur.

=0 0w

AgaSO, in ¢ozintrligi hakkinda bir sey séyleyemeyiz.

6. 100ml 0,1M Br 1yonu igeren bir ¢ozeltiye AgNO; ¢ozeltisi ilave ediliyor.
AgBr’iin ¢dkmeye baglamasi igin gerekli minimum Ag’ iyon derigimi kag M
olur?

(AgBr igin K=5.4.10™7)

[AgT]=54.10"

[Ag']=5.4.10""

[Ag]=2.7.10"

[Ag]=2.7.10""

[Ag']=1.8.10"

SHECHNONN- =
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T

A
B
C.
D
E
9

SIECRN oI

Fe(OH)sq, ;) Fe+3(suda) + 30H (wday tepkimesi dengede iken; agsagidaki
islemlerden hangisi uygulanirsa Fe™ derigimi artar?

Ortama KOHg, eklemek.

Ortama Fe(OH);q, eklemek.

Ortama Fe(CO3)3q eklemek.

Ortama NaOH, eklemek.

Su eklemek.

Sabit sicaklikta doymug Ag,SO, ¢ézeltisine, bir miktar kat1 Ag,SO,

ekleniyor. Buna gore, AgaSOy4 lin ¢dziniirligi ve K¢ ’si hakkinda ne

sovleyebiliriz?
Ag,804lin ¢ozinlir] (igi K¢
Artar Artar
Artar Azalir
Artar Degigmez
Azalir Artar
Degigmez Degigmez

PbClag + 181 2 Pb+2(suda) + 2C1 (suda)

Doygun PbCl, ¢ozeltisinin sicaklhigt artirilirsa PbCl, katisinin,

L. Cozantrlugi

I Cozunurlik ¢arpimi

11 Kutlesi

niceliklerinin degisimi hangi se¢enekteki gibi olur? (Buharlagtigi diigtiniiliirse)
I 111

A. Artar Artar Azalir

B. Artar Degismez Azalir

C. Azalw Azalir Artar

D. Degismez Degismez Artar

E. Degismez Artar Degismez
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10. BaSO409 == Bauan + SO tcudn

25°C"de katist ile dengede olan BaSO, tuzu yukaridaki denklemdeki gibi
¢ozuntr. Sicaklik sabit tutularak BaSO4 ¢dzeltisinin hacmi 1ki katina
¢ikartildiginda bu ¢ozeltinin katisinin bir kisminin ¢éziinmedigi gézlemleniyor.

Son durumda Ba™* ve S04~ iyonlarmm derigimi icin asagidakilerden hangisi

sOylenebilir?

[Ba”] [8047]
A. Artar Artar
B. Artar Azalir
C. Azalir Degigmez
D. Degismez Degigmez
E. Azalir Azalir

11. 25°C’de doymug Ag,S ¢ozeltisine bir miktar PbS katisi ekleniyor. Denge
tekrar saglandigimda Ag’ ve S ¢dzeltisinin iyonlarinmn derigimleri ilk duruma

gore nasil degisir?

[AgT 871
A. Artar Artar
B. Azalir Degismez
C. Azalir Artar
D. Artar Azalir
E. Degismez Degismez
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12. Belirli bir sicakliktaki doymamig BaSO, ¢ozeltisine bir miktar X tuzu
ckleniyor. X tuzu Ba™ ve SO, iyonlari ile bilesik olugturmuyor.
BaSOup 2= Ba cuant S04 sudn)

Buna gore, agagidaki seceneklerden hangisi dogru olur?

A. Daha fazla BaSO, ¢oziiniir ve K.si artar.

Bir miktar BaSO, ¢okelir ve K¢'si azalur.

Daha fazla BaSO, ¢oziiniir ve K.’si azalir.

Bir miktar BaSO; ¢okelir ve K¢'si degismez.

= o 0w

Daha fazla BaSO, ¢oziiniir ve K.'s1 degismez.

13. Asagida t¢ katinin K. degerleri verildigine gore, ayni kogullardaki

¢ozuintrlikkleri arasindaki iligki agagidakilerden hangisidir?

Kati K¢

L. XY 1.10°%
L XY 4,107
1L XYy 3,2.10°%8
A 11> 100

B. 1> 11> 1

C. 1> I> 11

D. I>1I> 11

E. 1> I>11

14. 25°C’de katisiyla dengede olan Cas(PO,), sulu ¢dzeltisi vardir. Buna gore,
agagidakilerden hangisi dogrudur?

(Cas(POy), igin K= 1,3.107%)

Caﬂ(suda) ve PO4'3(Suda) tyonlarinin derigimi ¢dzeltinin derigimine egittir.
Cozeltide ¢dkme olmaz.

Cozeltide ¢oztinmemis Caz(POa4)yg vardir.

Cay(POy); %100 1yonlasir.

s g 0w e

Cozeltide Ca+2(5uda) ya da PO4'3(Suda) iyonlart yoktur.
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15. 25°C’ta 0,012 gram MgSO, ¢éziilerek 2 litre doygun ¢dzelti hazirlaniyor.
Buna gore, MgSOy tin 25°C ta K degeri kagtur? (Mg= 24, S= 32, O=16)

A) K~3,6.10"

B) K=15.10"

C) K~=1.10"

D) K= 14,4.107

E) K—2,5.10"

16. 4.10”° gram MgCO; ¢ozeltisi tizerine 25°C’de katis1 ile dengede bulunan 500
ml su eklenerck doygun olmayan MgCQO; gozeltisi hazirlaniyor. Buna gore,
L Mg
II. CO;7% iyonlariin mol sayist
III. K¢
IV. MgCOj; katisinin mol sayist

ifadelerinden hangisi(leri) hesaplanabilir? (Mg:24, C: 12, O:16)

A. Yalmz III

B. MMvelV
C. Ivell
D. LIIvelll

E. LIlvelV

17. Cozuniirlik ile K. nin buyiikliigi arasindaki iligki agagidaki segeneklerin
hangisinde dogru olarak belirtilmistir?

A. Ikisi arasinda iliski yoktur.

. K¢ kuguldikge ¢ozintirlik artar.

B
C. Cozunirlik her zaman K. nin karekokiidiir.
D. K buviidikge ¢oziiniirliik artar.

E

. K, biiytiditk¢e ¢oziiniirlitk azalir.
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18. 25°C’de BaSO,’iin sulu ¢dzeltisi katisiyla dengededir. Bu ¢dzelti igin

asagidakilerden hangisi soylenebilir?

A. BaSOy’tin ¢oziinme hiz1 ¢dkelme hizina esittir.

B. Cozelti dengeye ulagtiginda Ba+2(5uda) ve SO4'2(Suda) iyonlari olusumu

C. [BaSOyy] zamanla azalir.

gozlenmez.

D. Sistem dengedeyken [BaSQOyq] = [Ba+2(suda)] = [SO4'2(Suda)] olur.

E. Cozelti dengeye ulagmadan dnce BaSQyq katist olugumu gozlenmez.

19. 25°C’de katisiyla dengede olan AgyS( tin sulu gézeltisinin basmer 2 katina

A

B
C
D
il

cikartiliyor. Buna gére, Ag,S™iin ¢ozimurliigi, Ag ve s iyonlarinin derigimi

nasil degigir?

Ag,S’tn ¢oztntrligi
. Artar
Artar

. Azalir

. Degismez

Degismez

[Ag']
Artar
Azalir
Artar
Azalir

Degismez
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20. Fe(OH);y ==  Fe' i + 30H (wan)

Doygun Fe(OH); goézeltisine sabit sicaklikta bir miktar KOHg,) eklenerek

coziiliirse,
L Fe(OH); iin ¢oziintrlagi
IL Fe™ iyonlarinin molar derigimi

111 Cozinurlik garpim (K)

niceliklerinin degisimi hangi segenekteki gibi olur?

I I 11
A. Azalir Azalir Azalir
B. Azalir Azalir Degismez
C. Artar Degigmez Artar
D. Degismez Azalir Degismez
E. Azalir Artar Azalir

21. XY < X' + Y + 181
Cozunme denklemi yukarndaki gibi olan XY g, sulu ¢ozeltisi 30°C"de katisiyla
dengededir. Bu ¢ozeltinin sicakligi 25°C’a dugtiriilityor. Buna gore
asagidakilerden hangisi dogrudur?
A. K. artar.

[X"] ve [Y] azalir.

K, degismez.

K, azalir.

= o o'

Bir miktar XY katis1 goker.
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22, Cozintirlikk garpiminm (K) buyikligi ile ¢éziinme hizi arasmdaki iligki
asagidaki segeneklerin hangisinde belirtilmigtir?
A. Coztinme hiz1 daima K. nin iki katidar.

Bir iligki yoktur.

Yiiksek K, yiiksek ¢oziinme hizini ifade eder.

Diuigiik K., yiksek ¢oziinme mzim ifade eder.

= o 0w

Coziinme hizi daima K nin karekokudiir.

23.25°C’de AgCl sulu ¢ozeltisi katisi ile dengededir. Bu ¢dzeltinin hiz zaman

grafigi agagidakilerden hangisinde dogru olarak cizilmigtir?

Ihz

[ dziinme Hiz1

(Skelme Hizi

Zaman

Céziinme Hiz

Cokelme [Tizn

Zaman

Cozinme Hizi

E Cokelme Hizt

Zaman

E.

Hiz

(Coziinme Hiz

Ciikelme Hizt

Zaman
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APPENDIX E

ATTITUDE SCALE TOWARD CHEMISTRY

Aqklama: Agagida Kimya dersine yonelik tutumunuzu élgmeye yonelik ifadeler yer
almaktadir. Ciimleleri dikkatlice okuyarak size uygun olan tek bir yanit1 isaretleyiniz.

katilmiyorum
Katilmiyorum
Kararsizaim
Katiliyorum
Tamamen
Katiliyorum

Hig

. Kimya ¢ok sevdigim bir alandir.

. Kimya ile ilgili kitaplan okumaktan hoglanirim.

. Kimyamn giinliik yagamda ¢ok énemli yen yoktur.

. Kimya ile ilgili ders problemlerini ¢ézmekten hoslanirim.

. Kimya konulari ile ilgili daha gok sey §grenmek isterim.

Kimya dersine girerken sikinti duyarim.

. Kimya derslerine zevkle girerim.

||| ea W~

. Kimya derslerine ayrilan ders saatinin daha fazla olmasim isterim.

o

. Kimya dersini ¢ahgirken camim sikilir.

10.Kimya konularnim ilgilendiren giinlitk olaylar haklanda daha fazla bilgi
edinmek isterim.

11. Ditgiince sistermmizi gelistirmede Kimya 6grenimi énemlidir.

12. Kimya ¢evremizdeki dogal olaylarin daha iyi anlagilmasinda énemlidir.

13. Dersler iginde Kimya dersi sevimsiz gelir.

14. Kimya konulanyla ilgili tartismaya katitmak bana cazip gelmez.

15. Calisma zamammun énemli bir kisrmm Kimya dersine ayirmak isterim.
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APPENDIX F

SCIENCE PROCESS SKILL TEST

ACIKLAMA: Bu test, 6zellikle Fen ve Matematik derslerinizde ve ilerde
tniversite smavlarinda karsimza ¢ikabilecek karmagik gibi goriinen problemleri
analiz edebilme kabiliyetinizi ortaya ¢ikarabilmesi agisindan ¢ok faydalidir. Bu test
iginde, problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama,
iglemsel agiklamalar getirebilme, problemin ¢oziimii igin gerekli incelemelerin
tasarlanmasi, grafik ¢izme ve verileri yorumlayabilme kabiliyetlerini dlgebilen
sorular bulunmaktadir. Her soruyu okuduktan sonra kendinizce uygun segenegi
yalnizca cevap kagidina igaretleyiniz.

Bu testin orijinali James R. Okey, Kevin C. Wise ve Joseph C. Burns
tarafindan gelistirilmistir. Tiirkge've ¢evrisi ve uyarlamasi ise Prof. Dr. Ilker Ozkan,

Prof. Dr. Petek Agkar ve Dog. Dr. Omer Geban tarafindan yapilmigtir.

1. Bir basketbol antrenérti, oyuncularin giigsiiz olmasindan dolayr maglar
kaybettiklerini diigtinmektedir. Guglerini etkileyen faktorleri aragtirmaya karar verir.
Antrendr, oyuncularm giictinii etkileyip etkilemedigini 6lgmek i¢in asagidaki
degiskenlerden hangisini incelemelidir?

a. Her oyuncunun almig oldugu giinlikk vitamin miktarini.

b. Gunlik agirlik kaldirma galigmalarinin miktarina.

c. Giinliik antrenman stiresini.

d. Yukanidakilerin hepsini.
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2. Arabalarmn verimliligini inceleyen bir aragtirmana yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artirdig1 volundadir,
Ayni tip beg arabaya aymi miktarda benzin fakat farkli miktarlarda katki maddesi
konur. Arabalar benzinleri bitinceye kadar aym yol tizerinde giderler. Daha sonra her
arabamn aldigr mesafe kaydedilir. Bu ¢aligmada arabalarin verimliligi nasil élgiliir?

a. Arabalarin benzinleri bitinceve kadar gegen stire ile.

b. Her arabanin gittigi mesafe ile.

c. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktarn ile.
3. Bir araba tUreticisi daha ekonomik arabalar yapmak istemektedir. Aragtirmacilar
arabamn  litre bagina alabilecegi mesafeyi etkileyebilecek  degigkenleri
aragtirmaktadirlar. Agagidaki degiskenlerden hangisi arabanin litre bagina alabilecegi
mesafeyi etkileyebilir?

a. Arabanin agirlig.

b. Motorun hacmi

¢. Arabanin rengi

d.aveb
4. Ali Bey, evini 1sitmak igin komgularindan daha ¢ok para 6demesinin sebeplerini
merak etmektedir. Isinma giderlerini etkileyen faktorleri aragtirmak igin bir hipotez
kurar. Asagidakilerden hangisi bu arastirmada smmanmaya uygun bir hipotez
degildir?

a. Evin ¢evresindeki agag sayisi ne kadar az ise ismnma gideri o kadar fazladir.

b. Evde ne kadar ¢ok pencere ve kap1 varsa, 1sinma gideri de o kadar fazla olur:

c. Bayiik evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttikga ailenin daha ucuza 1simma yollar aramasi gerekir.
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5. Fen simfindan bir 6grenci sicakligin bakterilerin gelismesi fizenndeki etkilerim

arastirmaktadir. Yaptig1 deney sonucunda, 6grenci asagidaki verileri elde etmistir:

Deney odasinin sicakiigi (°C) l Bakteri kolonilerinin sayisi

0
2
6

12
8
1

Asagidaki grafikierden hangisi bu verileri dogru olarak géstermektedir?

a.
1

&
12

Kolonitenn 6

Says
2
o
© 5 10 15 25 sp 70
Sicaklrk(°C)
C.
70
60
50
40

Sicakhk{®°C)30
20|

10
ot __

0 3 6 9 12 15
Kolonilerin sayisi

b.
12
10
8
Kolonilerin 6
Sayist
4
2 L
0 10 20 30 40 50 &0 70
Srcaklik(°C)
d.
70
50
25
15
Srcakhik(°C)1
5
o]
—

0 3 6 9 12 15 18
Kolonilerin sayssi

6. Bir polis sefi, arabalann hizimn azaltilmas: ile ugrasmaktadir. Arabalanin hizim

etkileyebilecek bazi faktorler oldugunu diistinmektedir. Siiriiciilerin ne kadar hizh

araba kullandiklanim asagidaki hipotezlerin hangisiyle sinayabilir?
a. Daha geng stirticiilerin daha hizli araba kullanma olasihig: yiiksekfir.

b. Kaza yapan arabalar ne kadar biiyiikse, igindeki insanlarin yaralanma

olasilig1 o kadar azdir.

¢. Yollarda ne kadar ¢ok polis ekibi olursa, kaza sayisi o kadar az olur.

d. Arabalar eskidikge kaza yapma olasiliklar artar.
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7. Bir fen stmfinda, tekerlek ylizeyi genmigliginin tekerlegin daha kolay yuvarlanmasi
iizerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis yiizeyli tekerlekler takilir,
dnce bir rampadan (eik diizlem) asag1 birakilir ve daha sonra diiz bir zemin izerinde
gitmesi saglamir. Deney, aym arabaya daha dar vyilzeyli tekerlekler takilarak
tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandid nasil Sl¢iiliir?

a. Her deneyde arabanin gittigi toplam mesafe dlgiiliir.

b. Rampamn (egik diizlem) egim agis1 Sl¢iiliir.

¢. Her iki deneyde kullamlan tekerlek tiplerinin yiizey genislikleri &l¢iiliir.

d. Her iki deneyin sonunda arabamn agirliklar 6l ¢tiliir.

8. Bir ¢iftel daha ¢ok musir iiretebilmenin yollarim aramaktadir. Misirlarin miktarim
etkileyen faktérleri aragtirmayy tasarlar. Bu amagla asagidaki hipotezlerden hangisini
sinayabilir?

a. Tarlaya ne kadar ¢ok giibre atilirsa, o kadar ¢ok misir elde edilir.
b. Ne kadar ¢ok musir elde edilirse, kar o kadar fazla olur.

¢. Yagmur ne kadar ¢ok yagarsa, gitbrenin etkisi o kadar ¢ok olur.
d. Misir Giretimi arttikga, firetim maliyeti de artar.

9. Bir odanin tabandan itibaren degisik viizeylerdeki sicakliklarla ilgili bir ¢alisina
yapilmis ve elde edilen veriler asagidaki grafikte gostenlmistir. Degiskenler
arasindaki iliski nedir?

2B 1
26
Hava Sicakhgr 24
‘o)

22

20 .

50 100 150 200 250 300

Yilkseklik{cm)
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a. Yukseklik arttikca sicaklik azalir.

b. Yiikseklhlk arttikca sicaklik artar.

¢. Sicaklik arttikga yiikseklik azalir.

d. Yikseklik ile sicaklik artig1 arasinda bir iligki yoktur.
10. Ahmet, basketbol topunun igindeka hava arttikga, topun daha yiksege
sigrayacagim diistinmektedir. Bu hipotez1 aragtirmak 1¢in, birkag basketbol topu alir
ve iclerine farkli miktarda hava pompalar. Ahmet hipotezini nasil sinamalidir?

a. Toplan aym1 yiikseklikten fakat degisik hizlarla yere vurur.

b. I¢lerinde farkh miktarlarda hava olan toplari, aym yiikseklikten yere birakar.

c. Iglerinde aymi miktarlarda hava olan toplari, zeminle farkli agilardan yere

vurur.

d. Iglerinde aym miktarlarda hava olan toplar, farkli yitksekliklerden yere

birakir.

11. Bir tankerden benzin almak 1cin farkhi gemighkte 5 hortum kullanilmaktadir. Her
hortum 1cin aym pompa kullamilir. Yapilan galisjma sonunda elde edilen bulgular
asagidaki grafikte gosterilmigtir.

b

15 |

Dakikada 12
pompalanan
benzin miktan 8

(litre) .

3 —

5 10 15 20 25 30 3%
Hartumiarin gap! (mm)

Agagidakilerden hangisi degiskenler arasindaki ihgkiyi agiklamaktadir?
a. Hortumun gap1 genigledikge dakikada pompalanan benzin miktar: da artar.
b. Dakikada pompalanan benzin miktan arttik¢a, daha fazla zaman gerekar.
¢. Hortumun gap1 kiigildiikge dakikada pompalanan benzin miktan da artar.

d. Pompalanan benzin miktan azaldik¢a, hortumun gap1 genisler.
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Once asagidaki aciklamay1 okuyunuz ve daha sonra 12, 13, 14 ve 15 inci sorulan
aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.
Agiklama: Bir arastirmada, bagimh degisken birtakim faktorlere bagimh olarak
geligim gosteren degiskendir. Bagimsiz degiskenler ise bagimli degigkene etki eden
faktorlerdir. Ornegin, arastirmann amaecma gore kimya basarist bagimli bir
degisken olarak alinabilir ve ona etki edebilecek faktor veya faktorler de bagimsiz
degiskenler olurlar.
Ayse, glnesin karalan ve denizleri aym derecede 1sitip i1sitmadigini merak
etmektedir. Bir aragtirma yapmaya karar verir ve ayni blyiklikte iki kova alir.
Bunlardan birini toprakla, digerini de su ile doldurur ve aymi miktarda glines 1s1s1
alacak gekilde bir yere kovar. 8.00 - 18.00 saatleri arasinda, her saat basi
sicakliklarini dlger.
12. Aragtirmada agagidaki hipotezlerden hangisi sinanmigtir?

a. Toprak ve su ne kadar ¢ok giineg 15181 alirlarsa, o kadar 1sinirlar.

b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.

c. Glineg farklh maddeleri farkli derecelerde 1sitir.

d. Giiniin farkh saatlerinde giinesin 1s1s1 da farkl olur.

13. Aragtirmada agagidaki degigskenlerden hangisi kontrol edilmigtir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
¢. Kovalara koyulan maddenin tirt.

d. Her bir kovanin giines altinda kalma stiresi.

14. Aragtirmada bagimli degisken hangisidir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
c. Kovalara koyulan maddenin tart.

d. Her bir kovanin glines altinda kalma stiresi.
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13. Aragtirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi
b. Toprak ve suyun sicaklig1.
¢. Kovalara koyulan maddenin tarti.

d. Her bir kovanin glines altinda kalma stiresi.

16. Can, yedi ayn bah¢edeki ¢imenleri bigmektedir. Cim bigme makinasiyla her
hafta bir bahcedeki ¢imenleri biger. Cimenlerin boyu bahgelere gore farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenlerin boylan ile ilgili hipotezler kurmaya
baglar. Agagidakilerden hangisi sinanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giibrenin miktari dnemlidir.

¢. Daha ¢ok sulanan bahgedeki ¢imenler daha uzun olur.

d. Bahge ne kadar engebeliyse ¢imenleri kesmekte o kadar zor olur.

17, 18, 19 ve 20 inci sorulam asag@da verilen paragrafi okuyarak cevaplayimz.
Murat, suyun sicakhigimin, su i¢inde c¢oziinebilecek seker miktarimi etkileyip
etkilemedigini aragtirmak ister. Birbirinin aymi dort bardagin her birine 50 ger
mililitre su kovar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve
95 °C sicaklikta su koyar. Daha sonra her bir bardaga ¢oziinebilecegi kadar geker
koyar ve kanigtirir.
17. Bu aragtirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda karistirilirsa o kadar gok ¢dziintir,

b. Ne kadar ¢ok geker ¢oztnlirse, su o kadar tath olur.

c. Sicaklik ne kadar yitksek olursa ¢éziinen gekerin miktar o kadar fazla olur.

d. Kullanilan suyun miktar arttik¢a sicakligi da artar.
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18. Bu aragtirmada kontrol edilebilen degisken hangisidir?
a. Her bardakta ¢oziinen gseker miktar.
b. Her bardaga konulan su miktar.
¢. Bardaklarm sayist.
d. Suyun sicakligi.
19. Aragtirmanin bagimli degigkeni hangisidir?
a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktar.
c. Bardaklarm sayisi.
d. Suyun sicakligi.
20. Aragtirmadaki bagimsiz degigsken hangisidir?
a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktar.
c. Bardaklarm sayisi.
d. Suyun sicakligi.
21. Bir bahgivan domates tiretimini artirmak istemektedir. Degigik birkag alana
domates tohumu eker. Hipotezi, tohumlar ne kadar ¢ok sulanirsa, o kadar ¢abuk
filizlenecegidir. Bu hipotezi nasil sinar?
a. Farkli miktarlarda sulanan tohumlarin ka¢ giinde filizlenecegine bakar.
b. Her sulamadan bir giin sonra domates bitkisinin boyunu &lger.
c. Farkli alanlardaki bitkilere verilen su miktarmi dlger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bahgivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi "Kling" adh tozun en 1yi bocek ilaci oldugunu séyler. Tarim
uzmanlart ise "Acar" adli spreyin daha etkili oldugunu sévlemektedir. Bahgivan alti
tane kabak bitkisi seger. Ug tanesini tozla, iig tanesini de spreyle ilaglar. Bir hafta
sonra her bitkinin {izerinde kalan canli bitleni sayar. Bu ¢alismada bocek ilaglarmm

etkinligi nasil olguliir?
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a. Kullanilan toz ya da sprevin miktar1 dlgiilir.

b. Toz va da spreyle ilaglandiktan sonra bitkilerin durumlari tespit edilir.
c¢. Her fidede olugan kabagin agirhi ol¢iliir.

d. Bitkilerin tizerinde kalan bitler sayilir.

23. Ebru, bir alevin belli bir zaman siiresi i¢cinde meydana getirecegi 181 enerjisi
miktarin1 6lgmek ister. Bir kabin igine bir litre soguk su koyar ve 10 dakika stireyle
isitir. Ebru, alevin mevdana getirdigi 1s1 enerjisini nasil élger?

a. 10 dakika sonra suyun sicaklifinda meydana gelen degismeyi kaydeder.
b. 10 dakika sonra suyun hacminde meydana gelen degigmeyi Slger.

¢. 10 dakika sonra alevin sicakliginmi &lger.

d. Bir litre suyun kaynamasi ig¢in gegen zamani olger.

24. Ahmet, buz parcaciklarmm erime siiresini etkileyen faktorleri merak etmektedir.
Buz pargalarmin buvikligt, odanin sicaklipn ve buz pargalarinin gekli gibi
faktorlerin erime stresini etkilevebilecegini  digtinGr. Daha sonra su hipotezi
sinamaya karar verir: Buz pargalarinin sekli erime stiresini etkiler. Ahmet bu hipotezi
sinamak icin agagidaki deney tasarimlarinin hangisini uygulamalidir?
a. Her biri farkli gekil ve agirlikta beg buz pargasi alimir, Bunlar ayni sicaklikta
benzer beg kabin igine ayri ayri konur ve erime siireleri izlenir.
b. Her biri aynmi sekilde fakat farkl agirlikta bes buz parcast alinir. Bunlar aym
sicaklikta benzer beg kabin igine ayri ayr konur ve erime stireleri izlenir.
¢. Her biri aymi agirlikta fakat farkli gekillerde beg buz pargast alimir. Bunlar
ayni sicaklikta benzer bes kabin igine ayri ayri konur ve erime siireleri
izlenir.
d. Her biri aym agirhikta fakat farkli sekillerde bes buz parcast alimir. Bunlar
farkli sicaklikta benzer bes kabin igine ayr1 ayri konur ve erime siireleri

izlenir.

233



25. Bir aragtirmaci yeni bir gibreyi denemektedir. Caligmalarim aym buytklikte bes
tarlada yapar. Her tarlaya yeni gubresinden degisik miktarlarda karigtirir. Bir ay

sonra her tarlada vetigen ¢imenin ortalama boyunu élger. Ol¢tim sonuglari agagidaki

tabloda verilmistir.
Gapre miktar) l Cirmenlerin otalama boyu

{kg) (em)

10 4

30 10

50 12

80 14
10D 1z

Tablodaki verilerin grafigi asagdakilarden hangisidir?

. B

Gobre

imenlerin mitklan

oftalama
boyu

Gubre miktan Cimenenn oitalarmd Boyu

Crmenkenn Subre rmiktart

artalama
bayu

Gibre miktan Cimenterin orlala—s boyu

26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse o
kadar hizli buaytirler. Bivolog farelerin blytme hizini nasil élcebilir?

a. Farelerin hizini 6lger.

b. Farelerin, giinltik uyumadan durabildikleri streyi dlger.

¢. Her gun fareleri tartar.

d. Her gin farelerin yiyecegi vitaminleri tartar.
27. Ogrenciler, sekerin suda ¢oziinme siresini etkileyebilecek degiskenleri
dugtinmektedirler. Suyun sicakligim, sekerin ve suyun miktarlarini degigken olarak
saptarlar. Oprenciler, sckerin suda ¢ozinme stresini asagidaki hipotezlerden
hangisiyle sinayabilir?

a. Daha fazla gekeri ¢6zmek i¢in daha fazla su gereklidir.

b. Su sogudukea, sekeri ¢ozebilmek i¢in daha fazla karistirmak gerekir.
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¢. Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.
d. Su sindikga seker daha uzun siirede ¢oziiniir.
28. Bir aragtirma grubu, degisik hacimli motorlar1 olan arabalarin randimanlarini

olger. Elde edilen sonuglarin grafigi agagidaki gibidir:

30
Litre bagina
alinan mesafe 25
(km)
20
15
10
1 2 3 4 5
Motor hacmi

(lire)

Asagidakilerden hangisi degiskenler arasindaki ihiskiyi gosterir?
a. Motor ne kadar bityiikse, bir litre benzinle gidilen mesafe de o kadar uzun
olur.
b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar
kiigiik demektir.
¢. Motor kiigtildiikge, arabanm bir litre benzinle gittigi mesafe artar.
d. Bir litre benzinle gidilen mesafe ne kadar uzun olursa, arabanin motoru o

kadar biiyiik demektir.

29, 30, 31 ve 32 inci sorular1 asagida verilen paragrafi okuyarak cevaplayinz.

Topraga kangtinlan vapraklannn domates tUretimine etkisi aragtirilmaktadir.
Aragtirmada dort biiyiikk saksiya aym miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki toraga 15 kg., ikinciye 10 kg., tigiinciiye 1se 5 kg. giiriimiiy yaprak
karigtinlnigtir.  Dérdiincii saksidaki  topraga  1se  hig  giirimily  yaprak
karistinlmamigtir. Daha sonra bu saksilara domates ekilmigtir. Biitin saksilar giinese

konmusg ve ayni miktarda sulanmigtir. Her saksidan elde edilen domates tartilmig ve

kaydedilmigtir.
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29. Bu aragtirmada sinanan hipotez hangisidir?
a. Bitkiler giinesten ne kadar ¢ok 151k alirlarsa, o kadar fazla domates verirler.
b. Saksilar ne kadar btiyiik olursa, karigtirilan yaprak miktar1 o kadar fazla olur.
c. Saksilar ne kadar ¢ok sulanirsa, iclerindeki yapraklar o kadar ¢cabuk ¢tirtr.

d. Topraga ne kadar ¢ok ¢lirtik vaprak karistirilirsa, o kadar fazla domates elde

edilir.

30. Bu aragtirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktar
b. Saksilara karigtirilan vaprak miktari.
¢. Saksilardaki toprak miktari.

d. Curtimiis yaprak karigtirilan saksi sayisi.

31. Aragtirmadaki bagimli degisken hangisidir?
a. Her saksidan elde edilen domates miktart
b. Saksilara karigtirilan yaprak miktar.
¢. Saksilardaki toprak miktari.
d. Curimiig yaprak karigtirilan saksi sayisi.

32. Aragtirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktar
b. Saksilara karistirilan vaprak miktari.
c. Saksilardaki toprak miktari.

d. Curtimiis yaprak karnigtirilan saksi1 sayisi
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33. Bir 6grenci miknatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli boylarda
ve sekillerde birkag miknatis alir ve her miknatisin ¢ektigi demir tozlarin tartar. Bu
calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin blytkligi ile.

b. Demir tozlarm ¢eken miknatisin agirligi ile.

¢. Kullanilan miknatisin gekli ile.

d. Cekilen demir tozlarin agirligi ile.

34. Bir hedefe gesitli mesafelerdeki 25 er atig yapilir. Her mesafeden yapilan 25
atistan hedefe isabet edenler asagidaki tabloda gdsterilmistir.

Mesala{m}) | Hedefe vuran atig sayist
5 2%
i35 10
25 10
50 s
100 2

Asgadidaki grafiklerden hangisi verilen bu verilert en 1yi gekilde yansitir?

a. b.
1
25
Hedefi bulsn HeJafz olgn &
BH5 saym X uzakik (m}
1
15
1
5
5
20 a0 60 au 100 2 8 10 15 35
Hedefe ofan waekink Hedeh bulen
{m BUI5 BEYIS|
c. d.
100 25
Hedefi bulan
Hedefo olan B0 Blig sayist 20
uzaklik {m)
B0 15
<
40 0
2 5
s 10 16 20 25 20 40 6o &0 10D
redefi bulan Hedefe olar vtaklk
A5 sAYIS. (m)
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33. Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun olduklarim
gozler. Baliklarin hareketliligini  etkileyen faktérleri merak eder. Baliklarin
hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢ok yem verilirse, o kadar ¢ok yeme ihtiyaglar vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar: vardir.

¢. Suda ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok 1g1k alirsa, baliklar o kadar hareketli olur.

36. Murat Bey' in evinde birgok elektrikli alet vardir. Fazla gelen elektrik faturalari
dikkatini ¢eker. Kullanilan elektrik miktarim etkileyen faktorleri arastirmaya karar
verir. Asafidaki degigkenlerden hangisi kullanilan Elektrik enerjisi miktarim
etkileyebilir?

a. TV nin acik kaldig: stire.

b. Elektrik sayacinin yeri.

¢. Camagir makinesinin kullanma sikligi.

d. avec.
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APPENDIX G

OGRENMEDE GUDUSEL STRATEJILER ANKETI

Bu anket iki kisimdan olugmaktadir. Tlk kisimda Kimya dersine kars: tutumunuzu, motivasyonunuzu,
ikinci kisimda ise Kimya dersinde kullandigimiz é@renme  stratejileri ve ¢alisma becerilerini
belirlemeye yonelik ifadeler yer almaktadir. Cevap verirken agagida verilen 6lgegi goz dntne aliniz.
Eger ifadenin sizi tam olarak yansithigim diisiiniivorsamz, 7’ vi yuvarlak icine almz. Eger
ifadenin sizi hi¢ yansitmadigmm diisiiniivorsamz, 1’ yi yuvarlak icine alimz. Bu iki durum
disinda ise 1 ve 7 arasinda sizi en ivi tammladiZim diisiindiigiiniiz numaray1 yuvarlak icine
almuz.

Unutmayimn Dogru va da Yanhs cevap yoktur vapmamz gereken sizi en 1yi tanimlayacak numarayi
yuvarlak i¢ine almamzdir.

=234 eu5-6--7
beni hi¢ yansitmiyor yansitiyor

A. Motivasyon
1o 2o 3o o § e 6= 7

beni hig yansitmiyor yansitryor
1. Kimya dersinde veni bilgiler 6grenebilmek i¢in, buytik bir ¢aba
gerektiren sinif caligmalarin tercih ederim. OO@OOOO
2. Eger uygun sekilde calisirsam, kimya dersindeki konulari OO@OOO@

ogrenebilirim.

3. Kimya sinavlan sirasinda, diger arkadaglarnima gére sorulari ne kadar
ivi yamtlayip yanitlayamadigimi digtintirim. OOO@O@O

4. Kimya dersinde ¢grendiklerimi bagka derslerde de kullanabilecegimi

5. Kimya dersinden ¢ok iyi bir not alacagimi diigtiniiyorum. OO0

6. Kimya dersi ile ilgihi okumalarda yer alan en zor konuyu bile OO@O@@@

anlayabilecegimden eminmim.

7. Benim igin su an kimya dersi ile ilgili en tatmin edici sey iyi bir not OOO@OOO

getirmektir.

8. Kimya sinavlan sirasinda bir soru Gzerinde ugragirken, aklim sinavin OO@@Q@@

diger kisimlarinda yer alan cevaplayamadigim sorularda olur.

9. Kimya dersindeki konular égrenemezsem bu benim hatamdir. OO@O@OO

10.Kimya dersindeki konulari dgrenmek benim igin énemlidir, OOO@O@O
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11. Genel not ortalamam yiikseltmek su an benim igin en tnemli
sevdir, bu nedenle kimya dersindeki temel amacim iyi bir not
getirmektir.

OOOCO00O

12. Kimya dersinde 6gretilen temel kavramlar1 6grenebilecegimden
emimim.

OOCOO00

13. Eger bagarabilirsem, kimya dersinde siniftaki pek ¢ok 6grenciden
daha iyi bir not getirmek isterim.

OO0

14. Kimya smavlari sirasinda bu dersten bagarisiz olmanin sonuglarini
aklimdan gegiririm.

OO0

15. Kimya dersinde, 6gretmenin anlattigl en karmagik konuyu
anlayabilecegimden eminim.

OO0

16. Kimya derslerinde ¢grenmesi zor olsa bile, bende merak uyandiran
siuf caligmalarim tercih ederim.

OOCOO00

17. Kimya dersinin kapsaminda yer alan konular ¢ok ilgimi ¢ekiyor.

000000

18. Yeterince siki ¢alisirsam kimya dersinde basarili olurum.

QOO0

19. Kimya sinavlarinda kendimi mutsuz ve huzursuz hissederim.

OO0

20. Kimya dersinde verilen sinav ve ddevler en 1y1 sekilde
yapabilecegimden emimim.

OO0

21. Kimya dersinde ¢ok basarili olacagimi umuyorum.

QOO0

22. Kimya dersinde beni en ¢ok tatmin eden sey, konulart mimkiin
oldugunca ivi ogrenmeyve caligmaltir.

COCOO0O0

23. Kimya dersinde 6grendiklerimin benim i¢in faydal oldugunu
distiniiyorum.

00 0000C

24 Kimya dersinde, ivi bir not getirecegimden emin olmasam bile
agrenmeme olanak saglayacak ddevleri segerim.

OOOOOC0O

25. Kimya dersinde bir konuyu anlayamazsam bu yeterince siki
¢alismadigum icindir.

GO0

26. Kimya dersindeki konulardan hoglaniyorum.

OOOOOCO

27. Kimya dersindeki konulart anlamak benim i¢in onemlidir.

OOCOO0O0O

28. Kimya sinavlarinda kalbimin hizla attigim hissederim.

QOO0

29, Kimya dersinde ¢gretilen beceriler1 iyice 6grenebilecegimden
eminim,

QOO0

30. Kimya dersinde bagarili olmak istiyorum ¢tnki yetenegimi aileme,
arkadaglanma gostermek bemim igin dnemlidir.

QOO0

31. Dersin zorlugu, 6gretmen ve benim becerilerim gz éniine
alindiginda, kimya dersinde bagarili olacagimi digtiniyorum.

QOO0
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B. Ogrenme Stratejileri
123 b5 67

beni hi¢ yansitmiyor vyansitiyor

32. Kimya dersi ile ilgili bir sevler okurken, diigiincelerimi organize
etmek i¢in konularin ana bagliklarim ¢ikaririm.

OO0

33. Kimya dersi sirasinda bagka seyler diigindigim igin énemli
kisimlari siklikla kagiririm.

OOOOOQ0

34. Kimya dersine ¢aligirken cogu kez arkadaglarima konulan
aciklamaya caligirim.

OO0

35. Genelde, 6devlerime rahat konsantre olabilecegim bir verde
calisirim.

OOOOQC0

36. Kimya dersi ile ilgili bir sevler okurken, okuduklarima
odaklanabilmek i¢in sorular olugtururum.

QOO0

37. Kimya dersine ¢alisirken kendimi ¢ogu zaman o kadar isteksiz ya da

o0 kadar sikilmis hissederim ki, planladiklarimi tamamlamadan
calismaktan vazgegerim.

OO0

38. Kimya dersiyle ilgili duyduklarimi va da okuduklarimi ne kadar
gercekei olduklarina karar vermek igin siklikla sorgularim.

OO0

39 Kimya dersine ¢aligirken, 6nemli bilgileri icimden defalarca tekrar
ederim.

QOO0

40. Kimya dersinde bir konuyu anlamakta zorluk ¢eksem bile hig
kimseden yardim almaksizin kendi kendime ¢aligirim.

QOO0

41. Kimya dersi ile ilgili bir seyler okurken bir konuda kafam karigirsa,
basa doner ve anlamak i¢in ¢aba gosteririm.

OO0

42. Kimya dersine ¢aligirken, daha 6nce okuduklarimi ve aldigim
notlar1 gézden gegirir ve en dnemli noktalar1 belirlemeye calisirim.

QOG0

43. Kimya dersine ¢aligmak icin ayirdigim zamani iyl
degerlendirebiliyorum.

QOOOC0

44 Eger Kimya dersi ile ilgili okumam gereken konular: anlamakta
zorlamyorsam, okuma stratejimi degistiririm.

QOO0

45 Kimya dersinde verilen 6devleri tamamlamak igin siniftaki diger
dgrencilerle ¢alisinim.

QOO0

46. Kimya dersine ¢aligirken, dersle ilgili okumalari ve ders sirasinda
aldigim notlar1 defalarca okurum

QOO0

47 Ders sirasinda veya ders igin okudugum bir kaynakta bir teori,
yorum ya da sonug ifade edilmis ise, bunlar destekleyen bir bulgunun
var olup olmadigini sorgulamaya calisirim.

QOO0

48. Kimya dersinde yaptiklarimizdan heslanmasam bile bagarili
olabilmek i¢in sik1 ¢aliginm.

QOO0

49, Dersle 1lgili konulart organize etmek i¢in basit gratik, sema ya da
tablolar hazirlarim.

QOO0
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50. Kimya dersine ¢aligirken konulari siniftaki arkadaglarimla tartigmak
i¢in siklikla zaman ayiririm,

QOO0

51 Kimya dersinde islenen konulari bir baglangi¢ noktasi olarak goriir
ve ilgili konular tizerinde kendi fikirlerimi olusturmaya caligirim.

QOO0

52. Calisma planina bagh kalmak benim igin zordur.

OOOCOO0O

53. Kimya dersine ¢alisirken, dersten, okuduklarimdan, smifici
tartigmalardan ve diger kaynaklardan edindigim bilgileri bir araya
getiririm.

QOO0

54. Yeni bir konuyu detayli bir sekilde ¢alismaya baslamadan énce
¢ogu kez konunun nasil organize edildigini anlamak i¢in ilk olarak
konuyu hizlica gozden gegiririm.

QOG0

55. Kimya dersinde iglenen konular1 anladigimdan emin olabilmek icin
kendi kendime sorular sorarim,

000000

56. Cahsma tarzimi, dersin gereklilikleri ve gretmenin ogretme stiline
uygun olacak tarzda degistirmeye ¢aligirim.

QOO0

57. Genelde derse gelmeden once konuyla ilgili bir seyler okurum fakat
okuduklarimi ¢ogunlukla anlamam.

QOO0

58. Iyi anlamadigim bir konuyu égretmenimden agiklamasini isterim.

QOO0

59. Kimya dersindeki énemli kavramlart hatirlamak igin anahtar
kelimeleri ezberlerim.

OO0

60. Eger bir konu zorsa ya ¢aligmaktan vazgegerim ya da yalmzea kolay
kisimlarim ¢aliginm.

OCCOO00

61, Kimya dersine ¢aligirken, konular sadece okuyup gegmek yerine ne
agrenmem gerektigl konusunda distinmeye ¢aligirim.,

OOCCO00

62. Mumkin oldugunca Kimya dersinde ¢grendiklerimle diger
derslerde ogrendiklerim arasinda baglanti kurmaya ¢ahiginm.

OO0

63. Kimya dersine ¢aligirken notlarimi gézden gegirir ve énemli
kavramlarin bir listesini ¢ikanrim.

OO0

64. Kimya dersi i¢in bir geyler okurken, o anda okuduklanmla daha
onceki bilgilerim arasinda baglanti kurmaya galigirim.

OCOOO00

65, Ders ¢alismak 1¢m devamli kullandigim bir yer (oda vs.) vardir

QOO0

66. Kimya dersinde ¢grendiklerimle ilgili ortaya ¢ikan fikirlerimi
strekli olarak gozden gecirmeye caliginm.

QOO0

67. Kimya dersine ¢aligirken, dersle ilgili okuduklarimi ve derste
aldigim notlan inceleyerek 6nemli noktalarin 6zetini ¢ikaririm.

QOO0

68. Kimya dersinde bir konuyu anlayamazsam sinuftaki bagka bir
ogrenciden vardim isterim.

QOO0

69. Kimya dersiyle ilgili konulari, ders sirasinda égrendiklerim ve
okuduklarim arasmda baglantilar kurarak anlamaya ¢aligirim.

QOO0

70. Kimya derslerinde verilen ddevleri ve derse ilgili okumalar1
zamaninda yaparim.

QOO0
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71. Kimya dersindeki konularla ilgili bir iddia ya da varilan bir sonucu
her okudugumda veya duydugumda olasi alternatifler tizerinde
dilstintirim.

QOO0

72. Kimya dersinde ¢nemli kavramlarin listesini ¢ikarir ve bu listeyi
ezberlerim.

OOCCO00

73. Kimya derslerini dtizenli olarak takip ederim.

OO0

74. Konu ¢ok sikict olsa da, ilgimi ¢ekmese de konuyu bitirene kadar
calismaya devam ederim.

OO0

75. Gerektiginde yardim istevebilecegim arkadaglarimi belirlemeye
caligirim.

QOO0

76. Kimya dersine ¢aligirken ivi anlamadigim kavramlari belirlemeve
caligmrim.

QOO0

77. Bagka faaliyetlerle ugrastigim igin cogu zaman kimya dersine
yeterince zaman ayiramiyorum.

OO0

78. Kimya dersine ¢aligirken, calismalarimi yonlendirebilmek igin
kendime hedefler belirlerim.

OO0

79. Ders sirasinda not alirken kafam karigirsa, notlarimi dersten sonra
diizenlerin.

QOO0

80. Kimya sinavindan énce notlanmi ya da okuduklarimi gézden
gecirmek i¢in fazla zaman bulamam.

00000

81. Kimya dersinde, okuduklarmmdan edindigim fikirleri sinf igi
tartigma gibi ¢esitli faalivetlerde kullanmaya galigirim.

QOO0
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APPENDIX H

SEMI-STRUCTURED INTERVIEW SCHEDULE

1. Caz(PO4); katismn ¢éziinme denklemini ve ¢oziiniirliik carpimi (K.;) ifadesini
yazabilir misiniz?
o Coziinirlik dengesi yvazarken Caz(PO4); katisint yazilir mi?
v Evelise neden yazilacagmi a¢iklar misiniz?
v" Hayrr ise neden yazilmayacaim aciklar misiniz?
¢ Tim g6zeltiler igin ¢éziniirlitk carpimi (K.) yazabilir miyiz?
¢ Ornegin doymug Ca3(PO4); katisi ile dengede olsun, Bu denge aninda
ortamda Cas(PQy); katizs1, Ca™ ve PO4"3 ivonlarindan hangileri bulunur?
Aciklayabilir misiniz?
» (dzelti katiziile dengeye gelmeden dnce ¢dkelme olur mu?
v Evet ise sebebini agiklar misiniz?
v" Hayr ise sebebini agiklar misiniz? Céziinme bitmeden ¢okelme olmaz
mi?
2. Az ¢iziinen bir tuz icin ¢dziinme ve ¢ikelme hizinin zamanla degisimini

gisteren bir grafik ¢izebilir misiniz? Nedenini agiklar mismiz?

3.
Drenisim
Dectjim k Dérisim
& i
CaCO:y -
CaC0zy — Cal0s
TI - - o L e N
a - COs- / Ca = 00 /ﬁ-
— - Fi
Lnman e L 4
Grafik-1 Grafile-I1 Zaman



Yukaridaki CaCQOj; ¢ozeltisine ait CaCO; katisinin derigimi Ca™? ve CO;*
ivon derigimlerinin zamanla degigimini gosteren grafiklerden hangisi dogru
¢izilmigtir? Nedenini agiklayabilir misiniz?
4. Cozunurlik dengesine etki eden faktorler nelerdir?
e Sicakhigin etkisi nasildir?
v Katilarin ¢éziiniirliigii sicakliktan nasil etkilenir?
v Endotermik ve ekzotermik ¢oziinmelerde ¢dziiniirlikk sicaklikla nasil
degigir?
e Sicakligin artmasi ¢ézantrlik ¢arpimini(Ke) arttirir mi?
e (Cozlcl ve ¢ozlinenin etkileri nasildir?
e Polar maddeler polar ¢goziiciilerde apolar maddeler apolar ¢oziictlerde
¢Oztnlir ne demektir? Acgiklayabilir misiniz?
® Ortak 1yon nasil etki eder?
¢ Katisi ile dengede olan bir ¢ozeltiye ortak iyon igeren bagka bir ¢ozelti
ekledigimizde K, degeri degigir mi? Nedenini agiklar misiniz?
e Yabanci iyon nasil etki eder?
v" Katis1 ile dengede olan bir ¢dzeltiye yabanci iyon igeren bagka bir
cozelti ekledigimizde K, degeri degigir mi? Nedenim agiklar misiniz?
e Basincin etkisi nasildir?
5. Az gbzinen tuzlar i¢in, K. degeri fazla olan daha luzli ¢éziiniir diyebilir

miyiz? Agiklayabilir misiniz?

6. Giunlik hayatimizda ¢oztniirlik dengesi ile kargilagtiZiniz olaylar var mi?

e FEvet ise drnek verebilir misiniz?

Geleneksel Metod ile SE (")grenme Déngiisii Farla
1. Kimya dersini, bu donem gegen dénemki ile aynmi formatta mi iglediniz? Fark var

miyd1? Fark varsa bu farklardan bahseder misiniz?
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e Hangi simif aktiviteleri sizin ¢oziintrlik dengesi konusunu anlamamza
daha ¢ok vardimer oldu? Agiklar misiniz?
¢ Bu dénem yaptiklariniz hogsunuza gitti mi?
2. Kimya dersinin bu donemdeki gibi mi yoksa gegen dénemdeki gibi mi olmasint

istersiniz? Neden?

(")gretmen Farla
3. Gegen donem ile kiyasladiginizda bu donem Kimya 6gretmeninizde degisiklikler

oldu mu? Evet ise bu degisikliklerden bahseder misiniz?
e  Peki, hangisinin (gegen dénemki 6gretmen mi yoksa bu dénemki
ogretmen mi) 6grenmenizde daha etkili oldugunu digiintiyorsunuz?
4. Gegen donem ile kiyasladiginda bu dénem sizde degisiklikler oldu mu? Evet ise

bu degisikliklerden bahseder misiniz?

Genel Sorular
5. Gegen dénem ile kivasladiginizda bu donem Kimya derslerinde problemler

vasadmiz mi?
Evet ise bu problemlerden bahseder misiniz?

6. Kimya derslerinde genel olarak yasadiginiz problemler var m1? Evet, ise bu
problemlerden bahseder misiniz?

7. Bu problemlere ¢éziim 6nerileriniz var m1? Varsa neler olabilir? Kimya

konularmi daha iyi 6grenmeniz i¢in neler yapilabilir

246



APPENDIX I

CLASSROOM OBSERVATION CHECKLIST

Evet

Hayir

Kismen

1.

Ders dgrencilerin dikkatini gekecek, merak uyandiran

sorularla bagladi nu?

2.

Ogrenciler soru sormalar igin motive edildi mi?

3.

Ogrenciler konuyu 6grenmek igin ihtiyag hissetmeye

bagladilar nu?

1.

Ogretmen 6grencilere konuyla ilgili giinlitk hayattan

drnekler verdi mi?

S.

Ogrencilerden gelen sorular cevaplanmak igin dersin

sonuna birakildi m1?

6.

Konuyla ilgili sayisal problemler ¢oziildii mii?

7.

Ogrenciler 63rendikleri konuyu yeni bir durum igerisinde

uygulama firsat: buldular mi?

8.

Ogrenciler gozlem ve degerlendirme yaparak aktiviteleri

gerceklegtirdi mi?

9. Ogrenci aktif olarak derse katildilar m1?

10. Ogretmen derste ve etkinlikler esnasida yonlendirici
miydi?

11. Ogretmen kavramlari agiklarken 6grencilerin

Onbilgilerini géz éniinde bulundurdu mu?

12. Ogrenciler etkinlikler esnasinda grup halinde galigtilar
m1?
13. Ogrenciler deneyler sonucunda elde ettikleri bulgular

tartigarak yorum yaptilar nm?

14.

Ogrenciler dersin isleniginden hoslanddar ni?

15.

Ogrencilerin konuyu anlayip anlamadiklarini

degerlendirmek igin soz1ii veya yazili sinav yapildi m?

16.

Konu verilen ders planmma uygun anlatildi nm?
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APPENDIX J

ACTIVITY 1

KONU: COZUNURLUK DENGESI VE COZUNURLUK CARPIMI

SURE: 5 SAAT

HEDEFLER

Bu boliimiin sonunda &8renciler;
1. Suda az ¢ozlinen tuzlarin iyonlarindan

olusumu gosterir.

2. Suda az ¢g6zlinen tuzlarin iyonlar: arasinda
meydana gelen dengeyi yazar.

3. Az ¢odziinen tuzlarin iyonlart ile
olugturduklart dengenin denge bagintisini
yazar.

4. Cozuntrlik sabitinin denge bagintisindan
yazilmasi ile ilgili problemleri ¢ézer.

1. DIKKAT CEKME

Ogrencilerin derse motivasyonlarini saglamak
i¢in glinliik hayatta karsilastiklari, ¢oztntrhik
dengesi olayi ile ilgili birkag soru sorulur.

2. KESFETME

Ogrencilerin diiginmelerini saglayacak bir
gosteri deneyi yapilir ve tartigma ortami
olugturulur. Buradaki ama¢ TGA yontemini
kullanarak denge tepkimelerinin denevle
gosterilebilmesidir.

3. ACIKLAMA

Bu basamakta suda az ¢dziinen tuzlarin iyonlar
arasmdaki denge ve denge bagintisinin yazilmasi
agiklanir. Coziintrlik tipleri (formiila XY, XY,
veva X,Y, XY3 veya X5Y, X5Y; veya X3Y,) ve
cozuntirlitk hesaplamalari hakkinda bilgi verilir.

4. DERINLESTIRME

Igi gekici bir soru sorularak bu soru ¢oziiniirlik
dengesi kullanilarak agiklanir.

5. DEGERLENDIRME

Ogrencilere degerlendirmek amaciyla kavramsal
degisim metinleri dagitilir.
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1. BASAMAK: DIKKAT CEKME

Ogrencinin konuya motivasyonunu saglamak i¢in agagidaki sorular yoneltilir.

Hi¢ Alanya da bulundunuz mu? Damlatas magarasini ziyaret ettiniz mi?
Burdur u gérdiniiz mii? Insuyu magarasini ziyaret ettiniz mi?

Sizce bu magaralar nasil olusmustur?

Bu sorularla simif ortaminda tartisma ortami saglanir. Ogrencilerden cevaplan

alimdiktan sonra kegfetme agamasina gecilir.

2. BASAMAK: KESFETME

(TGA)
Ogretmen tarafindan bir gosteri deneyi yapilir.
Deney:
Amag: Denge tepkimelerini gézlemlemek
Le Chatelier kuralina gére madde ilavesinin denge tepkimesine etkisinin
incelenmesi

Arag ve Gereg
¢ Beherglass, 100ml (1)
e Deney tiipii (&)
e Dereceli silindir, 10ml (1)
o Tuplik (1)
e Damlalik (1)

Kimvasallar ve Diser Malzemeler
o Demir(II) kloriir ¢ozeltisi, 0,1 M
e Potasyum tiosiyaniir ¢ozeltisi, 0,1 M

e Potasyum kloriir ¢ozeltisi, 0,1 M
o Sodyum hidroksit ¢ozeltisi, 0,1 M
e Safsu

o Agetat kalemi
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Diizenegin Kurulumu

Tupliige 5 deney tipt yerlestirilir ve 1°den 5°¢ kadar asetat kalemiyle
numaralandirilir.

0.1 M FeCl; ¢ozeltisinden 2ml, 100 m1’lik beherglasa dokiliir.

Ayni beherglasa 0,1 M KSCN ¢ozeltisinden 2 ml konur., Cozeltileri karigtirmak igin
beherglas ¢alkalanir.

FeCls, KSCN ve karisgim (FeSCN'?) ¢ozeltilerinin renkleri “Gézlemler ve Veri
Tablolar1™ bolimiine yazilir.

Beherglasa yaklagik 80 ml saf su konarak agik kirmizi1 portakal renkli bir ¢ozelti elde
edilir.

Her deney tiiptine dereceli silindir kullanilarak 10 ml olugan ¢ézeltiden konur.
Deney tiipt-1, renk kargilagtirmasi yapmak i¢in tiipliigiin en sonuna konur.

Denevin Yapilisi

1. Renk degigene kadar deney tiipi-2°deki ¢ozeltiye 0,1 M KSCN ¢ozeltisi
damla damla eklenir.

2. Renk degisimi olugana kadar 0.1 M FeCl; ¢bzeltisinden deney tipi-3 teki
¢ozeltiye damla damla eklenir.

3. Renk degigimi olugana kadar 0,1 M KCl ¢ozeltisinden deney tpii-4°deki
gozeltive damla damla eklenir.

4. Renk degigimi olugana kadar 0,1 M NaOH c¢ézeltisinden deney tiipti-5°deki
gozeltiye damla damla eklenir.

5. Cozeltilerin renkleri deney tiipti-1°deki ¢ozeltini rengiyle karsilagtirilir ve

gozlemler “Gozlemler ve Veri Tablolar1” béltimiindeki tabloya yazilir.

GOZLEMLER VE VERI TABLOLARI
1. Cozeltilerin rengini yaziniz.

Iyonlar Fe™ SCN FeSCN'?

Iyonun rengi
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2. Agagidaki tabloyu deney tiipti-1°deki referans ¢ozeltisiyle olugan gézeltilerin

renklerini kargilagtirarak doldurunuz.

DEGERLENDIRMELER VE SONUCLAR

1. Le Chatelier prensibini kullanarak ¢ozeltilerin ilavesi dengevi nasil etkiler?
Agiklayiniz. Hangi yone dogru denge degigmigtir?

KSCN ilavesi ile:

TFeCl; ilavesi ile:

KCl ilavesi ile:

NaOH ilavesi ile:

2. Fe™, SCN ve FeSCN"™ ivonlar1 derigimlerinin eklenen maddelerden nasil

etkilendigini belirtiniz (artt1, azald).

Fe* SCN FeSCN ™

KSCN ilavesinden sonra:

FeCl; 1lavesinden sonra:

Kl ilavesinden sonra:

NaQH ilavesinden sonra:
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Deney yapilirken her agamada dgrencilerin tahminlerini defterlerine yazmalari
istenir. Ogretmen 6grencilerin tahminlerini aldiktan sonra deneyin basamaklarini
yapar. Ogrencilerin tepkimeleri gézlemlemelerini saglar ve gdzlemlerini
kaydetmelerini ister. Ogrencilere deney sonucunda gozlemlerini ve sonuglarmi
yvazmalari i¢in “Gozlemler ve Veri Tablolar1” ve “Degerlendirmeler ve Sonuglar”
adl1 yukarida verilen bir kagit dagitilir. Ogrencilerin bu sorulara cevap vermeleri igin
zaman taninir ve sinifta tartigsma ortami olusturulur. Verilen cevaplara gbre 6gretmen

yeni sorular yoneltebilir.

3. BASAMAK: ACIKLAMA

Ogretmen, bir 6nceki konunun denge oldugunu hatirlatir. Asagidaki su bilgileri
tekrarlar.

Bir ¢érziicii icerisinde ¢oziinme miltart sinirli olan maddeler, ¢oziiciileri ile

doyeun ¢ozeltilerinde bir denge olusturabilirler.

Maksimum diizensizlik ve minumum enerji egilimleri zit yonleri destekledigi

olaylar denge olaylart olarak tammlamisiik. Bu durum ¢éziinme olaylart icin

de gecerlidir.

Bugtinkil konumuz, suda az ¢oziinen katt maddelerin olugturduklari

cozitniirlitk dengeleri.

Ogretmen, bir 6nceki derste AgCl’iin ¢ozimiirliigii ile yapilan deneyi hatirlayip
hatirlamadiklarini sorar ve su agiklamalar: yapar.

AgCl tuzu suda ¢ok az ¢éziinen bir katidir, bunu gérmiistiik. Bir kaptaki saf su
icerisine belirli bir sicaklikta asiri miktarda AgCl katist atildiginda, ¢ozelti doygun
hale gelene kadar az miktarda AgCl katisi suda ¢oziingir. Cozelti doygun hale
geldiginde kalan kati miktart sabit kalir.

AgClnin suda ¢oziinmesi ve ¢okmesi ¢ift yonlii gergekiesen olaylardir. Kati
AgCl suya atildiginda ilk anda ¢oziinme olayvi, ¢Skme olayindan hizlidir. Zamanla
cozeltide Ag" ve CI iyon derisimi aratacagindan ¢cokme olayr hzlamr. Céziinme ve

cokelme hizlar: egit oldugu andan itibaren birim zamanda ¢éziinen AgCl katisi ile
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coken AgCl katisinin miktarlart esit olur. Bu dinamik bir dengedir. Bu denge hali
cozilniirlitk dengesi olarak adlandirilir. Her dinamik denge olayimin bir denge sabiti
vardir. Dolayisiyla az ¢oziinen tuzlarin sulu ¢ézeliilerindeki ivonlar: ve katisi
arasinda dinamik denge i¢in de bir denge sabiti vardir. Buna ¢éziiniirliik denge

sabiti denir ve K. sembolil ile gésterilir.

Ogretmen AgCl tuzunun suda iyonlagma denklemini ve K, ifadesini tahtaya yazar.

AgCI(k) < Ag+(suda)+C1-(suda)

K¢=[Ag'][ CI]

Katis1 ile dengede olan bir ¢6zeltinin denge sabiti K¢; 1yonlarimin derigimi ¢arpimina

esittir. Iyonlarin katsayilari ise derigimlere iist olarak yazilir.

XYooy e—=  aX s +bY  wan

Ke= XY

Bu temel kurali verdikten sonra 6gretmen suda az ¢éziinen tuzlardan olusan

¢ozeltilerin ¢ozlinme denklemlerini ve K, bagintilarin1 yazmalarmi isteyen bir tane

etkinlik kagidi dagitir.

233



Etkinlik

Agagidaki az ¢ézinen tuzlarin suda ¢dziinme denklemlerini ve K¢ bagintilarim

yazmiz.

BaS O4(k) %3

K=

PbClygy <
K=
~
CazPOsyq <=
K¢ = )
~
AggCr O4(k) <«
K¢ = D
Pb(NO3 )2k (—E
Kg:
d ™
CdCO3(k) <—
\ Ke= J
- — N
AgC2H302(k) <
Kg:
o J
7 ™
Hg>CrO07¢q @—E
& Y
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Bu etkinlikten sonra birinci basamakta sorulan Damlatag ve Insuyu magaralarmin
olusumu ile ilgili sorular agagidaki agiklama kagidi dagitilir, Oprencilerin okumasi

istenir ve olay lizerinde konugulur.

Etkinlik

Alanya- Damlatag magarasi nasil olugmugtur?
Burdur-Insuyu magarasi nasil
olusmustur?

Bu buyiik ve giizel magaralarin tavanlarini ve zeminlerini sarkit ve dikitler
siislemektedir. Bunlar1 anlamak i¢in ¢ézuniirlik dengesi konusunu bilmeniz gerekir.
Bu magaralar genel olarak ver alt1 sularinin yariklardan sizmasi sonucu kiregtagi

(CaCQO3) katmanlarimi oyarak olugsmuglardir.

Yerytizii ¢egitli katmanlardan olusur, Bu katmanlardan birisi de kireg tagi katmanidir.
Normalde suda ¢ozintrligi gok diigik olan CaCO; yagmur suyunun yeryiiziinden
yer alti katmanlarina dogru sizarak akmasi esnasinda yagmur suyu tarafindan
¢oOziiniir. Burada etken yagmur suyunun diistintildtigiiniin aksine saf su olmamasidir.
Y agmur suyu yeryiiziine inerken ve verimli topraklarindan agagiya dogru siizilirken
bu kisimlarda yer alan CO-’1 gézer. CO; yagmur suyunun asitlegsmesine neden olur.

Bu asitlegmenin denklemi asagida belirtildigi gibidir.

CO; (g + HiOp) €—= H;0" uday + HCO3 (suda)

Saf suda ¢oziinmeyen CaCOj3 bu gekilde asitlik 6zelligine sahip olan yagmur suyunda
¢Oziintir. CaCO3 yagmur suyunda ¢oziinme reaksiyonu agagidaki gibidir.

CaCO3(k) + COz (g)JFHZO(S) z Ca+2(suda) + 2HCO3-(suda)
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Yagmur suyu yeraltinda yer alan CaCOj; tabakasimi vzun yillar sonucunda
asindirarak bu tabakanin bogalmasina ve kireg tagi magarasi olugumuna neden olur.
Bu stire¢ magara olugumundan sonra da devam eder. Magaranin tist kisminda
ozellikle verimli topraklarin bulundugu kisimda (burada cgesitli canlilar yasayabildigi
igin CO, oran1 verimsiz topraklara gore ¢ok yiiksektir) yagmur suyu CaCO;’1
¢ozmeye devam eder. Ancak bu ¢éziinme magaranin igersinde ¢okelme ile birlikte
devam etmektedir. Magaranin iist kismindan damlayan yagmur suyu uzun bir siiregte
sarkitlari, yere damladigi noktada ise bu ¢okelmeler sonucu dikitleri olugturur. Bu
¢oziinme ve ¢okelme bir denge igerisindedir. Cevremizde kargilagtigimiz doga
harikas1 magaralar ve i¢inde yer alan sarkit ve dikitlerin olugumu ¢oztintrlik dengesi

sonucu olugmustur.
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Bu etkinlikten sonra 6gretmen ikinci basamakta yaptigi deney sonuglari tizerine
konugur, Renk degigimi olmasmin ¢éziinme olayim gosterdigini, bir stire sonra renk

degisiminin durmasinin ¢ékelme oldugunu agiklar.

Ogretmen, ¢dziiniirlik tipleri ve ¢dziiniirlitk hesaplamalarina geger. Bu konuyu su
sekilde anlatar.

» Formiil XY tipinde ise;
AgCl, CuBr, CaCOs;, gibi tuzlar XY tipi formiile sahiptirler.

XYy =2 Xaw + Y
S mol/L, S mol/LL

S= doymug ¢ozeltini molar derigimi ve belirli sicakliktaki ¢éztntirligudiir.
K= X[ Y]
Ke=(s) (s)
K= §?

» Formiil XY, veya X,Y tipinde ise;
PbCl,, AgsS, MgBr, gibi tuzlar suda ¢oziindiiklerinde olusan iyonlardan birinin

derigimi digerinin 2 kat1 olur.

XYz(k)(:) X+2(suda) +  2Y uda
S mol/L. 2.8 mol/L,

K= [X[YT
K= (s) (2s)°

K.=|4s’
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» Formiil XY; veya X;3Y tipinde ise;

Fe(OH);, Agz;(POy) gibi tuzlar suda ¢oztindiklerinde olugan iyonlardan birinin

derigimi digerinin 3 kat1 olur.

XaYoo =23 X wmaw + Y

3. S mol/LL S mol/L
K= XY
K= (3s)’ (s)

» Formiil X»Y; veya X3Y tipinde ise;

Al S3 ve Cay(PO,), gibi tuzlar suda ¢dziindiiklerinde olugan 1yonlardan birinin

deriginmi digerinin 1,5 kati olur.

D EYENT: = 2X+3(suda) +  3Y

2. S mol/LL 3. S mol/LL
Ke= XTLYT
K¢=(2s) (3s)°

K= 108.s°

Bu kurallar1 verdikten sonra 6gretmen hepsiyle ilgili sayisal iglem gerektiren

problemleri tahtada ¢ézdurur.

Sorular

1) XY tuzunun belli bir sicakliktaki K, degeri, K= 1.10" % dur. Bu tuzun, saf

sudaki ¢éztintrlugi kag mol/L dir?

(Cevap: 1 0’ mol/L)
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2) Pb(CIO;3), tuzu igin belli bir sicaklikta K, = 3,2.10™**tiir. Pb(CIO3), igin aym

sicaklikta ¢oztintirlik kag mol/L’dir?
(Cevap: 2107 mol/L)

3) AgiPOy ile hazirlanan 25 L doygun sulu ¢ozeltide ¢oziinmiig 5.10~ mol
Ag;(POy) vardir. Buna gore Agz(POy4)’tin K, degert kagtir?

(Cevap: K,= 4,32.10")

4) X,Y; katisi ile hazirlanan 10 litre doymug ¢ozeltideki v iyonlarinin mol
sayis1 3.107 olduguna gore, bu sicakliktaki K degeri kagtir?

(Cevap: K= 1,08.10°")
5) 1,56.107 gram Ag,SO, suda ¢dziilerek 500 ml doygun gdzelti hazirlaniyor.
Buna gore, Ag,SO;, ¢ozeltisinin ¢ozintrlik ¢arpimi (K¢) kagtir? (Ag: 108, S:

32, 0: 16)

(Cevap: K= 4..10")

6) Katy K¢
I AB 1.10°%
II. AB 4.107
III. AB; 27.10°%

Ayni kosullarda K. degerlert verilen tig katryr ¢oztiniirliklerine gore

siralayiniz.

(Cevap: IIT > II > 1)
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4. BASAMAK: DERINLESTIRME

Ogretmen sert sularin sthhi tesisatlarda pul pul kalintilar biraktigim soyler. Buna
kimyasal bir agiklama getirebilir misiniz? Diye sorarak 6grencilerden yorum
yapmalarini ister.

Ogretmen dgrencilerle olayi tartistiktan sonra agagidaki agiklamayi yapar.

Teme suyu gollerden veya diger kaynaklardan elde edilir. Bu kaynaklar
onemli miktarda normalde suda az ¢oziinen CaCOj3 ve MgCOj icerirler. feme
suyu kaynaklarim yagmur sulari beslemelktedir ve yagmur suyu pek ¢ok insan
tarafindan elde edilebilecek en saf su oldugu diisiiniiimektedir. Ancak vagmur
suyu atmosferden vere inerken bazi gazlart ¢dzer. Bu gazlardan biriside
asidik ozellige sahip olan CO; gazidr ve yagmur suyunu asitligini artirir.
Yagmur suyn CaCOj ve MgCOj zengini topraklara akarken asitlik ozelligi
sonucu bu tuzlari eritir.

(COy () + H2O (—E H30' (day + HCO3 (suda)
(CaCO3p9 + COr i+ HiOy =2 Ca e + 2HCO: (ua)

CaCOj; ve MgCOjtuzlar: sagliga zararl olmamasina ragmen icme suyunda
bu tuzlarim bulurmasi rahatsiz edici olabilir, Orneg”z’n, bu tuzlarin ¢oziinirlik
dengesi sabiti ¢ok diisitk oldugu i¢in su, CaCOjz ve MgCO;zile cabucak
doyeuniuga ulasir. Hatta bir damla su buharlasirken CaCQOj ve M2(CO;
yomiinden doygunluga ulasabiliv. Doymugs ¢ozelti ¢ozitnmils ivonlarindan
bazilarini ¢okeltiv. Bu ¢okelti mushiklarda, lavabolarda, yemek kaplarinda
pul pul birikintiler olarak gériilebilir. Arabalarin ve bulasiklarin sert su ile
yikanmasi sonucunda bazi CaCOj ve MeCO; noktalari, lekeleri su

buharlagirken ¢okelmesi sonucu olustugu gozlemlenir.
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Ogretmen simfta sert suyun fayda ve zararlart nedir? diye sorar. Ogrencilerin

yorumlarim aldiktan sonra agagidaki kagidi 6grencilere dagitir,

SU SERTLIGI

DEZAVANTAJLARI

AVANTAJLARI

Sabun képtirtmek zordur.

Baz1 insanlar tadindan dolay: sert sulari
tercih ederler.

Sabun ile reaksiyon vererek sabun kiri
olugturur,

Suda igerdigi kalsiyumdan dolayi
gocuklarin dig ve kemikleri igin iyidir.

Su siticilarinda ve demliklerde
kire¢lenmeyve sebep olur. Bu da su
isitirken enerji kaybina neden olur.

Kalp hastaliklar riskinin azaltilmasinda
yardimeti olur.

Su borularnda kalint1 olugturarak
tikanmasina neden olabilir.

Kek yapmmunda keki kabartmak igin
kullanilir.

Bakir ve kursun borularin kireg tasi ile
i¢ viizeylerinin kaplanmasi ile
zehirleyici etkileri 6nlenir.

5. BASAMAK: DEGERLENDIRME

Ogretmen dgrencilere konuyla ilgili kavramsal degisim metinlerini dagitir.

Kavramsal Degigim Metni-1

e
Ca™ cos? e
Coy? lT Ca"
e 2
ofismee

CaCOyy ?)—Ca+2(suda) + COg-l(suda)
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m s CaCO; katist ile dengededir. CaCO; katisi, Ca'?ve COg'ziyonlarmln
1 ile 1lgili ne sdyleyebiliriz?
Cevap: m

(0

s
Bazi 6grenciler denge aninda ¢éziinmenin ve ¢okelmenin olmadigina
inaniyorlar. Seklimize baktigimizda, CaCO; katisiun ¢oziniip Ca™ ve COy”
2iyonla,rlm olugturmadigini ve bu ivonlarm yine CaCOjs katisini olugturmadigim
diigtintiyorlar.

Bu diigtinceye sahip olmalarinin en yaygin sebeplerinden biri kitaplarin denge
durumunu anlatan resimlerde denge aninda her geyin bittigini ve durdugunu gosteren
cizimleridir. Ogrencileri yanilgiya gotiiren diger bir goriig giinliik hayattaki
deneyimleridir. Pazarda sebze ve meyve alirken gérdiigii terazinin 1ki kolundaki
esitligi denge olarak bildigi igin ¢ozeltiler iginde bunun béyle oldugunu

digiintiyorlar. Gergekten bu boéyle midir, denge aninda her sey duruyor mu??7?

) >@&Wﬂe hizinin gékelme hizina egit old g\&?}

\ durumda gozelti katt ile dengededir.
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Doymug gozeltiler katisi ile dengede iken ¢oziinme ve ¢okelme devam eder.
Seklimize baktigimizda bir yandan CaCOs katisimn ¢oziintip Ca’™ ve COs  iyonlarmt
olugturmakta ve bu iyonlar tekrar CaCOj; katisini olusturmaktadir, Bu ¢oziinme ve

¢okelme hizarlinin egit oldugu duruma ¢éziiniirliik dengesi denir.

Kavramsal Degigim Metni-2

ug CaCO; katisi ile dengededir. Sabit bir sicaklikta CaCOs katismin

. +2 2. . _r Gk m W w .
1, Ca"" ve COs “iyon derigimlerinin zamanla degigimini gdsteren bir

Cevap:
I
g
— > i ~" i > h ™
o e ey 'Er.=
& ;‘"':_
i ﬁﬁ{
o Neden boyle bir grafik gizdiniz
.w‘; - .\\‘h
.< aciklayiniz? |
N o J'l'
) oy
Y N >
\ =l
N y,
— 4
i % e
. i
S ——— o
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Derigim

Cac()g(k)

% a2, CO,2

—>
Laman

Grafik-1

COEger grafik-17deki oibi

grafiginizi ¢izdiyseniz, maalesef
¢iziminiz dogru degil. Sizde bazi
agrenciler gibi katis1 ile dengede olan

Derigim
A

N\ CaCOm@
/7 Cat co”t
B

Grafik-II  Zaman

Cizimleri Grafik-II" deki gibi
olanlarda maalesef dogru
gizmemigler. Bu gizimi yapanlar
dipte ¢éziinmeden duran katinin

derismini goz ard1 ederek sadece

bir ¢6zeltide kat1 tuzun derigiminin
iyonlarina esit oldugunu
diiglinenlerdensiniz. Boyle
diigtiniilmesinin bir sebebi denge
denince iki tarafta bir geyler egitmig gibi
diigtiniilmesi olabilir. Diger bir sebebi
de katilar denge denkleminde
yazilmadign i¢in, sanki gdzeltinin
derigimi iyonlarin her birinin
derigimiyle ayn1 olmak zorundaymig

gibi diigiiniilmesi olabilir.

goziiciide ¢oziinen katinm derisimini
dilgiinerek kati tuzun derigiminin
azalacagim digiiniiyorlar. Béyle
diigiinitlmesinin sebebi katinin bir
kismi iyonlagtigia gore katinin
derigiminin azalacag gibi yanhg bir
sey digiinmelerinden olabilir.
Katilarin derigimi dis etkilerle
degismez. Cinkii katinin miktar
azaldikga hacmi de azalacak
dolayisiyla derigimde bir degigme
olmaz.
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Derigim

A
CaCO3(k)
/7 Ca® ot
Zaman
Grafik-ITT

Eger siz grafik-III" deki gibi cizdiyseniz, evet dogru ¢izmissiniz. Ca ™ ve CO;™
iyonlarmin derigimi, katinin bir miktan iyonlastigi igin zamanla artmakta fakat
katinin derisimi degigmemektedir. Coziinme ve ¢okelme hizlar esitlendigi igin
~ iyonlardaki bu artig zamanla azalip sabit bir degere ulagir. Bundan dolay1 iyonlarm

derigimi bir siire artar sonra da sabit bir degerde kalir.
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Kavramsal Degisim Metni-3

? Sabit bir sicaklikta katisi ile dengede olan Cu(OH), tuzun ¢éztntirlitk
mi1 (K. ) ifadesini yaziniz?

g

C

Cevap:

K. [Cul][OH] K. [CuljjoH] K.= [Cu"?] 2[0H]
[Cu(OH):] [Cu(OH)]

Eger bu sekillerden biri gibi yazdiysaniz, maalesef dogru degil. ® Bazi 6grenciler
gibi sizde ¢éztintirlik ¢arpimi denklemi vazarken derigimi degismeyen katilarm da
vazildigini diigtintivorsunuz. Bu yanlhg bir diigiincedir. Boyle yazmamizda denge
konusu iglenirken denge bagmntisi tirtinlerin derigimi ¢arpinu girenlerin derigimleri
carpimina bolerek bulunmasi etkili olabilir. Kimya ders kitaplarinda 6rnek olarak da
genellikle girenler kisminda gaz verildigi ve denge bagintisinda da gazlar alindig
i¢cin Hgrenci sorgulamadan ¢oziintirlikk dengesi bagintisinda da girenlerin derigimi
vazilacak dive diistiniir.

Gelin gimdi dogrusunu yazalim...... ©
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Ik olarak Cu(OH), iin ¢oziiniirlik denklemini yazalim.
Cu(OH)sp9 == Cu ) + 20H (suda)

K _ [Cu™][OHT
[Cu(OH)]

Denge bagintis1 boyle yazilir. Fakat biz katilarin derigimlerinin sabit oldugunu
biliyoruz. K. ifadesi katimin derigimi ile K denge sabitinin ¢arpim ile elde edilir.
Yani hem K denge sabiti, hem de katinin derigimi sabit oldugu igin iki sabit sayimin

derigimi sabit say1 olur. Sonug olarak;

K*[Cu(OH)s] = K= [Cu'?] [OH]

- o . /
.. Katilar K, ifadesinde yazilmaz, ——

=

bu sekilde yazabiliriz. Kitaplarda her kat1 igin bir K degeri verilmistir. Bu K
degerleri belirli sicaklikta (genellikle 25°C’de) bu gekilde hesaplanir. Dolayisiyla
K*[Cu(OH),] ¢arpimu K. degerine egit oldugu igin katilar K. ifadesinden yer

almazlar.

Katilann derisimi neden sabit????

AB katis1 50 gr’dir. Suya atildiginda 25 gr. AB katisi ¢éztinmeden kalir.buna gére

(Mag=25 gr., dap=5)
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I. Durumda;
AB katisinin hacmi (V), d=m/V’den — 5=50/V, V=10
AB’nin mol sayist n=m/MAB’den — n=50/25, n=2 mol

M=1/5

AB’nin derigimi M=n/V’den — M=2/10

Durumda; (katiin 235 gr. Coztinmemistir. )
AB katisinin hacmi (V), d&=m/V’'den — 5=25/V, V=13

AB’nin mol sayist n=m/MAB’den — n=2¥25, n=1 mol

AB’nin derigimi M=n/V’den » M=1/5
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Kavramsal Degisim Metni-4

CaCO; katis1 az ¢oziinen bir tuzdur. Katist ile J

@ Ege‘r bu soruya cevabmiz ¢dkelme olmaz yoéniinde ise, maalesef cevabiniz
dogru degil. Birgok 6grencide oldugu gibi siz de ¢ozelti katisi ile dengeye gelmeden
once ¢okelmenin olmadig gibi yanlig bir diigiinceye sahipsiniz. Cokelmenin
baglamasi i¢in ¢dziinmenin bitmesi gerektigini mi digtiniiyorsunuz? Acaba ¢éziinme
bitmeden ¢okelme olmaz mi1? $oyle digtinelim. CaCOj; katis1 ¢goziinmeye bagladiktan
bir miiddet sonra ¢ozeltideki Ca'? ve CO5 7 iyonlari sayisi artacak ve bu iyonlar
CaCO0; katis1 olugturmak igin tekrar birlegerek gokelme ihtimalini artiracaktir. Bagka
bir deyisle dengeye gelmeden 6nce ¢ozeltide kat1 olugur. Coziniirlik dengesi
tanimma bakarsak, ¢dziinme hizmnm ¢dkelme hizmna egit olmas: durumuydu. Onceden
bir miktar ¢okelme olmali ki bu esitlik vani ¢dziinme hizinin gékme hizina esitligi

saglansin.
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