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ABSTRACT

IMPROVING 11TH GRADE STUDENTS' UNDERSTANDING OF ADIBASE
CONCEPTS BY USING 5E LEARNING CYCLE MODEL

Pabuccu, Aybuke
Ph.D. Department of Secondary School Science aattidvhatics Education
Supervisor : Prof. Dr. Omer Geban

September 2008, 297 pages

The purpose of this study was to compare the éffmoess of instruction
based on 5E learning cycle model over traditionatigtruction on students’
understanding of acid-base concepts. Also, thectef® instruction on students’
attitude toward chemistry as a school subject &edetfect of gender difference on
understanding of acid-base concepts and attitudegartt chemistry were

investigated.

During the second semester of 2007-2008, 130 elle\gmade students from
six classes of two different high schools attendeid study. The classes were
randomly assigned as control and experiment grdsfuglents in the control groups
were instructed by traditional instruction wherestadents in the experimental
groups were taught by 5E model. Attitude Scale Tdw@hemistry as a School
Subject and Acid-Base Concept Test were adminibtasea pre and post-tests. In
addition, Science Process Skill Test and Views aieri8e-Technology-Society

instrument was utilized.



The hypotheses were tested by using two-way arsalg$i covariance
(ANCOVA) and two-way analysis of variance (ANOVAJhe results revealed that
5E Model caused a significantly better understagaifh acids and bases than the
traditional instruction. In addition, these modefanstruction developed the similar
attitude toward science as a school subject. Seigmmocess skill was a strong
predictor in understanding the concepts. On therdtiand, no significant effect of
gender difference on understanding the acids asdsband on students’ attitudes
toward chemistry as a school subject was found. rékalts of Views on Science-

Technology-Society gave a picture of the studengsiis on nature of science.

Keywords: 5E Learning Cycle, Acid-Base Conceptditéde Towards Chemistry as

a School Subject, Science Process Skill, Views atui¢ of Science.



Oz

11. SINIF GGRENCILERINDE ASIT-BAZ KAVRAMLARININ
ANLA SILMASININ 5E OGRENME DONGUSU MODEI KULLANILARAK
GELISTIRILMESI

Pabuccu, Aybuke
Doktora, Ortagietim Fen ve Matematik Alanlari Egitimi Bolumu
Tez Yoneticisi  : Prof. Dr. Omer Gaba

Eylul 2008, 297 sayfa

Bu ¢alsmanin amaci 5SEgienme dongusu modelinin, 11. singréncilerinin
asit-baz kavramlarini anlamalarina olan etkisinegeksel yontem ile kaastirarak
incelemektir. Ayrica, gretim yonteminin ve cinsiyet farkininggencilerin kimya
dersine yonelik tutumlarina etkisi ile cinsiyet Kemn asit-baz kavramlarinin

anlgllmasina olan etkisi de atailmistir.

Bu calsma, iki ayri lisenin toplam alti sinifinda bulunaB0 on birinci sinif
ogrencisi ile 2007-2008 gtim yilinin giiz déoneminde yapilgtir. Siniflar kontrol
grubu ve deney grubu olarak rastgele segtimi Kontrol grubunda geleneksel
yontem kullanilirken deney grubunda 5E Modeli kuoilaistir. Kimya Dersi Tutum
Olcesi ve Asit-Baz Kavram Testi her iki gruba oOn-test wen-test olarak
uygulanmgtir. Ayrica calsmada, Bilimselislem Beceri Testi ve Bilimin Dgasi

Hakkindaki Gorgler anketi de kullanilngtir.

Vi



Arastirmanin hipotezleri iki yonlu ortak dekenli varyans analizi
(ANCOVA) ve iki yonlu varyans analizi (ANOVA) kullalarak test edilnstir.
Sonuclar, her iki okul tipinde de, 5E Modeli kulimak uygulanan gretim
yonteminin, asit-baz kavramlarinin agilmasinda geleneksel yonteme gore daha
etkili oldugunu gosternsitir. Her iki 6gretim yonteminin grencilerin kimya dersine
yonelik tutumlarini istatistiksel acidan benzer edede geftirdigi gozlenmitir.
Bilimsel islem becerisinin de gencilerin asit-baz kavramlarini anlamalarina
istatistiksel olarak anlaml katkisi olglu saptanngtir. Cinsiyet farkinin asitler ve
bazlar konusunu anlama ve kimya dersine yoneliknbat bir etkisinin olmach
ortaya cikmgtir. Bilimin Dogasi Hakkindaki Gowler anketinin sonuglari ise

ogrencilerin bilimin dgasini hakkindaki fikirlerine utanamizi sglamistir.

Anahtar SoOzcikler: 5E glenme Dongusit Modeli, Asit-Baz Kavramlari, Kimya

Dersi Tutum Olggi, Bilimsel Islem Becerisi, Bilimin Dgasi Hakkinda Goler.
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CHAPTER 1

INTRODUCTION

Throughout the last two centuries science has becam increasingly
noteworthy factor in improving the quality of li@nd understanding of the world
(Marek, and Cavallo, 1997). Most scientists woulglia that science is an important
tool for understanding the way the world works, émmprehending some of the
critical issues of the day, and even for improwitgzenship. Also, for many parents,
the most compelling rationale might be to develop skills their children will need
to prosper in a 21st century workforce (BSCS, 20B®wever, many students view
science as an endless barrage of terms, factsoamilfs; all which seem to have
little relevance to or connection with their undargling of scientific phenomena and
with their the world they inhabit (MacGowan, 199Further, most research studies
have found that science courses have been charadtexrs boring and irrelevant to
the world of the students (Allard and Barman, 1984Qd many students have
difficulty in learning science (Weiss, 1987; LaReinMeade, and Philips, 1989;
Sheppard, 1997).

Students show wide range of difficulties to leahe tbasic concepts of
science. Discovering the reason of it has beeretavfymany studies (i.e., Fisher,
1985; Nakhleh, 1992; Chambers and Andre, 1997; &, 2004). Several studies
revealed that learning science is often difficdt §tudents because their theories
about how the world works conflict with scientifimderstandings they are to learn

(Fellows, 1994). Students come into a classroorh thigir own experiences. They



construct ideas about the natural world based,am, mn observations of objects,
phenomena, and their interactions. With time, thdsas also become linked and
tested through their experiences and interactioitis thie ideas of others (Lunetta,
Hofstein and Clough, 2007). If a student uses ijstoncepts to deal with new
phenomena, this is called assimilation. (Posnexl.et1l982). However, if there is a
discrepencay between the conceptual framework aadchéw information, student
must actively reconstruct the conceptual framewhrkugh accomodation (Bodner,
1986). From this point of view, learning in scier#ails more than just adding new

concepts to knowledge.

Generally, when students’ preconceptions are @iffeffrom the views of
scientists, these differing frameworks are referred in the literature as
“misconceptions” (Helm, 1980; Griffiths and Grad885; Ross and Munby, 1991;
Nakhleh and Krajcik, 1994; Huddle and Pillay, 1996) this study, the term
“misconception” was used to refer to the studentsiception that is inconsistent
with scientific conception. As the literature indies, misconceptions are pervasive,
stable, resistant, and affect the further learnmegatively (Andersson, 1986;
Griffiths and Preston, 1992). In other words, mismptions are really big obstacles
to promote science learning. Therefore, it becomey important to find out
students’ preconceptions and misconceptions befsteuction and take them into

consideration during the instruction.

Most science educators have focused their attentipon students’
misconceptions at science concepts (Osborne anaodkf 1983). Some studies in
science education have indicated that students lawesiderable degree of
misconceptions about chemistry concepts (i.e., €Camand Good, 1989; Garnett,
1992; Abraham et al., 1994; Pardo and Solaz-Pat&@35; Ebenezer and Ericson,
1996). Indeed, students struggle to learn chemibury are often unsuccessful. The
difficulties that students have in learning chenysihave been attributed to the
abstractness of the subject (Herron, 1975; Cartet Brickhouse, 1989), the
mathematical nature (Schmidt, 1984; Johnstone, )1&8&d the remoteness of the



language used (Glassman, 1967). Also, reserachetesd sthat chemists use three
different levels to describe or represent phenomgirgamacrscopic, the microscopic,
and the symbolic (Gabel, Samuel, and Hunn, 19819 ,thus the link between these
levels should be explicitly taught (Harrison andedgust, 2000; Ebenezer, 2001,
Ravialo, 2001). The interactions and distinctiomtween these are necessary for
achievement in comprehending chemical concepts g§&2ima 2007). Acid-base

concept is one of the challenging chemistry tofacsstudents to understand (Zoller,

1990; Nakhleh and Krajcik, 1994; Demirgla, Ozmen and Ayas, 2004), and

promoting meaningful learning is too difficult fdris concept.

It is obvious that instructors should consider $em@nting the lecture format
with a variety of active learning teaching straésgithat would encourage the
students to become aware of their prior knowledgeé misconceptions. Ausubel
(1968) also stated the most important single fartthuencing learning is what the
learner already knows. However, research studigschwexamine the teaching
procedure used in teaching science, revealed tloat stience courses are taught
with the belief that students are empty vessel$ tied to be filled with large
amounts of information (Billings, 2001) and teachstience in most schools is done
with the inform-verify-practice procedure (MarelkgdaCavallo, 1997). In inform-
verify-practice procedure, students are informeaualvhat they are to know so they
have no experiences to coordinate. That is, therexqces someone else has had are
coordinated into a logical system and presenteithém. However, Albert Einstein
stated that “the object of all science is to coaatl our experiences and bring them
into a logical system.” (Holton, and Roller, 1988ed in Marek, and Cavallo, 1997).
Therefore, if Einstein is correct, it is obviousatlscience cannot be taught with the

inform-verify-practice teaching procedure (MarekdaCavallo, 1997).

Today, research studies have indicated that infegnfy-practice procedure
do not allow higher level thinking to occur in dasoms but rather relegate science
to the memorization of facts. In rote learning,detots do not develop hierarchical
framework of successively more inclusive conceptstead they accumulate isolated



propositions in their cognitive structure. This sasl poor retention and retrieval of
new knowledge to solve problems (Uzuntiryaki, 200B) other worlds, many
students taugt with traditional learning tend reotdarn meaningfully and thus may
have difficulty relating what is taught to them snience with other science ideas,
and with real world experiences (Novak, 1988).dad{ for meaningful learning to
occur, new knowledge must be related by the stuierglevant existing concepts in
that student's cognitive structure. These obsamsatiead to a new approach to
education called constructivist approach. A cortsivist approach sees learners as
mentally active agents struggling to make sens¢heir world (Pines and West,

1986). Also, it allows students to construct knalge, to think and to learn.

Constructivist ideas have had a major influence@ance educators over the
last decade (Appleton, 1997). The learning cycl@regch also promotes the
constructivist philosophy whereby students constkmowledge by identifying and
testing their existing understandings, by inteipgethe meaning of their ongoing
experiences, and by adjusting their knowledge fraonks accordingly (Ewers,
2001). Karplus (1960) also argued that the teacbingcience requires more than
content. Teaching requires a plan derived from blo¢hdiscipline of science and the
manner in which students learn. He called the tegchrocedure that was invented
to satisfy those requirements the learning cyclee Tearning cycle moves children
through a scientific investigation by allowing thdmst to explore materials, then to
construct a concept, and finally to apply this @picto new ideas (Marek and
Cavallo, 1997). Further, all phases of the learragpge incorporates the Piagetian
approach into a succinct methodology of learningpegiencing the phenomena or
concept (Exploration Phase), applying terminologythie concept (Concept/Term
Introduction), and application of the concepts iatlwlitional conceptual frameworks
(Concept Application) (Odom, and Kelly, 2001).

The learning cycle, the antithesis of inform-veyiiyactice approach in
science, promotes meaningful learning because stsideust construct, formulate,
and explain their ideas from their own experiend@é® students are not given



answers, which tend to close their minds and dtep process of making links and
meaning of their experiences. Textbook definitiand readings are used by students
only after having direct experience with the phereomn Thus, students first form a
knowledge base of understanding of the conceptiaat central to their concrete
experiences in the exploration. This knowledge lisske relevant prior knowledge
upon which to link new ideas they learn in the @picapplication phase of the
learning cycle. Furthermore, the concept applicapbase typically includes many
activities that help students to link ideas andteethem to their everyday lives. Also,
Piaget labeled this process of linking ideas withthe mental structure as

“organization” (Marek and Cavallo, 1997).

In addition, the learning cycle was intended taiattnany national goals and
standards of science education for the twenty-fashtury (National Research
Council, 1996). The learning cycle was designetidaonsistent with the nature of
science and to promote critical thinking througuimy, collaborative grouping, and

the construction of new ideas.

The development of the ability to think has longeheccepted as a central
purpose of education (Educatinal Policies Commisdi®61; American Association
for the Advancement of Science, 1990) because Iiigyato think independently
allows indviduals in our society to make choicesl amjoy true freedom. Thus,
educators need to help children- who representfihge leaders and decision
makers of our society- develop the ability to thiokgically (Marek and Cavallo,
1997). The ability to think is based on the usehef rational powers of the mind
(Educational Policies Commission, 1961). Also, Maamd Cavallo (1997) equate
ability to think with students’ development and usé the rational powers:
classifying, comparing, evaluating, analyzing, &gsizing, imagining, inferring,
deducing, recalling, and generalizing. All phasethe learning cycle lead students
to develop their rational powers. The exploratidvage of the learning cycle is the
time during which the major assimilation that legdsconceptual understanding
takes place. In making this assimilation studelassify the results they receive,



which means that they compare them and comparswdtserequires at least a minor
evaluation. Students use several of the rationalep® therefore, in just the act of
exploring. Before, term introduction, students nmstke a thorough analysis of the
data resulting from their exploration. Term intratan is obviously a synthesis
incorporating the use of imagination. Classifyingpmparing, evaluating, and
inferring are necessary in formulating the concejdt. these activities lead to
transference of the data received through the gbofeexploration to the context of
knowledge construction. Such activities also makelent why accommodation
takes place during the term introduction phasehénconcept-application phase, the
newly acquired knowledge is immediately put to usa new context and with new
materials. This causes students to recognize fitesih understanding of the concept
and generalize about it. Most certainly, studengésusing deduction throughout this
entire learning cycle phase. In light of the foregp it can be concluded that the
combination of curriculum organization and classndeaching procedures using the
learning cycle leads students to achieve the dgmirpose of education, that is, they
are developing the ability to think (Marek and Qbal997).

In addition to help students acquire scientific \iexlge; another goal of
science education is to understand its developnenther words, science education
should not only teach what science is, but also tsmmentific knowledge is
constructed through a series of complex interast@mong different views, such as
cultural and social (Huang, Tsai, and Chang, 2008ditional science education
focuses mainly on the acquisition of scientifictadut very little on the process as
well as the nature of developing scientific knovged(Duschl, 1990). That is,
science curricula, teachers, and students mayana appropriate understandings of
the nature of science, and most of them expressriemspaligned (in contrast to
constructivist) views about the nature of scientedérman, 1992). However,
understanding the nature of science is importactlrge it not only should help
students function in our society, but also shouidob their lives by making them
insiders who can share in the science adventuny st® it unfolds (American
Association for the Advancement of Science, 1993).



Findings indicate that the learning cycle influesthdearner’'s conceptions of
the nature of science and science instruction enneca, 1997). In this study, we
used another version of learning cycle, which iseda5E Learning Cycle Model
(Engage, Explore, Explain, Elaborate and Evaluategcause 5E sequence
automatically structures constructivist, inquiryséd learning while addressing
content required by high school students (Wilded &huttleworth, 2005). This
model is designed to incorporate all aspects okiroativist learning environments
by engaging students and allowing students to e&plee concepts being introduced,
discover explanations for the concepts they amnieg, and elaborate on what they
have learned by applying their knowledge to newasibns. Throughout the process
the model offers multiple opportunities for evalaat of students’ understanding.
(Bybee, 1993; MaryKay and Megan, 2007).

In this study, we primarily concerned with studéntgsconceptions and
instructional strategies that affect the understapaf scientific concept. In this
respect, we aimed to improve eleventh grade stadanterstanding acid and base
concepts by 5E Learning Cycle Model. The contritmutdf students’ science process
skills to their understanding of acid and base epts was also examined in our
study. Lazarowitz (2002) indicated that learningesce requires high cognitive
skills. Science process skills involve identifyingriables and hypotheses, designing
investigations, graphing and exploring data, exmhg results and drawing

conclusions.

In present study, we also dealt with the effecttreitment on students’
attitudes toward science as a school subject. Maskarch in science education
indicated that the type of instruction affecteddstuts’ attitudes toward science as a
school subject (Parker, 2000; Chang, 2002). Stsdeattitudes, feelings and
perceptions of science are important for scienckhiemement. Moreover, we
examined the students’ understanding of the nailiszience. Many contemporary
science educators agree that encouraging studend&rstanding of the nature of
science, its presuppositions, values, aims, anithlilons should be central goal of



science teaching (McComas, Clough and Almazroa819he nature of science has
been defined in numerous ways. By the nature e@nsel we mean the epistemology
of science, science as a way of knowing, or theesland beliefs inherent to the
development of scientific knowledge, as consisteth ihe definition of Abd-el-
Khalick, Bell and Lederman (1998). Researchers hargued that richer
understandings of the nature of science promotpeteaaterest and engagement in
the subject (King, 1991; Matthews 1994; Lederm&®88). In our opinion, the most
important reason students should understand therenaif science is that this
understanding is crucial to responsible personaisg making and effective local
and global citizenship.



CHAPTER 2

REVIEW OF LITERATURE

The need for students to receive a good scienceaédu has been more
important in the highly globalized and competit®&" century. Thus, schools today
are under enormous pressures that were not présgnyears ago (BSCS, 2008).
Although the greater consistency between goalsprib® and practices in the
learning and teaching of science has been higlalymmenended for ages (i.e., Lunetta
and Tamir, 1979; Marek and Cavallo, 1997), onehefdcute problems in teaching
science today has been the mismatch which oftesiselzetween the stated goals for
science education and the learning outcomes visildehool graduates (Lunetta and
Tamir, 1979; Mettes, Pilot, Roossink, and Kranféats, 1980; Osborne, and
Gilbert, 1980; Nurrenbern and Pickering, 1987; Maaed Cavallo, 1997). Today,
although it is mostly agreed that teaching whatalled science without involving
the students in a quest or search is not a teasliegce (Marek and Cavallo, 1997),
most of current traditional teaching is focusedtlo® content of the curriculum and
on knowledge and information transmission. Whetbés is an essential aspect of
the schools, it is no longer enough for an effecawd stimulating learning process.
Further, even helping students to acquire scierkifiowledge is not enough for the
21%" century; students should understand the naturesaiénce is that this
understanding is crucial to responsible personaisa making and effective local
and global citizenship (Smith and Scharmann, 199). this ground that we began
the discussion with the misconceptions which argy \®g obstacles to promote
science learning. Next, learning cycle models, WHead students on the quest for
knowledge, were explained. Finally, nature of sceewas discussed.



2.1 Misconceptions

Substantial research has indicated that studetdsand use a variety of ideas
or conceptions about natural phenomena they begtutly science formally (Driver
and Erickson, 1983; Osborne and Freyberg, 1985;défaee, et.al., 1994; Sheppard,
1997). These conceptions, known as a student's pnowledge, are frequently
contrary to scientifically accepted ideas (Osbané Freyberg, 1985) and they have
been referred to in the literature as “misconceytioHelm, 1980; Fisher, 1985;
Cho, Kahle, and Nordland, 1985; Griffiths and Gyarit985); “alternative
conceptions” (Driver and Easley 1978; Gilbert andif§ 1985; Nakhleh, 1992;
Palmer, 2001); “preconceptions” (Novak 1977); ohildren’ science” (Gilbert,
Osborne, and Fensham, 1982). In this study, the terisconception” will be used

to refer to the students’ conception that is incgiest with scientific conception.

During learning, students try to connect new knalgke into their cognitive
structure. If they hold misconceptions, these nmmseptions interfere with
subsequent learning (Ben-Zvi et al., 1986; de Vizd derdonk, 1987; Haidar and
Abraham, 1991; de Posada, 1997). Therefore, newlkdge cannot be connected
to their existing structure and misunderstandingth&f concept occurs (Nakhleh,
1992). Thus, teacher must identify students’ miseptions and find out to prevent
them from occurring. In order to dispel student$seconceptions, it is necessary to
identify the sources of them. However, the orignfisstudents’ misconceptions are
difficult to pinpoint (Sheppard, 1997). Generallyesking, the possible sources of
students’ misconceptions are: direct observatiom$ perceptions of the natural
world (Head, 1982), social environment (Strauss8119Stepans, 1991; Herron,
1996), everyday language (Gilbert et al., 1982¢tBreet al., 1989; Renstrom et.al.,
1990), ordinary language in the classroom (Osbd883; Ross, 1989; Veiga, et.al.,
1989; Bergquist and Heikkinen 1990), the inadequatterequisite knowledge
(Bodner, 1986; Garnett et al., 1990; Garnett anehdust, 1992a,b; Taber, 1995),
teacher (Gilbert and Zylberstajn, 1985; Lawren86tRoss, 1989; Banerjee, 1991;
Heller and Finley, 1992; Hodge, 1993), and textlso@®ho et al. 1985; Andersson,
1990; Dall'Alba et.al., 1993).
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Misconceptions are embedded in students’ alteraatbelief system;
therefore, many of the misconceptions are pervasiable, and resistant to change
and some students persist in giving answers cemsistith their misconceptions
despite years of formal schooling in science (Driaed Easley, 1978; Fredette and
Lockhead, 1980; Gunstone and White, 1981; HewsaohHewson, 1983; Osborne,
1983; Halloun and Hestenes, 1985; Wandersee €198M4). Over the last three
decades, various teaching models have been dedeltpechange students’
misconceptions into scientific conceptions (Denaghu et. al., 2005) because
misconceptions have been found to be resistanbhaoge by traditional instruction
(Fisher, 1985). Most researchers supported tlegtterdisequilibrium necessary for
students to rearrange their conception in the timecof the expert’s conception
(Pinarbasi, 2007). Also, researchers insisted tiefgre teaching a concept, teachers
should check the literature to find out misconaapi that students may bring to
class and which methods are the best in correthiege misconceptions (Pinarbasi,
2007).

Students’ misconceptions in school sciences akea#ls constitute a major
problem of concern to science educators, sciem$garchers, teachers, and, students
(Johnstone and Kellett, 1980; Nussbaum, 1981; @sband Wittrock, 1983; White
and Tisher, 1985). Within this framework, chemistmas a particular status
(Campbell, 1978). Although much recent science atioic research has focused on
students’ understanding of various science tomosjparatively little research has
been conducted in chemistry (Skelly, 1993; Sheppa@8®7). Studies in science
education aimed to determine the students’ undedstgs of chemistry concepts
indicated that students hold a variety of incorretgas about many chemistry
concepts (Fensham, 1994; Gabel and Bunce, 1994): ntble (Duncan and
Johnstone, 1973; Novik and Mannis, 1976; Gabel Simerwood, 1984; Staver and
Lumpe, 1995); chemical equilibrium (Camacho and @&;0b989; Gussarsky and
Gorodetsky, 1990; Banerjee, 1991; Pardo and SdRatelez, 1995); chemical
reaction (Barker and Millar, 1999), gases (Benseinal., 1993), stoichiometry
(BouJaoude and Barakat, 2000), atoms and mole@@h#&ths and Preston, 1992),
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electrochemistry (Garnett, 1992; Garnett and Tread992a,b); solutions (Abraham
et al., 1994; Ebenezer and Ericson,1996); thequéatie nature of matter (Ben-2vi,
Eylon, and Silberstein, 1986; Gabel et.al., 198ythtott, 1990); bonding (Peterson
and Treagust, 1989; Boo, 1998; Tan, and Treag@®&9;1Nicoll, 2001; Coll and
Treagust, 2003); solubility (Longden, et.al., 1994nd acid-base chemistry (Ross,
1989; Nakhleh, 1990; Vidyapati and Seetharamap@@5;1Sheppard, 1997; Sisovic
and Bojovic, 2000).

2.2. Misconceptions in Acids and Bases

Acids and bases is one of the basic topics thabppkcations in many areas
of chemistry. Further, improved instruction on acahd bases may lead to improved
instruction in other areas of science (Ross, 1988&)instance, biochemistry students
need to have an understanding of the nature osamdl bases, because enzymes
function occurs in specific acid-base environmeBtsthe same token, agricultural
scientists draw from a prior knowledge of acids Aades to enhance their expertise
in crop cultivation (Whitman, Zinck, and Nalepa,829. Moreover, commercial
investments about acid-base industry and its effeat environment make people

concerned about acids and bases.

There have been a number of studies about studwldrstanding of acid-
base chemistry (Cros et al., 1986, 1988; Ross, ;188%hleh, 1990; Ross and
Munby, 1991; Nakhleh and Krajcik, 1993, 1994; Boitd995; Vidyapati and
Seetharamappa, 1995; Sheppard, 1997; Sisovic ajuviB02000; Demirciglu et
al, 2004). Results have showed that acid-base dfignis not simple (Ross, 1989)
because mastery of its concepts, requires an atejunderstanding and knowledge
of many conceptual areas of chemistry, such asp#raculate nature of matter,
concentrations, solutions, chemical equilibriumoigdtiometry and chemical
reactions (Sheppard, 1997). Previous researchestudveal that students do not
have an adequate level of understanding of the amidbase concepts (Hand, 1989;
Ross, 1989; Nakhleh, 1990; Vidyapati and Seethgrpamdl 995). Actually, students
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usually learn the concepts of acids and bases mgmory strategies (Lin et.al.,
2004). Thus, they simply memorize definitions relyag acids and bases without
being able to truly comprehend the concepts (Sraith Metz, 1996); therefore,
students hold many misconceptions related to amndkbases (Ross, 1989; Zoller,
1990). As the literature indicates, misconceptiaresspervasive, stable, resistant, and
affect students’ further learning (Andersson, 198®8iffiths and Preston, 1992).
Therefore, it becomes very important to find outdaprevent students’
misconceptions during the instruction (Demigdio et.al., 2004). In this regard,
students’ misunderstanding in acids and bases itgest a major problem of
concern to science education researchers. Sonte @tadies on students’ concepts
of acids and bases at different stages in studestgol or university training are

reviewed below.

Many researchers have designed their researchestudi identify the
misconceptions about acid-base concepts. Amongomigptions research, the most
common approaches for obtaining information is gsimterviews. For example,
Cros et. al. (1986, 1988), Ross (1989), Ross amahby (1991), Vidyapati and
Seetharamappa (1995), Sheppard (1997) and Pind@2i¥¥7) used interviews to

identify students’ understanding level of acids hades.

Cros et. al. (1986) investigated 400 first-yeawarsity students’ conceptions
of the constituents of matter and conceptions alsaand bases. For this purpose,
they used free interviews, semi-structured intevgi@nd questionnaires. They found
that students have a good knowledge of formal gesmms, but inadequate
conceptions of concrete phenomena, such as hew teeased during an acid base
reaction. Students did not appear to connect tkemwledge with everyday
phenomena. Further, the authors stated that swdemtd it easy to give examples
of acids; the most frequently mentioned being hgdlaric (93%), sulphuric (61%),
and ethanoic acids (56%), but when asked to ligettbases, 43% couldn’t name
more than two. In addition, 17% answered that pld eaneasurement of the degree
of acidity. The results of this study also indichtbat education is not sufficiently
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linked to experimental work and the practical asped chemistry in everyday life

and in the modern world.

In a follow-up study, Cros et. al. (1988) investaghto what extent, after one
year of study at university level, the conceptiohstudents have evolved and how
their knowledge of scientific theory has progressBaey found that some of the
students had modified their concepts; for examiple,former descriptive definition
release H). However other concepts, such as the descripéfimition used for pH,
hardly changed. The result of the study also redkdhat the students do not
perceive the relationship between the scientificioms they master and their
applications, not only in the daily practices okutists, but also in everyday life

supports the findings of Cros et.al. (1986).

The results of the Cros et. al. studgage a point to the purpose of the study,
conducted by Ross and Munby (1991). They desigtudysto investigate senior
high-school students’ understanding of acids andedaand to explore the
methodological approach offered by concept mapdhging the study, two audio
taped interviews were conducted with each partitip@he study was started with a
multiple-choice test. This test was used to gaiditamhal information for the
interviews and to select the participants. Thet finterviews conducted three days
after the administration of the multiple-choicettexluded tasks written on a card
that contained a stimulus in the form of a drawisiggram, or picture. In the second
interviews, each student was asked to write fiveds@r phrase he or she associated
with acids and bases. The second interviews wenewsaied four weeks after the
first interviews. The interviews were grounded omadel concept constructed from
the curriculum. The results were depicted in cohacapps and compared to the
model concept map. The misconceptions regardindsawted by Ross and Munby
(1991) are that acids taste bitter and pepperyswstances with sharp or strong
smells are acids; all acids are strong and poissinetwong acids have a higher pH
than do weak acids; soil cannot be acidic becéurgg grow in it. Moreover, the
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discrepancy found in performance between the adidcale and the base subscale
supports the findings of Cros et.al. (1986), arfiadilties found in the ion subscale

confirmed the results of Burns’ study (as citeCarr 1984).

Sheppard (1997) investigated high school studamtslerstanding of acid-
base chemistry, prior to and after formal chemistristruction. Sixteen students
enrolled in a regular chemistry course were intaméd three times during the school
year; before and after studying the topic of acadwl bases and then while
conducting a titration using a microcomputer-balsdxratory (MBL). The findings
showed that students had considerable difficultyhvdeveral areas of acid-base
chemistry and did not develop an integrated con@pinderstanding of the topic.
Students were unable to describe acid-base coneagigrately and revealed a
number of alternative conceptions, which remainetthanged by instruction.
Specific areas of difficulty included the concepfpH, neutralization, strength and
the theoretical descriptions of acids and basesh&y most students could not relate
the concepts to actual solutions and were unabdiesoribe acid-base phenomena at

a sub-microscopic level.

Vidyapati and Seetharamappa (1995)'s study was rtaiden to explore
higher secondary school students’ understandingcafs and bases. The study’s
participants were 75 high school students comimgnfifive schools in different
regions of India. The authors used free interviamd a questionnaire-based enquiry
followed by structured interview. The questions time questionnaire involved
defining and giving examples of acids and baset®ims of Arrhenius, Bronsted-
Lowry and Lewis theories, giving examples of acisl bases in everyday life and
concept of neutralization. The results of the stabgwed that few students could
correctly define and give examples of acids aneé$asing the different acid-base
models. Suprisingly, a greater number of studentddcgive correct examples of
acids and bases for each of the theoretical desergy than could define the
theories. Moreover, they found that overall thelstus were as knowledgeable about
bases as they were about acids, which contradtshgtresults of the Cros et.al.’
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(1986) study. Also, many students were found tceHdtle knowledge of acids and
bases in everyday life and that many of exampley tiited were taken from the
texts themselves. Moreover, about 85% of the stisdeave a misconception as
regard to ‘neutralization’ term. These studentseveld that a neutral solution always
results in a neutralization reaction, a finding isamto that of the Schmidt (1991)
study. Also, about 70% of the participants were aafre that neutralization is
accompanied by evolution of heat. And, only 15%tofdents considered that the pH
of a solution would drop if an acid were added dtifeto a base. Clearly, students
think of only strong acids reacting with strong ém$n a neutralization reaction. It
appears from this study that the students’ knowdeafgacids and bases is qualitative

and formal and is not sufficiently connected witilyllife encounters.

Smith and Metz (1996) built their research study psior research using
microscopic representations to examine undergradustudents’ conceptual
knowledge of acid strength and solution chemisiso, the researchers tested
graduate students and faculty to see if concepiuedknesses persist past the
undergraduate level. They reported that alternatoreceptions about acid strength
persist at graduate level chemistry, with many etisi misrepresenting ions,
bonding and dissociation on a sub-microscopic leMel example, many students
believe a strong acid has a strong bond. Furthexpstudents usually stated that a
weak acid is easily pulled apart due to weak banwdseak attractions between the
charged species. While many students could defreagth verbally, they could not
accurately describe or explain the phenomena. Nuwtténding this, Sheppard
(1997) claimed that this study has two deficiendiesst, the authors omit the solvent
molecules from all the sub-microscopic represematiof acids and bases and the
solvent is an important factor in acid-base chemigecondly, the sub-microscopic
representation of weak acids, incorrectly showsntless being made of associated

ions, as opposed to molecules.

Ross (1989) also conducted a study to investigagd bchool students’
understanding of acids and bases with quantitaineequalitative methods. Analyses
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of data showed that the students held idiosyncaceptions of acids and bases
which did not coincide with the concepts found Ire tcurriculum guidelines or

prescribed texts. Also, the author found that thelents retained their everyday
concepts of acids and bases and grasped few stietific concepts. As a result of

this study, the misconceptions that students helcewstated as follows:

. Acids contain hydroxide ions.

. All acids are strong acids.

. Concentrated is the same as strong.

. Acids are poisonous.

. Acid rain is formed from water and chlorine or hygen gas.

. Acids contain hydrogen in the gaseous state.

. Acids and bases react to form a solution.

. A strong acid has a higher pH than a weak acid.

. A gas is released when an acid and a metal reattaube heat

changes the liquid to a vapor.

. When hydrochloric acid and magnesium react moreigasleased
than acetic acid reacts with magnesium becauseetistion is more
violent.

. When hydrochloric acid and magnesium react moreigasleased
than acetic acid reacts with magnesium more hydraogads need to
be broken.

. A strong acid reacts more slowly than a weak acid.

Demerouti et al. (2004) constructed and utilizeguastionnaire consisting of
ten multiple-choice and eight open-type question®rder to investigate students’
misconceptions and difficulties associated withda@nd bases. The test was given
to 119 Greek students in the twelfth grade. Theyntb that the students had
misconceptions and difficulties on some topics. sehavere: dissociation and
ionization, definition of Brgnsted-Lowry acids anblases, ionic equilibria,

neutralization, pH, buffer solutions, and degre@afzation.
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Demircigglu et.al. (2004) examined the sophomores’ undedstgs and
misunderstandings of acid and base concepts ingla $chool. 150 sophomores
enrolled in this study. The authors developed At@f, 3 section test to measure
the concept of acids and bases. Results of they stoplied that students did not
have an adequate level of understanding of the-lzasé concepts. Some
misconceptions students showed were: acids can éaenything; strong acids melt
metals and destroy them; all acids and bases anmgfiiaand poison; the pH of a salt
solution resulted from neutralization is alwaysritl ahere are neither Hhor OH

ions in a neutralization reaction between a stiaeid and a strong base.

Pinarbal (2007) studied to explore the conceptions of ®irkuindergraduate
students regarding concepts of acids and basetoatetermine the difficulties that
students may have in understanding these concefgsdeveloped open-ended
diagnostic questions and semi-structured interviéhe findings revealed a number
of misconceptions. These can be summarized as:\pater (or a neutral solution)
has always a pH of 7; the pH of an acid soluticat ib excessively diluted can be
over 7; all salts are neutral in terms of acidigsiity; the neutralization of a strong
base by a weak acid (and vice versa) does not @dot® completion (even if the
reactants are in stoichiometric amounts), hencerdlalting solution is basic (or
acidic); hydrolysis is considered as being the s#jmm of a substance into ions by
water. Furthermore, he stated that the domain afsabases and neutralization
offers a unique area for studying because this dom@duces a rich and complex
conceptual framework which includes various key eatp of chemistry. For
example, neutralization involves chemical changeeatral concern in chemistry
that needs to be emphasized. Moreover, an exptemati neutralization makes
reference to the atomic theory which is vital fardarstanding of all topics in
chemistry. At advanced levels, neutralization i)sidered in relation to other
important chemistry concepts such as reaction eatd chemical equilibrium
(Pinarbasi, 2007).

18



In addition to the research focused on investigastudents’ misconceptions
related to acid-base concepts, several researobhesed on exploring what kinds of
reasons result in the students’ misconceptionsekample, Lin et.al. (2004) studied
to identify students’ mental models, to understaimth graders’ changes before and
after formal instruction, and to search for theiuses. Moreover, they also examined
the differences of mental models between students high achievement and
students with low achievement. The sample consiefed8 ninth grade students
from a local high school in Taipei city. After takj a set of two-tier diagnostic test,
the authors chose six target students; three wéte mgh achievement and the
others were with low achievement. Before formal trungtion, the authors
interviewed target students for understanding theental models about acids and
bases and their causes of concepts. After fornsfuation in acids and bases, all
students took a post-test and the authors interdethieses 6 target students again
for understanding changes of students’ mental nsoaiel causes of misconceptions
after instruction. When they compared high achiest@mstudents and low
achievement students, they found that students igh achievement held more
identical mental models, and their sources came fteaching in school more.
However, students with low achievement were infagzhby the context of questions
and their sources were various. This study also avpart of an integrated project
designed to build up a databank for misconceptlogld by students in Taiwan in
order to improve teachers, researchers, and cluncdesigners’ understandings of
students’ science concepts for better quality afiang. As a result of this study, the
author suggested that there are two main sourcasudénts’ misconceptions: one
was teaching in school and the other was intuitddnch was influenced by the

representations or superficial meanings of charaetied symbols.

As a result of the many advances that have beere madhis area of
chemistry over the last century, there is disagergnabout what should be taught
about acids and bases in introductory courses (dawk994). Textbooks describe
the chemical properties of acids and bases andlaise different theories of acidity,
each with its own specialized terminology, whick theginning chemistry student is
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expected to master. Thus this leads to confusioattments (Osborne and Cosgrove,
1983; Sheppard, 1997).

In other words, the use of models may be anothetriboiting factor to
students’ misconceptions (Drechsler and Schmid@5R0Carr’'s (1984) textbook
survey revealed conflicting viewpoints and variedjiences of the models used to
explain the concepts acids and bases. He suggdsigehts might be confused when
the three models (Arrhenius, Lewis, and Bronsteduiyd, are introduced in the
same chemistry course. Besides, Hawkes (1992) \wdxbehat the Arrhenius acid-
base model confused students. When asked to u&dhsted model, which applies
to a variety of bases, students’ thinking was diminated by the Arrhenius model,
in which only OH ion-producing substances are considered as bikaeover,
Demerouti et al. (2004) indicated that studentsnfrgpper secondary school were
more familiar with the Arrhenius model; they didtngse the Brgnsted model to

explain the properties of acids and bases.

Several research studies also identified that ncheynistry textbooks did not
clearly distinguish acid-base models, and not discwhy scientists use different
models (i.e., Oversby, 2000; Drechsler and Schn@@i@5). No explanation was
provided why a new model was introduced and hovewa model differs from the
previous one. For instance, Oversby (2000) idedifin a survey chemistry
textbooks that explained different acid-base mobatsdid not discuss the strengths
and limitations of each model. Rayner-Canham (128 stated that when teacher
teach theories, they rarely take the time to shdw wne theory supersedes another,
yet there is always a reason. Many students eptiEge chemistry courses with the
simple Arrhenius Theory of acids and bases firnsitablished among their chemical
beliefs. This naive view fits well with the studehknowledge base and nothing in
their experiences contradicts the paradigm. Thdrermthe Bronsted-Lowry Theory
is introduced, students may see it as having talaanore complex concept for no
real reason. Therefore, teachers need to showrgsittee reasons for the increasing
complexity of theories (Rayner-Canham, 1994). lndtudy conducted by Rayner-
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Canham, two simple sets of demonstrations wereribesicthat show definitely why
the Arrhenius Theory of acids and bases had toepéaced. The author’'s study
support that demonstrations are far more usefulediedtive if they serve a specific

educational purpose.

Research has shown that teachers were aware ffeaedi models exist but
did not use them in their classes (Justi and Gilt#802). Drechsler and Schmidt’s
(2005) study also supported this idea. Their stocatycentrates on different models
used to explain acids and bases and how teachetex@books handle these models.
In this study the analysis of the textbooks anditiverviews revealed that the acid-
base concepts presented by the books and by tbleetsawere the same. And, the
teachers were well aware of the importance of nwodeal had difficulties to make
use of them to explain the properties of acids laaskes. Moreover, textbooks and
teachers neither described the differences betweemodels nor clarified why the
Bronsted model was introduced. Some teachers hacdvem commented on the

differences between them.

In addition, researchers mentioned some problemegicesentations shown
in textbooks. For example, curriculum designersaliguuse concrete scientific
models for explaining abstract concepts. The way tlse may make students only
learn the models we presented but not the contleetsselves (Renner and Marek,
1988; Stepans, 1991; Lin et.al.,, 2004). Erduran9§)9analyzed eight physical
science textbooks for coverage on acids, basespaumigalization. She investigated
that although textbooks are readable, they faimiaking explicit connections to
important, underlying themes such as chemical omasgd physical properties.
Moreover, she stated that conceptual frameworkshwthie students are exposed to
in textbooks might be deficient not only in ternfscontent but also in terms of how

content is weaved into a broader framework.

Lin et.al. (2004) also stated that the conceptaaifis and bases are easily
influenced by everyday languages and experienthsy suggested that if teachers
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or languages in textbooks just state the scienk#figuages but not point out the
difference between scientific and everyday langesageudents will misunderstand
easily. Herron (1996) also argued that languageshemistry make students
confused. The main reason is that the meaningseo$ame words in chemistry and
everyday life are different. In other words, studeare able to understand the
chemistry languages only in chemistry contexts. Elav, teaching should helps
students realize not only the superficial levetbémistry symbols but also the link
between the representations of chemistry symbots the process of chemical

reactions in real world (Lin et.al., 2004).

In addition, researchers suggested that the teeutfalization” does indeed
act as a hidden persuader that leads studentsmis@nception of the process
involved (i.e., Schmidt, 1991; Lin et.al., 2004nh bther words, many students
understand the concept in its literal sense viztragpation always results in a
neutral solution (Sheppard, 1997). Schmidt (199%» ahowed that students had
difficulties understanding the concept of neutiaiian, and he attributed part of this
difficulty to the ambiguous use of the term neutrabrdinary language and in the
chemical context. Neutralization is the core conadpacids and bases. If students
have misconceptions, it will have much effect ondsnts’ learning of acids and
bases. Therefore, teachers and curriculum desigskosild explain the word

neutralization clearly (Lin et.al., 2004)

Many students were found to have little knowleddeacids and bases in
everyday life (Vidyapati and Seetharamappa, 199%). instance, Toplis (1998)
stated that pupils’ often hold erroneous ideas tbhoids and alkalis obtained from
everyday experience, some of which are confusedesidtant to change. Driver et
al. (1994) also suggested that pupils’ ideas alagids are derived from sensory
experiences such as tasting sour foods, and frarer@ekments for antacid remedies
and crime stories about acid baths and news aheutffects of acid rain. Vidyapati
and Seetharamappa (1995) reported similar ideas guestionnaire survey with
higher secondary school students. When asked mbifiglacidic substances in
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everyday life the most frequent answers were: dr(64%), soda/soft drinks (69.3%)
and vinegar (26.6%). Moreover, research by Ross8Gjl9ound that common
household products were incorrectly classified alidough students knew of acid
rain and antacids, few related this knowledge tenuBtry. These appear to be
reasonable notions about acids. Moreover, conagrnisconceptions of bases,
students think that fruits are basic, bases arg, lalnd bases do not contain hydrogen
(Ross and Munby, 1991; Nakhleh and Krajcik, 1994).

Students’ misconceptions also may be arising forseabol instruction and
the interaction between teachers and studentsfi(@sifand Preston, 1989). For
instance, Schmidt (1997) indicated that the idea itih any reaction between an acid
and a base a neutral solution is formed has baamdfto be quite common among
students, however, the main source of the concepitralization was school
instruction. In school, besides inappropriate teaghstrategies, teachers’ own
misconceptions also may result in students’ miseptions (Blosser, 1986;
Westbrook and Marek, 1992). For instance, Bradtey losimege (1998) indicated
whether student teachers at a university and eeg®llof education hold any
misconceptions about acids and bases. The misciooreepvere explored through
the study focused on: theory of acids and basegepties of acids and bases; acid
and base strength; pH function; equations for aeiske reactions; molecular
representations of acids and bases. The resultshaf study showed that
achievement was disappointing generally and studesthers at the university

performed better.

In addition to aforecited factors that may havevprdéed the students from
acquiring the acid-base concepts, the studentscidef prior knowledge is also a
crucial one (Ross, 1989). Research studies havieated that students lacked
knowledge of the concepts that they are generadyeeted to learn before
instruction on acids and bases. For example, soméersts did not interpret
information provided in equations and seemed ndntmvy about the activity series
of metals. Moreover, among the acid-base conc#pgH and ion concepts appear
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to be most significant if students are to undedtacds and bases. Ross's (1989)
study showed that most students did not undersiamg] so misconceptions have

arise inthe concept of pH (Ross, 1989).

The findings of researches focused on investigattodents’ misconceptions
and the kinds of reasons result in students’ misgptions related to acid-base
concepts are crucial because by taking misconageptiand their sources into

account, removing of misconceptions could be addev

Many studies have been conducted about ways ofitep@cids and bases.
For instance, Hand and Treagust (1991) studied taftogents’ achievement and
science curriculum development using a construdtisenework. They conducted
individual semi-structured student interviews thlgbuhree months and from these
interviews, they found five misconceptions aboutis@nd bases among sixty 16-
year-old students. These were: an acid is somethihigh eats material away and
can burn you; testing of an acid can only be dogneying to eat something away; to
neutralize is to break down an acid or to changenfan acid; a base is something
which makes up an acid; and a strong acid can atdrial away faster than a weak
acid. Hand and Treagust’'s (1991) study different the studies above, because it
aimed to remedy the student misconceptions. Thegldeed and implemented a
curriculum about acids and bases based on the pwatechange approach, which
designed to change students’ misconceptions abadt and bases to scientific
conceptions. The results of their study revealed #lat students taught by using the
new curriculum about acid and bases topic haveah@dher achievement than those

taught by using traditional methods.

Nakhleh and Krajcik (1993) studied the influence different levels of
information, presented by three technologies (chalmndicators, pH meters, and
microcomputer-based laboratories) on studentsbastand thought processes. Their
study was a first attempt to investigate how sttslégarn in laboratory using various
technologies. They investigated students’ initrad final understanding of acid-base
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concepts and their concurrent thought processesaatohs during the process of
acid-base titrations. Each student used one tecgndb titrate a strong acid, weak
acid, and polyprotic acid with a strong base, dm®y tverbalized their thoughts while
titrating. At the end of the study, they revealddttthe technology’s level of

information had influence on students’ ability tonstruct understanding from the
laboratory experience, and also affected the farfustudents’ observations. They
also investigated microcomputers enhance labordeagning. In addition to this,

their study also revealed that students held timaan ideas about how acids and
bases behave when mixed. One idea is that theamddbase do not react; they
simply form a physical mixture. Another idea istthi@ey do react, but they react by
sticking together to form one patrticle. A third, m@ppropriate idea is that acid and
bases react by double displacement. Moreover, gbelts of this study have four
implications for science teaching practice. Theserew prelaboratory and

postlaboratory discussions become critical to megol learning from the

laboratory activity; laboratory activities shoulde kclustered in terms of the
procedural skills taught in them; laboratory ad¢tés should be simplified in order to
focus the students attention on what is to be &ghifrom the laboratory; students
should be allowed the time to explore the boundawé the topic, either by

laboratory projects or by demonstrations.

Then, Nakhleh and Krajcik (1994) also studied twestigate changes in
secondary students’ understanding of acid, bask pihconcepts before, after and
during a series of acid-base titrations using stenknologies: chemical indicators,
pH meters, and microcomputer-based laboratories LMBChanges in the
understanding of students were explored by usiegvétbal data obtained in initial
and final interviews to construct concept maps astimate the depth of their
molecular understanding. After the initial intemiestudents were grouped by the
level of technology employed. Within each groupmdsints individually performed
the same set of titrations using different techgms. No teacher mediated
instruction was provided. The results indicatect ttie order of the influence of
technology on understanding is: MBL > chemical aadior > pH meter. Moreover,
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they stated that students using MBL activities tmcsed more detailed and more
integrated chemical concepts, which may have reduit more meaningful learning.
Moreover, they also established that some of stsdeho participated in the study
had the following misconceptions: pH is inversadlated to harm and bases are not
harmful; bubbles or bubbling is a sign of chemiezdction or strength; acids and
bases have their own particular color or colornseiy (bases are colored blue, acids
are colored pink, and even different pH solutioasehdifferent colors); molecules
fight and combine, and phenolphthalein helps wehtralization; acids melt metals,
acids are strong and bases are not strong; pldasn@ound called phenolphthalein, a
chemical reaction and a number related to intendipally, researchers also
proposed that research need to be done on effestatbods of using MBLs in

teaching.

Demircigglu et.al. (2005) designed a study to identify tffeas on students’
achievement and misconceptions of new teaching rrabt@NTM) developed for
acids and bases. Also, they explored studentdudés towards chemistry. The
sample of the study was eighty-eight tenth graddesits from a secondary school on
the north coast of Black Sea Region in Turkey. fidsz=arch was carried out with an
experiment and control group design. Both experimard control groups were
observed during the implementation of the unitaltypical instructional sequence,
while the experimental teacher tried to help tlsturdents recognize and resolve the
conflict between personal knowledge and scienthowledge with the NTM, the
control group teacher used a traditional approaeimiy involving talk and chalk
sessions without practical sessions. The two gragent equal time studying the
unit. However, the lessons in the experimental grgenerally focused on the
prepared worksheets, analogies and demonstratrons the NTM, designed to
encourage conceptual conflict for those studenldimgp misconceptions about acids
and bases. They concluded that the students’ messtaohdings of the concepts of
the acids and bases generally originated from thgieriences in everyday life. And,
the students in both groups had more difficultyuimderstanding the neutralization
(titration process) and related concepts than thers in the unit, because of the
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complex structure of the neutralization concept.e Tresults indicated the
implementation of the new material produced betesults both in terms of
achievement and attitudes. Moreover, it is obsemed training with the NTM
based on the conceptual change strategy was moeessiful in remedying students’
misconceptions on acids and bases than conventims#duction. This result
supported the notion that it is not easy to eli@maisconceptions just by employing

traditional instructional methods.

In addition, several researchers developed anaagiteach concepts relating
to acids and bases (i.e., Kramer, 1986; De Loreh@85; Silverstein, 2000; Last,
2003). For instance, Silverstein (2000) developéabtball analogy to explain weak
and strong acid-base. He believed that problemnatese, when chemistry teachers
attempt to explain the differences between weakstimmhg acids, and between weak
and strong bases. Because, for acids in aqueousosplteachers often speak of
complete vs partial ionization, e400% dissociation. This type of terminology work
for one with a strong grasp of the equilibrium ogpts but for many students it does
not seem to do the trick. Partial ionization is iffiailt concept for some to
comprehend; the phrase may not evoke much in timel of a visual learner. He
stated that visual analogies are often helpful witi#ficulties like these arise. Hence
in his analogy he likens an acid, which is a protlamor, to a quarterback. The
quarterback is a football donor, whose job is tivede the ball by either passing it to
a receiver or handing it off to a running back. Wall the details of analogy he
added that a similar analogy may be drawn betwdgasa and a wide receiver. The
results indicated that the analogy can help evetesits unfamiliar with the mores of

the gridiron to comprehend the mores of aqueou®pPso
2.3 Learning Cycle
Learning cycle was designed to promote scientifredarstanding and

thinking abilities among students (Lawson and Smf{g1982; Saunders and
Shepardson, 1987; Schneider and Renner, 1990; Mackkethven, 1991; Guzetti,
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Snyder, Glass, and Gamas, 1993; Marek and Cav&lih; Lavoie, 1999). To this

end, it is the one predominant teaching methodhhatlong histories of use remain
widespread in the science education community, Renner, 1986; Bergquist, 1991;
Marek and Methven, 1991; Trifone, 1991; Gang, 198Braham, 1998; Lawson,

2000; Odom and Kelly, 2001).

The learning cycle is developed by Karplus (19D, it is not right to say
who first invented the learning cycle because #aring cycle is one method of
teaching which purports to be consistent with thaywpeople spontaneously
construct knowledge. In other words, anyone whorefilected upon how to teach
effectively has no doubt discovered aspects ofl¢laening cycle (Lawson et.al.,
1989). At first hand, the learning cycle was foripahtroduced for elementary-age
students as a part of Science Curriculum Improvenseady (1974). However, it
was later adapted for a wide variety of grade kewld topics (Purser and Renner
1983; Saunders and Shepardson 1987; Stepansl&8a. Zollman, 1990; Barman
1992; Barman et al. 1993; Allard, and Barman, 1994)

The learning cycle bring a unique epistemologyetaring and have proven
to provide a better understanding of the learnertae learning process (Odom and
Kelly, 2001). Learning cycle is deeply rooted imdt's developmental theory, but it
is also embodies other constructivist paradigmieafing and development. These
paradigms include Vygotsky’'s (1978) social condimst theory and Ausubel's
(1963) meaningful learning theory (Marek, Gerbed &avallo, 1999). Scaffolding,
for example, is used throughout the learning cyéllso, in the learning cycle
classroom, teachers work within each student’s zoheroximal development
toward attaining new levels of development. Morepuecause of the students’
active role in the learning process, the learningec promotes the use of students'
meaningful learning strategies as opposed to rotdegies (Marek, Gerber and
Cavallo, 1999). Especially, learning cycles promatemeaningful learning by
providing application activities that help studetitsk their understanding of the
concept to other experiences in science and irydagrlife (Ausubel, 1963).
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Originally, Karplus and Thier (1967) determinedeiadistinct phases for the
learning cycle, named as exploration-invention-ovgcy (Abell and Lederman,
2007). More recently, these phases have been edféor as explore, explain, and
expand (Trowbridge and Bybee, 1990) and to exptmraterm/concept introduction
or invention, and concept application (e.g., Rendraham, and Birnie, 1988;
Lawson, 1995; Marek and Cavallo 1997; Sunal andaBue000) with slightly
different terms being used by the different auth@svyer and Lopez, 2001).
Basically, a three-phase learning cycle approad¢iased on the Piagetian notions of
learning new concepts through assimilation andadigiération in the first phase,
accommodation in the second phase, and conceptpahsion in the third phase
(Lawson, 1995; Renner and Marek, 1990; Abell andelbman, 2007).

Learning cycles begin with an exploration wherealshis learn through their
own actions and reactions as they explore new malteand ideas (Maier and
Marek, 2006). During this phase, students are waalin scientific processes such
as, measuring, observing, experimenting, gathatatg and interpreting data related
to a particular science concept. The concept dateceterminology are not provided
to students; instead, the teacher provides ap@teprexperiences and acts as
facilitator (Cavallo, McNeely and Marek, 2003). AJsthis phase provide an
opportunity for students to begin to develop theclalative and procedural
knowledge with the development of their hypothesisation and testing skills
(Odom and Kelly, 2001). Ideally, exploration shouwldnfront students with new
information that will cause them to think about htlwe data or experience they
encountered fit with what they already know (RUl895; Maier and Marek, 2006).
If a student can account for the data based orr pmowledge assimilation has
occurred. During assimilation, observations or egpees are accounted for by
students’ existing knowledge (Maier and Marek, 206fwever, if new concepts do
not fit in with old ideas, this leads to a questngnof old thinking patterns and

disequilibrium occurs (Rule, 1995).
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Following the exploration is the concept/term iduwotion, when students
analyze and interpret the newly collected datas ®acond phase of the learning
cycle is designed to allow students to re-equitdbbrand accommodate the new
concept (Maier and Marek, 2006). In this phasejestts are in the accommodation,
because they make their own meaning out of theroatsens. Here, students either
achieved to make adjustments in each mental steutdtumake it fit their experience,
or they do not construct the new mental structme then fall in the disequilibrium
phase again (Turkmen and Usta, 2007). During thiase, the teacher uses
textbooks, audiovisual aids, other written matsriadr mini-lectures (Allard and
Barman, 1994). Although the teacher takes an actiein presenting the concept,
this phase should not take on the form of a lectungtead, students are guided by
the teacher in a discussion designed to let theaerpret the newly collected data.
Students arrange and report their group data dathies can formulate hypotheses
for the phenomenon under examination (Maier and ekla”006). Moreover,
appropriate scientific language and terminologyusthde provided during this phase
(Heard and Marek, 1985).

According to Maier and Marek (2006) learning is rmd completed by
collecting data and developing the concept. Theeefihere is more required on the
part of the learner for a full understanding of dwncept (Piaget, 1975). Lawson
(1995) also pointed out that without a variety ppléications, the concept’s meaning
may remain restricted to the examples used atithe it was initially defined and
discussed. Without the application phase, manyestisdmay fail either to abstract
the concepts from its concrete examples or to @dimerit to other situations.
Moreover, applications aid students whose concépt@ganization takes place
more slowly than average, or who did not adequatelgte the teacher’s original
explanation to their experiences (Lawson, 2001)thi® end, the last phase, concept
application, offers additional opportunities forugénts to apply the newly
accommodated concept to what they already knows Hifectively tests and
reinforces students’ understandings of the con@pter and Marek, 2006). In this
phase students may involve additional laboratopeernces, demonstrations,
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readings, questions, and/or problem sets (Marelhaiks and Gallaher, 1990).
Concept application matches to the organizations@hia the Piaget's mental
functioning (Marek, Gerber and Cavallo, 1999), anued to aid the organization
and generalization of knowledge by adjustment déteel mental structures and

transfer from one context to another (Turkmen asth|2007).

Since its introduction, a large amount of reseastidies concerning the
learning cycle approach have been conducted. Téeskes provide the evidence
that learning cycle approach has widespread afijlityato a variety of grade levels
and disciplines (e.g., Abraham and Renner, 1986n&xs and Shepardson, 1987,
Jackman, 1990; BSCS, 1992; Libby, 1995; Barman,mdar and Miller, 1996;
Colburn and Clough, 1997; Marek and Cavallo, 199%&0ie, 1999; Musheno and
Lawson, 1999; Marek, 2000; Lawson, 2001; Odom aetlyk2001; Cavallo and
Laubach, 2001; Lindgren and Bleicher, 2005). Irdi&si involving the learning cycle
and science education, researchers have repomepotitive gains in encouraging
students to think creatively and critically, as wak in facilitating a better
understanding of scientific concepts, developingitpe attitudes toward science,
improving science process skills, and cultivatinlyanced reasoning skills over the
more traditional approaches (e.g., lvins, 1986;aklam, and Renner, 1986; Lawson,
Abraham, and Renner, 1989; McComas Ill, 1992; Lawsb995; Abell and
Lederman, 2007). For example, Ates (2005) conduetesfudy to investigate the
effectiveness of learning cycle method on teachdingct current (DC) circuits to
freshmen female and male students. Participantiseo$tudy were one hundred and
twenty freshmen from four intact classes. The intéesses were randomly assigned
into one of the two treatment groups. The experialegroup (female =30, male =
31) completed a DC circuit unit with the learningcle method, while the control
group (female = 24, male = 35) completed a DC dranit with the traditional
method. After the groups were formed, the Turkishsion of the Determining and
Interpreting Resistive Electric Circuits ConcepesiT(DIRECT), which is originally
developed by Engelhardt and Beichner (2004), weneirgistered to students in both
groups to measure their pre-understanding of D€liticoncepts. After students in
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both groups completed instruction designed forgtmips, all students received the
DIRECT again as a post-test. Finally, experimemgadup students completed a
questionnaire about their perceptions of learniygjec method. Analyses of
questionnaire responses in the present study sieggdsat the majority of female
and male students in the learning-cycle group veatesely involved in the unit,
enjoyed working with hands-on activities, and wesey interested in participating in
the learning-cycle activities. The finding of tisittidy also revealed that the learning-
cycle method is likely to be effective for both fales and males, and led to the

better understanding of the DC circuit concepts tihid traditional method.

In 1993, Champion explored the differences in aointechievement and
understanding of experimental design of a sophomaireuniversity human
biochemistry course using a learning cycle approaaisus an expository method.
Researcher found that neither method produced mtudestery of concepts;
however, the learning cycle promotes significantyeater understanding of
experimental design. Then, Champion indicated #irate the expository students
did not have to design their own experiments, thag more time to spend on
analysis. Learning cycle students wrote more intcbory sections to reports,
whereas the expository students merely recopietestunaterials. According to the
result of the study, the author stated that legnoycle promotes student
understanding of experimental design, whereas égppsmethods foster the
development of data analysis techniques.

Kurey (1991) also compared a learning cycle apgrdaa traditional one in
performance of private suburban high school stisdenthemistry. Prior to the start
of the experiment, the cognitive level of studentye determined. Then, students
were classified as concrete, transitional, or fdramal alternatively assigned to each
treatment. Four topics in chemistry were taughthe study were: expansion of
gases, density, molecular models, and gas laws. alitleor found no significant
differences in performance based on developmeewal for the expansion of gases
and density, however, students at all cognitivelebenefited from the learning
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cycle for the molecular models and gas law unitseesE findings revealed that the
performance of students in chemistry can be enlthrime the learning cycle

approach when cognitive development is considdteztefore the author suggested
that the learning cycle be used to teach studemtsrete and formal chemistry

topics.

Zollman (1990) mentioned several criticisms of tgbiscience courses. For
example, most students view physics courses adlextion of facts and also view
science as knowledge to be recalled. He also stétad some physicists have
improved courses for future teachers that emphabeenature of physics and the
reasoning involved in science to address the mticof typical science courses. The
design of these courses is usually based on thgettia model of intellectual
development, and the most common way of teachiegetlcourses is with small
class sizes of 20 to 30 and a large quantity ofdsam materials. Therefore, the
adoption of this method at many universities limi{@ollman, 1990). To overcome
this difficulty, Zollman adapted a general learrtegching model for a class of
about 100 students with one faculty member assigméd His course is constructed
of 15 activity based units, each of which is oneskvlong. Each unit involves hands-
on activities and is based on the learning cyctenéd developed by Robert Karplus
(1977). To adapt the learning cycle for a largesttmrent course taught by a single
faculty member, Zolmann used a combination of #&e completed in an open
laboratory environment and large class meetingthatend of the study, students’
attitudes toward this course were assessed thrawgghident feedback on instruction
form, and no differences in attitudes were detectdés major topics of the course
were space and time, forces, energy, and elegtranid magnetism. The result
showed that the learning cycle group, for all toptegories, scored higher than the
lecture group, but the differences in the scorddaces and energy were statistically
significant. Thus, the evaluation of the course KEalman to conclude that the
learning-cycle course contributed positively todemt understanding of forces and

energy
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Cavallo, McNeely and Marek (2003) conducted a stiodyvestigated ninth-
grade students’ explanations of chemical reactimnsg two forms of an open-ended
essay question during a learning cycle. One forowviged students with key terms to
be used as anchors upon which to base their esbayeas the second form did not.
Sixty ninth-grade physical science students (26emaB4 females) in four separate
science classes were enrolled in the study, anchsteictor of all four classes was
one experienced teacher, who used the same inljaggd, learning cycle
curriculum for all classes. The essays were adteird@d at three points: pre-learning
cycle, post-concept application, and after add#&iotoncept application activities.
Students’ explanations were qualitatively examirgetti grouped according to
common patterns representing their understandimgsisunderstandings. Results
showed that more misunderstandings were elicitedthey use of key terms as
compared to the non-use of key terms in the pre-Misunderstandings in the key
term essay responses generally involved the misidséhese terms and their
association with the concept. Also, a significandsipve shift in students’
understanding over the learning cycle was obserim.significant increase in
understanding occurred after additional applicatiactivities. Further, gender

differences were found in favor of females in uistinding.

In 1993, Klindienst studied with urban middle schsiidents and probed the
effects of the learning cycle on three dependemiabkes; cognitive structures
regarding electricity as evidenced by changes ntept maps, content achievement,
and attitudes toward learning cycle. Klindienstedmined that: the cognitive
structures of students in the learning cycle graugpe significantly more complex
than the cognitive structures of students in thditional group; students taught by
the learning cycle achieved higher scores on degamade test than students taught
by traditional methods, and the attitudes towaetnmg science were significantly
higher for those students in the learning cycleugrdlindienst suggested that the
more complex cognitive structures of students tabghthe learning cycle could be
attributed to the fact that the learning cycle rezgistudents to process information
in a variety of ways. As a consequence, studeotsporate new information into
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existing schema or create new schema to accommdtatenformation, thus
following the learning process as outlined by Piagdindienst also stated that the
reason the learning cycle students exhibited bettéudes toward learning science

is the sense of control over learning that thishoeétgives to the learner.

Ward and Herron (1980) indicated that inadequatmitive development is
the important reason that students have troublé witemistry. Therefore, they
suggested that procedures should be sought whiwmes intellectual development,
and which assist students in applying formal openat logic to science problems.
Linn and Thier (1975) suggested that the use olgaming cycle as a basis for an
entire semester of laboratory instruction wouldelpected to increase the level of
performance of both the concrete and formal opmmati students. In light of the
foregoing, Ward and Herron developed three expearismgchromatography of a felt
tip pen, activity series, and chemical interactjoinsa college chemistry course in
order to compare the effectiveness of a learningecyaboratory format with a
traditional lab format. Each of these experimemipleasizes the use of a particular
formal scheme. The subjects for this study were @idege chemistry students. In
general, the researchers determined that studdrdsave operating at the concrete
level of intellectual development suffer a disadege when compared to their
formal operational classmates, not only on mateggliring formal reasoning, but
on concrete material as well. Concrete and formatlents appear capable of
competing at an equal level only on material thejuires nothing more than the
memorization of facts and formulas. However, te6grmance differences between
the groups can be reduced by using the learninig dgrause it helps make formal
concepts more amenable to students. Ward and Hbala@ve that long-term use of
learning cycle method would undoubtedly increaseeftectiveness. The result also
indicated that the learning cycle approach wasriglesuperior to the traditional
approach in one of the three experiments. In therdtvo they found no differences.
They noted flawed tests, limited time spent on gshaly and infidelity to teaching

method by teaching assistants as possible reasotieefambiguous results.
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Odom and Kelly (2001) probed the effects of coneappping, the learning
cycle, expository instruction, and a combinationcohcept mapping/learning cycle
at enhancing achievement in diffusion and osmaosient. 108 secondary students
(grades 10-11) enrolled in four different sectiariscollege preparatory biology
classes were taught with the aforementioned tregsn&ach of the four sections
was randomly assigned to a treatment group (conoeggping; learning cycle,
expository, and concept mapping/learning cycle)e ame teacher taught each of
the four classes. The Diffusion and Osmosis Diafindsest (DODT) was used to
measure the conceptual understanding immediatelg seven weeks after
instruction. The authors suggested that the legroytle and the concept mapping
provide a unique approach to learning that can keidents construct knowledge.
The topics they selected to study, diffusion anthass, involve many complex
process that require multiple learning cycles. Frtis point of view, one of the
negative viewpoints of the learning cycle approaels mentioned in this study: with
the learning cycle there is no formal mechanismntake connections between
numerous concepts and activities. The results efdudy indicated the concept
mapping/learning cycle and concept mapping treatmgroups significantly
outperformed the expository treatment group in epteal understanding of
diffusion and osmosis. There was no significanfedgnce among the learning cycle
group and other treatments. The effect of the lagraycle was not clearly identified

in this study.

More recently, Dogru-Atay and Tekkaya (2008) prolibd comparative
effect of the learning cycle and expository instimc on 8th-grade students'
achievement in genetics. The sample of this stumhsisted of 213 eighth-grade
students who were 13-14 years of age, attendingt e/gole classes in two public
elementary schools in Turkey. The authors randarhyse four whole classes from
each school. In each school, they randomly assigwedclasses as experimental
groups and two as control groups. Experimental grow= 104) received learning
cycle instruction, and the control group (n= 10&)aived expository instruction. The
data indicated a statistically significant posatreent difference between the
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experimental and control groups in favor of theexxpent group after instruction.
Also, they found that students' logical thinkingiliyo and meaningful learning

orientation accounted for a significant portiorvafiation in genetics achievement

Additional comparative studies have also reportedilar findings. For
instance, Eaton (as cited in McWhirter, 1998) coregdhe achievement of 65 upper
elementary students taught by learning cycle metlogy and 55 students taught by
conventional methods in their abilities to utilizeience processes (observation,
classification, measuring, experimentation, intetgtion and prediction), and
findings of the study cut in favor of students tauly learning cycle. Schneider and
Renner (as cited in McWhirter, 1998) indicated thaetth grade concrete students
taught with learning cycle methodology showed digantly greater gains in
concept knowledge than those students taught loydioor lecture-based instruction
when measured by a written test. In addition, Stepand colleagues (as cited in
Allard and Barman, 1994) found that the learningleywas more effective in
bringing about conceptual change and understaniiiag was a more traditional
lecture approach. Campbell (as cited in Lawson,186mhpared the effectiveness of
the learning cycle approach to conducting physaisodatory activities plus the
personalized system of instruction (PSI) to theertoaditional lecture-lab-recitation
method of college freshman physics teaching. Canipehd the learning cycle and
PSI approach to be significantly better than tlaglitronal approach in provoking
students to utilize formal reasoning patterns. &tisl had a more positive attitude
and significantly fewer of them dropped out of tharning cycle/PSI course as well.
Content achievement was not significant differeetween the two approaches.
Similarly, Davis (as cited in Lawson, 1995) foundne positive attitudes and better
understanding of the nature of science among diftth sixth graders in learning cycle
classes than in classes using a traditional apprdad there were no differences in
content achievement between students who expedehegwo approaches. Further,
Saunders and Shepardson (as cited in McWhirtei8)1&hducted a study with 115
sixth grade students to compare what they calleddbversus concrete instructional
strategies. The formal approach was characterigextdd and written language
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activities whereas the concrete approach was defaseording to learning cycle
parameters. The study found definite superiorityhef learning cycle approach over

the formal approach in science achievement.

Further, the summary conducted by Abraham and R€a086) supports the
contention that the learning cycle approach hasynsaivantages when compared
with other approaches to instruction. Some stuttieSbraham and Renner (1986)’

study is in the following statements.

» Pavelich, and Abraham (as cited in Abraham and Berb86) stated
that the learning cycle approach more accuratdlgats scientific inquiry
processes than traditional approaches

* Abraham (as cited in Abraham and Renner, 1986tatdd that students
distinguish the learning cycle approach from tiad@l approaches in the
following ways:

o The learning cycle approach emphasizes theaeapbn and
investigation of phenomena, the use of evidencebaok up
conclusions, and the designing of experiments.

o Traditional approaches emphasize the developrogrskills and
techniques, and receiving of information, and thewking of the
outcome of an experiment before doing it

* Lawson and Renner (as cited in Abraham and Red®&6) stated that
using the learning cycle approach, formal operafistudents learn both
concrete and formal concepts better than concpeational students

* Schneider, and Renner (as cited in Abraham and&ehf86) indicated
that for concrete operational students, the legrraycle approach is
superior to traditional approaches in content aareent, and in

intellectual development gains.

In examining why the learning cycle approach mightmore effective than

traditional instructional approaches, one hypothesthat the learning cycle
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sequence is more compatible with how students Bygtiearn (Lawson 1988; Odom
and Kelly 1998). Actually, one of the importantfdiences between the learning
cycle approach and traditional approaches is thaeesee of the phases of instruction
(Abraham and Renner, 1986). In traditional modélgstruction, for instance, the
students are first informed of what they are exged¢b know. Then, some type of
proof is offered to the students in order for thenverify that what they have been
told or shown is true. Thus, the science laborai®ften used to allow the students
to verify that newly acquired information is trukastly, the student answers
guestions, work problems, or engages in some fdrpractice with the new idea.
This inform-verify-practice sequence of phases esponds roughly to the three
instructional phases of the learning cycle with seguence of the first two phases
reversed(Renner, 1982). In light of the foregoing, Abrah@amd Renner (1986)
indicated that the sequence of the phases is thertemt aspect which contrasts the
learning cycle approach with the traditional apptoarhen, they hypothesized that
altering the sequence should have certain effestshe learning and attitude of
students. They altered the sequence of the thraseptof the learning cycles in order
to give insights into the factors which account hee success of the learning cycle,
to serve as an indirect test of the associatiowdxst Piaget’'s theory and the learning
cycle, and to compare the learning cycle with ttadal instruction. Six sequences
of the three phases of the learning cycle aredtate each of the six sequences (one
normal and five altered) was studied with conterd attitude measures. Six classes
of high school chemistry were utilized in the stutiie treatments (sequences) were
assigned to the six classes at random by drawitsy lo this study, four types of
data, collected in order to monitor the effect dfe ttreatments, were class
observations and post-activity discussion; casdiesy achievement analysis, and
attitude analysis. This study provides evidencet tie normal learning cycle
sequence is the optimum sequence for achievemeaandént knowledge, confirmed
by Renner, Abraham, and Birnie’s (1988) investiyagi Moreover, results indicated
that the most important phase of the learning cydien considering the sequence
variable is the invention phase. Indeed, the astlietermine the key factor to be

discussed by the sequence of the phases of therigarycle as the position of the
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invention phase. Going from the gathering dataht ihvention phase is basically
inductive in nature, whereas going from the invamtio the expansion phase is
basically deductive in nature. In 1983, Lott cortddca meta-analysis of 39 studies
from 1957 through 1980 to evaluate the effectiver@sinductive versus deductive
teaching methods. He found that inductive appraacliee., learning cycle

approaches) are more effective for intermediatellstudents, and when greater
intellectual demands are placed on students. Siwildvins (1986) found the

inductive approach created greater achievementetadtion of content. A study by
Ivins compared the effect two instructional seq@snimvolving science laboratory
activities. One of these used an inductive apprdkening cycle) to instruction and

the other used a deductive approach.

Several researchers investigated the necessitgadn phase of the learning
cycle. The effects of students’ missing portionseairning cycles are illustrated in a
series of studies investigating high school physind chemistry learning cycles
(Renner et al. 1988, Abraham 1989; Tobin et.al94)9By eliminating one or more
phases of the learning cycle and then testing thdests for science concept
understanding, these studies emulate the effecidént absences on learning. Data
from these studies showed that all phases of thmiley cycle were important for

gaining complete understandings of science concepts

Many of the above cited studies have centered erfiectiveness of the use
of learning cycle methodology when compared to iti@thl methodologies. In
addition to these aforementioned studies, someeréifit studies concerning the
learning cycle have been conducted. For exampleeljaAskey and Abraham
(2000) studied to investigate an alternative pracedor making up missed class
work: viewing a video presentation of the missedipns of a learning cycle about
density taught in high school chemistry classeso Twatment groups were selected
for the study. Students in the first treatment graxompleted data sheets while
watching a point-of-view videotape of an exploratiphase that was a laboratory
activity about density, and then they wrote answeiguestions posed by the
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videotaped instructor. This procedure simulated engik work. Second treatment
group of students experienced activities organwé@tin three phases of learning
cycle, so they participated in a conventional esadion, class discussions and
application activities. In this study, a primaryafjof the videotape design was to
cause disequilibration in the students followed Hye students’ eventual
reequilibrations and subsequent concept understgadin this regard, students were
required to record predictions and data interpiaiatby using the printed materials
with embedded questions and by using the VCR’se&ature. If they didn’t follow
these procedures then they couldn’'t disequilibrated reequilibrate. Several
researchers also supported that if a videotapehe tused as a make-up procedure, it
should simulate interaction with the viewer (i.8alomon, 1984; Salomon and
Leigh, 1984; Cennamo et al., 1990). For instan@n@mo et al. (1990) stated that
the type of questions that needed to be askedglarguasi-interactive video must be
at a higher level than simple recall. Otherwises thewer comes away from the
video experience with very little retainable knodde. The result of Marek et.al.’s
(2000) study indicated that teachers can videoiagestigations to conveniently and
effectively use as make-up assignments for a chgmésarning cycle. Moreover, the
results demonstrated that the sequence of learoyule activities influenced
learning, which supports the findings of other s#adpreviously conducted (i.e.,
Abraham and Renner, 1986; Renner, Abraham, andeBit888; Abraham, 1989).

A case study done by Dwyer and Lopez (2001) pes/iah example of the
effective use of simulations in learning cycle tass for upper and middle school
students engaged in environmental studies. Theoparpf this case study was to
develop, administer, and collect student data @mnlag cycle lessons that use
simulations in all phases of the learning cycle.upper elementary and 17 middle
school science students were observed, along tin teacher, using simulations
as they engaged in learning cycle lessons revolanogind river ecosystem. Data
collected included videotaped sessions of studemising simulations, teacher

journal, student field logs, student concept mapsgjent and teacher interviews,
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and products of student activities. The studentsrewassessed for their
understanding of concepts during and after comqdtie learning cycle lessons. It
was found that with the specific guidance in sirtiales such as “Exploring the

Nardo,” students perform better.

In addition, some research studies supported tieatetxtbook lessons can be
developed into more meaningful learning experienfoesstudents by organizing
them to follow the learning cycle or by modifyinigeim to fit this approach (Barman,
1992). In 1992, Barman illustrated the evaluatodna technique that introduces
elementary science methods students to the leaoyrig and provided them with a
mechanism for using this strategy with current @etary science textbooks. This
study provides evidence that the technique destiilbé3arman’s study can be one
way to help preservice teachers improve their sgdgraching, and simultaneously,
help them in becoming more comfortable with usimgrt textbook as a guide rather
than the main component of their science lessormse®er, Musheno and Lawson
(1999) applied the learning cycle to science t&kiey wrote two textbook reading
passages - one learning cycle and the other waditi in order to teach the concepts
of symbiosis, mutualism, commensalism, and passsitiThey designed the passages
as similar as possible except for the structuth®information. Most of the wording
in examples used to introduce concepts is ideniincalch passage; but, the learning
cycle passage presents the examples before thintdogy and asks questions to
help in linking and organizing the information peated. In this study, the learning
cycle passage is written with a bottom-up strugtureother words, the lower-order
concepts of mutualism, commensalism, and parasiise presented prior to
introducing the higher-order and more abstract ephcof symbiosis. Also,
guestioning, idea linking, and extensions preserdéidr terms are introduced
represent the concept application phase in thailegarcycle passage. The traditional
passage is written with a top-down structure, shing the higher- order concept of
symbiosis before mutualism, commensalism, and femas and presenting
terminology before examples and definitions. Thinaxs worked with 123 ninth and
tenth grade students attending science classe®iauburban high schools. Students
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were tested for reasoning ability, and classifiscempirical-inductive, transitional,
or hypothetical-deductive reasoners. Then, thegoary assigned to read either a
learning cycle or traditional text passage. Immidand delayed posttests provided
concept comprehension scores that were analyzeypeyof text passage and by
reasoning level. The results indicated that stuevito read the learning cycle
passage got higher scores on concept comprehemgestions than those who read
the traditional passage, at all reasoning levetés Tesult provides the evidence that
reading comprehension and scientific inquiry ineosmilar information-processing
strategies and confirms the prediction that sci¢exepresented in the learning cycle
format is more comprehensible for readers at akeaing levels.

Further, Scharman (as cited in Reap 2000) designddscriptive study to
investigate the role of the learning cycle as d foo identifying and addressing
misconceptions. In the study, the necessity ofgusninds-on as well as hands-on
activities in the exploration phase was stressettivities described as minds-on
included the use of analogies, the formation ohmmi statements, and the formation
of independent decisions. Moreover, Lawrenz and &Wutas cited in Mcwhiter
1998) studied the impact the small groups on trdvidual learner within the
learning cycle framework. They found homogeneouktyalgrouping to be the best
in terms of student gains in content achievemergnmtompared to heterogeneous
ability groups or students chosen groups. Thisysindicated that students using
learning cycle methodology learn best when thegratt with others at or near their

level of thinking.

In addition, some studies have been done relatedntterstanding of the
learning cycle. For instance, Settlage (2000) stidio deepen science teacher
educators’ knowledge about the process of ingjiline learning cycle within the
teaching repertoire of elementary education majotde worked with students
enrolled in typical preservice elementary scienethmds at an urban university. The
results showed that attitudes toward science aachiteg efficacy were posited to
explain the rate at which students grasped thisuconal approach. Moreover,
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understanding of the learning cycle was found t@teelictable by science teaching
outcome expectancy but not by personal sciencehitgpcefficacy nor attitudes

toward science. Also, at the end of the methodgnifstant increases in both

measures of efficacy were discovered and individafitacy scores course were
correlated significantly with scores on the leagnicycle instrument. These data
revealed that preservice teachers’ belief in tlabitity to shape students’ science
learning can accurately predict their potential éanbracing the learning cycle as a
viable teaching approach. In addition, instructarout the learning cycle appears to

contribute to the teaching efficacy of preserviegchers.

Hampton, Odom and Settlage (1995) developed ThenltepCycle Test to
assess teachers’ understanding of the learninge cgdd highlights common
misconceptions identified through the administrataf the diagnostic instrument.
This test was administered to 28 undergraduateestadenrolled in elementary
science methods who had received following instomcon the learning cycle prior
to test administration. Students participated arieng cycle lessons modeled by the
instructor, developed learning cycle lessons, piadied in small group and whole
class discussions about the learning cycle, andl aed critiqued recent research on
the learning cycle. And, as a culminating actiwstyudents taught a learning cycle
lesson to the class. Results revealed that elemyest@ence methods students
continue to have alternative conceptions aboutgaming cycle after instruction on
the learning cycle, and the most common alternativeceptions were centered
around the teacher explaining and/or defining tlicept prior to or during
exploration. This study also revealed that The hgy Cycle Test appears to
provide a feasible approach for evaluating studentsderstanding and for

identifying alternative conceptions about the l@agrcycle.

Marek and Methven (1991) performed a study to ingate the relationship
among (1) teacher’s attitudes and implementatiom-service workshop developed
science materials (learning cycles) (2) elementlgool student’s conservation
reasoning and language used to describe propeft@gects. The science in-service
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workshop of this research was sponsored by theohatiScience Foundation. The
purposes of workshop were for the participantsnbeustand: that science is a search
for knowledge and not only the knowledge; that béag science as a search for
knowledge will lead students to construct their okmowledge about the world
around them, and how to develop a curriculum (liegrrctycles) which represents
science, allow their students to experience sciasca search for knowledge, and is
compatible with their student’s learning abiliti€%r the study, data were gathered
from over 100 students from grades K-5 and 16 tactvho had participated in an
in-service program. Researchers used qualitativee @mantitative techniques to
examine both the teachers involved in the in-serngoogram and the students of
these teachers. A representative comparison gréugtudents and teachers was
selected which generally matched the teachers cjgmting in the in-service
workshop. The experimental group used learningesyeind the comparison group
taught science by exposition. The result showed ttia teachers involved in the
learning cycle classrooms implemented the worksthegeloped learning cycles into
their science classes, and they provided theiresiisdwith many opportunities for
coordinating experiences. Furthermore, the coneéptaovention allowed the
students to develop the logical system by givemmtitbe opportunity to invent
concepts from data which they had gathered. Atsig, found that the experimental
students increased 44% in their conservation reagaabilities during the school
year, while the comparison students had an incredsenly 17%. The authors
attributed this significant difference in gains thfe experimental group to the
numerous direct experiences or learning cyclesigeavfor them. They stated that
these experiences allowed the students to manguwlajects, observe and record
data, interact with their peers and teacher, pewdta during discussions from
which the concept invented, and use the conceptlditional situations with other
materials. Moreover, the students of this studthlearning cycle classroom were
better able to use property words than their caopatés in non-learning cycle
classrooms. Elementary school students in lab-peshtecience classes were more

willing to talk during the structured interviews thiis study and therefore achieved
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higher levels of social transmission, and finalllyey experienced science as the

discipline is structured and described by scientist

Marek, Eubanks and Gallaher (1990) investigatedekaionships that exist
between high school science teachers’ understanafingiagetian developmental
model of intelligence, the learning cycle and dlasm teaching practices. All of the
teachers in this study employed the learning ctedehing procedure; however, the
extent to which each teacher implemented and pexttihe learning cycle differed.
They noted that the teachers who exhibited a saumigrstanding of the Piagetian
model of intelligence and the learning cycle wereren likely to effectively
implement learning cycle curricula. Further, thegrgvable to successfully integrate
their students’ laboratory experiences with clascussions to construct science
concepts. Although the teachers who exhibited niiststandings of the Piagetian
developmental model of intelligence and learningleyalso engaged their students
in laboratory activities, these activities were Wgarelated to learning cycles.
Consequently, the result indicated that the grethierdegree of understanding, the

greater the skill and facility with the learningcy teaching procedure.

Some applications of learning cycles to a wide etgriof disciplines,
including chemistry, have been identified by selveeaearchers (i.e., Herron, J.D.
1975). For example, Libby (1995) defined the amlen of the Piaget-based
learning cycle technique for teaching introductorganic chemistry course and the
step-by-step process used to convert his lectureseanto a discussion-based active
course. Moreover, Guymon, James and Seager (1@8@)aped an exercise termed
“‘R and R” (rectangles and rulers) as a learnindecta help students to establish the
rules for using significant figures for themselv&bis exercise included students in
making measurements which helps them relate theobtisggnificant figures to
laboratory experiences. The data collected in tiee gnd post- test indicated that R
and R is at least as effective as the traditioqgdr@ach to teaching significant
figures. In his introductory ecology course, Lau@003) used games and
simulations, which follow the three-phase learriggle concept of instruction. For
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example, to teach population ecology he used a pazele during the exploration
phase and then the teacher briefly explained thpulption ecology in term
application phase and finally students were for¢edfind other examples to
population ecology. He suggested that any game eathpetitive interaction could
be used in this activity. The main purposes of gistlassroom games were to
promote the understanding and comprehension oicpkat terms, and to break up
the monotony and drudgery of a long lecture. Algitouhe evaluation of these
methods did not do formally in class, anecdotakss®ient using test scores and
student response reported as positive. And, hedritbte students remembered these

games and simulations, and learned without a pexdesffort.

In 1981, James and Nelson also have developetingarycles for use in the
classroom. They noted several benefits of usingnieg cycles. For instance, there is
more communication in the classroom and the ingirusecomes more aware of
students difficulties and misconceptions. Reasoskilis seem to be strengthened.
Students become active participants in a classaendore involved with the subject
matter. Also, Hemler and King (1996) redesignedirtia@proach and used the
learning cycle technique to meaningfully teach tls¢udents to understand mineral
properties while alleviating the tedious natureidéntifying mineral specimens.
Consequently, they stated that students no loregerel the classes with a negative
attitude toward mineral identification. Finally, Mier (1982) applied the learning
cycle approach in an organic chemistry laborateogmm. His comparison is drawn
between students from the previous lab program taedcurrent program and is
subjective. In the study, the program appears teuseessful and the choice of the

learning cycle format appears to have been ap@tpri

Several studies listed the strengths and weakne$édearning cycle science
curricula. For instance, Bryant and Marek (198#@ntified the strengths of learning
cycle science curricula as (1) greater studentli@rmoent in the learning process, (2)
more enjoyable and stimulating classes, (3) thdrougderstanding of the science
concepts and (4) more critical thinking by the stug. And they reported the
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weakness as the lack of vast content coverage.sim#ar study (Westbrook, and
Bryant, 1989), classroom observations of teachedscated that learning cycle
teachers spent up to 90% of class time each wegkelycinvolved with their
students in laboratory investigations or the dismrs of these investigations. In
contrast observation of non-learning cycle teachmdied that as little as 7% of
class time was spent each week engaged in classctities with their students.

A few researchers have considered a revised lganyide (i.e., Good, 1989;
Barman, 1997; Lavoie, 1999; Blank, 2000). Good kanbie investigated the effects
of adding the prediction step to the SCIS Learrdygle. Good (as cited in Blank,
2000) probed whether the addition of predictionghat beginning of the learning
cycle, with feedback loops among the three stagasyld better assess
misconceptions held by the students and increasderst involvement in the
exploration and dialogue. The result indicated tsihg student prediction sheets
resulted in teachers and students becoming moreeamiastudent misconceptions,
and in students becoming more involved in the ctiissourse. Similarly, Lavoie
(1999) searched the effects of adding a prediatisadssion phase at the beginning
of a three-phase learning cycle involving explanatiterm introduction, and concept
application. The intent was to determine the powfathe added phase and develop
useful guidelines for effective classroom instractiwith prediction/ discussion-
based learning cycles. The added phase requirddsikiypol biology students to
individually write out predictions with explanatohypotheses concerning concepts
in genetics, homeostasis, ecosystems, and natledtion. This was followed by
interactive debate of predictions and reasons. té@mth grade science teachers, who
had previous experience with learning-cycle indtamn; were each selected to teach
one prediction/discussion-based learning cycle dgwlclass and one traditional
learning cycle biology class for an entire semedter this study, data sources were
questionnaires, field observations, teacher/rekeardaily log reports, and a battery
of tests to assess cognitive changes. The findnticated that the prediction

/discussion-based learning cycle instruction, wo@mpared with traditional learning
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cycle instruction, achieved significantly greatargscores for science process skills,
logical-thinking, science concepts, and scienafittudes.

Barman (1997) stated another modified versiontier$CIS Learning Cycle.
He suggested that the SCIS Learning Cycle modek due include a specific
component to reveal prior knowledge because itigimated before misconception
research. His four-phase model is the same asGHe iBodel with the exception that
teachers make students’ conceptions of scienceeptmexplicit before instruction
begins (Blank, 2000). Blank (2000) stated that norkwhas examined the
effectiveness of incorporating a metacognitive congnt within the learning cycle,
in which students intentionally reflect on theiiesce ideas. And, she proposed a
revised learning cycle model, called the MetacaogmitLearning Cycle, which
emphasizes formal opportunities for teachers andesits to discuss their science
ideas. Working collaboratively, the researcher argkventh-grade science teacher
developed a 3-month ecology unit based on the edvisiodel. Two science
classrooms studied identical ecology content usidifferent pedagogical
orientations. One class was taught using the Sei€uericulum Improvement Study
Learning Cycle (SCIS) approach and one was tauginguthe Metacognitive
Learning Cycle (MLC) approach. Only in the metadtige classroom were students
asked to reveal their science ideas and to disthessstatus of their conceptions
throughout the instruction. Results showed thatdestts in the metacognitive
classroom did not gain a greater content knowledgecology, but the author stated
that students in the metacognitive classroom maye haore successfully
accommodated the ideas of ecological processes thg long-term memory
because of the formal metacognitive instructiorrtiiar, the other major finding of
this study was that student dialogue differed actbe two classrooms. The MLC
discussions were particularly engaging and thoudyhtf

Moreover, as the learning cycle has been usedandsed, and refined over

the years, some practitioners have extended tke gtages SCIS learning cycle into
five, known as the 5E learning cycle, then intoese\(7Es) (Trowbridge et al. 2000).
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Bybee et.al. (2006) probed the commonalities batvtbe SCIS learning cycle and
the BSCS 5E Instructional Model. They indicatedt ttiee theory underlying both
models views learning as dynamic and interactivdividuals redefine, reorganize,

elaborate, and change their initial concepts thnougteraction with their

environment, other individuals, or both. In brighe students’ construction of
knowledge can be assisted by using sequences snesdesigned to challenge
current conceptions and provide time and oppoisifor reconstruction to occur
Bybee et.al. (2006). In our study, 5E Learning €ydiodel, developed by Biological
Science Curriculum Study (BSCS) (Bybee, 1997), wakected because of its

connections to constructivism and conceptual change

2.4 5E Learning Cycle Model

The 5E instructional model was developed in the 1880’s as a component
of the Science for Life and Living curriculum credtthrough the Biological
Sciences Curriculum Study (BSCS) (Bybee and Lanti@30). This model is rooted
in constructivism and it is accepted as an insionel approach that supports
inquiry-based science learning in a classroom regt{(Bybee and Landes, 1990;
Wilder and Shuttleworth, 2005). The main objeciive constructivist program is to
challenge students’ current conceptions by progdiata that conflict with students’
current thinking or experiences that provide areradte way of thinking about
objects and phenomena (Bybee and Landes, 199Ghigend, the 5E model meets
these conditions for conceptual change by havinglestts redefine, reorganize,
elaborate, and change their initial concepts thnoself-reflection and interaction
with their peers and their environment (Bybee, 39%ince its 1980’s, BSCS has
used 5E Instructional Model extensively in the depment of new curriculum
materials and professional development experientes."Five E" Learning Cycle
model consists of five phases called as; Engagentergloration, Explanation,
Elaboration and Evaluation, and each phase hasdafisgdunction and contributes to
the teacher’'s coherent instruction and to the Bafnformulation of a better
understanding of scientific and technological krexdge, attitudes, and skills (Bybee
et.al., 2006).

50



The engagement phase is used to motivate studegraiseating some mental
disequilibrium or tapping into familiar real-lifatgations. Typically, this is done
with activities, demonstrations, or stories thatlgstudents’ attention and help them
make connections between the new information aedwtbrld they know. Asking
guestions and posing a problem may be includetlarehgagement activities. Here,
the word “activity” refers to both mental and ploaiactivity. The instructor’s role
in this phase is to raise questions and problemeste interest, generate curiosity,
and elicit responses that uncover students’ cutkeotvledge (Bybee, 1997; Carin
and Bass, 2000). This phase also give a good apptytfor the teacher to identify
students’ misconceptions. Quite possibly, thihiesmost critical phase of the model,
if the material is not presented well, students mmt make the necessary
associations to fully interact with the topic antke tremaining phases become

meaningless (Campbell, 2000).

Once students are engaged in the learning tasgiyrakon activities follow.
Indeed, engagement phase brings about disequitibrand exploration initiates the
process of equilibration (Bybee et.al., 2006). Bxrglion activities are designed so
that the students in the class have common, canesgieriences upon which they
continue formulating concepts, processes, andsskiBlybee, 1997). During the
Exploration stage, the teacher should facilitatée,sguided or open inquiry
experiences and questioning so students might @ndbreir misconceptions about
the concept (Bybee, 1993; Wilder and Shuttlewd5). Also, students should be
given opportunities to work together without direwttruction from the teacher. This
is the opportunity for students to test predictiamsl hypotheses and/or form new
ones, try alternatives and discuss them with peecsrd observations and ideas and
suspend judgment. In this phase, students intedaeictly with the material,
concepts, or phenomenon. The teacher’s role duhisgohase is that of a facilitator
as he/she encourages cooperative group discudsyoasking guiding questions and
serves as a resource for students. In a study ctedlioy Lindgren and Bleicher
(2005) preservice teachers who were learning tamileg cycle found this stage to
be central to the process as they were able tddexpdiscover, investigate, and act
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like a scientist” during this phase. Exploratiorpesences provide students with a
common base of activities within which current cgpis (i.e., misconceptions),
processes, and skills are identified and conceptimhge is facilitated. Learners may
complete lab activities that help them use prioowdedge to generate new ideas,
explore questions and possibilities, and design @otduct a preliminary

investigation.

The explanation phase focuses students’ attentioa particular aspect of
their engagement and exploration experiences aralidas opportunities to
demonstrate their conceptual understanding, praglabs, or behaviors. This phase
provides opportunities for teachers to directlyaduce a concept, process, or skill.
Most teachers recognize the explain phase as flagtuor interactive discussion,
where teachers give students information they nwaypa able to glean on their own.
At the beginning of the explanation phase, studargsencouraged to provide their
explanations from events during the explore ph&sdde, 1997). Students should
use observations and recordings in their explanstiim addition to simply providing
their own thoughts, students are also expectedstenl critically to other students’
explanation and those of the teacher. At this stageher help students understand
scientific explanations and introduce terminologytovide students with a common
language about the content (Bybee, 1993). The égacbnnected the scientific
explanation with the physical evidence from exgioraand engagement and relates
it to the explanations that the children have faintéere, verbal methods are mostly
used, but the teacher might also use videos, bouk#fjmedia presentations, and
computer courseware. This phase continues the ggook mental ordering and
provides terms for explanations. In the end, sttglesmould be able to explain
exploratory experiences and experiences that hagaged them by using common

terms.
In the elaboration phase students are encouraged to extend their

understanding of a scientific concept past whay thave experienced through the

previous three phases. During this phase, studéotgdd apply concepts and skills in
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new, but similar situations and use formal labeld definitions. Remind students of
alternative explanations and to consider existiatadind evidence as they explore
new situations. Bybee (1997) stated the primary gbthe elaboration phase as the
generalization of concepts, processes, and sKilsachieve this goal, additional
problems are given to students, which allow thenapply their new knowledge,
propose solutions, make decisions and/or draw nedde conclusions, and teacher
encourages students to use formal science terrtfeegscomplete related activities
and identify alternative ways to explain phenomefidose who still hold
misconceptions or have not yet achieved dissatisfaavith their current ideas may
be able to clarify their perceptions through thiteasion of learning (Bybee, 1997).
In brief, the elaboration phase of the 5E modedvedl students to apply knowledge
they have gained to new situations so they can rekptheir conceptual

understanding and skills (Bybee, 1993).

The evaluation phase encourages students to ass#ssinderstanding and
abilities and provides opportunities for teachergvaluate student progress toward
achieving the educational objectives. Although eatibn presented as a final stage
of the 5E model, it should take place at each staigehe instructional unit.
Evaluations should focus on students' conceptudénstandings, skills development
or other learning outcomes. This may be done fiynwa informally. Appropriate
assessment strategies might include performancesssgnts, evaluation of
drawings or physical models made by students,vigess with groups of students or
individuals; creative writing exercises using scerconcepts, creation of concept
maps by students, or examination of student laboratotebooks or portfolios. To
sum up, this phase is essential to determine iflestis obtained a scientifically
correct understanding of the concept and if theyewable to generalize to other
contexts. Students should assess their own learfiagle 1 showed the salient
characteristics of each stage of the 5Es. To dpv#ic table, we benefited by
several studies (Carin and Bass, 2000; Bybee,&2G06).
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Table 2.1The characteristics of each stage of the 5Es

5E Instructional Model

- Assesses own understandir]

n
L
N
<
E What the Teacher Does What the Student Does SuggedtActivities
E - Creates interest - Asks questions (Why did this- Demonstration
w | - Generates curiosity happen? What can | find out | - Reading from a
E - Raises questions about this? current media release
QO | causes disequilibria or doubt - Shows interest in the topic | science journal or
5 - Elicits responses that uncover | - Calls up prior knowledge book
E what the students know or think | - Experiences disequilibria | - Free write
about the concept or topic (i.e., | - Identifies problems to solve| - Analyzing a
misconceptions) graphic organizer
- Encourages students to work | - Thinks freely, but within the | - Reading authentic
without direct instruction from the limits of the activity. resources to collect
teacher - Tests predictions and information for
- Observes and listens to studentshypotheses. answer to an open-
% as they interact - Forms new predictions and | ended question
= Asks probing questions to hypotheses - Solve a problem
é redirect students’ investigations | - Tries alternatives and - Construct a model
O | when necessary discusses them with others. | - Investigation
& | - Provides time for students to | - Records observations and
ﬁ puzzle through problems. ideas.
- Acts as a consultant for students Suspends judgment
- Creates a “need to know” setting Asks related questions
- Encourages students to explain - Explains possible solutions | - Student analysis
concepts and definitions in their | or answers to the others. and explanation
own words - Listens critically to one - Supporting ideas
> |- Asks for justification and another’s explanations. with evidence
O | clarification from students. - Questions others - Structured
£ | - Formally provides definitions, | explanations. questioning
<ZE explanations and new labels. - Listens to and tries to - Reading and
< | - Uses students’ previous comprehend explanations discussion
& experience as the basis for offered by the teacher. - Teacher
u | explaining concepts - Refers to previous activities| explanation
- Assesses students’ growing - Uses recorded observationg - Thinking skills
understanding in explanations. activities

g
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Table 2.1(Continued)

- Expects students to use formal | - Applies new labels, - Problem solving
labels, definitions, and explanationgdefinitions, explanations, and| - Decision-making
provided previously. skills in new, but similar, - Experimental
- Encourages students to apply or| situations Inquiry
extend the concepts and skills in | - Uses previous information to - Thinking Skill
new situations. ask questions, propose activities
% - Reminds students of alternative | solutions, and make decisions,
: explanations design experiments.
< | - Refers students to existing data | - Draw reasonable conclusions
% and evidence and asks: “What do| from evidence.
o | you already know?” “Why do you | - Records reasonable
< | think...?" conclusions from evidence.
w - Records observations and
explanations.
- Checks for understanding
among peers
- Observes students as they apply - Answers open-ended - Any of the above
new concepts and skills. questions by using - Development and
- Assesses students’ knowledge | observations, evidence, and | implementation of
% and/ or skills. previously accepted scoring tool to
= | - Looks for evidence that students| explanations. measure student
<Df have changed their thinking or - Demonstrates an performance during
?tl behaviors. understanding or knowledge | activity.
> | - Allows students to assess their | of the concept or skill. - Involvement of
Yl own learning and group process | - Evaluates her own progress students will allow
skills. and knowledge. students to set high
- Asks open-ended questions, such- Asks related questions that | standards for
as: “Why do you think....?", “What| would encourage future performance
evidence do you have?”, How investigations.
would you explain?”

Studies show that 5E Learning Cycle approach hgmbsitive effect on
students understanding (i.e., Colburn and Clou@971 Bevenino, Dengel and
Adams, 1999; Lord, 1999; Coulson, 2002), scientifeasoning (Boddy and
Aubusson, 2003) and attitudes toward science (Baddly Aubusson, 2003; Akar,
2005). For example, Lord (1999) conducted a sthdy compared two classes taught
by traditional methods with two classes taught ViiEh Learning Cycle method. 5E
Learning Cycle method used involved small hetereges groups who worked on
thought-provoking scenarios and critical thinkingegtions or constructed concept
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maps. The results indicated that the experimentalugs had much greater
understanding of the information covered especialty questions that required
interpretation. Also, a significant difference wimind in the feedback from the
students. Most of the experimental group studemtéerpositive comments about the
course. However, about half of the students indbetrol group only wrote any
response, and of the comments that were writtendfere positive.

Akar (2005) compare the effectiveness of 5E leagrniycle model over
traditionally designed chemistry instruction ondgnts’ understanding of acid-base
concepts. The subjects for this study were 56 tgralde students from two classes
of a chemistry course. The classes were random$ygresd as control and
experimental groups. Students in the control groepe instructed by traditionally
designed chemistry instruction whereas studentthénexperimental group were
taught by 5E learning cycle model. The results sftbthat 5E learning cycle model
caused a significantly better acquisition of safentonceptions related to acid-base
and produced significantly higher positive attitsdeward chemistry as a school
subject than the traditionally designed chemististruction. In addition, she found
that science process skill was a strong prediatomniderstanding the concepts related

to acid-base.

Campbell (2000) investigated the fifth grade stugfeinderstanding of force
and motion concepts as they engaged in inquiryebasience investigations through
the use of the 5E Learning Cycle. Initially, prétess applied to students to assess
their understanding of force and motion conceptsenl students participated in
investigations related to force and motion conceplteir subsequent understanding
of these concepts and their ability to generalimartunderstandings was evaluated
by a posttest. In addition, a review of lab acyivetheets, other classroom-based
assessments, and filmed interviews were used W doaclusions from the study.
Findings showed that student knowledge of force mtion concepts did increase

although their understanding as demonstrated oerpapked completeness versus
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understanding in an interview setting. Survey rssallso showed that after the study
students believed they did not learn science bhagextbook-based instruction.

Balci, Cakiroglu, and Tekkaya (2006) probed theee of three types of
instruction, the 5E learning cycle method, the emteal change text instruction
method, and traditional instruction, on eighth @rastudents’ understanding of
photosynthesis and respiration in plants. Thressela including 101 students were
involved in the study. Students in all groups wexgosed to same content for the
same duration. The three classes were instructethdogame science teacher. The
instructional methods were randomly assigned taclagses. In their study, there are
two experimental groups and one control group. firseexperimental groumE33)
instructed with the 5E learning cycle method. Theosid experimental groum &
34) was instructed with the conceptual change itesttuction method. The control
group i = 34) was instructed with the traditional instroctimethod. The authors
used two instruments to collect data: a Photoswihand Respiration in Plants
Concept test and an Attitudes Scale toward Sci@sca School Subject test. The
finding of the present study seem to imply thathbibte S5E learning cycle method
and the conceptual change text instruction methmased a significantly better
acquisition of scientific conceptions related toogsynthesis and respiration in
plants than traditional instruction. However, natistically significant difference
between two experimental groups (5E versus conakphange text instruction) was
noted. Consequently, this study provides evidengat tteacher-centered and
textbook-oriented science instruction fail to impEo students’ conceptual
understanding and leave many misconceptions unekdarip promote meaningful
learning, it is necessary to overcome misconcegptioith the help of different

instructional methods rather than the traditiormad.o

Caprio (1994) conducted a study that compared ss aldnich he taught with
traditional methodology in 1985 to one in whichtaaght with 5E Learning Cycle
method in 1994. The students in both groups hads#ime prerequisites, and the
same exam was used for comparison. The exam gnatesnuch higher for the
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class taught via the constructivist methodologye Tésearch was carried out with an
experiment and control group design. The contralditional) group’s average grade
was 60.8 percent, while the experimental (5E Leayr@ycle) group averaged 69.7
percent. In addition, the results indicated tha #xperimental group had a high

energy level and gave positive feedback on theseour

Another comparative study by Garcia (2005) was ootetl with 160
seventh-grade life science students. Garcia (26068)pared the effect of the S5Es
learning cycle with the traditional approach tocteag evolution on student learning
and attitudes .Data from the post-test scores atelicthat the treatment groups did
not show a statistically significant difference imderstanding evolution or in
attitudes towards the subject of science. Howepaited pre-test and post-test
evolution score comparison show a significant cleangdicating that the test
measure detected learning for both treatment groéss a result, the author
suggested that there is a need for better evolddaming activities and the 5Es
model merits further research because of some iy®sinprovements on lower

scoring students.

Apart from the comparative ones, researchers hamducted some studies
concerning the 5E learning cycle. For example, ¥étand Lindell (2005) designed
a survey to determine Science and Mathematics mdstbourse instructors’ views on
inquiry, as well as to explore the success andcditfes associated with teaching
this difficult concept. Furthermore, because maefpnms to the “S5E’s” exist, the
authors surveyed the instructors’ views on the 83k order to obtain a relationship
between their views on inquiry and the inquiry-lwhggethods they teach. Also, by
investigating these instructors’ views on inquihg authors hope to discover why so
many in-service and preservice teachers appeaave buch diverse methods of
implementing inquiry with varying degrees of sucscdave science and mathematics
educators participated to the study. The first phafsthis study consisted of an open
ended survey, designed to elicit the educators s7iewwhat inquiry is, how inquiry
is related to conceptual change, and their viewtheri5E’s” method. After initial
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analysis, the authors determined four major thew@sws on conceptual change,
views on inquiry, inquiry in practice and views tre “SE’S”. In conclusion, the
methods course instructors expressed several #teernd inquiry as a method of
instruction but at the same time had several conenabout the difficulties in
implementing the “5E’s” method. Furthermore, sue@\course instructors stated
different view of the term inquiry than the NatibrResearch Council (1996), and
they agreed that there is no one prescribed metraidvorks in all situations. When
analyzing the survey responses, two of the instractresponded they were
unfamiliar with the “5E’s” method. Despite this,| dive responding surveys
demonstrated some understanding of the phaseseof5t's” as defined by the
BSCS. Briefly, the methods instructors’ overallm@pn of the “5E’s” was that it is a
convenient tool to construct inquiry based lesséiso, they stated the “5E’S” are a
“well prescribed method for enacting conceptualng/ed and the method “naturally
lends itself to use of inquiry”. Moreover, the seyed instructors stated several

important views when asked about the weaknessiae 66E’s”. These were:

. It is not always easy to clearly separate the stage

. An instructor may be fixed on a particular intetpten of the phase.

. There is a linear sequential flow to what is inimdse a cyclic and
recursive process.

. It is difficult to keep the class on the desireack while validating the
student’s desire to explore.

. There can be an abrupt disjunction when the coprsgresses to the
next objective.

. One form or model is never good in all situations.

MaryKay and Megan (2007) suggested that analogi@s be useful
instructional tools in each phase of the 5E modeltheir article, they briefly
described the phases in the 5E model and providggestions for using analogies in

each phase.
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Coulson (as cited in Bybee et.al., 2006) explorea tvarying levels of
fidelity to the BSCS 5E model affected studenti@ay. Coulson found that students
whose teachers taught with medium or high leveldiadlity to the BSCS 5E
Instructional Model experienced learning gains thare nearly double that of

students whose teachers did not use the modekdritgith low levels of fidelity.

Eisenkraft (2003) supported that 5E learning cyetalel should be expanded
to a 7E model, and described the 7E model in hidystin 7E model, engage element
expands into two components—elicit and engage. |&ilpi the 7E model expands
the two stages of elaborate and evaluates intoe tltw@nmponents— elaborate,
evaluate, and extend. He stated that 7E modeharsuggested to add complexity,
but rather to ensure instructors do not omit clueiaments for learning from their
lessons while under the incorrect assumption thieynaeeting the requirements of
the learning cycle. He indicated that this enharez@mshould not be rejected because
also highly successful 5E learning cycle modetdslif an enhancement of the three-

phrase learning cycle.

One dilemma that science teachers face every day balance helping the
students learn all the content while providing thepportunities for inquiry. Also,
the recent literature on learning verifies thatdstuts learn by being involved in
meaningful inquiry experiences. However, they dd m@ntion whether students
learn enough content to be successful on the statiedated tests (Wilder and
Shuttleworth, 2005). Wilder and Shuttleworth (20@biggested that using the 5E
learning cycle model is an effective, realistic wayaddress this dilemma. Also, they
stated that this instructional sequence structurgsiry while addressing specific

content.

2.5 Nature of Science

The objective of helping students develop adequatierstandings of nature
of science continues to be advocated widely asmeteoutcome of science teaching
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(Lederman, 1992; McComas, Almazroa, and Clough819&®d-El-Khalick, 2000;
Saunders, 2001), and also it has recently beenpiegsized in the major reform
efforts in science education (American Associafamthe Advancement of Science,
1990, 1993; National research Council, 1996). Idda#hough there is no consensus
exists around the world concerning the contentctdéree curricula, or concerning
the most desirable methods of delivering their enfjtthere is a strong agreement on

the importance of understanding the nature of sei€isai, 1999; Tairab, 2001).

The understanding of the nature of science is thbug be imperative for
future citizens (Smith and Scharmann, 1999; Eato 2004). Future citizens in a
democracy need to have a very fundamental knowledlgke nature of science in
order to participate in intelligent debate and dieci-making with respect to the
many social issues arising from science and tedgyo(Saunders, 2001). It is
acceded that in order to grasp the role of sciencgciety, and to be intelligent
decision makers in democracy, students need toiracguneaningful understanding
of the nature of science (Collette and Chiappet®84; cited in Saunders 2001).
Moreover, developing an understanding of the natfireciencas a key element to
achieving scientific literacy (American Associatifor the Advancement of Science,
1990; NRC, 1996; Bybee, 1997; Hand et. al., 199®icktry, 1999; Bell and
Lederman, 2003). This outcome is also widely adtextaby science educators
(Bybee et. al., 1991, Boujaoude, 1995). Becauseijemtifically literate individual is
commonly portrayed as one who makes informed dawsi within a
science/technology context by drawing upon thein scientific knowledge, such as
an understanding of the concepts, principles, thspand processes of science (Abd-
El-Khalick, Bell and Lederman, 1997). Indeed, tikhiavement of scientific literacy
for individuals is viewed by many science educa@ssthe educational solution to
the many economical, social, and environmental lehgés of the 21st century
(Eisenhart et al. 1996).

There are no consensus presently exists amongspphers of science,
historians of science, scientists, and scienceadtson a specific definition for
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nature of science (Cleminson, 1990, Slezak 1994letrean 1995; Alters 1997;

Craven lll, Hand and Prain, 2002). Such disagre¢mieowever, should not be

surprising given the multifaceted, complex, and adgic nature of the scientific

endeavor (Abd-El-Khalick, 2000). According to AbtKhalick, Bell and Lederman

(1998), the phrase “nature of science” typicallfiere to the epistemology of science,
science as a way of knowing, or the values ancetseinherent to the development of
scientific knowledge. Also, McComas, Clough, andnakroa (1998) stated that the
nature of science is a fertile hybrid arena inatgdihe history, sociology, and

philosophy of science combined with research frtve ¢ognitive science such as
psychology into a rich description of what sciemgehow it works, how scientists

operate as a social group and how society itsaHl boects and reacts to scientific
endeavors. The intersection of the various sodiadiss of science is where the
richest view of science is revealed for those whwehbut a single opportunity to
take in the scenery (McComas, Clough, and Aimaz888).

Different aspects of nature of science are emphdsiy different science
curricula and science standards documents, althcagimonalities do exist (Tao,
2003). Science education efforts (i.e., Ryan anlerhead, 1992; American
Association for the Advancement of Science, 1993tidvhal Research Council,
1996; Matthews, 1998; Millar and Osborne, 1998; drethn 1998; Osborne et.al.,
2003) present descriptions of nature of scienceitttdude common generalities and
pose little disagreement according to current glojidical perspectives (Schwartz
and Lederman, 2008). Chief among these is thantiioe knowledge, including

“facts,” “theories,” and “laws,” is tentative. Reass for this stem from several other
aspects, such as (a) scientific knowledge has & liasempirical evidence, (b)
empirical evidence is collected and interpreted edan current scientific
perspectives as well as personal subjectivity dwsientists’ values, knowledge, and
prior experiences, (c) scientific knowledge is greduct of human imagination and
creativity, and (d) the direction and products daiestific investigations are

influenced by the society and culture in which seence is conducted (Schwartz
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and Lederman, 2002). Common aspects of natureiehes are also explained as
following by Lederman, Abd-El-Khalick, Bell and Sehrtz (2002);

The Empirical Nature of Scientific Knowledg8cience at least partially
based on observations of the natural world, b@rgists do not have direct access to
most natural phenomena. Observations of natureakvays filtered through our
perceptual apparatus and/or intricate instrumematiinterpreted from within
elaborate theoretical frameworks, and almost alwaysdiated by a host of

assumptions that underlie functioning of scientifistruments.

Observations, Inference, and Theoretical EntitreScienceStudents should
be able to know the differences between observatiwhinference. Observations are
descriptive statements about natural phenomenaatieatlirectly accessible to the
senses and about which observes can reach conseitisuslative ease. Inferences,
by contrast, are statements about phenomena thatoardirectly accessible to the

Senses.

Scientific Theories and Law<Closely related to the distinction between
observation and inference is the distinction betwsgentific theories and laws. In
general, laws are descriptive statements of relships among observable
phenomena. In contrast, theories are inferred eafitans for observable phenomena

or regularities in those phenomena.

The Creative and Imaginative Nature of Scientifimoiledge The
development of scientific knowledge involves makingservations of nature.
Nonetheless, generating scientific knowledge atsmlves human imagination and
creativity. Science, contrary to common beliefnad a lifeless, entirely rational, and
orderly activity. Science involves the invention explanations and theoretical
entities, which requires a great deal of creatieitythe part of scientists. This aspect
of science, coupled with its inferential naturetaéla that scientific entities such as
atoms and species are functional theoretical modgler than faithful copies of

reality.
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The Theory-Laden Nature of Scientific Knowledgeentists’ theoretical and
disciplinary commitments, beliefs, prior knowledgeaining, experiences, and
expectations actually influence their work. All seebackground factors form a
mindset that affects the problems scientists ingatg and how they conduct their
investigations, what they observe (and do not efe3eand how they interpret their

observations.

The Social and Cultural Embeddedness of Scietiimwledge Science as a
human enterprise is practiced in the context adrgdr culture and its practitioners
are the product of that culture. Science, it fobpwaffects and is affected by the

various elements and intellectual spheres of thtereuin which it is embedded.

The Tentative Nature of Scientific Knowled§eientific knowledge is subject
to change. Scientific claims change as new evidemecade possible through
advances in thinking and technology, is broughbéar on these claims, and as
extant evidence is reinterpreted in the light ofvrieeoretical advances, changes in
the cultural and social spheres, or shifts in tirections of established research

programs.

Clough (2000) also stated some ideas for helpindestts better understand

the nature of science. These ideas are elaboratedb

. Science is not the same as technology

. A universal scientific method does not exist

. Science is not completely objective

. Knowledge is not democratic

. Words used in science may not mean what studeintsttiey do
. Science is bounded

. Anomalies do not always result in rejection of dea

. Scientific thinking often departs from everydaynting
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A number of studies documented the incorrect idsagut the nature of
science (Rubba, Horner, and Smith, 1981; Rowell @adthron, 1982; Ryan and
Aikenhead, 1992). For instance, McComas (1998;dcita Erdgan 2004)

investigated the myths about the nature of sciasdadicated below:

. Hypotheses become theories that in turn become laws
. Scientific laws and other such ideas are absolute.

. A hypothesis is an educated guess.

. A general and universal scientific method exists.

. Evidence accumulated carefully will result in skr®wledge.
. Science and its methods provide absolute proof.

. Science is procedural more than creative.

. Science and its methods can answer all questions.

. Scientists are particularly objective.

. Experiments are the principal route to scientihoWwledge.
. Scientific conclusions are reviewed for accuracy.

. Acceptance of new scientific knowledge is straighwfard.
. Science models represent reality.

. Science and technology are identical.

. Science is a solitary pursuit

Grasping the nature of science is critical becauke significant
misunderstandings that both students and teachwds regarding the nature of
science are particularly affect students’ attitutiegard science and science classes,
and that clearly has an impact on student learanththe selection of further science
classes (Clough, 2000). According to McComas, Giowand Almazroa (1998), a
better understanding of scientists and the scientdmmunity will enhance; an
understanding of science’s strengths and limitatianterest in science and science
classes; social decision making; instructionalwael; and the learning of science

content.

65



Although an understanding of the nature of sciea@®nsidered to be one of
the primary goals of science education during tastury, efforts to integrate an
authentic view of the nature of science into theiculum have often met with little
success (Lederman, 1992; Rudolph, 2000; Akersond;BKhalick and Lederman,
2000). Lederman (1992) presented a comprehensiwewef researches related to
the nature of science, and he noted that thesarodss were conducted along four
related, but distinct, lines. These lines wereAs§essment of student conceptions of
the nature of science; (b) development, use, aselsament of curricula designed to
‘improve’ student conceptions of the nature of sces (c) assessment of, and
attempts to improve, teachers’ conceptions of tlatune of science; and (d)
identifications of the relationship among teachemceptions, classroom practice,

and students’ conceptions (Lederman 1992).

In this study, we investigated Turkish studentstenstanding of nature of
science. In Turkey, understanding of the natures@énce as one of the most
important aspect of science teaching, have not heeastigated enough yet
(Erdogan, 2004). According to Third Internationabtiematics and Science Study
(1999, cited in Erdgan 2004), the emphasis given on to nature of seiend@ urkey

evaluated as moderate (Erdogan, 2004).

In literature, research has shown that studemigdily have not acquired
valid understandings of the nature of science, (Beoadhurst 1970; Aikenhead
1973; Rubba et al. 1981; Lederman and O’Mally 19%8mir and Zohar 1991;
Alters 1997; Lederman, 1999). Students’ naive cptioas of the nature of science
were attributed, at least in part, to learnersklat experience conducting scientific
investigations (Welch et al.,, 1981; Gallagher, )9%urther, Saunders (2001)
suggested that what students learn about the nafuseience is a result of the
experiences they have in their science classebelemphasis is upon memory of
science content, they will conclude that sciencehés study of truth or immutable
laws. If the emphasis is upon data collection (Aadsk) and the tentative, inductive
inferences which can be drawn from the data, thay conclude that science is a
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continuously changing body of explanations baseshupmpirical data. Specially,

Matthews (1998) argues that practices in the adassrshould aim to have students
develop an interest in the nature of science byoexyy appropriate epistemological

questions that empower them to think more criticalowever, science instruction

and evaluation consists largely of lecture, rotenmezation, and objective tests. To
require science students to memorize the stepseirstientific method seems to be
the ultimate hypocrisy (Saunders, 2001).

There are several instruments that have been g@eko assess the views on
nature of science (i.e., Cooley and Klopfer, 198illeh and Hasan, 1975; Meichtry,
1992; Alridge, Taylor and Chen, 1997; Tairab, 200&derman, Abd-El-Khalick,
Bell and Schwartz, 2002). In our study, we usedetW8 on Science-Technology-
Society (VOSTS) developed by Aikenhead, Ryan araimiig (1989) to examine
students’ understanding of the nature of science.

In the literature, the studies conducted to asstsdents’ views were
performed in several levels of education; from pmiynschool level to university
level (Kang, Scharmann and Noh, 2005). Some studiestigating students’ views
on the nature of science have focused on middledscie., Carey et al., 1989;
Songer and Linn, 1991), high school (i.e., Ryan Aikgnhead, 1992; Griffiths and
Barman, 1995; Moss, Abrams, and Robb, 2001), aliégeplevels (i.e., Schoneweg-
Bradford, Rubba, and Harkness, 1995; Dagher andl&mde, 1997; Ryder and
Leach, 1999). Also, a few studies were conducte@x@amine younger students’

understanding of the nature of science (i.e., Swtitd., 2000).

Moss (2001) conducted a study to investigate pleg®e students’
understandings of the nature of science and t& ttamse beliefs over the course of
an academic year. Students’ conceptions of thereaif science were examined
using a model of the nature of science developedde in this study. The model has
eight tenets which address both the nature of ¢lensfic enterprise and the nature
of scientific knowledge. Results from his studyigaded that participants generally
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held fully formed notions of the nature of sciewomsistent with approximately one-
half of the premises set out in the model. Studemétd more complete

understandings of the nature of scientific knowketlyan the nature of the scientific
enterprise. Also, it is observed that students’ ceptions remained mostly
unchanged over the year despite their participaitiothe project-based, hands-on

science course.

Another study by Tao (2003) was conducted to eljgitior secondary
students’ understandings of nature of science amavestigate how students reacted
to the science stories in the peer collaboratidtinge The results show that many
students held a serendipitous empiricist view giezxnentation and took scientific
theories as absolute truth representing realitthdAlgh the science stories impacted
on students in substantial ways and the peer aobdion setting helped them
develop shared understandings, many students athdraya one set of inadequate
views of nature of science to another rather ttmradequate views. The author
attributed this result to students interpreting sb@ries in idiosyncratic ways other
than those intended by the instruction and focushedr attention selectively on
certain aspects of the stories that appeared ttireoand reinforce their inadequate

views.

Sadler (2004) also examined student conceptuaizatiof the nature of
science (NOS) and how students interpret and etaleanflicting evidence
regarding a socioscientific issue. A total of 8¢tischool students enrolled in the
study by reading contradictory reports about thetust of global warming and
responding to questions designed to elicit ideasinemt to the research goals.
Additionally, a subsample of 30 students was inéwed in order to triangulate data
from the written responses. The participants dysgalaa range of views on three
distinct aspects of the nature of science: empmmgitentativeness, and social
embeddedness. Qualitative methodological approashused to analyze. Results of
this study revealed that interpretation and evaunabf conflicting evidence in a
socioscientific context is influenced by a varietiyfactors related to the nature of
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science such as data interpretation and sociabictiens including individuals’ own
articulation of personal beliefs and scientific Wiedge.

Kang, Scharmann and Noh (2005) argued that thast e&eds to examine
students’ epistemological views, to diagnose thanterstanding, and to reveal their
alternative frameworks about the nature of scidne®re implementing any new
curriculum/instruction intended to develop studentsderstanding of the nature of
science. In their study, the authors first exploeud characterized 6th-grade
students’ views on the nature of science throughube of a large-scale survey.
Another purpose of their study was to compare stiglesiews on the nature of
science across grade levels and to examine thigoredhip between students’ views
on the nature of science and their school scierperences. The final focus of this
study was to characterize potential notable simiggr and differences between the
respective views on nature of science possessd&biBan students and students of
Western countries. In this study, a total of 170&déan 6th, 8th, and 10th graders
took an empirically derived multiple-choice forntpiestionnaire. The questionnaire
consisted of five items that respectively examistalents’ views on five constructs
concerning the nature of science: purpose of seietefinition of scientific theory,
nature of models, tentativeness of scientific thigand origin of scientific theory.
Students were also asked to respond to an accomngaopgen-ended section for
each item in order to collect information about tla¢gionale(s) for their choices.
Their results seem to imply that the majority of r&an students possessed an
absolutist/empiricist perspective about the natfrecience. It was also found that,
on the whole, there were no clear differences éndilstributions of 6th, 8th, and 10th
graders’ views on the nature of science. In somestipns, distinct differences

between Korean students and those of Western cesimiere found.

Marx, Mian and Pagonis (2005) investigated genes@ibence students’
attitudes regarding the acquisition of scientififolwledge and the nature of science.
32-item attitudinal survey was administered to ab?2b0 students from nineteen
sections of three general science courses. Themuttentified the instructional
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styles for each course using three broad categorfieslitional, Transitional, and
Learning-centered. Then, they investigated the ahplaose different instructional
styles had on students’ epistemological beliefser@V, no appreciable gain in
attitudes was determined. Also, looking at the dhrenstructional styles
independently, the authors observed no real impnev¢ for the Transitional and

Learning centered courses.

Zeidler, Walker, Ackett, and Simmons (2000) exardiriee relationships
between students’ conceptions of the nature ofnseieand their reactions to
evidence that challenged their beliefs about secientific issues. The sample of the
study was 41 pairs of students that were drawn fadarger sample of 248 students
from 9th and 10th grade general science classésahtl 12th grades honor biology,
honors science, and physics classes, and uppelr deltage preservice science
education classes. During the first phase of thdyststudents were asked to respond
to open-ended questions in order to assess theaeptions relating to the nature of
science. During the second phase, students wesemsal with a socio scientific
scenario that required decisions based on theialmeasoning or ethical beliefs. In
the third phase, pairs were constructed from diffedevels of variation about the
subject. Then, they were allowed to freely interattallenge, and question each
other during the interview process. Results of ttisdy revealed that students’
conceptions of nature of science ranged from tleeaas static and fixed to the idea
that they change in quick response to social ylitd technological advances. Status
of scientific knowledge versus opinion, studentsponses distinguished between
the subjectiveness of opinion and the objectivitg@entific knowledge. In general,
subjectiveness was equated with personal opinidveseas scientific knowledge was
associated with proven, tested, or constructed lediye. Also, students generally
perceived connections between art and sciencenrstef the creativity. However, a
distinction seems to be made between the spiiirtofhat is more directly linked to

emotion activity” and of science.
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Lederman and O’'Malley (1990) investigated the smisleperceptions of
tentativeness in science. The sample was 36 mate8&females spanned grades 9-
12. Students are enrolled in physical sciencephiglchemistry, and physics classes.
All students were asked to complete a seven iteran@mded questionnaire
concerned with their beliefs about the tentativeureaof science during the second
week of the school year. Also, the same questioanvaas repeated during the final
month of the school year. At the end, researchessewed the completed
questionnaires and identified 20 students to ppdie in videotaped follow-up
interviews. Data from the pretest indicated that #tudents, as a group, do not
uniformly adhere to either an absolute or tentatiesv of scientific knowledge. By
contrast, the results of the post-test more cleadiere to the tentative view of
scientific knowledge. In the interview part, alludents correctly interpreted the
intent of each of the questionnaire items. Conseityidhe study indicated that more
care must be taken in the assessment of studesrtggions of science. Language is
often used differently by students and researcheds this mismatch has almost

certainly led to misinterpretations of students’geptions in the past.

Solomon, Scott, and Duveen (1996) reported a questire study of British
pupils’ understanding of several aspects of thereabf science. The sample of the
study was about 800 pupils aged 14-15 years. lietwss with teachers and
questionnaire were used for this study. Resultsvedaa strikingly relation between
the class in which the pupils were taught and hbeytanswered most of the
questions. This shows what may be both the effettteoteacher on the pupils’ views
and also an indication of the relative effect ofsaghool and out-of-school

knowledge.

Previous researches have argued that the teachedgrstanding of the
nature of science is necessary, but not sufficieahdition for helping students
understand the nature of science (Hanuscin, Akersad Phillipson-Mower, 2006).
Lunn (2002) also supported that teachers’ viewhefature of science form part of
a hidden curriculum in their science teaching, tisinderstanding of them is
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necessary to an understanding of learners’ expmrgernof science teaching.
Unfortunately, research over the past several aecads found teachers’ views of
the nature of science to be largely inconsistemh wontemporary characterizations
of the scientific endeavor (Billeh and Hasan 19Bsoom 1989, King 1991;

Lederman, 1992; Zimmermann and Gilbert, 1998; Maurand Schibeci, 1999;
Haidar, 1999; Abd-El-Khalick and Lederman, 2000;ehb 2001; Irez, 2006).

Several attempts were undertaken to improve teachature of science views (i.e.,
Akindehin 1988; Scharmann and Harris 1992). Howewbese efforts were

generally not successful in helping teachers develoderstandings that would
enable them to effectively teach about nature enee (Abd-El-Khalick, 2005).

Erdogan (2004) investigated the views of Turkish preergcience teachers
on nature of science (NOS). The sample of the stmdy 166 preservice science
teachers. She utilized 21-item “Views on Scienceehihology-Society (VOSTS)”
instrument, translated and adapted into Turkishagsess teachers’ views on the
nature of science. The VOSTS (Aikenhead, Ryan dathiRg, 1989) is a pool of
114 empirically developed multiple-choice itemshwitine categories. For this study,
21 items were selected from the epistemology afrem@ category corresponded to
the purposes of the assessment. Also, semi-stadcioterviews were also conducted
by 9 volunteer preservice science teachers in owlarnderstand their views on
nature of science in depth. The results gave aungcof the preservice science
teachers’ views on nature of science. Resultsisfdtudy showed preservice science
teachers’ misconceptions on nature of science. IReefl the study revealed that
preservice science teachers held traditional vigasse) regarding the definition of
science; the nature of scientific models; the mhships between hypotheses,
theories, and laws; fundamental assumptions fos@énce; the scientific method;
uncertainty in scientific knowledge; epistemolodistatus of scientific knowledge;
coherence of concepts across disciplines. On theroband participants have
contemporary views (realistic) on the nature of embation; the nature of
classification schemes; the tentativeness of stieminowledge; cause and effect
relationship. In conclusion, the author suggedted the current science teacher
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education programs should be modified in the dmectfor enhancing science
teachers’ understanding on the nature of scientsm, Ahe stressed that the findings
of the study can guide the design of lessons asd affer teachers a way of

assessing their students’ views on the natureiehse.

In 1999, Haidar investigated Emirates pre-serviog ia-service views about
the nature of science. A questionnaire was devedl@pel administered to 31 female
pre-service science teachers, and 224 in-servicemisry teachers. The
questionnaire covered five aspects of the naturscance identified by Palmquist
and Finley (1997). These are scientific theoried amdels; role of a scientist;
scientific knowledge; scientific method; and scigntlaws. The results indicated
that Emirates teachers’ views are neither cleadgitional nor clearly constructivist
they held mixed views about the nature of sciefte. study attributed the existence
of the traditional views to historical reasons ath@ educational system. The
presence of constructivist views was attributeaei@ious factors, where some of
students’ religious beliefs agree with some comsitrist views. This study also
provides evidence that the traditional view abdet mature of science is in conflict
with the teachers’ religious beliefs.

In the light of related literature, it can be irmled that students’
misconceptions influence their understanding oérsce concepts. Especially, acid-
base concept is one of the most challenging coadepistudents. Therefore, further
research is needed for improving students’ undedstg of acid-base concepts and
removing students’ misconceptions. 5E learning eyokthod should be favored in
order to obtain greater student understanding emastry. For this reason, in the
present study, we aimed to determine the effecbflearning cycle method on
students’ understanding of acid-base conceptsltaidattitudes toward chemistry as
a school subject when their science process skil taken as a covariate. Moreover,
the goal of science education is not only to helpdents acquire scientific

knowledge. Like scientific knowledge, helping stntdedevelop adequate
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understandings of nature of science is anotheretesiutcome of science teaching.
Therefore, in this study, we also investigated st views on nature of science.
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CHAPTER 3

PROBLEMS AND HYPOTHESES

3.1 The Main Problem and Subproblems

3.1.1 The Main Problem

The purpose of this study is to compare the effeaess of instruction based
on 5E learning cycle model over traditionally desid chemistry instruction on 11th
grade students’ understanding of acid-base coneeptsattitudes toward chemistry
as a school subject. Also views of experimental @narol group students on nature
of science were investigated.

3.1.2 The Subproblems

1. Is there a significant difference between thfeat$ of 5E learning cycle
model and traditionally designed chemistry insiuct on students’
understanding of acid-base concepts when theinsgiprocess skills are

controlled as a covariate?

2. Is there a significant difference between madesl females in their
understanding of acid-base concepts, when thesnseiprocess skills are
controlled?

3. Is there a significant effect of interactiontviaeen gender difference and

treatment with respect to students’ understandiregiol-base concepts?
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4. What is the contribution of students’ sciencecpss skills to their
understanding of acid-base concepts?

5. Is there a significant difference between sttglelmaught through 5E
learning cycle model and traditionally designedralstry instruction with
respect to their attitudes toward chemistry ashaaicsubject?

6. Is there a significant difference between maled females with respect to

their attitudes toward chemistry as a school swbjec

7. Is there a significant effect of interactionweén gender difference and
treatment with respect to their attitude toward nolséry as a school

subject?

3.2 Hypotheses

Hol: There is no significant difference betweentfiest mean scores of the
students taught with instruction based on 5E |egreicle and taught
with traditionally designed chemistry instructiom iterms of
understanding acid-base concepts when their scgmocess skills are

controlled as a covariate.
Ho2: There is no significant difference between psttest mean scores of
males and females in terms of understanding asé-bancepts when

their science process skills are controlled.

Ho3: There is no significant effect of interactioaetlveen gender difference

and treatment on students’ understanding of acsd-lbancepts.

Ho4: There is no significant contribution of studgrsicience process skills to
understanding of acid-base concepts.
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Ho5: There is no significant difference between gest mean scores of
students taught with 5E learning cycle orientedtrutdion and
traditionally designed chemistry instruction witlespect to their

attitudes toward chemistry as a school subject.

Ho6: There is no significant difference between gest mean scores of

males and females with respect to their attitudestd chemistry as a
school subject.

Ho7: There is no significant effect of interactioetlween gender difference
and treatment with respect to their attitudes towelmemistry as a

school subject.
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CHAPTER 4

DESIGN OF THE STUDY

In this study, the quasi-experimental design wasdufsay, 1987). The
random assignment of already formed classes toriexpetal and control groups
was employed to examine treatment effect. Intaxtsgs were used because it would
have been too disruptive to the curriculum andtio@ consuming to have students
out of their classes for treatment. In additione do administrative rules the classes

were chosen randomly not students.

4.1 The Experimental Design

Table 4.1Research design of the study

Groups Pretest Treatment Posttest
ABCT ABCT
EG ASTC 5E ASTC
SPST T-VOST
ABCT ABCT
CG ASTC TDCI ASTC
SPST T-VOST
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In Table 4.1, EG represents the Experimental Groumgsructed by 5E
Learning Cycle Model. CG represents the Control upsoreceiving traditionally
designed chemistry instruction. ABCT is Acid-BasenCept Test. 5E is instruction
based on 5E learning cycle model and TDCI is Trawaitly Designed Chemistry
Instruction. SPST refers to Science Process Slafit TASTC represents Attitude
Scale Toward Chemistry, and T-VOST represents $hrkiersion of Views on

Science-Technology-Society instrument.

4.2 Subjects of the Study

The subjects of this study consisted of 130 eldvgnade students (62 male
and 68 female) from six intact classes of two défe types of high schools in
Balikesir taught in the 2007-2008-fall semesteroTimstruction methods used in the
study were randomly assigned to groups. Three efctasses were assigned as the
experiment groups and the other three classes agsigned as the control groups in
two schools. Two of the experimental groups and ofdhe control groups were
assigned in an Anatolian High School. Also, oneegixpent and one control group
were assigned in an Anatolian Teacher High Schobé data analyzed for this
research were taken from 65 students (43 Anatdfigh School students and 22
Anatolian Teacher High School students) particigatinstruction based on 5E
Learning Cycle model and 65 students (45 studeotas fin Anatolian High School
and 20 students from an Anatolian Teacher High 8ghparticipating in the

Traditionally Designed Chemistry Instruction.
4.3 Variables
4.3.1 Independent Variables:
The independent variables in this study were metbbdnstruction; 5E

learning cycle model oriented instruction and tiadally designed chemistry

instruction, gender, science process skill.
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4.3.2 Dependent Variables:
The dependent variables were students’ understgradiacid-base concepts,
their attitudes toward chemistry as a school swppawd nature of science views of

students.

4.4 Instruments

4.4.1Acid Base Concepts Test (ABCT):

This test was developed by the researchers. Whiilee gjuestions were taken
from the University Entrance Exam questions in Byrkothers were developed by
the authors considering misconceptions and ditiiesiirelated to acid-base concepts
in the literature (Ross, 1989; Hand and Treagud9ll Ross and Munby, 1991;
Schmidt, 1991; Nakhleh and Krajcik, 1994; Sheppdr@d7; Demirciglu et.al.,
2004). Since the language of the instruction ofgbleools is Turkish, the test was
constructed in TurkishThe content was determined by examining textbooks,
instructional objectives for the acid-base unit aethted literature. During the
developmental stage of the test, the following stegere taken into consideration.
First, instructional objectives related to the acahd bases topic were determined
(see Appendix A), and each item in the test wassttoated according to
instructional objectives. Second, students’ miseptions related with acid-base
concepts were stated from related literature andiap of chemistry teachers and a

classification was constructed (Table 4.2).

The test included 30 items based on the multip@eshformat (see Appendix
B). The items used in ABCT were conceptual questitmat revealed students’
understanding and misconceptions related with bagk concepts. Each item
consists of five choices. These alternatives ineluthe scientifically acceptable
answer supporting the desired content knowledge fand distracters. For the
content validity, each item in the test was exawhibg a group of experts in science
education, chemistry and by the classroom teachEns. reliability coefficient

80



computed by Cronbach alpha estimates of internagistency of this test was found

to be 0.8.

This test was given to students in both groups@g-dest to control students’

understanding of acid-base concepts at the begjrofirthe instruction. It was also

given to both groups as a post-test to compareffieets of two instructions (5E &
TDCI) on understanding of acid-base concepts. sewas piloted with 150 11

grade students and its Cronbach alpha reliabildag #%ound to be 0.81.

Table 4.2Classification ofStudents’ Misconceptions in Acid-Base

ACIDS & BASES Item
All substances containing’Hhave acidic characteristics 2
Acids have bitter taste 2
Acids do not react with carbonates 2
Acids do not react with active metals 2
Acids rust metals 5
Acids are more toxic than bases 5
Acids melt metals hence gas is not released 14
Acids turn red litmus paper into blue 6, 18
Only basic solutions contain OHons 20
Bases always contain OHons 1
Bases turn blue litmus paper into red 3,6,18
Bases are blue 3
Bases are harmless 3
A base is something which makes up an acid 3
Acids are more “powerful” than bases 17
ACIDS & BASES IN DAILY LIFE
Common household products are incorrectly claskifie 6
Powerful acting chemicals are acids 5
Soil cannot be acidic because things grow in it 5
IONIZATION OF WATER/ pH & pOH
Wrong proportion about pH and acids/bases 7,8
A solution with pH of 10 is neutral 8
pH=0 is neutral 7
The pOH value is used only for base solutions 7
The pH value is used only for acid solutions 9,11, 19
pH and pOH refer to the same number in both adidbase solutions 7
8,18,19,20,
Confusion the relationship between pH/pOH and J@H "] 22,23,
25,27
Confusion the relationship between the ions insthlation and Ka/Kb 28, 30
THE STRENGTH OF AN ACIDS/BASES
Equal amount of strong and weak base solutionsagottie same amount of Okibns | 9
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Table 4.2 (Continued)

Concentration and strength are the same 11, 12
Electrical conductivity of strong and weak basesthe same 9
pH/pOH and strength are the same 11,12
The strength of bases increases with an incregsd in 12
The strength of solutions are directly proportiomath the number of ions in thell, 12
solution

The strength of an bases increases with an inciegs@H 12
Molecules of strong acids should contain more Hisithan that of weak acids 10

A strong acid has a higher pH than a weak acid 10

A strong acid reacts more slowly than a weak acid 14
The strength of acids do not affect the speedauftien with metals 13,14
Gas is not released after a reaction of an acichaaghesium 13
Strong acids melt metals better than weak acids 10
When acetic acid and magnesium react gas is releaswe quickly than when 13
hydrochloric acid reacts with magnesium

When hydrochloric acid and magnesium react gasléased more quickly than wheri4
acetic acid reacts with magnesium because morebgdrbonds need to be broken

Strong acids produce more hydrogen when reactddanietal than do weak acids | 10
Different amount of H+ ions required to neutralemal amount of KOH and NH3 | 9
NEUTRALIZATION & HYDROLYSIS

Neutralization is a physical change not a chenuoal 4

A gas is released after a reaction of an acid dmaba 4
Neutralization always results in a neutral solution 1,16,17,19
The product of neutralization are acidic/basic 16

In a neutralization reaction, when one of the raaist (acid or base) is weak, thd7
neutralization does not completely take place

Salt formed at the end of a neutralization readscalways acid 15
Salt formed at the end of a neutralization readsaaways basic 15, 27
Salt formed at the end of a neutralization readsosmways neutral 15, 17, 27

4.4.2 Attitude Scale Toward Chemistry (ASTC)

This scale was previously developed by Geban e(18194) to measure

student’s attitudes toward chemistry as a schobjesti This scale consisted of 15
items in 5-point likert type scale (strongly agragree undecided, disagree, strongly

disagree). The reliability was found to be 0.83isTiest was given to students in

control and experiment groups before and aftetrrs@@ment (see Appen
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4.4.3 Science Process Skill Test (SPST)

Okey, Wise and Burns (1982) developed this testwds translated and
adapted into Turkish by Geban et.al. (1992). Tegt tontained 36 four-alternative
multiple-choice questions. It was given to all gt in this study. The reliability of
the test was found to be 0.85. This test measurilactual abilities of students
related to identifying variables, identifying an@ting the hypotheses, operationally
defining, designing investigations and graphing antdrpreting data (see Appendix
D).

4.4.4 Interview Questions

After the implementation of 5E and TDCI, interviewsre prepared related
to students’ misconceptions obtained from postitestlts after the treatment. Five
students from the experimental groups and five esttgl from the control groups
were selected based on their achievement on Acs#Baoncept Test scores.
Students were randomly selected. These studerttsipated in 15-20 minutes semi-
structured interview schedule designed to elucittade beliefs and misconceptions
about the concept of acids and bases. The schedsléeft flexible to allow students
to express themselves in relative freedom and tablenthe interviewer to ask
thought-provoking questions. Interview questionsuted following areas: (a) Acids
and Bases; (b) pH/pOH; (c) The Strength of Acidd Bases; (d) Neutralization and

Hydrolysis(see Appendix E). Researchers conducted and vigedthe interview.

4.4.5Turkish Version of Views on Science-Technology-Saaty
(T-VOSTS)

In this study, Turkish version of Views on Sciefnbechnology-Society (T-
VOSTS), which contain twenty-one selected and athgems from VOSTS item
pool, were utilized to investigate the views of dants on nature of science.
Originally, Aikenhead, Ryan and Fleming (1989) deped the VOSTS (Views on
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Science- Technology-Society) that is an inventofystudent viewpoints about
science, and about how science is related to téoypypaand society. During the
developmental stage of this inventory, the authinstly designed a study to
understand the viewpoints that high school studéwisl on the complex topic
science, technology and Canadian society. Reseaarchadied with thousands of
grade 12 students from across Canada, and they aske#ents to write paragraphs
about various issues on this topic. Then, theyyaedl all paragraphs closely and
found some common viewpoints. Researchers calledetrcommon viewpoints
“student positions”. Also, they interviewed overOl6tudents and discovered that
most students were able to express their true fodbetter by choosing one of the
“student positions” than by writing a paragraph.teif that, they made a
questionnaire out of these “student positions” @hkead, Ryan and Fleming, 1989).
Aikenhead and Ryan (1992) stated that this is tlegomdifference between the
VOSTS and many other instruments, which typicallg eomposed by researcher
working under the erroneous assumption that resgasdvill perceive and interpret
the language in the items in the same way as theareher does. They also
suggested that it is inappropriate to speak oututaltwe validity of empirically
developed instruments, such as the VOSTS, in thditivnal sense because the
validity of empirically developed instruments ags&om a qualitative research
paradigm. According to them, empirically developestruments seek to uncover the
perspective of the respondent and reveal the hegdy of that perspective from the
respondent’s point of view, not the imposed viewpaif the researcher. As in the
qualitative research, it is assumed with empincakveloped instruments that the
respondents understand the complex interactiongybstudied and account for the
influence of values on the interactions better thia@ investigator. Additionally,
Aikenhead and Ryan (1992) stated that the validityan empirically developed
instrument is established by the “trustworthinesisthe method used to develop the
items as the validity of the process and of thalfinstruments lies in the trust which
subsequent researchers place in the developmerggzravhich has been described.
Therefore, it was assumed that the VOSTS itemseggsss an inherent validity that
originated from the process used to develop themil&8ly, the concept reliability
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as it applies to empirically developed instrumesush as the VOSTS follows from
the qualitative research paradigm, where in theedégbility of the results is of
major concern; that is, the validity and relialyilitf qualitative data depend to a great
extent on the methodological skill, sensitivitydantegrity of the researcher. Rather
than demanding that others get the same resukswants to concur that, given the
data collected, the results make sense that thétseme dependable. In addition,
Aikenhead and Ryan (1992) also argue that emgyiclveloped items yield non-
parametric data that does not fulfill the contiguaind equal intervals of measures
assumption that underlies parametric analysis pwes. Hence, they add traditional
procedures such as Coefficient Alpha that are use@ssess the reliability of
instruments that yield parametric scores and asedan assumptions that are not
tenable in the case of empirically developed imstrnts, are not appropriate for the
VOSTS. As a result, VOSTS items were assumed toebable and based upon
agreement that the data presented Aikenhead anurRgde sense (Ergan, 2004).

The VOSTS (Aikenhead, Ryan and Fleming, 1989) ipaml of 114
empirically developed multiple-choice items witmaicategories. These categories
are: Science and Technology, Influence of SocietySaience/Technology, Future
Category, Influence of Science/Technology on Sgciefluence of School Science,
Characteristics of Scientists, Social ConstructadnScientific Knowledge, Social
Construction of Technology and Nature of Scienticowledge. The VOSTS was
developed in a six-year period of time.

Each question of the VOSTS inventory begins widtadement about science
technology-society topic. Most of these statememjzress an extreme view on the
topic. Students may happen to agree strongly viih tiew; they may happen to
disagree vigorously; or their position may be itween the two. Next, there is a list
of positions (or viewpoints) on the issue. Thesaallg go from one extreme to the
other. Students are asked to choose one of thestops (Aikenhead, Ryan and
Fleming, 1989).
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Turkish version of Views on Science-Technology-8oci (T-VOSTS)
constructed by Erd@n (2004). She firstly selected 22 items from th@hnpart
epistemology of science (or the nature of sciemkhowledge) of the VOSTS item
pool. Then these selected items were translatedadagted by the researcher and
two science educators. In addition, a linguist tademic Writing Center in METU
checked selected items’ translations. Then the ptlady was done using 19 third-
year students of Elementary Science Education Deeat of METU. According to
pilot study, two items were omitted for the actadministration. In addition to this,
after the pilot study one item selected from thstfpart about the definition and
meaning of science. Finally, after necessary changmon the pilot study, the
researcher developed Turkish version of VOSTS (TSV6) with 21 items (Table
4.3, Appendix F).

Table 4.3Subscales of the items used in the Turkish versiofOSTS (Erdgan,

2004).
Item Items’ root Subscales

1 Defining science is difficult because scienceamplex and does | Defining
many things. But MAINLY science is: science

2 Scientific observations made by competent saenwwill usually Nature of
be different if the scientists believe differengédhies. observations

3 Many scientific models used in research labor@sqisuch as the | Nature of
model of heat, the neuron, DNA, or the atom) age®of reality. | scientific

models

4 When scientists classify something (for examplplant according
to its species, an element according to the periadile, energy Nature of
according to its source, or a star according tei#s), scientists are classification
classifying nature according to the way naturelydsj any other | schemes
way would simply be wrong.

5 Even when scientific investigations are doneextty, the Tentativeness
knowledge that scientists discover from those itigadons may | of scientific
change in the future. knowledge

6 Scientific ideas develop from hypotheses to tiespand finally, if
they are good enough to being scientific laws.

7 When developing new theories or laws, scientietd to make
certain assumptions about nature (for example ematimade up | Hypotheses,
of atoms). These assumptiamsist & true in order for science to | theories &
progress properly. laws

8 Good scientific theories explain observationd viglt good
theories are alssimplerather than complex.
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Table 4.3.(Continued)

9 When scientists investigate, it is said thay ttedlow the scientific
method. The scientific method is:

10 The best scientists are those who follow thpssté the scientific
method

11 Scientific discoveries occur as a result ofesedf investigations,
each one building on an earlier one, and eacheattirg logically | Scientific
to the next one, until the discovery is made. approach to

investigations

12 Scientists publish the result of their work @estific journals.

When scientists write an article for a journal ytleeganize their
report in a very logical orderly way. However, stists actually dg
the work in a much less logical way.

13 Scientists should NOT make errors in their wbdcause thesg Scientific
errors slow the advance of science. approach to

investigations

14 Even when making predictions based on accuratevledge,| Precision &
scientists and engineers can tell us only whatbably might | uncertainty in
happen. They cannot tell what will happen for darta scientific

technological
knowledge.

15 If scientists find that people working with astms have twice agLogical
much chance of getting lung cancer as the averageop, this| reasoning
must mean that asbestos causes lung cancer.

16 Science rests on the assumption that the natoddl cannotbe | Fundamental
altered by a supernatural being (for example, gydei assumptions

for all science

17 For this statement, assume that a gold minsctdiers” gold while
an artist “invents” a sculpture. Some people thihéit scientistg
discoverscientific LAWS. Others think that scientists inveéhem.

What do you think?

18 For this statement, assume that a gold minsctdiers” gold whilel Epistemologic
an artist “invents” a sculpture. Some people thinat scientistg al status of
discover scientific HYPOTHESES. Others think that scientistrientific
invent them. What do you think? knowledge

19 For this statement, assume that a gold minsctdiers” gold while
an artist “invents” a sculpture. Some people thihéit scientistg
discoverscientific THEORIES. Others think that scientistwant
them. What do you think?

20 Scientists in different fields look at the samméng from very
different points of view (for example, ‘Htauses chemists to thinkParadigms
of acidity and physicists to think of protons). $imakes it difficult| versus
for scientists in different fields to understandleathers’ work. coherence of

21 Scientists in different fields look at the samméng from very| concepts
different points of view (for example, "Hauses chemists to thinkacross
of acidity and physicists to think of protons). $hmeans that ongdisciplines

scientific idea has different meanings, dependimg tbe field
scientist works in.
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4.5 Treatment

This study was conducted over approximately seveek& during the 2007-
2008-fall semester. In two different types of higghools in Balikesir, two teachers
and their six eleventh grade chemistry science sekswere enrolled. The
instructional methods were randomly assigned tckagses. In detail, one of the two
classes of a teacher in an Anatolian Teacher Hajio& was randomly selected as
an experiment group and the other was selecteccasteol group. Similarly, two of
the four classes of a teacher from an AnatoliarhF8ghool were randomly selected
as experiment groups and the other classes wetedsts control groups. In
summary, three of the classes were assigned asxgieimental groups, instructed
through the 5E learning cycle model, and the ottlasses were assigned as the
control group, instructed through traditional imstron. Both control and experiment
groups were instructed on the same content of lieentstry course. The classroom
instruction of the groups was three 40-minute sessper week. Before the study,
teachers were informed about 5E learning cycle mdsiemple lesson plans and
activities of 5E learning cycle model were presériteteachers and discussed with
them. During the treatment, the acid-base topiagwevered as a part of the regular
curriculum in the chemistry schedule course. Ttseaecher observed classes in the
control and experimental groups randomly. The temc¢htroduced the following
topics: the definition and the properties of acihl bases; pH/pOH concept; the
strength of acids and bases; acid-base titratiengralization; hydrolysis and buffer

solutions.

At the beginning of the study, all groups in thenpée were administered
ABCT to determine whether there was any differesmt®ng the groups with respect
to understanding of acid-base prior to instructidiso, ASTC was distributed to
measure students’ attitudes toward chemistry ah@os subject prior to instructions,

and SPST was given to all students to assesssttieirice process skills.
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In the control group, the course was traditionafarmat, having lectures,
discussions, and solving standard quantitative Iprog, such as those at the end of
the chapter in a typical chemistry textbook. Irsthroup, information and conceptual
language about the acid-base concepts were oraliyeded to students. Teaching
strategies were dependent on teacher exploratitrout consideration of students’
prior experiences. Also, reading textbook had ampment position in this teaching
procedure. In other words, exposition requires tina teacher inform the students of
what is to be learned. For this group, laboratotgegiences were also used as a
verification of the material presented in the doade lectures. Marek and Cavallo
(1997) suggested that such kinds of exercises @rérure experiments because the
outcome is known before the activity is performéd.the end of the laboratory,
control group students filled the experiment shéste Appendix K) and answered

teacher’s questions.

Students in the experimental groups instructedutino5E learning cycle
model. Because 5E learning cycle instruction is rdewthe students, before its
implementation, the researcher briefly explained the experimental groups. In the
first phase of 5E model, engagement, teachers geuhibe students’ interest and
motivation by asking questions and/or making dertratisn. Also, raising questions
and eliciting responses from the experimental gretwalents in this phase would
give teachers an idea of what the students alrdatyw. A second phase
(exploration) of the 5E was designed to give stt&leommon, practical experiences,
allowing them to build on their developing concegtsl skills. In this phase, students
were permitted to discuss the question by using grevious experiences related to
acid-base concepts. During these discussions theheée was the facilitator and
observed and listened to students as they inteMoteover, students gathered
information, tested out ideas, recorded observatierperimented, and so on. In the
meantime, teacher provided directions and materaiswered and asked questions,
gave hints and clues, and generally kept the eafor going. In sum, exploration
phase enables students to learn through their @twona and reactions by exploring
materials and testing their previous ideas on tixgest with minimum guidance. The
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explanation phase (third phase) permitted studd¢ntsmake sense of their
explorations. Students were encouraged to fincepat relationships, and answers
to questions. The teacher established the discussigironment, encouraged the
students to explain concepts and definitions inirtreevn words, asked for
justification and clarification, formally clarifiedefinitions, explanations, and new
labels when needed, used students’ previous exgeseas the basis for explaining
concepts, assessed students’ growing understanaimgultimately introduced the
scientific terminology for the concept. A fourthgse (elaboration) gave students the
opportunity to extend their knowledge of conceptother contexts. This phase is
vital in developing more general views of phenomasatudents identify similarities
in different contexts. The roles of the teacher ahdlents in this phase were like
those in the exploration phase. The purpose ofgheher was to extend conceptual
understanding; practice desired skills; deepen tstaleding. In addition, the teacher
used the terminology of the concept and insisted tie students use it also. As a
fifth phase (evaluation) the teacher looked fordewce that the students have
changed their thinking or behaviors. Students vase encouraged to assess their
understanding and abilities; and evaluated thearnieg In this respect, teacher
assessed his/her students with them accordingeto ékperiment sheets (Appendix
L and Appendix M), and also students asked to swlwee questions such as those in
a typical chemistry textbook. An example of 5E tessmplementation is given in

Appendix N.

In the experiment and the conrol groups, studeatslucted five separate
experiments/activities, which were about: genenapprties of acid and bases;
pH/pOH concepts; Strengths of acids and bases; -Baseg titration and

neutralization; Hydrolysis and buffer solutions.

At the end of the treatment, all students weremik8CT as a post-test. They
were also administered ASTC to identify the studleattitudes toward chemistry as
a school subject after the treatments, and T-VO®TiBvestigate the students’ views
on nature of science. Lastly, to understand stsdamderstanding of acid-base
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concept in depth, semi-structured interviews wdse aonducted at the end of the
study by 10 volunteer from experiment and controlg students.

4.6 Analysis of Data

In this study, two-way ANCOVA was used to determieiects of two
different instructional methods and gender diffeeemelated to understanding of
acid-base concepts by controlling the effect ofilshis’ science process skills as a
covariant. Also this statistical technique revealsel contribution of science process
skills to the variation in understanding and théeaf of gender difference on
students’ understanding acid-base concepts. To thesteffect of treatment on
students’ attitudes toward chemistry as a schobjesti and the gender effect on
students’ attitudes toward chemistry, two-way ANOW¥as used. In addition,
descriptive analyses were performed in this stumtydata of Turkish version of
VOSTS. Frequency and percentage distribution ofi @ternative under each one of

the items were calculated and they were analyzed.

4.7 Assumptions and Limitations

4.7.1 Assumptions:

1. All the students were accurate and sincere in amsgv¢he questions of
measuring instruments.

2. Teachers who applied this study were not biasemhgltine treatment.

3. There was no interaction among groups.

4. The treatment was applied under standard conditions

4.7.2 Limitations:

1. This study was limited to the unit of “Acids aBdses”.
2. The subjects of the study were limited to 13¥vehth grade students from

two different types of high schools in Balikesir.
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CHAPTER 5

RESULTS AND CONCLUSIONS

5.1 Results

The hypotheses stated in Chapter 3 were testedsainiicance level of
a=0.05. Two way analysis of covariance (ANCOVA) atvdo way analysis of
variance (ANOVA) were used to test the hypothedasthis study, statistical
analyses were carried out by SPSS/PC (Statist@ekd®e for Social Sciences for

Personal Computers) (Norusis, 1991).

The analyses of the total results (an AnatolianhHsghool and an Anatolian
Teacher High School) showed that there was no fagni difference at the
beginning of the treatment between the 5E groupistla@ TDCI groups in terms of
students’ understanding of acid-base concept9(663, p>0.05), students’ attitudes
toward chemistry (t=0.416, p>0.05) and their soeepiocess skills (t=1.45, p >0.05).

The analyses of the results for the Anatolian Highool indicated that there
was no significant difference at the beginningha treatment between the 5E groups
and the TDCI groups in terms of students’ undeditap of acid-base (t=1.263,
p>0.05), students’ attitudes toward chemistry (@46, p>0.05) and their science
process skills (t =0.913, p >0.05).
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In addition, the analysis for the Anatolian Teachegh School showed that
there was no significant difference at the begigrohthe treatment between the 5E
groups and the TDCI groups in terms of studentsleustanding of acid-base
(t=0.608, p>0.05), students’ attitudes toward clstyi(t=0.937, p >0.05) and their
science process skills (t=1.768, p >0.05).

Descriptive analyses for all groups in two schofus Anatolian High School,

and for Anatolian Teacher High School are presemésgpectively in Table 5.1,
Table 5.2, and Table 5.3.

Table 5.1Descriptive statistics for all groups in two schoo

Pre-ABCT  Pre-ASTC Post-ABCT  Post-ASTC SPST

Group |n Mean SD Mean SD n Mean SD Mean SD |n Mean SD
5E 63 12.87 4.27 52.14 10.6b 64 2445393 5554 9.73] 58 25.03 3.54
TDCI |65 12.35 451 5296 11.8f 54 18.94623 53.65 8.98] 61 24.10 3.46

Table 5.2Descriptive statistics for Anatolian High School

Pre-ABCT  Pre-ASTC Post-ABCT  Post-ASTC SPST

Group |n Mean SD Mean SD n Mean SD Mean SD | n Mean SD
5E 43 12.78 4.30 52.25 1156 42 23.@0 5530 855 43 25.20 3.87
TDCl |45 11.64 4.12 49,60 10,1p 39 17.9/03 51.66 8.07] 40 2298 3.Y5

Table 5.3Descriptive statistics for Anatolian Teacher HEthool

Pre-ABCT  Pre-ASTC Post-ABCT  Post-ASTC SPST

Group |n Mean SD Mean SD n Mean SD Mean SD | n Mean SD
5E 20 13.05 4.31 5450 12.68 22 26.0£32 5595 118§ 16 26.43 1.9
TDCI |20 13.95 5.03 57.85 9.73 15 21.4803. 57.73 9.57 20 24.80 3.27

\%.")

93



Hypothesis 1:

To answer the question posed by hypothesis lngtdtiat there is no
significant difference between the post-test meames of the students taught by 5E
and those taught by TDCI with respect to understandcid-base concepts when
science process skill is controlled as a covariat®, way analysis of covariance
(ANCOVA) was used. The measures obtained for altlesits in the study, for
Anatolian High School students, and Anatolian TeadHigh School students are

presented respectively in Table 5.4, Table 5.5, Tatde 5.6.

Table 5.4ANCOVA Summary for all students (Understanding)

Source df SS MS F P
Covariate 1 B 218.569 20.700 0.000
(Science Process Skill)

Treatment 1 974. 579.177 54.852 0.000
Gender 1 200 4.200 0.398 530
Treatment*Gender 1 12.090 12.090 1.145 0.287
Error 102 78098 10.559

Table 5.5ANCOVA Summary for Anatolian High School stude(itsderstanding)

Source df SS MS F P
Covariate 1 .34 78.343 8.123 .00
(Science Process Skill)

Treatment 1 721 542.521 56.248 0.000
Gender 1 6.1 36.091 3.742 50.0
Treatment*Gender 1 0.893 0.893 0.093 0.762
Error 71 684.802 9.645
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Table 5.6 ANCOVA Summary for Anatolian Teacher High Schodludents

(Understanding)

Error 26 187.516 7.212

Source df SS MS F P
Covariate 1 2.608 62.698 8.693 00G.
(Science Process Skill)

Treatment 1 BA 82.273 11.408 Q.00
Gender 1 3.®@9 23.029 3.193 .08B
Treatment*Gender 1 17.517 17.517 2.429 0.131

The overall result showed that there was a sigmticifference between the

posttest mean scores of the students taught byn8EBhese taught by TDCI with

respect to the understanding of acid-base concept® 5E groups scored
significantly higher than TDCI groups for all stude (X(5E) = 24.45, X(TDCI) =
18.94). Further, for Anatolian High School studeri& group students scored
significantly higher than TDCI group students (XJ5& 23.62, X(TDCI) = 17.97),
and for Anatolian Teacher High School, 5E groupsrest significantly higher than

TDCI groups (X(5E) = 26.04, X(TDCI) = 21.46).

Figure 5.1 shows the proportions of correct respsns the questions in the

posttest for experiment and control groups.
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Figure 5.1 Comparison of post-test scores of experiment gg@mnal control groups

There was a difference in responses between theriengnt and control
groups to the items in ABCT (see Appendix G and émupx H). Items 1, 9, 10, 11,
12, 14, 17, 21, 26, 28, 30, where the poorer studesults were obtained, were
selected to discuss in this chapter. Question 1 refted to the properties of the
bases. Before the treatment, 19.4 % of the expeatigroup students, and 26.8 % of
the control group students responded this quest@rectly. After the treatment,
whereas 69.2 % of the experimental group studemteatly answered the question,
only 35.8 % of the control group students seledtexl correct alternative for this
question. For item 1, two misconceptions were foamibng students. The first one,
selected by 26.4% of the control group studentss weat neutralization always
results in a neutral solution. The second miscamzepselected by 26.4% (9.4 % +
17.0%) of the control group students, was that $adeuld contain OH ions.
Moreover, 23.1 % of the experimental group studemd 11.3 % control group
students had both of these misconceptions. The omegptions that this item
measured and the percentages of the experimenthlcantrol group students’

selection of alternatives in the posttest are glvelow:
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Table 5.7Percentages of students’ selection of alternafwegem 1

Asagidakilerden hangisi ya da hangileri bazlar icin haman Percentage of students’
dogrudur? responses (%)
I-  Suda iyonlgirlar Experiment Control
II- Yapilarinda OHiyonu bulundururlar Groups Groups
lll- Asitlerle nétrlesip nétr ¢ozelti olgtururlar
*a) Yalniz | 69.2 35.8
b) Yalniz Il 1.5 9.4
c) Yalniz lll 3.1 26.4
d)lvell 3.1 17.0
e)l, Il velll 23.1 11.3
* Correct alternative

For the question nine, 80.0 % of the students en3f groups and 52.8% of
the students in the TDCI groups correctly stateat the same amounf H* ions
required to neutralizing equal amount of KOH andsNFhat is, 18.4 % of the
experimental group students and 37.8 % control gretudents believed that
different amounof H” ions required to neutralize the equal amount of Kadid NH;,
The other misconceptions among the control grougestts for this item was that
electrical conductivities of strong and weak basesthe same (15.1%), and equal
amount of strong and weak base solutions shoulthtothe same molarities of OH
ions (11.3%). Pretest results for this item were/ 36 for the experimental groups,
and 49.1 % for the control groups. The percentagesxperimental and control

group students’ selection of alternatives in thsti@st are given below:
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Table 5.8Percentages of students’ selection of alternafiwegem 9

Percentage of students’
KOH kuvvetli baz, NH ise zayif bazdir. § hacim ve responses (%)
dergimdeki KOH ve NH cozeltileri igin aagidakilerden| Experiment Control
hangisi ayni olur? Groups Groups
a) Iyonlasma yiizdesi 1.5 5.7
b) OH iyonu molar degimi 4.6 11.3
c) pH deeri 4.6 5.7
d) Elektrik iletkenlgi 7.7 15.1
*e) Notrlestirmek igin gereken Hin miktari 80.0 52.8
* Correct alternative

In item 10, students were asked to compare thegptiep of equal amounts of
weak and strong acids. Before the treatment, 17.8f%he experimental group
students and 12.5 % of the control group studeespanded correctly to this
question. After treatment, 61.5 % of the studesutight by the 5SE Model and, 41.5 %
of the students taught by the TDCI seemed to bdfatable with the right idea that
the electrical conductivity of weak acid shouldless than that of strong acid when
the amounts of these acids are equal. Moreoverastindicated that 13.8 % of the
experimental group students and 13.2 % controlgsiudents wrongly thought that
molecules of strong acid should contain mofeads than that of weak acid. Further,
16.9 % of the experimental group students and 32 dontrol group students had a
misconception that strong acid melt metals bettantweak acid. In Table 5.9, the
percentages of experimental and control group sistiselection of alternatives in

the post-test are presented:
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Table 5.9Percentages of students’ selection of alternatwegem 10

Percentage of students’
Ayni hacim ve desimdeki zayif asit ile kuvvetli asit responses (%)
karsilastirildiginda, aagidakilerden hangisi her zaman glo | Experiment Control
olur? Groups Groups
a) Kuvvetli asidin, Mg metali ile tepkimesinden dafazla H, 4.6 3.8
acia cikar.
b) Kuvvetli asidin pH 1, zayif asitten daha fazladi 1.5 5.7
*c) Zayf asidin elektrik iletkenfii daha azdir. 61.5 41.5
d) Kuvvetli asidin bir molekiilii daha fazla' igermelidir. 13.8 13.2
e) Kuvvetli asit metali daha iyi eritir. 16.9 32.1
* Correct alternative

Question 11 was related to the weak base and shasg solutions. Students
were asked to select the necessary informatioifferehtiate the weak base solution
from the strong base solution when the volumeshe$é solutions were the same.
87.7% of the experimental group students and 50m8%e control group students
correctly stated that knowing the percentages @fiazhization of these two bases in
water is enough to differentiate the strong andknsedutions. Pretest results for this
item were 56.7 % for the experimental groups, a8 56 for the control groups. As
it is seen, the percentage of the correct respaofsétge control group students was
decreased from pretest to posttest. This mightusscatudents in the control groups
were confusing the pOH and pH values with the giifenTable 5.10 presents the
percentages of experimental and control group ststdselection of alternatives in
the post-test:
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Table 5.10Percentages of students’ selection of alternafimetem 11

Farkh iki kapta eit hacimlerde zayif baz ve kuvvetli bgaz Percentage of students’
coOzeltileri vardir. Bu coOzeltilerden hangisinin ketli baz responses (%)
cozeltisi oldgunu anlamak igin ggidakilerden hangisinin Experiment Control
verilmesi_tek baina yeterlidif? Groups Groups
a) Cozeltilerin pOH dgerleri 6.2 15.1
b) Cozeltilerin pH dgerleri 3.1 18.9
c) Cozeltilerin degiimleri - 3.8
*d) Cozeltilerdeki bazlarin iyoniana yluzdeleri 87.7 50.9
e) Cozeltilerdeki toplam iyon sayilari - 9.4

* Correct alternative

Item 12 asked to students the reason of their ressptor the item 11. Before
the treatment, 46.3 % of the experimental grouplesits and 37.5 % of the control
group students responded to this question corre&ftgr the treatment, 93.8 % of
the students taught by the 5E Model and, 60.4%@fstudents taught by the TDCI
selected the correct alternative for this item. Aguacontrol group students, the
common misconceptions were that the strength of lthses increases with an
increase in pOH (11.3 %), and the strength of bas®eases with an increase in pH
(11.3%). In addition, 9.4 % control group studetitsught that concentration and
strength are the samd&he misconceptions that this item measured and the
percentages of experimental and control group ststdselection of alternatives in

the posttest are given below.
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Table 5.11Percentages of students’ selection of alternafimeem 12

Percentage of students’
responses (%)

11. soruya verdiniz cevabin nedeni sagidakilerden| Experiment Control
hangisidir? Groups Groups
a) Cozeltinin pOH dgeri artikga bazin kuvveti de artar 1.5 11.3
b) Cozeltinin pH dgeri artik¢ca bazin kuvveti de artar 4.6 11.3
c) Cozeltideki iyon sayisi arttikca, kuvvette artar - 5.7
d) Cozeltideki bazin daiimi azaldik¢a kuvveti de azalir - 9.4
*e) Bazin iyonlama ylizdesi arttikga kuvveti artar 93.8 60.4
* Correct alternative

Item 14 was related to the reactions between thgnesaum metal and acids.
In item 13, students were asked that what happ#reegiece of magnesium metals
were placed in the same amount of hydrochloric g¢i€Cl) and acetic acid
(CH3COOH) solutions respectively. And, in item 14, theason was asked to
students for selecting their alternative amongdtieer alternatives of the item 13.
Before the treatment, 29.9 % of the experimentalestts, and 26.8 % of the control
group students responded to this question corteétiyer the treatment, whereas
78.5 % of the experimental group students correatgwered the question, only 35.8
% of the control group students selected the coakernative for this question. For
item 14, the most common alternative, selected®§ 2 of the experimental group
students and 34.0 % control group students wetewhen hydrochloric acid and
magnesium react gas is released more quickly thHaenvacetic acid reacts with
magnesium because more hydrogen bonds need tookenbrMoreover, it was
found that 11.3 % control group students believet the strength of acids do not
affect the speed of reaction with metals. Table2 5piesents the percentages of
experimental and control group students’ seleabioalternatives in the post-test:
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Table 5.12Percentages of students’ selection of alternafwmegem 14

Percentage of students’
responses (%)

13. soruya verdiniz cevabin nedenisagidakilerden hangis| Experiment Control
olabilir? Groups Groups
a) Metaller asitlerin i¢cinde erirler vesdriya gaz ¢iki olmaz - 3.8
b) HCI bulunan kapta daha hizli gaz gikg6ézlemlenir ¢inkd 20.0 34.0
daha cok hidrojen [gakirilmistir
¢) HCI bulunan kapta gaz cskidaha yavstir ¢iinkil kuvvetli - 1.9
asitler daha yavareaksiyon verirler
*d) HCI bulunan kapta daha hizli gaz gikg6zlemlenir ¢lnk(j 78.5 35.8
HCI kuvvetli asittir.
e) Iki ¢ozeltide de asit bulungundan, kaplardansi hizda Hyg, - 11.3
cikisl olur.
* Correct alternative

Item 17 was related to the neutralization reactiod asked students to their
reason for their selection among the alternativieth® item 16. All groups showed
low achievement for this question. Only 28.3 % lod tontrol group students gave
correct answer to this question whereas 52.3% @fstidents in the experimental
groups answered it correctly. The common miscomgeptamong the all students
were that when one of the reactants (acid or baseyeak in a neutralization
reaction, the neutralization does not completeke tplace, so the solution should
shows the acidic or basic property depends onttieagth of the acid/base. Pretest
results for this item were 6.0 % for the experinaérgroups, and 7.1 % for the
control groups. The percentages of experimental aodtrol group students’

selection of alternatives in the posttest are glvelow:
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Table 5.13Percentages of students’ selection of alternafimeem 17

Percentage of students
responses (%)

16. soruya verdiniz cevabin nedenisagidakilerden hangis| Experiment Control
olabilir? Groups Groups
a) Asitlerin kuvveti bazlardan daha fazladir, buedgén ¢ozelti 4.6 -
asidik olur

b) Asitligi temsil eden hidrojen iyonuyla, baglitemsil eden 7.7 3.8

hidroksit iyonu tamamen reaksiyona gftiiden, kargim artik
iki iyonu da icermez, ve ¢ozelti notr olur.

¢) Karsimda, nétr su ve notr tuz glur, bu yizden notrdir. 1.5 1.9
*d) Su ve sodyum asetat (GEOONa) olgur. Asetat iyonun 52.3 28.3
(CH;COOQO) su ile tepkimesinden sonra, hidroksil iyonlaripin
derisimi hidrojen’inkinden daha fazla olur.
e) Asit yada bazdan biri zayif olgu takdirde notrlgme 33.8 58.5
tamamen gercekdemez, bu yiizden asit veya bazdan hangisi
daha kuvvetliyse ¢ozelti onun 6zglh gésterir
* Correct alternative

Answering the question 21 required to correctlynidg the Bronsted-Lowry
definition for the acid and base. Pretest resudtsthis item were 16.4 % for the
experimental groups, and 17.0 % for the controlgso After the treatments, 66.2 %
of the students taught by the 5E Model and, 30.2f%e students taught by the
TDCI seemed to be comfortable with the right ideat tacid is an chemical species
that is able to lose a hydrogen ion and the basesisecies with the ability to gain
hydrogen ion. Table 5.14 presents the percentaigesperiment and control group

students’ selection of alternatives in the post-tes
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Table 5.14Percentages of students’ selection of alternafimetem 21

Percentage of students’

I- HPO; + HPO, — HiPO; + HPQ? responses (%)

II- H,POy + HPO, « HiPO, + HPO, Experiment Control

- HPO2 + HSQ — HPO, + SQ2 Groups Groups
Yukaridaki tepkimelerden hangisinde ya da hangiegiH,PO,
iyonu asit olarak etki etmektedir?
a) Yalniz | 15.4 1.9
b) Yalniz II 3.1 7.5
c)lvell - 7.5
*d) 1 ve lll 66.2 30.2
e)l, Ilvelll 4.6 15.1
* Correct alternative

Item 26 was related to the hydrolysis. Before tteatment, 11.9 % of the
experimental students, and 13.2 % of the controugrstudents responded to this
question correctly. After the treatment, wherea 8 of the experimental group
students correctly answered the question, only 24 &f the control group students
selected the correct alternative for this questidre reason for selecting the wrong
alternatives for this item could be the confusing base constant with the hydrolysis
constant. The percentages of experimental and a@ogtoup students’ selection of

alternatives in the posttest are given below:

Table 5.15Percentages of students’ selection of alternafmeem 26

Percentage of students’
responses (%)

Bir T sicaklginda NHBr cozeltisinin pH dgeri 5 old@guna| Experiment Control
gore cozelti desimi kag molardir? (NHicin Ky= 1. 10°) Groups Groups
a)l - 3.8
*b) 0,1 69.2 41.5
c) 10° 6.2 20.8
d) 0,01 - 3.8
e) 10 - 1.9
* Correct alternative
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In item 28, students were asked to calculate thdibegqum constant. Most of
the students showed low achievement for this quesBefore the treatments, none
of the students in the control and the experimeotgs gave correct answer to this
question. After the treatments, 46.2 % of the stiglen the experiment groups, and
22.6 % of the students in the control groups ansavéris item correctly. Table 5.16
presents the percentages of experimental and ¢ayrivap students’ selection of

alternatives in the post-test:

Table 5.16Percentages of students’ selection of alternafimegem 28

Percentage of students’

Bir X maddesi, oda sicaglinda, su ile responses (%)
Xsuda) + HoOsmiy <> XHsuda) + OH suda) tepkimesini veriyor.| Experiment Control
Dengedeki cozeltide XHiyonlari dersimi 1,0. 10* M dir. Bu Groups Groups

¢Ozeltinin 100 mL'si ile 0,01 mol HCI ile tamameiitriestigine
gore, tepkimenin oda sicagindaki denge sabiti kactin

(1991-0OYS)

a) 1,0. 10 4.6 -
b) 1,0. 10 3.1 -
c) 1,0. 16 - 1.9
d) 1,0. 10" 20.0 3.8
*e) 1,0. 10 46.2 22.6

* Correct alternative

Item 30 was about the calculations of [Pkbns in the buffer solutions.
Before the treatment, 4.5 % of the students irettpgeriment groups and 5.7 % of the
students in the control groups gave correct resptmshis item. After the treatment,
whereas 78.5 % of the experimental group studergwered it correctly, only 49.1
% of the control group students selected corrdetrative. The percentages of the
experimental and the control group students’ sigleatf alternatives in the posttest

are given below:
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Table 5.17Percentages of students’ selection of alternafmegem 30

Percentage of students’
Standart keullarda NH; icin K,= 1,8. 10° olduguna gore, responses (%)
litresinde 0,1 mol Nk ve 0,2 mol NHCI bulunduran ¢ozeltide Experiment Control
OH ka¢ molar olur? Groups Groups
*a) 9,0. 10° 78.5 49.1
b) 1,8. 10° 1.5 -
c) 9,0. 10° 3.1 5.7
d) 1,8. 10 - 1.9
e)2,7.10 1.5 1.9
* Correct alternative

For all of these questions, Table 5.18 shows tliferdnce between the

percentages of students’ correct responses inrégept and in the post-test.

Table 5.18Percentages of students’ correct responses ipréigest and post-test for

selected items

EXPERIMENT GROUPS CONTROL GROUPS
ITEM Pretest (%) Posttest (%) Pretest (%) Posttest (%)
1 194 69.2 26.8 35.8
9 56.7 80.0 49.1 52.8
10 17.9 61.5 12.5 41.5
11 56.7 87.7 58.5 50.9
12 46.3 93.8 37.5 60.4
14 29.9 78.5 26.8 35.8
17 6.0 52.3 7.1 28.3
21 16.4 66.2 17.0 30.2
26 11.9 69.2 13.2 415
28 0 46.2 0 22.6
30 4.5 78.5 5.7 49.1

It can be seen that more students in the experahgnbup removed their
misconceptions after instruction than studentshi ¢ontrol group, and the results

indicated that 5E learning cycle model caused mifstgntly better understanding of
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acid-base concepts than the traditionally desigoleemistry instruction for all
students in our study. The experimental and comgralip students’ correct response
percentages of each question in the ABCT is predantAppendix G and Appendix
H.

Hypothesis 2:

To answer the question posed by hypothesis 2 th#tssthat there is no
significant difference between the posttest meanescof males and females in their
understanding of acid-base concepts, two way aisabfscovariance (ANCOVA)
was run. Table 5.4 also gives the effect of genlifégrence on the understanding of
acid and base concepts. The total findings for It schools revealed that there
was no significant mean difference between male fanthle students in terms of
understanding acid and base concepts (F = 0.398).@5). The mean post-test

scores for all students were 20.89 for males ans2fdr females.

In addition, Table 5.5 indicates the effect of gendlifferences of the
Anatolian High School students on the understandirecid and base concepts. The
findings revealed that there was no significant mdedference between male and
female students in terms of understanding acid laage concepts (F = 3.74; p

>0.05). The mean post-test scores were 19.75 ftesnaad 22.05 for females.

Further, Table 5.6 shows the effect of gender difiees of Anatolian
Teacher High School students on the understandirgid and base concepts. The
findings revealed that there was no significant mdedference between male and
female students in terms of understanding acidoaseé concepts (F=3.193; p>0.05).
The mean post-test scores were 24.42 for male@&d@ for females.
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Hypothesis 3:

To test hypothesis 3, which states that there issigoificant effect of
interaction between gender difference and treatmeitih respect to students’
understanding of acid-base concepts, two-way aisabyfscovariance (ANCOVA)
was used. Table 5.4 gives the interaction effeairmherstanding of acids and bases.
The total findings for both schools revealed tih&tré was not a significant effect of
interaction between gender difference and treatroanstudents’ understanding of

acid and base concepts (F = 1.145; p > 0,05).

Table 5.5 indicates the interaction effect on ustdrding of acids and bases
for the Anatolian High School. The findings revehthat there was not a significant
effect of interaction between gender difference @adtment on the Anatolian High
School students’ understanding of acid and basesepis (F = 0.093; p > 0,05).

Table 5.6 shows the interaction effect on undedstenof acids and bases for
the Anatolian Teacher High School. The findingseaded that there was not a
significant effect of interaction between gendeffedlence and treatment on the
Anatolian Teacher High School students’ understamdif acid and base concepts
(F=2.429; p > 0,05).

Hypothesis 4:

To analyze hypothesis 4 that states that there sgnificant contribution of
students’ science process skills to understandingca-base concepts, two way
analysis of covariance (ANCOVA) was used. Table @l4o represents the
contribution of science process skill to the unt#erding of acids and bases for all
students participated in this study. F value in@idathat there was a significant
contribution of science process skills on studentederstanding of acid-base
concepts (F =20.70; p <0.05).
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In addition, Table 5.5 shows the contribution okeace process skill to the
understanding of acids and bases for the Anatdfigh School. F value indicated
that there was a significant contribution of scemrocess skills on the Anatolian

High School students’ understanding of acid-baseepts (F = 8.123; p <0.05).

Further, Table 5.6 indicates that there was a fsogmt contribution of
science process skills on the Anatolian Teacheh Idighool students’ understanding
of acid-base concepts (F = 8.693; p <0.05).

Hypothesis 5:

To answer the question posed by hypothesis 5 wétiates that there is no
significant difference between post-test mean scofehe students taught with 5E
learning cycle oriented instruction and traditiopadesigned chemistry instruction
with respect to their attitudes toward chemistraathool subject, two-way analysis
of variance (ANOVA) was used. Table 5.19 summaribesresult of this analysis

for all students.

Table 5.19ANOVA Summary for all students (Attitude)

Source df SS MS F P
Treatment 1 400 71.400 0.889 343.
Gender 1 145.655 145.655 1.813 180.
Treatment*Gender 1 878.029 878. 029 10.929 0.001
Error 115 9239.113 80.340

The total results of two schools showed that thewes no significant

difference between post-test mean scores of tlieests taught through instruction
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based on 5E learning cycle and traditionally dessgichemistry instruction with
respect to attitudes toward chemistry as a schdmést.

In addition, Table 5.20 and Table 5.21 summarizerésult of this analysis

for Anatolian High School students, and Anatoliaa@her High School students
respectively.

Table 5.20ANOVA Summary for the Anatolian High School stute(Attitude)

Source df SS MS F P
Treatment 1 230.514 230.514 3.707 8.05
Gender 1 127.741 127.741 2.054 156.
Treatment*Gender 1 527.309 527.309 8.480 0.005
Error 75 4663.960 62.186

Table 5.21 ANOVA Summary for the Anatolian Teacher High Schetudents

(Attitude)
Source df SS MS F P
Treatment 1 60.553 60.553 0.543 466.
Gender 1 5.630 5.630 0.050 0.824
Treatment*Gender 1 4486 448.644 4.022 0.052
Error 36 4015.456 111.540

The results indicated that there was no signifidifference between post-
test mean scores of Anatolian High School and ArzatoTeacher High School
students taught through instruction based on S5Enileg cycle and traditionally
designed chemistry instruction with respect tawdtes toward chemistry as a school
subject.
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Hypothesis 6:

To test hypothesis 6, which claims that there issignificant difference
between post-attitude mean scores of males andldemtwo-way analysis of
variance (ANOVA) was run. Table 5.19, Table 5.2@ dmable 5.21 also shows the
effects of gender difference on students’ attituckspectively for both of the two
schools, for an Anatolian High School and for aratatian Teacher High School.
All of these tables indicated that there was naifigant difference between the
post-test mean scores of males and females withecesto attitudes toward

chemistry as a school subject.
Hypothesis 7:

To test hypothesis 7, which states that there issigaificant effect of
interaction between gender difference and treatmeitih respect to students’
attitudes toward chemistry as a school subject,-viap analysis of variance
(ANOVA) was used. Table 5.19, Table 5.20, and Tabl2l also gives the

interaction effect on students’ attitudes.

The findings revealed that there was a significaffect of interaction
between gender difference and treatment on studstitades toward chemistry as a
school subject for all students (F = 10.929; p 85). Female students scored
significantly higher than male students at attifideward chemistry as a school
subject for experiment groups (X(female) = 58.94mxXle) = 51.25). However, in
the control groups, male students scored signifigdnigher than female students at
attitudes toward chemistry as a school subjectepééie) = 51.92, X(male) = 55.16).

There was also a significant effect of interactimiween gender difference
and treatment on students’ attitudes toward cheyna$ a school subject for the
Anatolian High School students (F = 8.480; p < D.0kemale students scored
significantly higher than male students for expesimgroups (X(female) = 58.81,
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Y(male) = 51.05). However, in the control groupslenstudents scored significantly
higher than female students (X(female) = 50.17, &&nh= 52.81).

For the Anatolian Teacher High School, there wassignificant effect of
interaction between gender difference and treatmenstudents’ attitudes toward
chemistry as a school subject (F = 4.022; p > 0.05)

5.2 Interviews

In this study, interviews were applied to ten 1dthde students in two high
schools to investigate the students’ knowledge afl-hase concepts and the
existence of any misconceptions. Five students ftioenexperimental groups and
five students from the control groups were seleti@skd on achievement after their
Acid Base Concepts Test scores. Students from geip were randomly selected
who were middle achiever. Examples of excerpts ftbeninterviews are given in
Appendix 1. In the appendix, 1§ represents the students from the experiment
groups, and &0 represents the students from the control grohfuseover, “I”

refers to the interviewer.

Interview was started with asking the descriptiafs acids and bases.
Responses to these first questions revealed thaérstis in the experimental and the
control groups had similar acid-base definitiothair mind. Most of the participants
described acids and bases by using the pH congéqat, they frequently used the
properties of acids/bases and daily life exampletheir definitions. Further, when
students were asked to classify the solutions fiérént compounds as acids and
bases (NB HCI; Ca(OH); CH;COOH; HS(O;), most of them gave correct
responses. Then, students were asked to matchroiperpes of acids and bases.
Although almost all students in the sample coukllganatch the properties of acids
and bases, they did not match one property of abaisrequires the knowing that

acids give reactions with carbonates.
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As it was mentioned in chapter 4, interview quewiavere constructed
related to the students’ misconceptions obtaineoh fAcid Base Concept Test after
the treatment. The analysis of the results of thedtpst indicated that students mostly
had difficulty in the questions related with the akeand strong acids/bases.
Therefore, in the interview, students spent a faime on answering the questions
related with the strengths of acids/bases. For gi@nin the sixth question of the
interview, students were asked to imagine themseivea laboratory as preparing
experiment about the strong acids. Thus, they aesidong acid solution to make an
experiment. Here, interviewer stated that thereewanly two acid bottles without
etiquette in the laboratory, one of which contaisting acid, and the other one
contained weak acid. Then, interviewer showed soame of the materials on the
cartons to the students, and wanted students tonemtnon the materials according
whether they could be used to predict the strond lasttle or not. These materials
were: pH meter, a piece of Magnesium, titrationenats with NaOH solutions, and

titration materials with HCI solutions.

When students were asked whether the knowing thevaldes of acid
solutions was enough to predict the strong acitldyall of them said yes. Thus, all
students in the sample confused the pH value viighstrength, and they did not
consider the concentration of solutions. For exanmgl the pH values of 0,1M
CH3;COOH and 0,001M HCI solutions is measured, appratehy same pH values
for these solutions (about pH= 3) will be found. iAs seen, the concentration of the
solution is an important factor to make predictaiout the strength of the solution.
Then, interviewer reminded students that the camagons of the acid solutions
were not given, and asked the same question agalyg, two students from the
experimental groups changed their answers and dstatgrectly that if the
concentration were not given, we could not any cemnabout the strength of acid

solutions.

The other misconception indicated in the intervias about the reactions
between the strong/weak acids and Magnesium mEt@.responses implied that
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students had learned that acids gave reaction agtive metals, but they did not

grasp how the strength of the acid affects thistrea.

In addition, when interviewer asked the titratierperimental group students
could easily gave answer; however, control grougdestts did not remember exactly
what the titration is. Unfortunately, also it wabserved that even experimental
group students did not understand that the sameutnad bases required in the

titration to neutralize the same amount of weakisaind strong acids.

As a second part of the sixth question, interviesf®wed some information,
instead of materials, written on the cartons ankkedsto students whether this
information could be useful to discriminate theosty acid bottle. The information
written on the cartons was: the number of Hydrogjest the molecule of acid

contains, pOH value, electrical conductivity, amth@entrations of the solutions.

The responses of students in all groups showedathaist all students knew
that the number of Hydrogen in the molecule of amds not affect acid’s strength.
Moreover, all experimental group students correcttated that electrical
conductivity of the strong acids should be morenttieat of the weak acids, because
ionization of the strong acids is much more thaat tf the weak acids. However,
only one student from the control group studentgegine correct answer to this

comparison question about the electrical conduats/of strong and weak acids.

In addition, responses of students indicated thatents in all groups
understood the pOH value. However, all control gretudents confused the pOH
value with the strength. In contrast to the conigobups, most students in the
experimental groups grasped the differences betteestrength and the pOH value

of solution.

When students were asked to compare the amounHoidds in the 5 mL

solutions of weak and strong bases, all studertgp two control group students,
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gave correct answer that the amount of @dhs in the solutions of strong base
should be more than that of weak bases. Then, sisidecre asked to compare the
amount of H ions required to neutralize the same amount okvesrl strong base
solutions. In the response to this question, wiseatlastudents from the experiment
groups correctly stated that the same amount ofoHs require to neutralize the
same amount of weak and strong bases, only onerggiffom the control groups

could response accurately to this question.

In the interview, students were also asked to dradvexplain the structure of
the pure water, HGly), and CHCOOHa,q Then, interviewer asked students to make
a comment on what happen if NaOH(agq) was addedheset HGhy and
CH3zCOOHa4q) solutions. Drawings of students are also showhppendix I.

Whereas almost all students in the experiment grageurately drew and
explained HClg only one student could correctly showed it. Moo more
students from the experiment groups could accyatdétaw and explain
CH;COOH,q Drawings indicated that most control group stisleoould not
understand the differences between the Cind CHCOOH,q These students
could easily identified HGly) as a strong acid solution and {HOOH,q) as a weak
acid solution. However, they did not show the défeces between these two

solutions in their drawings.

When students asked questions about the neutrafizagaction between the
HClaq (strong acid) and NaQkd) (strong base), all of them correctly answered.
However, when they were asked to comment on th&alation reaction between
the CHCOOH,q) (weak acid) and NaOk) (strong base), most of them in the both
groups showed low achievement. Unfortunately, nstgdents in the experiment and
control groups had misconception that when onehefreactants (acid or base) is

weak, the neutralization does not completely tdkee
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Overall, the results of this interview provides teeidence that using 5E
learning cycle model improve students’ understagah acids-base concepts and
help students to remove their misconceptions méfectevely than the traditional
method did.
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5.3 Descriptive Analyses of T-VOSTS Items

In this study, students’ views about the naturesoience was investigated

descriptively. Each of the VOSTS items was condisté a stem and different

number of alternatives, which reflected some kihdiews changing from realistic

to naive. Three-category scoring scheme, descrimgdBradford, Rubba and

Harkness (1995) according to the following defons, was used: Realistic (R) — the

choices expresses an appropriate view on the nafuseience relative to the item

stem; Has Merit (HM) — while not realistic, the ates expresses a number of

legitimate points about the nature of science ingdaio the item stem; Naive (N) —

the choices expresses a view about the natureierics; relative to the item stem,

that is inappropriate or not legitimate. The itesms examined respondents’ views on

different topics about the nature of science. Thep&s and item numbers are given
below (Erdg@an, 2004):

+ Definitions of Science

o

Defining science (Item1).

« Nature of Scientific Knowledge

o

O O O O o o

Nature of observations (Iltem 2).

Nature of scientific models (Item 3).

Nature of classification schemes (Item 4).

Tentativeness of scientific knowledge (Item 5).

Hypotheses, theories and laws (Items 6, 7, 8).

Scientific approach to investigations (Items 9, 10,12, 13).
Precision and uncertainty in scientific/technolagiknowledge (ltem
14).

Logical reasoning (e.g., causel/effect problemsdepiology and
etiology (Item 15).

Fundamental assumptions for all science (Iltem 16).
Epistemological status of scientific knowledgerfieel7, 18, 19).
Paradigms versus coherence of concepts acrospllissi

(Items 20, 21).
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The following results were obtained from the itewere answered by all of
the students in our sample. The results were surpethin Tables 5.22 -5.42. (See
also Appendix J for the results obtained separdtely the answers of the students
in experimental and control groups). Each tablesgméed the following information
on one of the VOSTS items: (1) the item statem@&)tthe item’s multiple choice
categorized by the Realistic/Has Merit/Naive scheared (3) the multiple-choice

response percentage data for each sample.

Defining Science (Item 1)

Item 1 was about the students’ views on definingrsme. Students’ images of
science will certainly show their views on its épmology. When students were
asked about definition of science, their respongmsed. Science was seen by
students as: a body of knowledge (18,5%, altereay, exploring the unknown
(29,4%, alternative C), improving the world (36,18&8tternatives E and F), a social
institution (3,4%, alternative G), and indefinalpfe2%, alternative H). Students had

not acquired uniform view of science.

36,1 percent of the whole sample (alternative E Bndonfused the science
and technology with each other. 1,7 % of the sttedémught science as a field of
biology, chemistry, and physics. Unfortunately, thest contemporary view about
science (alternative G) which gives social aspetszience was selected only 3,4 %.

The percentages of all students’ selection of adtéves are given below:
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Table 5.22Percentage of all students’ responses to item 1

Defining science is difficult because science isrmplex and does many things. But MAINLY
science is:
% Your Position, Basically:
1.7 A. A study of fields such as biology, chestry and physics.
B. A body of knowledge, such as principles, lawsnd theories, which explain
18.5 the world around us (matter, energy and life).
C. Exploring the unknown and discovering new thing about our world and
29.4 universe and how they work.
D. Carrying out experiments to solve problems ofnterest about the world
3.4 around us.
E. Inventing or designing things (i.e., artificid hearts, computer, space
0.8 vehicles).
F. Finding and using knowledge to make this worlé better place to live in (i.e.,
35.3 curing diseases, solving pollution and improving aggulture).
G. An organization of people (called scientists) o have ideas and techniques
3.4 for discovering new knowledge.
4.2 H. No one can define science.
Naive: 60.5 % Has Merit: 32.8% Realistic: 3.4%

Nature of Observations (Item 2)

This item was asked to indicate whether the stsdleslieved 100% alikeness
in scientific observations or not. According to thesponses of students, 24,4
(alternative A), and 45,4 (alternative B) percestagthought that scientific
observations made by competent scientists will lhsl@ different if the scientists
believe different theories. This view is consisteith the contemporary view. Thus,
most students had realistic views about scien@ibservations. On the other hand,
alternative C (19,3%), alternative D (6,7%), antleraative E (1,7 %) selected by
students who thought that observations of differscientists would be almost

identical even when scientists based their questondifferent theories.
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Table 5.23Percentage of all students’ responses to item 2

Scientific observations made by competent scientstill usually be different if the scientists
believe different theories.

%

Your Position, Basically:

A. Yes, because scientists will experiment in differénways and will notice

D

24.4 different things.
454 B. Yes, because scientists will think diffently and this alter their observations.
C. Scientific observations will not differ very mwch even though scientists believ
19.3 different theories. If the scientists are indeed aopetent their observations will
be similar.
D. No, because, observations are as exact as polesiThis is how science has bee
6.7 able to advance.
1.7 E. No, observations are exactly what we seedanothing more; they are the facts.

Naive: 27,7 % Realistic: 69,8%

Nature of Scientific Models (Item3)

Do students see models as duplicates of realitgsohuman inventions?

Responses of the students investigated that swdehd essentially three positions

(Table 5.24): models are copies of reality (47dernatives A, B and C); models

come close to being copies of reality (21%, altéveaD); and models are not copies
of reality (27,8%, alternatives E, F and G). Th@8 % of the participants

(alternatives A, B, C and D) held a naive view camt to the contemporary

epistemology of science.
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Table 5.24Percentage of all students’ responses to item 3

Many scientific models used in research laboratorig(such as the model of DNA, or the atom
are copies of reality.
% Your Position, Basically:
A. Scientific models are copies of reality: Becaesscientists say they are true, sp
- they must be true.
B. Scientific models are copies of reality: Becaasmuch scientific evidence hag
21.8 proven them true.
C. Scientific models are copies of reality: Becaasthey are true to life. Their
25.2 purpose is to show us reality or teach us somethirgpout it.
D. Scientific models come close to being copiefsreality, because they are based
21,0 on scientific observations and research.
E. Scientific models are not copies of realityBecause they are simply helpful for
5,9 learning and explaining, within their limitations.
F. Scientific models are not copies of reality: &ause they change with time and
14,3 with the state of our knowledge, like theories do.
G. Scientific models are not copies of reality: Bmuse these models must be ideas
7,6 or educational guesses, since you can't actuallyesthe real thing.
Naive: 68% Has Merit: 21,9% Realistic: 5,9%

Nature of Classification Schemes (Iltem 4)

Item 4 was asked students how the scientists tjaggithe nature. 22,7%
(alternatives A and B) of students thought clasation schemes matched the way
nature really is, whereas 53,7 % (alternatives Danl F) recognized the human
inventive character of scientific classificatiorhemes. Apparently, students were
more familiar with the epistemology of classificatischemes than they were with
models. Table 5.25 presents the percentages afulkents’ selection of alternatives
in T-VOST:
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Table 5.25Percentage of students’ responses to item 4

When scientists classify something (for example, @ant according to its species, an element
according to the periodic table, energy accordinga its source, or a star according to its size),
scientists are classifying nature according to thevay nature really is; any other way would
simply be wrong.

% Your Position, Basically:

A. Classifications match the way nature really issince scientists have proven
6.7 them over many years of work.

B. Classifications match the way nature really issince scientists use observable
16.0 characteristics when they classify.

C. Scientists classify nature in the most simple anlogical way, but their way isn’t
21.0 necessarily the only way.
D. There are many ways to classify nature, but ageeng on one universal system

18,5 allows scientists to avoid confusion in their work.

E. There could be other correct ways to classify rare, because science is liable tp
17,6 change and new discoveries may lead to differentadsifications.

F. Nobody knows the way nature really is. Scientistclassify nature according to
17,6 their perceptions or theories. Science is never esa and nature is too diverse.

Thus, scientists could correctly use more than ondassification scheme.

Naive: 22,7% Has Merit: 21,0% Realistic: 53,7%

Tentativeness of Scientific Knowledge (Item 5)

As shown in Table 5.26, the majority believed tlatentific knowledge
changes. One of the important characteristics ef sbientific knowledge is its
tentativeness. Students selecting the first tweradttives A and B, (86,6 %) were
considered to believe that scientific knowledge walject to change. On the other
hand, remaining students selecting alternativesx (11,7 %) believed that facts
were unchangeably true, in other words, were maatere. Thus, most students held

contemporary views about the tentativeness of stizknowledge.

122



Table 5.26Percentage of students’ responses to item 5

Even when scientific investigations are done corrég, the knowledge that scientists discover
from those investigations may change in the future.
% Your Position, Basically:
A. Scientific knowledge changes: because new sdists disprove the theories or
discoveries of old scientists. Scientists do thisybusing new techniques or
58.0 improved instruments, by finding new factors overlmked before, or by
detecting errors in the original “correct” investigations.
B. Scientific knowledge changes: because the olddwledge is reinterpreted in the

28.6 light of new discoveries. Scientific facts can chae.
C. Scientific knowledge appears to change becauséet interpretation or the
6.7 application of the old facts can change. Correctlydone experiments yield

unchangeable facts.
D. Scientific knowledge appears to change becausew knowledge is added on tq
5.0 old knowledge, the old knowledge doesn’t change.

Naive: 11,7% Realistic: 86,6%

Hypotheses, Theories and Laws (Item 6, 7 and 8)

Do students view hypotheses, theories, and lawdifisrent types of
statements? Unfortunately, only 2,5% of the stulem the sample had
contemporary views about the hypotheses, thearets]aws (alternative E). AImost
all students in the sample (89,9%) expressed alisimophierarchical relationship in
which hypotheses become theories and theories kedaws, depending on the
amount of proof behind the idea. However, theosied laws are different types of
statements, and both are distinguished from hygethéy virtue of the degree to

which they have been accepted by the scientificroanity (Table 5.27).
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Table 5.27Percentage of students’ responses to item 6

Scientific ideas develop from hypotheses to theosgand finally, if they are good enough tg
being scientific laws.

% Your Position, Basically:
A. Hypotheses can lead to theories which can le&ol laws: because a hypothesis is
66.4 tested by experiments, if it proves correct, it beames a theory. After a theory

has been proven true many times by different peopland has been around for
a long time, it becomes a law.

B. Hypotheses can lead to theories which can leadl laws: because a hypothesi

21.8 is tested by experiments if there is supporting egience, it is a theory. After a
theory has been tested many times and seems to Issentially correct, it's good
enough to become a law.

C. Hypotheses can lead to theories which can ledd laws: because it is logica

4

1.7 way for scientific ideas to develop.
D. Theories can't become laws because they both adifferent types of ideas.
3.4 Theories are based on scientific ideas which aresle than %100 certain, and sd

theories can’t be proven true. Laws, however, aredsed on facts only and arg
%100 sure.
E. Theories can't become laws because they both adifferent types of ideas.
2.5 Laws describe things in general. Theories explainhese laws. However, with
supporting evidence, hypotheses may become theori@sxplanations) or laws
(descriptions).

Naive: % 93.3 Realistic: 2,5%

Item 7 investigated students’ views on the scieng#sumptions. It indicated
that when developing new theories or laws, sciemtieeeded to make certain
assumptions about the nature. The item questioredher these assumptions must
be true or not in order for science to progresp@ry. In response to this item, 16,8
% (alternative E) of the students gave the realetiswer, which stated that scientists
must make some true or false assumptions in oadstart an investigation (Table
5.28). Other students (about 79,9 % of the whohepda) selected A, B, C, D and F

alternatives, which were inconsistent with the eamporary views.
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Table 5.28Percentage of students’ responses to item 7

When developing new theories or laws, scientists @& to make certain assumptions about
nature (for example, matter is made up of atoms). flese assumptionsnust be true in order
for science to progress properly.

%

Your Position, Basically:

20.2

A. Assumptions MUST be true in order for scienced progress: because correc

assumptions are need for correct theories and law&therwise scientists would
waste a lot of time and effort using wrong theorieand laws.

59

. Assumptions MUST be true in order for scienced progress: otherwise society

would have serious problems, such as inadequate temlogy and dangerous
chemicals.

21.0

. Assumptions MUST be true in order for scienced progress: because scientists

do research to prove their assumptions true beforgoing on with their work.

25.2

It depends. Sometimes science needs true asstiops in order to progress.
But sometimes history has shown that great discovies have been made by
disproving a theory and learning from its false assmptions.

16.8

. It doesn’t matter. Scientists have to make assuptions, true or not, in order to

get started on a project. History has shown that grat discoveries have been
made by disproving a theory and learning from its &lse assumptions.

7.6

F. Scientists do not make assumptions. They resear an idea to find out if the

idea is true. They don’t assume it is true.

Naive: 79,9% Realistic: 16,8%

language used in science and to question theirsv@awthe nature of theories. About

The last item was about the students’ views on kaity (or complexity) of

72,3% of the students (alternatives A, B, and D4l healistic views about this topic

and they took part in the favor of simplicity ofiesatific knowledge. On the other

hand, the most realistic answer (alternative Athtt item was selected about 24,4%
of the whole sample. Also, only about 20,9% (sébtgctlternatives C, E, and F) of

whole students believed that complexity was thego@site for the quality of a

theory.The percentages of the students’ selection ofrelteres are given below:
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Table 5.29Percentage of students’ responses to item 8

Good scientific theories explain observations wellBut good theories are alsesimple rather
than complex.

%

Your Position, Basically:

A. Good theories are simple. The best language t®s@ in science is simple, short,
24.4 direct language.

B. It depends on how deeply you want to get intdhé explanation. A good theory|
23.5 can explain something either in a simple way or ima complex way.

C. It depends on the theory. Some good theorieseasimple, some are complex.
134

D. Good theories can be complex, but they must kable to translate into simple
24.4 language if they are going to be used.

E. Theories are usually complex. Some things cantioe simplified if a lot of details
2.5 are involved.

F. Most good theories are complex. If the world wasimpler, theories could be
5.0 simpler.

Naive: 20,9% Has Merit: 47,9% Realistic: 24,4%

Scientific Approach to Investigations (Item 9, 1011, 12 and 13)

When participants were asked about the definitibthe scientific method,

their responses varied. The scientific method wasnsby many students as:

“questioning, hypothesizing, collecting data anddaoding” (44,5%), “testing and

retesting- proving something true or false in advalay” (11,8%), and “getting facts,

theories or hypotheses efficiently” (10,1%). Thenagning respondents spread their

choices over the other seven positions. Unfortuypatee most contemporary view

about the scientific method (alternative J) whitdited that “there really is no such

thing as the scientific method” was selected onfy%.

126



Table 5.30Percentage of students’ responses to item 9

When scientists investigate, it is said that theyoflow the scientific method. The scientific
method is:

% Your Position, Basically:

A. the lab procedures or techniques; often writtenin a book or journal, and
4.2 usually by a scientist.
5.0 B. recording your results carefully.

C. controlling experimental variables carefully, leaving no room for

7.6 interpretation.

10.1 D. getting facts, theories or hypotheses eféntly.

11.8 E. testing and retesting- proving something tre or false in a valid way.
8.4 F. postulating theory then creating an experime to prove it.

445 G. questioning, hypothesizing, collecting dat@nd concluding.

1.7 H. a logical and widely accepted approach to pblem solving.

1.7 I. an attitude that guides scientists in theiwork
J. Considering what scientists actually do, theresino such thing as the scientifig
1.7 method.

Naive: 48,8% Has Merit: 46,2% Realistic: 1,7%

As evidenced by Table 5.31, when students weredaskeether the best
scientists “follow the steps of the scientific medh they tended to favor those
positions which suggest that there is a definittepa to doing science (74%,
alternatives A, B and C). Moreover, about 37% ef skudents selected alternative C
in which creativity, imagination and originality thamportant places in carrying out
scientific investigations. Also, 6,7% of the whaample selected alternative E that
many scientific discoveries were made by accidantjiew supported by media.
Unfortunately only 12,6% of the students chose ¢batemporary view of most
epistemologists which stated that “use any methadl might get favorable results”
(alternative D). The idea of using any method @pomds in most participants’
minds to the idea that there is no such thing astmentific method.
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Table 5.31Percentage of students’ responses to item 10

The best scientists are those who follow the stepbthe scientific method.

% Your Position, Basically:

A. The scientific method ensures valid, clear, logal, and accurate results. Thus
33.6 most scientists will follow the steps of the scieific method.

B. The scientific method should work well for mostscientists; based on what we
3.4 learned in school.

C. The scientific method is useful in many instaneg but it does not ensure results|
37.0 Thus, the best scientists will also use originalitgnd creativity.

D. The best scientists are those who use any methtitht might get favorable
12.6 results (including the method of imagination and ceativity).

E. Many scientific discoveries were made by accidenand not by sticking to the
6.7 scientific method.

Naive: 43,7% Has Merit: 37,0% Realistic: 12,6%

ltem 11 was asked to indicate whether the studéetgeved scientific
discoveries result from a logical series of invgatiions or not. To that item, 63%
(alternative A and B) of the participants agreeat 8tientific discoveries result from
a logical series of investigation, which is a vieansistent with contemporary views.
On the other hand, about 22,7% of the all sampleeajthat scientific discoveries do
not occur as a result of series investigationsTadble 5.32, the percentages of the

students’ selection of alternatives in the T-VOSFS presented:
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Table 5.32Percentage of students’ responses to item 11

Scientific discoveries occur as a result of seriesf investigations, each one building on ah
earlier one, and each one leading logically to theext one, until the discovery is made.

%

Your Position, Basically:

31.9

A. Scientific discoveries result from a logical sées of investigations: becauss

experiments (for example, the experiments that letb the model of the atom, or
discoveries about cancer) are like laying bricks do a wall.

31.1

. Scientific discoveries result from a logical sés of investigations: becausg

research begins by checking the results of an eagli experiment to see if it is
true. A new experiment will be checked by the peoplwho come afterwards.

%

11.8

. Usually scientific discoveries result from a loigal series of investigations. But

science is not completely logical. There is an elemt of trial and error, hit and
miss, in the process.

20.2

. Some scientific discoveries are accidental or ¢ly are the unpredicted product of

the actual intention of the scientists. However, me discoveries result from a
series of investigations building logically one upothe other.

0.8

. Most scientific discoveries are accidental or #y are unpredicted product of the

actual intention of the scientist. Some discoveriesesult from a series of
investigations building logically one upon the othe

. Scientific discoveries do not occur as a resutlf a logical series of investigations

because discoveries often result from the piecingogether of previously
unrelated bits of information.

1.7

. Scientific discoveries do not occur as a resulif a logical series of investigations

because discoveries often occur as a result of adeivariety of studies which
originally had nothing to do with each other, but which turned out to relate to
each other in unpredictable ways.

Naive: 22,7% Has Merit: 11,8% Realistic: 63%

in a very logical orderly way. However, scientiatdually do the work in a much less
logical way. The item questioned whether these mmpions must be true or not.
When students were asked to the scientists’ wayewhiiting articles, the largest
group (46,3%) gave the realistic answer (alterestix and B). Also, the next large

student group (22,7%) chose the alternative C whiads very close to the

Item 12 stated that when scientists write an atittiey organize their report

contemporary views but still sitting on the fen@mn the other hand, about 21% of

the all respondents selected alternatives D, Bn#,G which were inconsistent with

the contemporary views (Table 5.33).
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Table 5.33Percentage of students’ responses to item 12

Scientists publish the result of their work in sciatific journals. When scientists write an
article for a journal, they organize their report in a very logical orderly way. However,
scientists actually do the work in a much less logal way.

%

Your Position, Basically:

34.5

A. Articles are written in a more logical way than the actual work: because

scientists can think and work without following a &t plan. Consequently, if
you read the actual order of their thoughts and preaedures, it would be
confusing. Therefore, scientists write logically soother scientists will
understand the results.

11.8

. Articles are written in a more logical way thanthe actual work: because

scientific hypotheses are personal views or guessasd thus are not logical.
Scientists, therefore, write logically so other sentists will understand the
results.

22.7

. Scientists usually don’t want to give away “theecipe” but they do want to tell

the world about their results. So they write it uplogically but in a way that
does not reveal how it was actually done.

59

. It depends. Sometimes scientific discoveries hagn by accident. But other

times discoveries happen in a logical orderly wayust like the articles are
written.

10.1

. Articles are written in a logical way showing hav the actual work was done:

because a scientist's work is conducted logicallygtherwise, it would not be
useful to science and technology.

2.5

. Articles are written in a logical way showing hav the actual work was done:

because scientists do work in a logical way so th#teir published report will
be easier to write in a logical way.

2.5

. Articles are not necessarily written in a logicaway. They're written the work

was done. This can be complicated or straightforwa.

Naive: 21% Has Merit: 22,7% Realistic: 46,3%

(alternatives D and E) of the students gave thkstiEaanswer. As it may be seen in
Table 5.34, many students held realistic views aloevitable characteristics of
errors. On the other hand, students selectingnaltees A and B (about 26,9%)

disregarded the fact that scientists are humangbeidumans make mistakes and

Item 13 was about scientists’ errors in their worrk. that item, about 57,2%

learn from them, many things are learned with tle¢hmd of trial and error.
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Table 5.34Percentage of students’ responses to item 13

Scientists should NOT make errors in their work beause these errors slow the advance of
science.

% Your Position, Basically:
A. Errors slow the advance of science. Misleadingformation can lead to false
21.0 conclusions. If scientists don’t immediately correcthe errors in their results,

then science is not advancing.
B. Errors slow the advance of science. New techiogly and equipment reduce

5.9 errors by improving accuracy and so science will achnce faster.
C. Errors CANNOT be avoided: so scientists reducerrors by checking each
12.6 others’ results until agreement is reached.

D. Errors CANNOT be avoided: some errors can slowhe advance of science, buf
other errors can lead to a new discovery or breakttough. If scientists learn

53.8 from their errors and correct them, science will adance.
E. Errors most often help the advance of scienc&cience advances by detecting
3.4 and correcting the errors of the past.
Naive: 26,9% Has Merit: 12,6% Realistic: 57,2%

Precision and Uncertainty in Scientific/Technologial Knowledge
(Item 14)

Item 14 was related with the views about precisamd uncertainty in
scientific/technological knowledge. About half betstudents (about 57,1% selected
A and B alternatives) were aware of the uncertaoftyscientific knowledge and
predictions made by scientists and engineers ant rsay be concluded that they
had realistic views. Only about 4,2% of the stud€niternative E) held naive views
about predictions, they believed that if there wasurate knowledge and enough
information then predictions had to be certain. 4@1,9 % of the respondents were
between two viewpoints. The percentages of respusadselection of alternatives

are given below:
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Table 5.35Percentage of students’ responses to item 14

Even when making predictions based on accurate kndedge, scientists and engineers can tell
us only whatprobablymight happen. They cannot tell what will happen forcertain.
% Your Position, Basically:
A. Predictions are NEVER certain: because there iglways room for error and
33.6 unforeseen events which will affect a result. No @can predict the future for
certain.
B. Predictions are NEVER certain: because accuratknowledge changes as new
23.5 discoveries are made, and therefore predictions Wihlways change.
C. Predictions are NEVER certain: because a prediain is not a statement of fact.
22.7 It is an educated guess.
D. Predictions are NEVER certain: because scientistnever have all the facts
9.2 Some data are always missing.
E. It depends. Predictions are certain, only as lapas there is accurate knowledgée
4.2 and enough information.
Naive: 4,2% Has Merit: 31,9% Realistic: 57,1%

Logical reasoning (Item 15)

Iltem 15 investigated the knowledge of students tlmawse and effect
(logical reasoning) relationships. As it may berseeTable 5.36, the majority of the
students (70,6%) knew cause-and effect relatiossfafernatives B and C). On the

other hand, about 22,7% of the students were uraefahese relationships.
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Table 5.36Percentage of students’ responses to item 15

If scientists find that people working with asbests have twice as much chance of getting lung
cancer as the average person, this must mean thalsestos causes lung cancer.

% Your Position, Basically:

A. The facts obviously prove that asbestos causesy cancer. If asbestos workers
11.8 have a greater chance of getting lung cancer, thexsbestos is the cause.

B. The facts do NOT necessarily mean that asbestoauses lung cancer: because
27.7 more research is needed to find out whether it isshestos or some othef

substance that causes the lung cancer.
C. The facts do NOT necessarily mean that asbestoauses lung cancer: because
42.9 asbestos might work in combination with other thing, or may work indirectly
(for example, weakening your resistance to other thgs which cause you to gef
lung cancer).
D. The facts do NOT necessarily mean that asbestoauses lung cancer: because

10.1 if it did, all asbestos workers would have develogelung cancer.

E. Asbestos cannot be the cause of lung cancer besa many people who don't
0.8 work with asbestos also get lung cancer.

Naive: 22,7% Realistic: 70,6%

Fundamental Assumptions for All Science (Item 16)

Item 16 was related with the topic of science amgksnatural being or deity.
The results in Table 5.37 provide insights intalstuts’ responses. To that item, 47,9
% (alternative A and B) of the participants gave tkalistic answer. On the other
hand, about 40,3% of the whole sample had a vidwgwconflict with the tenets of
the epistemology of science, that a supernatunalgbeould alter the natural world
(alternatives C and D). Further, an small numbestatients (about 1,7%) thought
that science was not limited and that scientistsiccanvestigate the supernatural
(alternative E).
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Table 5.37Percentage of students’ responses to item 16

Science rests on the assumption that the natural wid cannotbe altered by a supernatural
being (for example, a deity).
% Your Position, Basically:
A. Scientists assume that a supernatural being WiINOT alter the natural world:
because the supernatural is beyond scientific proofOther views, outside the

26.1 realm of science, may assume that a supernatural ig can alter the natural
world.
B. Scientists assume that a supernatural being wiNOT alter the natural world:
21.8 because if a supernatural being did exist, scientif facts could change in the

wink of an eye. BUT scientists repeatedly get cos$éent results.
C. It depends. What scientists assume about a supatural being is up to

8.4 individual scientists.
D. Anything is possible. Science does not everytlgnabout nature. Therefore,
31.9 science must be open-minded to the possibility tha supernatural being could

alter the natural world.
E. Science can investigate the supernatural and caossibly explain it. Therefore,
1.7 science can assume the existence of supernaturalrogs.

Naive: 42% Realistic: 47,9%

Epistemological Status of Scientific Knowledge (It& 17, 18 and 19)

Item 17 investigated whether students viewed lawss d&scoveries or
inventions while investigating their views on chagaistics of laws. According to
Table 5.38, it might be said that the majority loé tsample (about 71,4%) viewed
laws as discoveries by selecting alternatives A,aBgd C. In addition to that,
alternative D is an erroneous view that media uselected by 5,9% of the whole
respondents. Moreover, 16,8% of the students gaealistic answer to that question

by selecting alternative E which was stated thigrgists invent laws.
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Table 5.38Percentage of students’ responses to item 17

For this statement, assume that a gold miner “disaers” gold while an artist “invents” a
sculpture. Some people think that scientistgliscover scientific LAWS. Others think that
scientists invent them. What do you think?

% Your Position, Basically:
A. Scientists discover laws: because the laws aratdhere in nature and scientists
31.9 just have to find them.

8.4 B. Scientists discover laws: because the lawg dased on experimental facts.
31.1 C. Scientists discover lawsgut scientists invent the methods to find those lasv

D. Some scientists may stumble onto a law by chancéus discovering it. But
5.9 other scientists may invent the law from facts thewlready know.

E. Scientists invent laws, because scientists inpget the experimental facts which
16.8 they discover. Scientists don’t invent what natureloes, but they do invent the

laws which describe what nature does.

Naive: 77,3% Realistic: 16,8%

When in item 17, the term law was replaced by &mmns “hypothesis” (item
18) and “theory” (item 19), students expressed vargilar to their views on
scientific theories and hypothesis. Because thet e items were similar,

responses given to them were also similar, antespwere analyzed together.

Item 18 were asked whether hypotheses were disegver inventions and
item 19 was asked whether theories were discovenemventions. About 65,5
percent of the whole respondents for item 18 (T&bB9) and about 68 percent of
the whole respondents for item 19 (Table 5.40) \iadis which were inconsistent
with contemporary views by selecting A, B, C, andli2rnatives. On the other hand,
26,9% (alternatives E and F) of the respondentiem 18 and 24,4% (alternatives E
and F) of the respondents in item 19 held conteargoviews about nature of
theories and hypotheses.
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Table 5.39Percentage of students’ responses to item 18

For this statement, assume that a gold miner “disae@rs” gold while an artist “invents” a
sculpture. Some people think that scientistdliscoverscientific HYPOTHESES. Others think
that scientists invent them. What do you think?

% Your Position, Basically:
A. Scientists discover a hypothesis: because thesal was there all the time to be
26.9 uncovered.
13.4 B. Scientists discover a hypothesis: becausésibased on experimental facts.
C. Scientists discover a hypothesis: but scientistavent the methods to find the
20.2 hypotheses.
D. Some scientists may stumble onto a hypothesis biiance, thus discovering it

5.0 But other scientists may invent hypothesis from fas they already know.
E. Scientists invent a hypothesis: because a hypetis is an interpretation of
16.0 experimental facts which scientists have discovered

F. Scientists invent a hypothesis: because inventi® (hypothesis) come from the
10.9 mind-we create them.

Naive: 65,5% Has Merit: 16,0% Realistic: 10,9%

Table 5.40Percentage of students’ responses to item 19

For this statement, assume that a gold miner “disae@rs” gold while an artist “invents” a
sculpture. Some people think that scientistdiscoverscientific THEORIES. Others think that
scientists invent them. What do you think?

% Your Position, Basically:
A. Scientists discover a theory: because the idemas there all the time to be
13.4 uncovered.
23.5 B. Scientists discover a theory: because ithased on experimental facts.
C. Scientists discover a theory: but scientists irant the methods to find the
26.1 theories.
D. Some scientists may stumble onto a theory by chee, thus discovering it. But

5.0 other scientists may invent theory from facts thewlready know.
E. Scientists invent a theory: because a theory @ interpretation of experimental
18.5 facts which scientists have discovered.
F. Scientists invent a theory: because inventionghgories) come from the mind-we
5.9 create them.
Naive: 68% Has Merit: 18,5% Realistic: 5,9%

136



Paradigms versus Coherence of Concepts across Dimes
(Item 20 and 21)

In response to item 20, about 33,6% of participaats a contemporary view
on the nature of scientific ideas. Also, alternatl¥ selected by about 23,5% of the
students, which was very close to contemporary siédn the other hand, views of
students selecting alternatives C, D, and E (30,28)ye inconsistent with
contemporary views about scientific ideas. TabKl Spresents the percentages of

participant’s selection of alternatives in the T-ST5:

Table 5.41Percentage of students’ responses to item 20

Scientists in different fields look at the same timg from very different points of view (for
example, H causes chemists to think of acidity and physicist® think of protons). This
makes it difficult for scientists in different fields to understand each others’ work.

% Your Position, Basically:
A. ltis difficult for scientists in different field to understand each other: becausg
33.6 scientific ideas depend on the scientists’ viewpdiror on what the scientist is
used to.
B. It is difficult for scientists in different field to understand each other: becaus¢
23.5 scientists must make an effort to understand the feguage of other fields which

overlap with their own fields.
C. 1t is fairly easy for scientists in different felds to understand each other:
10.9 because scientists are intelligent and so they cdind ways to learn the
different languages and points of view of anotheriéld.
D. It is fairly easy for scientists in different felds to understand each other:

5.9 Because they have likely studied the various at ortiene.
E. It is fairly easy for scientists in different felds to understand each other:
13.4 Because scientific ideas overlap from field to fidl Facts are facts no matter

what the scientific field is.

Naive: 30.2% Has Merit: 23.5% Realistic: 33.6%

In item 21, the meanings of the scientific ideasenssked. The alternative A
selected by about 38,7% of the students was thd owrgemporary view. Also,
alternative B selected by about 22,7% of the whelgpondents was very close

realistic view. On the other hand, students whecet alternatives C, D, and E
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(about 27,8%) were not consistent with contemporaeyvs about the nature of
scientific ideas. In Table 5.42, the percentagesth&f students’ selection of

alternatives are presented:

Table 5.42Percentage of students’ responses to item 21

Scientists in different fields look at the same timg from very different points of view (for
example, H causes chemists to think of acidity and physicist® think of protons). This
means that one scientific idea has different meangs, depending on the field a scientist works
in.

% Your Position, Basically:

A. A scientific idea will have the different meamg in various fields: because
38.7 scientific ideas can be interpreted differently inone field than in another.

B. A scientific idea will have the different meamg in various fields: because
22.7 scientific ideas can be interpreted differently, dpending on the individual

scientist’s point of view or on what the scientisalready knows.
C. A scientific idea will have the same meaning iall fields: because the idea stil
11.8 refers to the same real thing in nature, no matterwhat point of view the
scientist takes.
D. A scientific idea will have the same meaning iall fields: because all sciences

12.6 are closely related to each other.
E. A scientific idea will have the same meaning imall fields: in order to allow
3.4 people in different fields to communicate with eachother. Scientists must

agree to use the same meanings.

Naive: 27,8% Has Merit: 22,7% Realistic: 38,7%
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5.4 Conclusions

The following conclusions can be drawn from thaulss

1. The 5E model caused a significantly better asgon of scientific
conceptions related to acids and bases and eliilmmat misconceptions

than TDCI.

2. The 5E model and TDCI developed the similatwate toward science as a

school subject.

3. Science process skill had a significant contridsu to the students’

understanding of chemical bonding concepts.
4. There was no significant difference between feraad male with respect
to understanding of acid-base concepts and attituslards chemistry as a

school subject.

5. There was no significant effect of interactioetveeen the gender and

treatment on students’ understanding of acid-baseeapts.

6. Students held some inconsistent views on ealscience issue.
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CHAPTER 6

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

6.1 Discussion

The major purpose of this study was to compareefifects of instruction
based on 5E learning cycle model over traditiondigigned chemistry instruction

on eleventh grade students’ understanding of aas-lconcepts.

In the light of the results obtained from the asaby it can be concluded that
the instruction based on 5E learning cycle modelsed a significantly better
acquisition of the scientific conceptions relatedtid-base concepts. In other words,
students in the experimental groups instructed By I®rning showed higher
performance than students in the control groupsuated by traditionally designed
chemistry instruction with respect to acid-basecemts. In addition, analysis of the
interview, which is implemented at the end of tliedg to learn the reasons of
students’ misconceptions even after the treatmenticated that 5E model was
more successful in eliminating students’ misconioggst than traditionally designed
chemistry instruction. These aforementioned resoiltthis study are in agreement
with the other studies reported in the literature.,( Colburn and Clough, 1997,
Bevenino, Dengel and Adams, 1999; Lord, 1999; Goyl2002).

Moreover, this study provides the evidence thatlestits have considerable

degree of misconceptions related to acid-base @bmceand some of these
misconceptions are very resistant to change eveniafplementation of the
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treatments. These results also have consistedtietinesults of the previous studies
(i.e., Ross, 1989; Zoller, 1990). If these miscqioms are not corrected, they affect
further learning negatively. Therefore, teacher tmuslentify students’

misconceptions and find out to prevent them frorcuogng.

The 5E learning cycle model used in this study designed to incorporate
all aspects of constructivist learning environmdntengaging and allowing students
to explore the concepts being introduced, discexpfanations for the concepts they
are learning, and elaborate on what they have éedoy applying their knowledge to
new situations (MaryKay, and Megan, 2007). In additteachers used 5E learning
cycle model in the study to activate students’ ipkioowledge and misconceptions
and to help them to understand and apply the ams$é-lsoncepts through the use of

explanations, demonstrations, experiments and eesmp

On the other hand, in the control group, teacheesi uraditional strategies,
which were dependent on teacher exploration withmrsideration of students’
previous experiences and misconceptions. Thatudeats in the control group were
passive listeners and they are not allowed to cacistheir knowledge.

Traditionally designed methods are not so effedtivdeveloping conceptual
understanding of the subject matter and removingcomceptions. On the contrary,
5E model are the effective teaching strategiesgped students’ misconceptions and
enhance understanding of acid-base concepts. Toeificant difference in
experimental group students' performances couldathébuted to the S5SE model
experiences that gave students the opportunityuéstepn and formulate problems,
manipulate materials, observe and record data, r@flect on and construct
knowledge from the data. This procedure helpedestisdto learn meaningfully by
making connections among concepts and by developagoning skills. In the
experiment group, students were encouraged to wwaed their experiences and
bring them into a logical system. According to Eens, the object of all science
should be to coordinate our experiences and bhegtnto a logical system (Marek,
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and Cavallo, 1997). Moreover, in the experimentalug, laboratory activities are
viewed as an integral part of the lessons, ancettesoratory activities provide the
experiences, the interpretation of which leadshe logical system (Marek and
Cavallo, 1997). That is, the important characterist 5E model-laboratory activities
used in the experimental groups was that thesgiteesi provide students with not
only hands-on experiences to learn the conceptsalsd the opportunity for
knowledge construction from their personal expexeand for application to new

situations.

On the contrary, in the control groups, informatwas orally delivered to
students about the science concepts to be leametbrding to this teaching
procedure, students in the control groups werenméal about what they are to know
so they have no experiences to coordinate. Th#tesexperiences someone else has
had are coordinated into a logical system and pteddo them (Marek, and Cavallo,
1997). Then, students are shown proof that what llaee been told or shown is true
by making activities in the laboratory. That isy fbis group, laboratory experience
is considered a supplemental part of the lessanyiewed as an integral part of the
lesson. These activities were called as experimarttgee control groups, but actually
they are not true experiments because the outcerkaawn before the activity is
performed. These activities were simply verificatmr cookbook activities. As cited
in Marek and Cavallo (1997), Einstein stated thadents simply reenact with
materials (apparatus, chemicals, and living thimgsjerification laboratory, and this
laboratory is further disqualified as a scienceegignce because students know the
outcome all of the time the “laboratory” is in sess If Einstein is correct, science
cannot be taught with utilizing verification labtoey. Marek and Cavallo (1997)
also agreed with Einstein, and stated that teachinat is called science without
involving the students in a quest or search ige@thing science.

Moreover, traditionally designed chemistry instroct did not facilitate

conceptual change because teacher strategies egeadent on teacher exploration
without consideration of students’ misconceptiond she/he used a lecture method
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in instruction. She/he wrote important notes tolthard and distributed worksheets
to the students to complete. That is, studentfiencbntrol group were taught with
traditionally designed chemistry instruction weigsgive listeners and they are not
construct their knowledge whereas students in xiperemental group were allowed
to constructed their knowledge by using conceptcahnge approach. In the
experimental groups, the emphasis was given tcestadmisconceptions. Students
were involved in activities that helped them adevaheir prior knowledge and
struggle with their misconceptions. These actisiti@lso provide evidence that
students’ initial conceptions are insufficient aswupport only partial understanding
of the concepts. For example, experiment groupestisdwere involved in hands-on
activities that helped them to examine the adequddyeir prior conceptions and
forced them to argue about and test those conceptibhis led to disequilibrium
when predictions based on their prior beliefs apat@adicted and provided the
opportunity to construct more appropriate concepts.

To summarize, promoting science learning is a paipfocess. Thus, simply
presenting a new concept or telling the learneas tiieir views are inaccurate does
not result in improving the students’ understandofgthe science concepts as
traditional methods did. Instead, meaningful leagnirequires constructivist
approach like 5E learning cycle model which all@tisdents to take an active role in

reorganizing their knowledge.

In this study, science process skills were foundaastrong predictor in
understanding the concepts related to acid-base.ré&sult is congruent with the idea
that the degree of science process skills was aifisgnt factor in science
achievement because it reflects one’s intellecbdity to identify variables, identify
and state the hypotheses, design investigationg@ampih and interpret data.

Also, the effect of treatment (instruction basedbénearning cycle model vs.

traditionally designed chemistry instruction) ondsnts’ attitudes towards chemistry
as a school subject was investigated in this stddyever, there was no difference
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between the experiment and the control groups. Boghtments developed the
similar attitude toward science as a school subjébe reason of this might be
results from the teachers’ characteristics. Botpeexent and control groups were

instructed by the same teacher for the same school.

Moreover, this study provides the evidence thateth@e no differences
between female and male students with respectderatanding related to acid-base
concepts. This means that, there was no signifidéférence between male and
female students who were instructed by instrucbased on the 5E learning cycle
model and those who were instructed through ti@alily designed chemistry
instruction. The reason why no significant differerwas found in this study might
be due to the fact that since the students hadasitmackgrounds or experience and

they are generally familiar with learning subjefttsn texts or textbook

Like scientific knowledge, helping students devemequate understanding
of the nature of science is another desired outcarhescience teaching.
Understanding the nature of science is importantabge the significant
misunderstandings that both students and teachwds regarding the nature of
science are particularly affect students’ attitutiegard science and science classes,
and that clearly has an impact on student learanththe selection of further science
classes (Clough, 2000). In addition, understandicignce prepares people to lead
personally fulfilling and responsible lives (Smahd Scharmann, 1999). Therefore,
in this study, students’ views about the nature sofence were investigated

descriptively.

The nature of science has been defined in numexays. By the nature of
science we mean the epistemology of science, sias@ way of knowing, or the
values and beliefs inherent to the developmentiensific knowledge, as consisted
with the definition of Abd-el-Khalick, Bell and Ledman (1998).
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In this study, Turkish 11th grade students’ und@erging of nature of science
was investigated. In Turkey, understanding of nhéure of science as one of the
most important aspect of science teaching, havebeeh investigated enough yet
(Erdogan, 2004). According to Third Internationabtiematics and Science Study
(1999, cited in Erdgan 2004), the emphasis given on to nature of seiend@ urkey
evaluated as moderate. Moreover, although a lagearch tradition has developed
around the conceptions of nature of science inratbentries, less has been done in
Turkey (Erdgan, 2004).

Results of this study revealed that students’ hedditional views (naive)
regarding the definition of science; the natures@éntific models; the relationships
between hypotheses, theories, and laws; the dutemtethod; and epistemological
status of scientific knowledge. On the other hahey have contemporary views
(realistic) on the nature of observation; the rataf classification schemes; the
tentativeness of scientific knowledge; uncertainity scientific knowledge;
fundamental assumptions for all science; cohereficancepts across disciplines;

cause and effect relationship.

6.2 Implications

Results of the present study had some implicatimnsscience teachers,
educators and the researchers. The findings of gshisly have the following

implications:

1. Most of the students have difficulty in understamgdiacids and bases
topics and hold several misconceptions becauseitichyde abstract and
theoretical concept. And the existence of theseconiseptions among
students leads a serious obstacle to learning emidtry. So, teachers
must be aware of these misconceptions and try ¢évept them from

occurring.
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Most of the misconceptions arise from the studeintbility to use their
prior knowledge in learning situations because ettsl construct their
knowledge by making links between their idea ang tencepts. When
teachers link new information to the student's mpkoowledge, they
activate the student's interest and curiosity, iafuse instruction with a
sense of purpose. Therefore, teachers shoulditaked assess what their

students have learned from prior experiences.

. Teachers should ask questions that activates d8idexlevant prior
knowledge and promotes meaningful learning. Aldmwyt should be
allowing to the students to discuss these questi®yghis way, students
may be realizing that their current ideas were @aftective in explaining

the situation take the new knowledge into accoanbasly.
. Teachers must prepare their lesson while givingoiamce to students’
prior knowledge to make a necessary conceptual ggham students’

minds.

. Students should build connections between daity did their scientific

conceptions

. School administrators should encourage teacherasé 5E Learning

Cycle Model in their lesson.

. Curriculum programs should be based on the constistcperspective so

that students’ misconceptions can be minimized.

. Teachers should be informed about the usage andriamze of

constructivist approaches.
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9. Science process skill is a strong predictor of reme achievement.
Teacher should adjust their teaching strategieddweelop students’

science process skills.

10.Trained teachers on constructivists approach shbeldnodel for other
teachers.

11.Teachers should be aware of students’ attitudesrsvchemistry as a
school subject and should seek ways to make stidsate positive
attitudes.

12. Well-designed 5E Learning Cycle Model instructioan be used to
remove misconceptions and facilitate understandioigthe science
concepts. 5E Model activities create conceptuafliconvith the existing

knowledge and facilitate conceptual change.

13. Students held some inconsistent views on natuseiehce issue. For this
reason, some interventions must be made in ordeimifmove the

situation.

14.During the students’education, students should bepared to give
decisions on socio-scientific issues. Therefongjests should understand
the nature and importance of science for sociefienscious society on

science brings conscious individuals to the edanati

15.0ne aim of the science educators should be abtedath science, and
reduce the possible dogmatic assumptions and nofthscience that
students may construct while they are learningneeiefrom textbooks
and in classrooms. Teaching the nature of sciemessential to reducing
the myths on science that students may construde wWiey are learning
science. Thus teacher training program should biseée to improve the
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way that how the nature of science issue can lpeduated to the students

from any levels of education.

16.The Ministry of Education should include a goal émgizing the

importance of nature of science.

6.3 Recommendations

On the basis of the findings from this study, thesarcher recommends that:

A study can be carried out for different grade Is\and different science

courses.

e This study can be conducted with a larger sampe fiom different
schools to get more accurate results and to semargbneralization for

Turkish student population.

» Effectiveness of 5E Model can be compared withdtier instructional
methods such as conceptual change text, problemingobr computer

assisted instruction.

e« Similar research studies can be conducted to ewmltlee effect of
constructivist approach on the other learning aue® such as logical

thinking.

Further studies can be conducted to test the dafetts of the 5E

Learning Model separately on science achievement.

Computers can be used to teach the scientific gaasince they provide

dynamic displays and visualizations, simulationd arodels.
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This study was conducted with descriptive technituénvestigate the
views of students on nature of science. An infeaérdtudy can be

conducted with a larger sample to support the figsliof this study.

Researchers may attempt to assess the differedé desel of students,

and their science teachers’ views on nature ohseie
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

To identify acid and base.

To explain the properties of an acid and base.

To give daily life examples for acids and bases.

To state the relationship between acids and bases.

To define indicator.

To show that acids change blue litmus paper to red.

To show that bases change red litmus paper to blue.

To show that acids do not change phenolphthaldor.co

To show that bases change phenolphthalein to pink.

To identify pH and pOH terms.

To identify the relationship between pH/pOH and [{]H ]

To explain neutralization.

To clarify the strength of an acid and a base.

To identify the differences between strong acidébasd weak acid/base

To identify the differences between the reactiohaative metals with strong
acids and weak acids

To identify the differences between concentratioHd/pOH and strength of
acids/base

To state the properties of salts formed at the ehdhe neutralization
reactions.

To explain hydrolysis.

To state the buffer solutions
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APPENDIX B

ACID BASE CONCEPT TEST

Bu testte asitler ve bazlar konusundaki anlama yiize¢ 6lgmek igin hazirlanan

sorular bulunmaktadir. Sorular coktan se¢meli fdrnta hazirlanmgtir ve her soru

icin bir dogru cevap vardir. Litfen her soru icin sadeceshkki daire icine alarak

isaretleyiniz.

1- Asagidakilerden hangisi yada
hangileri bazlar icin her zaman
dogrudur ?

[. Suda iyonlairlar

Il. Yapilarinda OHiyonu bulunur

lll. Asitlerle nétrigip notr ¢ozelti
olustururlar

a) | b) Il c) Il

d) I, 1l e) L, I, 1l

2- Asagida asitler igin verilen

bilgilerden hangisyanhstir?

a) Seyreltik ¢ozeltilerinin tadi ekdir
b) Notrlesme tepkimesi verirler
c) Karbonat tuzu ile tepkimeye girerek

CO; gacia cikarirlar
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d) Yapisinda H bulunan maddelere
asit adi verilir.

e) Aktif metallerle reaksiyona girerler

3- Bir baz cozeltisi icin, sagidakiler-

den hangiskesinlikle dogrudur ?

a) Renkleri mavidir

b) Elektrigi iletir

c) Asit Uretiminde kullanihr

d) Zararh deildir

e) Mavi turnusol k& dini kirmiziya

cevirirler



4-  Asagidaki
notrlesme tepkimeleri icinkesinlikle

ifadelerden hangisi

dogrudur ?
l. Asitler ve bazlar arasinda
meydana gelir.
Il. Fiziksel bir dgisimdir.
[l Disariya gaz ciki olur.
a) | b) Il c) Il
d) I, 1 SININI

5- Asitlerle ilgili asagidaki bilgiler-
den hangisi dgrudur?

a) Uzerinde bitki yettirilen toprak,
asit 6zellgi gosteremez.

b) Butln gucla kimyasal maddeler asit
Ozellik gosterir.

c) Bazlardan daha zehirlidirler
d) Metallerin paslanmasina sebeb
olurlar

e) Cozeltilerinde [H] > [OH] olur.

6- Asagidaki maddelerden hangisi
mavi turnusol kaidini  kirmiziya
cevirir

l. Limon suyu

.  Camair suyu

[ll. Mide 6z suyu

IV. Amonyak
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a)l, Il
d) I, Il

b) I, IV ¢) lll, IV
e) Hepsi

7- Asagidakilerden hangisi butln asit

ve baz c¢ozeltileri icin gegerlidir?

a) pH deeri

cOzeltisidir

7 den az ise baz
b) pH= 0 ise ¢ozelti ndtrdar.

c) pOH dgeri sadece baz cozeltileri
icin gecerlidir.

d) pH ve pOH dgeri asit ve bazlar
Icin ayni dgerdir.

e) Asit ¢ozetileri icin pH < pOH dir.

8- Renksiz bir ¢ozelti test ediginde
pH deseri 10 bulunuyor. Bu cozelti
Icin asagidakilerden hangisi dgudur?

a) Asittir

b) icerdigi hidrojen iyonu [H] derisi-
mi, hidroksit iyonu [OH| derisiminin
iki bucuk katidir.

c) Notr 6zellik gosterir

d) icerdigi hidroksit iyonu [OH],
hidrojen iyonundan [H daha fazladir.
e) [OH] = 10*° dur.



9- KOH kuvvetli baz, NH ise zayif
bazdir.
KOH ve

asagidakilerden hangisi ayni olur?

kit hacim ve degimdeki

NH; coOzeltileri icin

a) Ilyonlasma yiizdesi

b) OH iyonu molar degimi

c) pH deeri

d) Elektrik iletkenlgi

e) Notrlatirmek icin gereken Hnun

miktari

10- Ayni hacim ve degimdeki zayif
asit ¢ozeltisi ile kuvvetli asit ¢ozeltisi
karsilastirildiginda,aagidakilerden
hangisiher zaman d@ru olur?

a) Kuvvetli asitin, Mg metali ile
tepkimesinden daha fazlaf aciga
cikar

b) Kuvvetli asidin pH’1, zayif asitten
daha fazladir.

c) Zayif asidin elektrik iletkengi daha
azdir.

d) Kuvvetli asidin bir molekili daha
fazla Hicgerir.

e) Kuvvetli asit metali daha iyi eritir.
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11- Farkh iki kapta @t hacimlerde
zayif baz ve kuvvetli baz c¢ozeltileri
vardir. Bu c¢ozeltilerden hangisinin
kuvvetli baz ¢ozeltisi oldgunu anla-
mak icin gagidakilerden hangisinin

verilmesitek basina yeterlidir ?

a) Cozeltilerin pOH dgerleri
b) Cozeltilerin pH dgerleri
c) Cozeltilerin dekimleri
d)Cozeltilerdeki

yuzdeleri

bazlarin iyondena

e)Cozeltidelerdeki toplam iyon sayilari

12- Yukaridaki

cevabin

soruya verginiz
nedeni  sagidakilerden

hangisi olabilir?

a) Cozeltinin pOH dgeri artikca bazin
kuvveti de artar
b) Cozeltinin pH dgeri artikga bazin
kuvveti de artar

c) Cozeltideki iyon sayisi arttikg¢a,
kuvvette artar
d) Cozeltideki bazin defimi

azaldikca kuvveti de azalir
e) Bazin iyonlama ylzdesi arttikca

kuvveti artar



13- iki beherden birine hidroklorik asit
(HCI), digerine ise gt hacim ve
derisimdeki asetik asit (CECOOH)
cOzeltisi konulmstur. Bu cozeltilere
sirayla Magnezyumseritler atilirsa
asagidakilerden hangisi gozlemlenir?
(HCI: kuvvetli asit; CHCOOH: zayif

asit)

a) Kaplarda ayni hizda gaz ki
gozlemlenir

b) HCI asit bulunan kapta gaz giki
daha hizh olur

¢) CH;COOH bulunan kapta gaz ¢gki
daha hizli olur

d) Sadece HCI bulunan kapta gaz
cikisl olur.

e) Dsarlya gaz ciki olmaz

14- Yukaridaki

cevabin

soruya verginiz
nedeni  sagidakilerden

hangisi olabilir?

a) Metaller asitlerin icinde erirler ve
disariya gaz c¢iki olmaz

b) HCI bulunan kapta daha hizli gaz
cikist gOzlemlenir c¢unki daha c¢ok
hidrojen b&! kirilmistir

c) HCI bulunan kapta gaz cskidaha
yavastir ¢cunki kuvvetli asitler daha
yava reaksiyon verirler
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d) HCI bulunan kapta daha hizli gaz
cikisi gozlemlenir ¢inkt HCI kuvvetli
asittir.

e) iki ¢ozeltide de asit bulungu icin,

kaplardan gt hizda H () Gikisi olur.

15-
KOH : Kuvvetli Baz
HCI : Kuvvetli Asit
CH;COOH . Zayif Asit
NH3 . ZayIf Baz
Yukarida verilen maddeler ile bu
maddelerin olgturduklari KClI,
NH,Cl, CHCOOK tuzlarinin sulu
cOzeltileri icin gagidakilerden hangisi
dogrudur?
KCI NH,CI CH,COOK
a) Notr Notr Notr
b) Notr Asidik Bazik
c) Notr Bazik Asidik
d) Bazik Bazik Bazik
e) Asidik Asidik Asidik



16- Normal sartlarda, it hacim ve
derisimlerdeki asetik asit (C¥€OOH)
hidroksiti  (NaOH)

karstirihrsa, olgan c¢ozelti nasil bir

ile  sodyum

cOzeltidir? (Asetik asit: zayif asit;

sodyum hidroksit: kuvvetli bazdir)

a) Notr b) Bazik
d) Seyreltik e) Desgik

c) Asidik

17- Yukaridaki

cevabin

soruya verginiz
nedeni  sagidakilerden

hangisi olabilir?

a) Asitlerin kuvveti bazlardan daha
fazladir, bu yizden ¢ozelti asidik olur
b) Asitligi temsil eden hidrojen iyonu
ile, bazlgl temsil eden hidroksit iyonu
gigiinden,
karisim artik iki iyonu da icermez, ve

tamamen reaksiyona
cOzelti notr olur.

c) Karsimda, nétr su ve noétr tuz
olusur, bu ytuzden nétrdar.

d) Su ve sodyum asetat (EHOONa)
olusur. Asetat iyonun (CECOOQO) su
ile tepkimesinden sonra, hidroksil
iyonlarinin degimi hidrojen’inkinden
daha fazla olur.

e) Asit yada bazdan biri zayif olgu
takdirde
gerceklgemez, bu yizden asit veya

notrleme tamamen
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bazdan hangisi daha kuvvetliyse

¢cOzelti onun 6zelffin gosterir

18-

-“-AH [OH"] (mol/L)

[H*] (mol/L)

Sulu co6zeltilerdeki OH dersiminin,

H* derkimiyle iliskisi grafikteki
gibidir. Bu grafige gore, sulu ¢ozeltiler
ile ilgili asagidaki ifadelerden hangisi

yanlistir ?

a) S noktasinda Mg metali ile
tepkimesinde bl cikar.

b) S noktasinda kirmizi turnusol
kagidini maviye cevirir.

¢) R noktasinda notrdir.

d) P noktasinda HClI ile tepkime verir
e) P noktasinda elektrik akimini iletir.

(2005-0SS)



19-

[. 0,1 M 100 mL HCI ¢ozeltisi

[I. 0,1 M 100 mL NaOH c¢ozeltisi
1. 0,1 M 100 mL NH cozeltisi
Yukaridaki cozeltiler icin 2% de
asagidakilerden hangisranlistir ?

a) I. ve lll. ¢ozeltiler kastirilirsa nétr
¢Ozelti olur

b) 1l. ve lll. deki ¢bzeltiler igin pH>7
dir

c) I. ve Il. ¢ozeltiler kagtirilirsa nétr
¢Ozelti olur

d) Elektrik akimini iletirler

e) Cozeltilere 0,1 M HCI eklenirse, I.

cOzeltide pH dgismez, dgerlerinde
pH azalir.

20- X coOzeltisinde OHderisimi 1,0.
10° M, Y cozeltisinde ise 1,0. 18 M
dir. X ve Y’
karistirlhnca pH dgeri 7 olan bir

nin &it hacimleri

karisim olusuyor. Bu ¢ozeltiler igin,

I- X zayif, Y ise kuvvetli bazdir

[I- X'in pH degeri 11, Y'ninki ise 3
tar.

lll- Olusturduklarn kargimda OH
deriimi 1,0. 10’ M dhr.

Yargilarindan hangileri dgudur?
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a)Yalniz |
d)lvell

b)Yalniz Il c)Yalniz lli
e)ll ve lll
(1992-0YS)

21-

l.  HPO; + HPQ, < HPO; + HPQ?
II.  HPO, + H:PO, & HPO, + H,PO,
.  HPO?+HSQ « HPO, + SQ~

Yukaridaki tepkimelerden hangisinde
ya da hangilerinde #0Q, iyonu asit
olarak etki etmektedir?

a)l b) Il c)lvell
d) lvelll e)l, Il velll
22-

Cozelti| 1 [ Il |1l |V V

pH O| 1| 2| 3| 4
Cizelgede, @t hacimli farkl

cOzeltilerin pH dgerleri verilmitir.
Bu c¢ozeltileri tamamen notggrmek

icin harcanan katt NaOH kutlesi
hangisindeen fazladir?

a) | b) Il c) Il

d) IV e)V



23-

. HXicin K= 1. 10"

. H.Y icin K= 1. 10%
. BOH icin K,=1. 10"
Yukaradakilere goére sé derisimli
HX, H.Y ve BOH sulu ¢o6zeltilerinin
pH deserleri arasindaki ki

asagidakilerden hangisi gibidir?

a)ll>1>1 b) I > 11> 1l
c)ll>11>1 di>i1>1
e)lll>1=1ll

24-Bromitol  mavisi  bir  boyar

maddedir ve asidik ortamda sar1, bazik
ortamda mavi, nétr ortamda isesie
renk verir.Bir kaptaki bromitol mavisi
damlatiimg 10 mL 0,1 M HCI
cOzeltisine, 0,2 M NaOH c¢ozeltisi azar
azar ekleniyor. Buslemde co6zeltinin
rengi ile ilgili asagidaki ifadelerden
hangisiyanlistir ?

a) NaOH eklemeden 6nce sari

b) 2 mL NaOH eklenginde sari

c) 5 mL NaOH eklengiinde ysil

d) 10 mL NaOH eklendinde ysil

e) 20 mL NaOH eklendinde mavi
(2001-0SS)
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25- HCI nin (kuvvetli asit) sudaki 0,1
molar ¢ozeltisinin 25 mL si, NaOH in
0,1 molar

(kuvvetli baz) sudaki

cOzeltisiyle titre edilmektedir.
Titrasyonda, eklenen baz hacmine
(Vbaz) kasl cozeltinin pH sindeki

degisim asagidaki grafikte verilmgtir.

H
/A

g

O
2535V, (mL)

Bu titrasyon grafiine gore sagidaki
ifadelerden hangisianlistir ?

a) Balangic noktasi a da co6zeltinin
(HCI ¢Ozeltisi) pH dgeri 1 dir.
b) 25 mL baz c¢Ozeltisi eklenginde
esdegerlik noktasi (donim noktasi) b
ye ulaiimistir.
c) ¢ noktasinda ¢ozeltinin toplam
hacmi 85 mL dir.
d) b noktasinda ¢ozeltinin pH geri 7
dir.
e) Bdegerlik noktasi (donim noktast)
b de c¢o6zel-tinin toplam hacmi 50 mL
dir.

(OSS 2007)



26- Bir T sicakiginda NHBr
¢Ozeltisinin pH dgeri 5 old@guna gore
cOzelti dersimi ka¢c molardir? (NH
icin Kp= 1. 10°)

a)l b) 0,1 c) to
d) 0.01 e) 10

27- NHsicin k=1,8.1C
CHCOOH icin K=1,8.10
KOH icin K= cok buyuk
HCl igin k= cok buyuk
CHsCOOK, KCI ve NHCI tuzlarinin
esit derisimli sulu ¢ozeltileri icin;

I. CH3COOK cozeltisinin pH 1 7 den
bayuktdr.

II. KCI c¢ozeltisi elektrik akimini
iletmez

. NH4CI c¢ozeltisinin pH 1 7 den
kGguktar.

Yargilarindan hangileri dgudur?

a) Yalniz |
d) Il ve lll

b) Ive ll

e)l, llvelll

c) lve lll

191

28- Bir X maddesi, oda sicaginda,
su ile

Xsuda) + H2O@wvy <> XHsuda) + OH (suda)
tepkimesini  veriyor. Dengedeki
cozeltide XH iyonlari dergimi 1,0 .
10* M dir. Bu ¢ozeltinin 100 mL'si ile
0,01 mol HCI ile

notrlestigine goére, tepkimenin oda

tamamen

sicaklgindaki denge sabiti kactir?

a)1,0.16 b)1,0.10 c)1,0.16
d)1,0.10 e)1,0.10

(1991-0YS)
29-  Asagida  verilen madde
ciftlerinden hangisi bir tampon ¢ozelti
olusturur?
a) HO ile HCI
b) HCI ile NaOH
c) HCl ile NaCl

d) NHs ile NH4C|
e) NaOH ile NaCl

30- Standart kaullarda NH; icin Ky=
1,8. 10° olduguna gore, litresinde 0,1
0,2 mol NHCI

bulunduran c¢o6zeltide OHka¢c molar

mol NHz; ve

olur?
a)9,0.1¢ b)1,8.10 ¢)9,0. 10°
d) 1,8.1F e)2,7.10



APPENDIX C

ATTITUDE SCALE TOWARD CHEMISTRY

ACIKLAMA: Bu o6lcek, Kimya dersine igkin tutum cumleleri ile her ciimlenin
kargisinda; Tamamen Katiliyorum, Katiliyorum, KaramiziKatiimiyorum ve Hic
Katilmiyorum olmak Uzere esecenek verilngtir. Her cimleyi dikkatle okuduktan
sonra kendinize uygun secg@nisaretleyiniz.

K K
K K a a
a a K t t
t t a 1 1
I 1 r | |
T | | a m m
a | | r | |
m y y S y y
a o [0} | (o] [0}
m r r z r H r
e u u 1 u i u
n m m m m (o} m
1. Kimya cok sevgjim bir alandir....................... o O O O O
2. Kimya ile ilgili kitaplari okumaktan hganirim..... ©) O O O O
3.Kimyanin gunlik ygantida ¢cok dnemli yeri yoktur O O O O O
4. Kimya ile ilgili ders problemlerini ¢6zmekten o o o O o
hoglanirim............coo
5. Kimya konulariyla ile ilgili daha coksey o O O O o
ogrenmek isterim..........coooiie i
6. Kimya dersine girerken sikinti duyarim.............. @) O O O @)
7. Kimya derslerine zevkle girerim...................... @) O O O @)
8. Kimya derslerine ayrilan ders saatinin dahaafazl o o 0O O o
olmasIniisterim...... ..o
9. Kimya dersini catirken canim sikilir................ ©) O O O O
10. Kimya konularini ilgilendiren ginlik olaylar
hakkinda daha fazla bilgi edinmek isterim............... ©c o o O
11. Didunce sistemimizi gefiirmede Kimya o O o O o
ogrenimi 6nemlidir............ocoviiiiii i
12. Kimya cevremizdeki dw@l olaylarin daha iyi
anlgiimasinda dnemlidir..................o e, © © o0 O ©
13. Dersler icinde Kimya dersi sevimsiz gelir.......... @) O O O @)
14. Kimya konularnyla ilgili targmaya katilmak o O 0O O o
banacazipgelmez............ccooo i
15.Calsma zamanimin 6énemli bir kismini Kimya o o o0 O o

dersine ayirmak isterim...............coo i
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APPENDIX D

SCIENCE PROCESS SKILL TEST

ACIKLAMA: Bu test, dzellikle Fen ve Matematik derslerinizaeilerde Gniversite
sinavlarinda karniza c¢ikabilecek karnggk gibi gorinen problemleri analiz
edebilme kabiliyetinizi ortaya ¢ikarabilmesi agcdan ¢ok faydalidir. Bu test iginde,
problemdeki dgiskenleri tanimlayabilme, hipotez kurma ve tanimlangemsel
aclklamalar getirebilme, problemin ¢ézimdi icin gérencelemelerin tasarlanmasi,
grafik c¢izme ve verileri yorumlayabilme kabiliyeler Olcebilen sorular
bulunmaktadir. Her soruyu okuduktan sonra kendenimggun secerge yalnizca
cevap k@idina saretleyiniz.

1. Bir basketbol antrendri, oyuncularin glc¢siz olmden dolayr maclari
kaybettklerini dgiinmektedir. Guglerini etkileyen faktorleri atemaya karar verir.
Antrenér, oyuncularin gucinit etkileyip etkilem&di 6lgcmek igin gagidaki
degsiskenlerden hangisini incelemelidir?

a. Her oyuncunun almioldugu gunlik vitamin miktarini.

b. Gunluk &irhk kaldirma ¢algmalarinin miktarini.

c. Gunluk antreman suresini.

d. Yukaridakilerin hepsini.
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2. Arabalarin verimlilgini inceleyen bir argirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarininvir gini artidigi yolundadir.
Ayni tip bes arabaya ayni miktarda benzin fakat farkli miktatéa katki maddesi
konur. Arabalar benzinleri bitinceye kadar ayni ymérinde giderler. Daha sonra her
arabanin algh mesafe kaydedilir. Bu ¢camada arabalarin verimi@i nasil 6lgultr?

a. Arabalarin benzinleri bitinceye kadar gecen sl#e i
b. Her arabnin gitfii mesafe ile.
c. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktari ile.

3. Bir araba ureticisi daha ekonomik arabalar yapnsaémektedir. Argtirmacilar
arabanin litre hana alabilecgi mesafeyi etkileyebilecek @gkenleri
argtimaktadirlar. Aagidaki degsiskenlerden hangisi arabanin litresbm alabilecg

mesafeyi etkileyebilir?

a. Arabanin girlg.
b. Motorun hacmi.
c. Arabanin rengi

d.aveb.

4. Ali Bey, evini isitmak icin koryularindan daha ¢ok para 6denmesinin sebeblerini
merak etmektedir. Isinma giderlerini etkileyen taldri argtirmak icin bir hipotez
kurar. Asagidakilerden hangisi bu agrmada sinanmaya uygun bir hipotezitter ?

a. Evin cevresindeki@g¢ sayisi ne kadar az ise 1sinma gideri o kad&adaz

b. Evde ne kadar ¢ok pencere ve kapi varsa, 1sindeai gie o kadar fazla olur.

c. Buyuk evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttik¢a ailenin daha ucuza 1arywllari aramasi gerekir.
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5. Fen sinifindan bir genci sicakigin bakterilerin gelimesi Uzerindeki etkilerini

argtirmaktadir. Yaptii deney sonucundagrenci gagidaki verileri elde etnstir:

Deney odasinin sicakli(°C)

Bakteri kolonilerinin sayisi

5

10
15
25
50

0
2
6

12
8

Asagidaki grafiklerden hangisi bu verileri ga olarak géstermektedir?

0 5 10 15 25 50 70

a.
A
1
8
12
Kolonilerin 6
sayisl
2
0
C. 701
60
50
40

SicaklikfC)30
20
10

01

Sicaklik’C)

Kaolonilerin savis

0 3 6 9 12 15 18

A

12
10
8

Kolonilerin
saylsl

010 20 30 40 50 60 70

70]

60

50

40
SicaklikfC)3qg
20

10

Sicaklik®C)

0

0 3 6 9 12 15 18
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6. Bir polis sefi, arabalarin hizinin azaltiimasi ilgresmaktadir. Arabalarin hizini
etkileyebilecek bazi faktorler oldunu diginmektedir. Strluculerin ne kadar hizlh
araba kullandiklarinisagidaki hipotezlerin hangisiyle sinayabilir?

a. Daha genc suruculerin daha hizli araba kullanrasulgg ytksektir.

b. Kaza yapan arabalar ne kadar buyukse, icindekinlasin yaralanma olasili o
kadar azdir.

c. Yollarde ne kadar cok polis ekibi olursa, kazasiay kadar az olur.

d. Arabalar eskidikce kaza yapma olasiliklari artar.

7. Bir fen sinifinda, tekerlek ytzeyi gehginin tekerlegsin daha kolay yuvarlanmasi
Uzerine etkisi arduiriimaktadir. Br oyuncak arabaya gewiizeyli tekerlekler takilir,
once bir rampadan gek dizlem) gagl birakilir ve daha sonra diz bir zemin
Uzerinde gitmesi ganir. Deney, ayni arabaya daha dar yuzeyli teklendakilarak
tekrarlanir. Hangi tip tekerggn daha kolay yuvarlangh nasil dl¢tlur?

a. Her deneyde arabanin giittoplam mesafe olculdr.

b. Rampanin (@k dizlem) gim acisi ol¢uldr.

c. Her iki deneyde kullanilan tekerlek tiplerinin y@yzgenglkleri dlcultr.

d. Her iki deneyin sonunda arabangraklari élgulur.

8. Bir ciftci daha ¢cok misir Gretebilmenin yollarimaanaktadir. Misirlarin miktarini
etkileyen faktorleri argirmayi tasarlar. Bu amaclaagidaki hipotezlerden hangisini
sinayabilir?

a. Tarlaya ne kadar ¢cok gubre atilirsa, o kadar ¢cairrelde edilir.

b. Ne kadar cok misir elde edilirse, kar o kadarafauiir.

c. Yagmur ne kadar ¢ok yarsa , glbrenin etkisi o kadar ¢ok olur.

d. Misir Uretimi arttikga, tretim maliyeti de artar.
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9. Bir odanin tabandan itibaren ggik yuzeylerdeki sicakliklarla ilgli bir ¢caima
yapilms ve elde edilen verilersagidaki grafikte gosterilnstir. Degiskenler

arasindaki igki nedir?

Hava Sicakligi 28
(’C)
26
24
22
2

50 100 150 200 250 300
Yukseklik(cm)

a. Yukseklik arttikga sicaklik azalir.
b. Yukseklik arttikga sicaklik artar.
c. Sicaklik arttikca yukseklik azalir.
d. YUkseklik ile sicaklik argn arasinda bir gki yoktur.

10. Ahmet, basketbol topunun igindeki hava arttikgpun daha yuk$e sigracgini
disinmektedir. Bu hipotezi agarmak icin, birka¢ basketbol topu alir ve iclerine
farkli miktarda hava pompalar. Ahmet hipotezinithasxamalidir?

a. Toplar ayni yukseklikten fakat gigik hizlarla yere vurur.

b. Iclerinde farli miktarlarda hava olan toplari, ayiikseklikten yere birakir.

c. iclerinde ayni miktarlarda hava olan toplari, zemiiarkl agilardan yere vurur.

d. iclerinde ayni miktarlarda hava olan toplari, fagklksekliklerden yere birakir.
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11. Bir tankerden benzin almak igin farkh ggikte 5 hortum kullaniimaktadir. Her
hortum icin ayni pompa kullanilir. Yapilan gaha sonunda elde edilen bulgular

asagidaki grafikte gosterilngtir.

15
t

Dakikada 12

pompalanan
benzin miktari 9
(litre)
6 [J
3 [ ]

5 10 15 20 25 30 35
Hortumlarin ¢capi (mm)

Asagidakilerden hangisi dgskenler arasindaki gkiyi aciklamaktadir?

a. Hortumun c¢api gegliedikge dakikada pompalanan benzin miktari da artar
b. Dakikada pompalanan benzin miktar arttikga, dala zaman gerekir.

c. Hortumun c¢api kicuildikce dakikada pompalanan pemiktari da artar.

d. Pompalanan benzin miktari azaldik¢a, hortumun gapsler.

Once aagidaki agiklamay! okuyunuz ve daha sonra 12, 13yel45 inci sorular

actklama kismindan sonra verilen paragrafi okuyaesfaplayiniz.

Aciklama: Bir aragtirmada, baimli desisken birtakim faktorlere @amli olarak
gelisim gosteren d@skendir. B&msiz dgiskenler ise baimli degiskene etki eden
faktorlerdir. Orngin, argtirmanin amacina gore kimyagaaisi b&imli bir desisken
olarak alinabilir ve ona etki edebilecek faktor adgktorler de baaimsiz dgiskenler

olurlar.
Ayse, gunegin karalari ve denizleri ayni derecede isitip 1adgini merak

etmektedir. Bir arglirma yapmaya karar verir ve ayni buyutklukte ikiv&oalir.
Bumlardan birini toprakla, gerini de su ile doldurur ve ayni miktarda gginsisi

198



alacak sekilde bir yere koyar. 8.00 - 18.00 saatleri ardgjnher saat ka

sicakliklarini dlcer.

12. Arastirmada gagidaki hipotezlerden hangisi sinargom?

a. Toprak ve su ne kadar ¢cok gigngg alirlarsa, o kadar isinirlar.

b. Toprak ve su gunealtinda ne kadar fazla kalirlarsa, o kadar ¢caknisir.
c. Gung farkli maddelari farkli derecelerde isitir.

d. Gunun farkh saatlerinde gigie 1sisiI da farkli olur.

13. Arastirmada gagidaki degiskenlerden hangisi kontrol edilgtir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakh.

c. Kovalara koyulan maddenin tard.

d. Herbir kovanin gungaltinda kalma suresi.

14. Arastirmada b&imlh desisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicagiL

c. Kovalara koyulan maddenin tara.

d. Herbir kovanin gungealtinda kalma suresi.

15. Arastirmada bgimsiz dgisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakh.

c. Kovalara koyulan maddenin turd.

d. Herbir kovanin gungaltinda kalma suresi.
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16. Can, yedi ayr bahgedeki cimenleri bigmektedirmChigme makinasiyla her
hafta bir bahcedeki cimenleri bicer. Cimenlerin badyahcelere goére farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenleripldroile ilgili hipotezler kurmaya

nbaglar. Asagidakilerden hangisi sinanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahceye atilan gurenin miktari dnemlidir.

c. Daha ¢ok sulanan bahcedeki ¢cimenler daha uzun olur

d. Bahge ne kadar engebeliyse ¢cimenleri kesmektelarkaor olur.

17, 18, 19 ve 20 nci sorulayagida verilen paragrafl okuyarak cevaplayiniz.

Murat, suyun sicakiinin, su icinde ¢oziunebileceleker miktarini etkileyip
etkilemedgini arastirmak ister. Birbirinin ayni dért barden herbirine 5Ger mililitre
su koyar. Bardaklardan birisine®C de, dgerine de sirayla 56C, 75°C ve 95°C
sicaklikta su koyar. Daha sonra herbir bgededzinebilegé kadarseker koyar ve

karstirir.

17.Bu argtirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda kamilirsa o kadar ¢ok ¢ozundar.

b. Ne kadar cokeker ¢oziinirse, su o kadar tatl olur.

c. Sicaklik ne kadar yiiksek olursa, cozigekerin miktari o kadar fazla olur.

d. Kullanolan suyun miktari arttik¢ca sicgklda artar.

18.Bu aragtirmada kontrol edilebilen gesken hangisidir?
a. Her bardakta ¢cozineeker miktari.

b. Her bardga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicak§i.

19. Arastimanin b&ml deziskeni hangisidir?
a. Her bardakta ¢ozineeker miktari.

b. Her bardga konulan su miktari.
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c. Bardaklarin sayisi.

d. Suyun sicak§i.

20. Arastirmadaki b& msiz dgisken hangisidir?
a. Her bardakta ¢ozuineeker miktari.

b. Her bardga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicakfi.

21. Bir bah¢ivan domates uretimini artirmak istemekteDegisik birka¢c alana
domates tohumu eker. Hipotezi, tohumlar ne kad&r spdanirsa, o kadar cabuk
filizlenecezidir. Bu hipotezi nasil sinar?

a. Farkh miktarlarda sulanan tohumlarin ka¢ gundeléneceine bakar.

b. Her sulamadan bir giin sonra domates bitkisinirubayblger.

c. Farkli alnlardaki bitkilere verilen su miktarincér.

d. Her alana ekgi tohum sayisina bakar.

22. Bir bahc¢ivan tarlasindaki kabaklarda yaprak hitigrir. Bu bitleri yok etmek

gereklidir. Kardei “Kling” adl tozun en iyi bdcek ilaci oldgunu sdyler. Tarim

uzmanlari ise “Acar” adli spreyin daha etkili ofgmu séylemektedir. Bahgivan alti
tane kabak bitkisi secer. Ug tanesini tozla, Ugsani de spreyle ilaglar. Bir hafta
sonra her bitkinin tzerinde kalan canh bitleri @ayBu ¢alymada bocek ilaglarinin
etkinligi nasil dl¢ulur?

a. Kullanilan toz ya da spreyin miktari 6élculdr.

b. Toz ya da spreyle ilaclandiktan sonra bitkilenmunlari tespit edilir.

c. Her fidede olgan kabg&in agirligi ol¢ulir.

d. Bitkilerin Gzerinde kalan bitler sayilir.
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23. Ebru, bir alevin belli bir zaman suresi icinde maya getireggé 1SI enerjisi
miktarini 6lcmek ister. Bir kabin icine bir liteo@ik su koyar ve 10 dakika sireyle
Isitir. Ebru, alevin meydana getigdisi enerjisini nasil dicer?

a. 10 dakika sonra suyun sicakhda meydana gelen glgmeyi kayeder.

b. 10 dakika sonra suyun hacminde meydana gelgigrdeyi 6lcer.

c. 10 dakika sonra alevin sicakimi 6lcer.

d. Bir litre suyun kaynamasi icin gecen zamani 6lcer.

24. Ahmet, buz parcaciklarinin erime suresini etkiteyaktorleri merak etmektedir.
Buz parcalarinin blyUk§iii, odanin sicakh ve buz parcalarininsekli gibi
faktorlerin erime siresini etkileyebilegiai dustinir. Daha sonrau hipotezi
sinamaya karar verir: Buz parcalarigakli erime suresini etkiler. Ahmet bu hipotezi
sinamak icin gagidaki deney tasarimlarinin hangisini uygulamalidir?

a. Herbiri farkh sekil ve &irlikta bes buz parcasi alinir. Bunlar ayni sicaklikta benzer
bes kabin icine ayri ayri konur ve erime sureleri iate

b. Herbiri aynisekilde fakat farkl girlikta be buz parcasi alinir. Bunlar ayni
sicaklikta benzer lekabin igine ayri ayri konur ve erime sureleri mte

c. Herbiri ayni @irhkta fakat farkli sekillerde bg buz parcasi alinir. Bunlar ayni
sicaklikta benzer lekabin icine ayri ayri konur ve erime sureleri maie

d. Herbiri ayni &irlikta fakat farklisekillerde bg buz parcasi alinir. Bunlar farkh

sicaklikta benzer lekabin igine ayri ayri konur ve erime sureleri mte

25. Bir argtirmaci yeni bir guibreyi denemektedir. Galalarini ayni buyuklikte ke
tarlad yapar. Her tarlaya yeni gibresindepigl miktarlarda kagtirir. Bir ay sonra,
her tarlada yegen cimenin ortalama boyunu o6lger. Olcim sonuclaagidaki
tabloda verilmgtir.

Gulbre miktari Cimenlerin ortalama boyu
(kg) (cm)
10 7
30 10
50 12
80 14
100 12
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Tablodaki verilerin grafii asagidakilerden hangisidir?

a b.
A A
Gilbre
miktar
Cimenlerin
ortalama
boyu
Cimenlerin ortalama boy
St . R
C. d. A
A
Cimenlerin
ortalama \ .
boyu Gubre miktar

Giibre miktari _ >
. Cimenlerin ortalama boyu

26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadaraknin verilirse o
kadar hizli buydurler. Biyolog farelerin biylime Imznasil 6lcebilir?

a. Farelerin hizini dlger.

b. Farelerin, gunlik uyumadan durabildikleri strelygeb.

c. Hergun fareleri tartar.

d. Hergun farelerin yiyegg vitaminleri tartar.

27. Ogprenciler, sekerin suda ¢6zinme siresini etkileyebilecekgigkenleri

disinmektedirler. Suyun sicagini, sekerin ve suyun miktarlarini ggken olarak
saptarlar. @renciler, sekerin suda ¢6ziinme siresinsa@daki hipotezlerden
hangisiyle sinayabilir?

a. Daha fazlgekeri ¢dzmek i¢in daha fazla su gereklidir.

b. Su sgudukcasekeri ¢cozebilmek icin daha fazl akgmmak gerekir.
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c. Su ne kadar sicaksa, o kadar geker ¢oziinecektir.

d. Su i1sindik¢aeker daha uzun sirede ¢ozundr.

28. Bir argtima grubu, d@sik hacimli motorlari olan arabalaiin randimanlarini

Olcer. Elde edilen sonuglarin gaifesagidaki gibidir:

30
Litre basina S
alinan mesafe 25
(km)
20
15 .
10 -
1 2 3 4 5
Motor hacmi
(litre)

Asagidakilerden hangisi ggskenler arasindaki gkiyi gosterir?

a. Motor ne kadar buyukse, bir litre benzinle gidileesafe de o kadar uzun olur.

b. Bir litre benzinle gidilen mesafe ne kadar az sdyrarabanin motoru o kadar
kicuk demektir.

c. Motor kiculdikcge, arabanin bir litre benzinle ggdimesafe artar.

d. Bir litre benzinle gidilen mesafe ne kadar uzuargd, arabanin motoru o kadar

blayuk demektir.

29, 30, 31 ve 32 nci sorulagagida verilen paragrafi okuyarak cevaplayiniz.

Topraga karitirilan yapraklarin domates dretimine etlasatiriimaktadir.
Arastirmada dort buyidk saksiya ayni miktarda ve tipierak konulmstur. Fakat
birinci saksidaki torga 15 kg., ikinciye 10 kg., Gclncuye ise 5 kg. cligiryaprak
karstinlmistir.  DOrduncu  saksidaki topta ise hi¢ curimgl yaprak

karistirlmamstir.
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Daha sonra bu saksilara domates ektimiBltin saksilar gige konmyg ve ayni

miktarda sulanmstir. Her saksidan eled edilen domates targivel kaydedilmytir.

29.Bu argtirmada sinanan hipotez hangisidir?

a. Bitkiler glinaten ne kadar ¢olglk alirlarsa, o kadar fazla domates verirler.
b. Saksilar ne kadar buyik olursa, karllan yaprak miktari o kadar fazla olur.
c. Saksilar ne kadar ¢ok sulanirsa, iclerindeki yidprao kadar cabuk c¢urr.

d. Topraza ne kadar ¢ok curuk yaprak kamilirsa, o kadar fazla domates elde edilir.

30. Bu argtirmada kontrol edilen ggsken hangisidir?
a. Her saksidan elde edilen domates miktari

b. Saksilara kagtirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Curumig yapak kamgtirilan saksi sayisi.

31. Arastirmadaki bgimli degisken hangisidir?
a. Her saksidan elde edilen domates miktari
b. Saksilara kagtirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Carumig yapak kaugtirilan saksi sayisi.

32. Arastirmadaki b& msiz dgisken hangisidir?
a. Her saksidan elde edilen domates miktari
b. Saksilara kagtirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Curumig yapak kamgtirilan saksi sayisi.

33. Bir 6grenci minatislarin kaldirma yeteneklerini ginanaktadir. Cgtli boylarda
ve sekillerde birka¢ miknatis alir ve her miknatisiktge demir tozlarini tartar. Bu
calismada miknatisin kaldirma yetgneasil tanimlanir?

a. Kullanilan miknatisin buyuk§ii dle.
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b. Demir tozalrini geken miknatisigidigi ile.
c. Kullanilan miknatisigekli ile.

d. Cekilen demir tozlariningarh g1 ile.

34. Bir hedefe cgtli mesafelerden 25 er atiyapilir. Her mesafeden yapilan 25
atistan hedefe isabet edenlgp@adaki tabloda gosterilryiir.

Mesafe(m) Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2

Asagidaki grafiklerden hangisi verilen bu verileri gm gekilde yansitir?

a. b.
4 1004 N
25 Hedefe olan 50 .
Hedefi bulan uzaklik (m)
atis sayisi 20 A 25 .
15 15 .
10 5
5 > >

2 510 15 25
20 40 60 80 100 Hedefi bulan at sayisi

Hedefe olan uzaklik
(m)
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C. Hedefe uzakiik (m) d25 4 Hedefi bulan atis sayisi
100
80 20 °
60 15
40 10 2
20 5

5 10 15 20 25

; 20 40 60 80 100
Hedefi bulan ati sayisi

Hedefe olan uzaklik
(m)
35. Sibel, akvaryumdaki baliklarin bazen ¢ok haraledlzen ise durgun olduklarini
gozler. Baliklarin hareketlgini etkileyen faktorleri merak eder.Baliklarin
hareketlilgini etkileyen faktorleri hangi hipotezle sinayatitli
a. Baliklara ne kadar cok yem verilirse, o kadar gekne ihtiyaclari vardir.
b. Baliklar ne kadar hareketli olursa o kadar ¢cok gentiyaclari vardir.
c. Su da ne kadar c¢ok oksijen varsa, baliklar o kadalur.

d. Akvaryum ne kadar ¢olkgik alirsa, baliklar o kadar hareketli olur.

36. Murat Bey'in evinde bir¢ok electrikli alet vardiFazla gelen elektrik faturalar
dikkatini ¢ceker. Kullanilan elektrik miktarini et&yen faktorleri argtirmaya karar
verir. Asagidaki deiskenlerden hangisi kullanilan elektrik enerjisi naikhi
etkileyebilir?

a. TV nin acik kaldg sure.

b. Elektrik sayacinin yeri.

c. Camair makinesinin kullanma silgdi.

d.avec.
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APPENDIX E

INTERVIEW QUESTIONS

1- Asit denilince aklina ne geliyor? /Asitleri nasahimlarsin?

2- Baz denilince aklina ne geliyor? /Bazlari nasiitadarsin?

3- Gosterecgim kartlarda yazili olan maddelerin ¢ozeltileriniiséintip, bu

cOzeltilerin asit ya da baz 6zgiligbsterip gostermeyegehakkinda yorum
yapar misin? (NgJHCI; Ca(OH); CH;COOH; HSOy).

4- Asagidaki tabloda asit ve bazlarin ozellikleri kaki olarak verilmg. Bu

karisikh gl onlemek icin asitlerin dzelliklerini gosteragrklarl ASIT yazisinin

altina ve bazlarin 6zelliklerini gostererklari da BAZ yazisinin altina yazar

misin?  Ayni sikki  birden

kullanmayabilirsin.

fazla yerde kullanabilirsin ya da

ASIT

BAZ

a- Sulu ¢ozeltilerinde Hiyonu
bulunur.

b- Sulu ¢ozeltilerinde OHyonu
bulunur.

c- Suda iyonlaur.

d- Cozeltileri elektrgi iletir.

e- Seyreltik ¢ozeltilerinin tadi
eksidir.

Seyreltik ¢ozeltilerinin tadi acidir
Mavi turnusol k&idini kirmiziya
cevirir.
Kirmizi turnusol k&idini maviye
cevirir.

Aktif metaller ile reaksiyona girer.

Karbonat tuzlari ile reaksiyona

girerler (CaCQ «); NaCGQ; ().
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5-  Bir asit ¢ozeltisinin icine Magnezyunetali atarsam ne olur?

- Gaz cikgl olur mu? Olursa bu gaz nereden geliyor?

- Fiziksel ya da kimyasal bir g&im olur mu?
6- Laboratuarda kuvvetli asitler ve bazlarla ilgileney yapacaksin. Daha
onceden hazirlanip, caginselere konulmg iki ayri camsiseden birinde kuvvetli
asit dgerin de ise zayif asit olgunu @Grendin. Fakat bugiselerin etiket kisimlari
yirtilmis  oldugundan asitlerin adlarini  bilmiyorsun. Bu asgiselerinden

hangisinde kuvvetli asit olgunu anlamak igin

@ @

Asit 1 Asit_2

A) Kartonlarda yazih olan laboratuar malzemelenmdehangilerini
kullanabilirsin? Aciklayarak cevap verin.
*  pH metre
* Mg metali
* NaOH ve titrasyon malzemeleri

* HCIl ve titrasyon malzemeleri

B) Etiketlerin tamamen bozulmgdi ve alt taraflarinda kalan bazi yazilarin
okunabildgini disin. Bu okunan kisimlar icin, sana gostepare
kartonlarda yazili olan bilgilerden hangisi, icindevvetli asit olansiseyi
tahmin etmendssine yarayabilir? Nasil?

* pOH deseri
» Elektrik iletkenlikleri
» Cozeltilerinin degimleri

» Asitlerin molekul formualinde bulunan H sayisi
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7- Ayni dersimde kuvvetli ve zayif baz ¢Ozeltilerinden 5 er im¢herlere aliniyor.
* Bu ¢ozeltilerdeki [OH ayni midir?

+ Notrlestirmek icin gerekli H miktarlari/ Asit miktarlari ayni mdir?

Kuvvetli Baz ZayIf Baz

8- Asit ve bazlar kaginca ne olur?/ Notriene nedir? Cizerek gosterebilir misiniz?

* Notrlesme sirasinda gaz ¢gkigdzlemlenir mi?

SAF SU SAF SHEI SAF SU + HCI + NaOH

Burada HCI (kuvvetli asit) yerine GBOOH (zayif asit) olsaydi cizimin nasil

olurdu? Neden?

SAF SU + CHCOOH SAF SU + gFHOOH+ NaOH

[SAF SU + HCI + NaOH] cozeltisi ile [SAF SU + GAHOOH+ NaOH] cozeltisi

arasinda fark var i
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HCI + NaOH —
CHCOOH + NaOH—

Yukaridaki reaksiyonlarda ayni hacim ve denierde asit ve baz kullaniigini
disundrsen, her iki reaksiyon hakkinda nasil bir yoyaparsiniki reaksiyonda da
tamamen notriene gozlemlenir mi? Aciklayiniz.

9- Notr ¢ozelti denilince aklina ne geliyor?

10- [H] < 107 olan bir ¢ozelti icin nasil bir yorum yapabilir&in

11- pH denilince ne anliyorsun? Ne amag ile kuligor? pOH dgeri nedir, nigin
kullanihir?
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APPENDIX F

TURKISH VERSION OF VIEWS ON SCIENCE-TECHNOLOGY-SOCI ETY
(VOSTS-T)

Sayin Qsrenciler
Bu anketpilimin do gasikonusuna yonelik dilincelerinizi anlamak amaciyla
hazirlanmgtir.  Sizlerin gorigleri bizim i¢in ¢ok 6nemlidir. Yardimlariniz igin

tesekkur ederiz.

ACIKLAMALAR

Bilimin Dogasi konusuna yonelik bu anket her sayfaya bir sorieagd
sekilde duzenlenmgtir. Her soru bilimin dogasi konusunda bir cumle ile
baslamaktadir. Bu cimle genellikle temel bir géhildirmektedir.

Konu hakkindaki farkh gogiveya durumlar seceneklerde siralagtmi Her
soru icin digiincenize uygun olaBiR TEK SECENEGI isaretleyiniz.

Bu ankette dgru yanit yoktur. Burada amag¢ sadece sizin bilimingési

konusundaki gorlerinizi 6grenmektir.

KISISEL BILGILER
1. Adiniz, Soyadiniz
2. Cinsiyetiniz : [ kiz (] Erkek
3. Okuduyunuz Lise tord : [] Anadabisesi
[1  Anadoluséetmen Lisesi
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1. Bilimi tanimak zordur; ¢unkid bilim, karm&tir ve birgok konuyla ilgilidir.

Fakat bilim asil olarak:

A.
B.

Biyoloiji, fizik ve kimya gibi konularda caimaktadir.

Yasadigimiz dinyayl (maddeyi, enerjiyi ve ggami) aciklayan prensipler,
kanunlar ve teoriler gibi bilgilerdir.

Dunyamiz ve evren hakkinda bilinmeyenlerisaranak, yeniseyleri ve
nasil calgtiklarini kesfetmektir.

Yasadigimiz dunya ile ilgili problemleri ¢cozmek igin derleyyapmaktir.
Bir seyler icat etmek ya da tasarlamaktir (yapay kalfgiégisayarlar ve
uzay araclar gibi)

Bu dinyayl ygam icin daha iyi bir yer yapmada gerekli olan hjlgi
bulma ve kullanmadir (hastaliklarn tedavi etmekslilkgi c6zmek ve

tarimi gelgtirmek gibi).

. Yeni bilgiler kesfetmek icin fikir ve tekniklere sahip olan insantafyani

bilim adamlarinin) bir arada olgu organizasyondur.

. Hic¢ kimse bilimi tanimlayamaz.

Anlamadim.
Bir secim yapmak icin yeterli bilgiye sahipglem.
Seceneklerin hicbiri kisel gorgumu yansitmiyor.
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2. Eger yetenekli bilim adamlar farkl teorilere inaarlarsa yaptiklari gbzlemler de

farkli olacaktir.

A. Evet, ¢cunkl bilim adamlar farkli yontemler kullzak deney yapacaklar ve
farkl seylere dikkat edeceklerdir.
B. Evet, ciinkl bilim adamlar birbirlerinden farkli gimecekler ve bu da onlarin

gozlemlerini farklilgtiracaktir.

C. Bilim adamlar farkli teorilere inansalar da biliehsg6zlemler ¢ok fazla
desismez. Bilim adamlari gercekten yetenekli ise gozeximide benzer

olacaktir.

D. Hayir, ¢unki gézlemler olabilgince kesindir. Bilim buekilde gelgir.
E. Hayir, gbzlemler gorduklerimizden $ka birsey desildir ve gergektir.

F. Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glem
H. Seceneklerin higbiri kisel gorigimu yansitmiyor.
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3. Arastirma laboratuarlarinda kullanilan bir ¢ok bilimsebdel (6rngin DNA

modeli ve atom modeli) gergm kopyalaridir.

A. Bilimsel modeller, gercgin kopyalardir; c¢unki bilim adamlari, bu
modellerin dgru oldusunu soyler, dyleyse onlarin gia olmalari gerekir.

B. Bilimsel modeller, gercgin kopyalaridir; cunkl bir ¢cok bilimsel kanit
onlarin gercek oldgunu kanitlamytir.

C.Bilimsel modeller, gerc&in kopyalaridir; cunki bilimsel modeller
hayatin gercekleridir. Amagclari bize gercekleri tgisek veya bize bu
gercekler hakkinda bgey &retmektir.

D. Bilimsel modeller, bilimsel gézlem ve gtamalara dayandindan hemen

hemen gergan kopyalaridir.

E. Bilimsel modeller, gercgin kopyalari degildir; ¢ctnki bilimsel modeller
sadece kendi sinirhliklar icindg@nme ve aciklamaya yardim eder.

F. Bilimsel modeller, gerc&in kopyalari degildir; cunki teoriler gibi,
bilimsel modeller de zamana ve bilgimizin durumgdae deisir.

G.Bilimsel modeller, gerc&in kopyalari degildir; c¢lUnkld gercgi
goremeyecgimizden dolayr bu modeller diince ya da tahminlerden

olusur.
H. Anlamadim

l. Bir secim yapmak icin yeterli bilgiye sahip glkm
J. Seceneklerin hicbiri kisel goriglimu yansitmiyor.
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4. Bilim adamlar siniflandirma yaparken (Ggimetirlerine goére bitkileri, periyodik
tabloya gore bir elementi, kaylaa gore bir enerjiyi ya da buyukiine gore bir
yildiz1) dgzada oldgu gibi siniflandirirlar. Bundan bkka bir yol yanlg olurdu.
A. Cunku siniflandirmalar, dogadaki gercek sekle birebir uyar. Bilim
adamlari yillar boyunca cainalari ile bu siniflandirmalari kanitlagtardir.
B. CunkU siniflandirmalar, dogadaki gercek sekle birebir uyar. Bilim
adamlari, siniflandirma yaparken gozlenebilir dklelti kullanirlar.
C.Bilim adamlari, dgayr en basit ve mantikli yolla siniflandirirlar, @m
kullandiklari yol her zaman tek yol gitir.

D.Dogay! siniflandirmanin bir¢cok yolu vardir, ama birensel sistem lzerinde

anlamak bilim adamlarinin ¢agimalarindaki kawikliklari énler.

E. Dogay! siniflandirmanin baska dogru yollari olabilir . Cunkd bilim,
degisikliklere ugrayabilecginden yeni keifler farkli siniflandirma
sistemlerine yol acabilir.

F. Hic kimse daganin gercek seklini bilemez. Bilim adamlari, dgayi
algilamalarina goére veya teorilere gore siniflandn Bilim asla kesin
degildir ve doga cok ceitlidir. Bundan dolayi, bilim adamlari birden ¢ok

siniflandirma sistemini gou olarak kullanabilir.
G.Anlamadim

H. Bir secim yapmak icin yeterli bilgiye sahip glem

I. Seceneklerin hicbiri kisel gérigimu yansitmiyor.

216



5. Bilim adamlarinca yapilan ¢ginalar dg@ru olarak yapilsa bile, agarma sonunda

vardiklari bulgular gelecekte gigebilir.

A.

E.
F.

Bilimsel bilgi degisir; cunkl bilim adamlari, kendilerinden 6nceki bilim
adamlarinin teorilerini ya da buylarini ¢arttur. Bilim adamlari bunu yeni
teknikleri ve geltiriimis araclari kullanarak, daha 6nce gtzden kacigiimi

faktorleri bularak veya ilk agairmadaki hatalari ortaya cikartarak yaparlar.

. Bilimsel bilgi degisir; cunki eski bilgiler yeni bukalrin siginda yeniden

yorumlanir. Bilimsel gercekler @esebilir.

. Bilimsel bilgi degisir gibi gorindr c¢unki eski gerceklerin yorumu veya

uygulamasi d@sebilir. Dogru sekilde yapilan deneyledegismez gerceklere

yol acar.

. Bilimsel bilgi degisir gibi gorintr c¢unku eski bilgilere yeni bilgiler eklenir;

eski bilgiler aslindalegismez

Anlamadim

Bir secim yapmak icin yeterli bilgiye sahip glkm

G. Seceneklerin hicbiri kisel gorigumua yansitmiyor.
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6. Bilimsel diilnceler, hipotezlerden teorilere gto gelkir; ve sonugta yeterince
gucluyseler blimsel kanun olurlar.

A. Hipotez teoriye, teori kanuna donigebilir; cunkl bir hipotez deneylerle test
edilir, gger dggrulugu kanitlanirsa teori olur. Teori birgok defa ve uzun zaman
boyunca farkli insanlar tarafindan test edilip kiamirsakanun olur.

B. Hipotez teoriye, teori kanuna donigebilir; ¢cinki bir hipotez deneyler ile test
edilir, eser desteklenen kanitlarvarsa teori olur. Bir teori bircok defalar test
edilip dogru oldugu gorulirse bu teorinin kanun olmasi igin yeterlidir.

C.Hipotez teoriye, teori kanuna doniebilir; c¢linki bilimsel dgtncenin

gelismesi icin bu mantikli bir yoldur.

D. Teoriler kanun olmaz; cunkd bunlar farkh tirdeki dancelerdir. Teoriler
kesinliginden tam olarak emin olunmayan bilimselsidiicelere dayanir ve
dogruluklarn kanitlanamaz. Ancak kanunlar sadece ddece dayanir ve %100
kesindirler.

E. Teoriler knaun olamaz; ¢unkd bunlar farkli tirdeki diaincelerdir. Kanunlar
olgulari genel olaraktanimlar. Teoriler ise kanunlariaciklar. Ancak
destekleyici kanitlarla, hipotezler teorliere véyanunlara dongebilir.

F. Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glem
H. Seceneklerin higbiri kisel gorigumi yansitmiyor.
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7. Bilim adamlari yeni teorlieri ya da kanunlariigérirken, dgza hakkinda bazi
tahminler yapmalari (bazeyleri farzetmeleri) gereklidir (6r@ge: maddeler
atomlardan olgur). Bilimin dizenli birsekilde gelgmesi icin bu tahminler
dogru olmak zorundadir.

A. Bilimin gelismesi i¢in bu tahminler dagru olmalidir; ¢tiinkii dg@ru teori
ve kanunlar icin dgru tahminler gereklidir. Aksi halde bilim adamlari,
yanls teori ve kanunlarl kullanarak¢cok fazla zamani \ebayl bea
harcayacaktir.

B. Bilimin gelismesi i¢in bu tahminler dogru olmalidir; aksi halde toplum,
yetersiz teknoloji ve tehlikeli kimyasal maddelebigciddi problemlerle
karsi karsiya kalir.

C.Bilimin gelismesi icin bu tahminler dogru olmalidir; cunkd bilim
adamlari cabmalarini ilerletmeden 0Once, tahminlerinin gdo oldusunu
kanitlamak icin argirma yaparlar

D. Bilimin gelismesi icin bu tahminler dgsru olmasi gerekir dustincesi
duruma baghdir. Bilim bazen ilerleme i¢cn dgu varsayimlara ihtiyac
duyar. Ama tarih bazegunu gosternstir ki, biytk bulular bir teorinin
curutilmesi ve onun yank tahminlerinin @renimesi ile yapilntir.

E. Bilimin gelismesi i¢in tahminlerin dogru olup olmamasi sorun dgildir.
Bilim adamlari projelerine Bé&mak icin dgru ya da yany tahminler
yapmak zorundadirlar. Tarih gostestimi ki, buyik bulglar bir teorinin
curdtulmesi ve onun yanl tahminlerinin @renilmesi ile yapilmytir.

F. Bilim adamlari varsayimlardaulunmazlar. Onlar, bir fikrin dgru olup

olmadgini ésrenmek icin argtirirlar. Onun d@ru Idugunu varsaymazlar.
G.Anlamadim

H. Bir secim yapmak icin yeterli bilgiye sahip glkm

I.Seceneklerin hicbiri kisel gorimu yansitmiyor.
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8. lyi bilimsel teoriler, gbzlemleri iyi bisekilde aciklar. Ayni zamanda iyi teoriler,
karmalk degil basit olurlar.
A. lyi teoriler basit olurlar. Bilimde kullanilacak éyi dil basit, kisa ve dgrudan

olandir.

B. Bu ne derecelerin acgiklamalar yapmak isteginize balidir. Iyi bir teori, bir
seyi hem basit hem de kargnk bir yolla aciklayabiir.

C. Buteoriye bglidir. Bazi iyi teoriler basit, bazilari ise kargridir.

D. lyi teoriler karmaik olabilir ama kullanilacaklarsa basit, anlabilir bir dile

cevirilebilmelidir .

E. Teoriler genellikle karmasiktir. Bazi seyler, &r bircok ayrinti iceriyorsa
basitlatirilemez.
F. lyi teorilerin ¢a@u karmasiktir. Eger dunya basit olsaydi, teoriler de basit

olabilirlerdi.
G.Anlamadim

H. Bir secim yapmak icin yeterli bilgiye sahip glkm

I. Seceneklerin hicbiri kisel gorigumi yansitmiyor.
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9. Bilim adamlar argiirma yaptiklarinddilimsel yontemiizledikleri sdylenir.

A. Bilimsel yéntem, genellikle bilim adamlari tarafindan dergide yakitapta
yazilan ve deny yapilirken izlenmesi gereken lafo@aralemleri ya da
teknikleridir.

B. Bilimsel yontemsonugclarin dikkatlice kaydedilmesidir.

C. Bilimsel ydontemdeney dgiskenlerinin, yoruma yer birakmaksizin dikkatlice
kontrol edilmesidir.

D. Bilimsel yontem gerceklerin, teorilerin ve hipotezlerin etkgekilde elde
edilmesidir.

E. Bilimsel yontemtest etmek ve tekrar test etmektir. Batyin dgrulugunu ya
da yanlgligini gecerlisekilde kanitlamaktir.

F. Bilimsel yontem teoriyi kanitlamak icin deney olgturmaktir.

G. Bilimsel yontem soru sormak, hipotez kurmak, veri toplamak ve sanu
varmaktir.

H. Bilimsel yéntem problem ¢6zmede mantikh ve kabul géren bir yakhalir.

[. Bilimsel yontem bilim adamlarinin c¢agmalarinda yonlendirilen bir

tutumdur.

J. Bilim adamlarinin aslinda ne vyaptiklan sdatltrse, gercektebilimsel

yontemdiye birsey yoktur.
K. Anlamadim

L. Bir secim yapmak icin yeterli bilgiye sahip glkm

M. Seceneklerin hicbiri kisel goriglimi yansitmiyor.

221



10. En iyi bilim adamlari, bilimsel yontemin basaddaauni takip edenlerdir.

A.

Bilimsel yontem gecerli, acik, mantikli ve kesimaglari garanti eder. Bu
nedenle, bir¢cok bilim adami bilimsel yontemin bas&farini izleyeecktir.
Okulda @rendiklerimize dayanarak, bilimsel yontem bir¢cokirbiadaminin
calismasinda yararl olmasi gerekir.

Bilimsel yontem bircok konuda yararlidir ama bu t@mnin sonuc¢ verege
garanti dgildir. Bundan dolayr bgarili bilim adamlari, ayni zamanda
orjinalligi ve yaraticilgl da kullanacaklardir.

En iyi bilim adamlari, hayal glict ve yaraticiliknggmleri de dahil istenilen

sonugclari verebilecek, herhangi bir yontemi kullakgilerdir.

Bircok bilimsel kaif, bilimsel yonteme bgi kalmadan, tesadifen

yapiimstir.

Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glem

. Seceneklerin higbiri kisel gorigumi yansitmiyor.
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11. Bilimsel argtirma sonuglanana kadar her biri bir sonrakine tihcéden bir dizi

arastirma yapilmgtir.

A.

Bilimsel buluslar, mantikh bir dizi ara stirmanin sonucudur; cunki
deneyler (6rng@n atom modeline Onculik eden deneyler, ya da kailse
ilgili buluslar) bir duvari olgturan tiglalar gibidir.

Bilimsel buluslar, mantikh bir dizi ara stirmanin sonucudur; cunku
argtirmalar, onceki deneylerin @oulugunu goérmek icin sonuclarin test
edilmesi ile bglar. Yeni bir deney, daha sonra gelecek bilim adaml
tarafindan test edilecektir.

. Genellikle bilimsel bulglar mantikli bir dizi argiirmadan kaynaklanir. Ama

bilim tamamen mantikli dgdir. Bu sirecte deneme-yanilma ve saay!
vardir.

Bazi bilimsel bulslar tesadufidir veya bilim adamlarinin gercek
beklentilerinin dnceden tahmin edilemeyen bir Odiivi Fakat bulglarin
cogu birbiri Uzerine iga edilen bir dizi argirmanin sonucudur.

Cogu bilimsel bulylar tesadufidir veya bilim adamlarinin gergek
beklentilerinin 6nceden tahmin edilemeyen bir Gdint Bazi buluslar

birbirini izleyen mantikh bir dizi ardgirmanin sonucudur.

Bilimsel buluslar mantikli bir dizi ara stirmanin sonucunda olymaz;
cunkl bulglar siklikla, 6nceden birbirleri ile K&antih olmayan bilgi

parcalarinin bir araya gelmesi iel giu.

. Bilimsel buluslar mantikli bir dizi ara stirmanin sonucunda olymaz;

cunkl bulglar temelde birbirleri ile alakasiz olan ama bekbedik bir
sekilde birbirleri ile iligkili hala gelen ¢ok c¢gtli calismalarin sonucunda

olusur.

. Anlamadim

Bir secim yapmak icin yeterli bilgiye sahip glkm

. Seceneklerin hicbiri kisel gorigumi yansitmiyor.
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12. Bilim adamlari, ¢cagmalarinin sonuglarini bilimsel dergilerde yayirdariBilim

adamlari, bir dergi icin makale yazdiklarinda, mdgoo cok amntikli ve dizenl

sekilde organize ederler. Fakat bilim adamlari aigalgsmalarini daha az amntikli

bir yolla yaparlar.

A.

Makaleler bilimsel ¢alismanin aslindan daha mantikli bir yol ile yazili,
cunkl bilim adamlari duzenlengnibir plani izlemeden diinebilir ve
calisabilirler. Sonuc¢ olarak, ger onlarin dglincelerinin ve methodlarinin
dizenini okursaniz, bu afzla kargria olabilir. Bu nedenle bilim adamlari
diger bilim adamlarinin, sonuglari anlayabilmesi igimakaleleri mantikli bir
yol ile yazarlar.

Makaleler bilimsel calismanin aslindan daha mantikli bir yol ile yazilir;
cunkl bilimsel hipotezler, kisel goriy veya tahmindir ve sonug¢ olarak
mantikl deildir. Bu nedenle, bilim adamlari ger bilim adamlarinin
sonugclarl anlayabilmesi icin mantikl bir yol ilazarlar.

Bilim adamlari genellikle “recete” vermek istemezldakat sonuclarini
dinyaya duyurmak isterler. Bu nedenle gahlarini mantikli bir bicimde
yazarlar ama aslinda nasil yaptiklarini agiklantazla

Bu duruma bgli. Bazen bilimsel bulglar tesadifen okur ama bazen de
buluslar makalelerin yazilga gibi mantikh ve diizenkekilde olwur.

Makaleler asil calsmanin nasil yapildgini godstererek mantikli yolla
yazilir; ¢unkd bilim adamlarinin ¢amasi mantikla yuratalar; aksi halde
bilim ve teknoloji icin yararli olmayacaktir.

Makaleler asil calsmanin nasil yapildgini godstererek mantikli yolla
yazilir; bilim adamlar basilan raporlarinin mantikli ekilde yaziminin

kolay olmasi icin, ¢cagmalarini mantikh bir yolla yaparlar.

. Makalelerin mantikh bir yolla yazilmasi gerekli degildir. Onlar

calismanin yapildil sekilde yazilir. Bu karmgk veya kolay olabilir.

. Anlamadim

Bir secim yapmak icin yeterli bilgiye sahip glkm

. Seceneklerin higbiri kisel gorigumi yansitmiyor.

224



13. Bilim adamlarinin ¢cailmalarinda hata yapmamalari gerekir; ¢iinkti bu hatala

bilimin ilerlemesini yavalatir.

A.

Hatalar bilimin ilerlemesini yavaslatir. Yaniltici bilgiler yanlg
sonuglara gotarebilir. ger bilim adamlarinin sonuclarindaki hatalari
aninda duzeltmezlerse bilim ilerlemez.

Hatalar bilimin ilerlemesini yavaslatir. Yeni teknoloji ve araclar,

dogrulugu artirarak hatalari azaltir ve bdylece bilim daia ilerler.

. Hatalardan kacginilmaz; bu nedenle bilim adamlari, bir fikir bigine

ulasana dek birbirlerini kontrol ederek hatalarini &zkar.

Hatalardan kacinilmaz;, bazi hatalar bilimin ilerlemesini yasatabilir,
ama baz! hatalar yeni veya buyuk bir zaltneden olabilir. Eer bilim
adamlar hatalarindan birseyler 6grenir ve duzeltirlerse bilim

ilerleyecektir.

Hatalar genellikle bilimin ilerlemesine yardim eder. Bilim ge¢cmain

hatalarini tespit edip dizelterek ilerler.

Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glkm

Seceneklerin hicbiri kisel gorgimua yansitmiyor.
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14. Kesin bilgilere dayanarak varsayimlar yaparkgte, bilim adamlar ve

mihendisler bize sadece neyin muhtemelen olalgieicesdyleyebilirler. Kesin

olarak ne olagani sdyleyemezler.

A.

Varsayimlar asla kesin dgildir; c¢lnku daima sonucu etkileyecek dnceden
tahmin edilemeyen olaylar ve hata olasivardir. Hickimse gelege kesin

olarak tahmin edemez.

. Varsayimlar asla kesin dgildir; cinki yeni bulglar yapildikca, kesin bilgi

degisir ve bu nedenle de varsayimlar daimgigkecektir.

. Varsayimlar asla kesin dgildir; c¢inkl varsayim gerge belirtiimesi

degildir. Varsayim iyi yapilmg bir tahmindir.

. Varsayimlar asla kesin dgildir; cinkt bilim adamlar asla tim gerceklere

sahip dgillerdir. Bazi bilgiler daima eksiktir.

Duruma baglidir. Varsayimlar ancak dpu ve yeterli bilginin olmasi

halinde kesindir.

Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glem

. Seceneklerin hicbiri kisel gorigumi yansitmiyor.
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15. Eger bilim adamlari, asbestle gan insanlarin akger kanserine yakalanma
ihtimalinin ortalama bir insaninkinin iki misli olggunu bulursa, bu asbestin
akciger kanserine sebep oglwanlamina gelmelidir.
A. Bu gercekler aciksekilde asbestin akgter kanserine sebep oldgunu
kanitlar. Eger asbeststilerinin akcger kanserine yakalanma olagli

daha fazlaysa, bu durumda kanserin sebebi asbesttir

B. Bu gercgekler asbestin akgier kanserine sebep oldgu anlamina
gelmeyebilir; c¢inkl akater kanserine asbestin mi veyaske bir
maddenin mi yol agikini bulmak icin daha fazla atamaya gerek
vardir.

C. Bu gercekler asbestin akgier kanserine sebep oldgu anlamina
gelmeyebilir; cinkl asbedbaska seyler ile birlikte veya dolayl olarak
buna yol acabilir (6rngn akciger kanserine yakalanmaya sebep olan
diger seylere kagl direnci zayiflatabilir).

D. Bu gercekler asbestin akdgier kanserine sebep oldgu anlamina
gelmeyebilir; cinkl eer asbest kanser yapsaydi, tum asbggteri
akciger kanserine yakalangolurdu.

E. Asbest akgier kanserinin nedeni olamaz c¢unki asbest ilgmalyan bir

cok insan da akger kanserine yakalanmaktadir.
F. Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahip glkm
H. Seceneklerin hicbiri kisel gorigiumua yansitmiyor.
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16. Bilim dazal dinyanin dgaustu varliklar tarafindan getirilemeyecei (6rnegin
Tanri) varsayimina dayanir.

A. Bilim adamlari, dogaistu bir varligin dogal diinyayi desistiremeyecesini
varsayarlar; cunki dgaistt, bilimsel olarak kanitlanamaz. Bilimin
disindaki dger baks acilari, dgaidstt bir varigin dagsal dinyayi
degistirebilecesini varsayar.

B. Bilim adamlari, dogaustu bir varligin dogal dinyayi dezistiremeyecegini
varsayarlar; ¢cunkiUsayet dgaustu bir varlik olsaydi, bilimsel gercekler bir
g0z kirpsl ile desisirdi. Ancak bilim adamlari surekli tutarh sonugdar

ulasirlar.

C.Bu duruma baglidir. Bilim adamlarinin dgausti bir varlik hakkindaki
varsayimlari kiisel olarak dgismektedir.

D.Her sey mumkunddr. Bilim doga hakkindaki herseyi bilmez. Bundan
dolayi, bilim dgatstu varliklarin dgal dinyayi dgistirebilecesi lasiligina

karsl acik gorglu olmalidir.

E. Bilim dogaustunu de argtirabilir ve belki agiklayabilir . Bundan dolay,

bilim dogaustu varliklarin oldgunu kabuledebilir.
F. Anlamadim

G. Bir se¢cim yapmak icin yeterli bilgiye sahipgikm

H. Seceneklerin hicbiri kisel gorigumi yansitmiyor.

228



17. Bir sanat¢l bir heykeli “icat ederken” , birtial madencisinin de altin
“kesfettigini” farzedelim. Bazi insanlar bilim adamlarininlimisel KANUNLARI
“kesfettigini”, bazilari ise “icat ettiklerini” dgintrler. Siz ne dersiniz?
A. Bilim adamlar bilimsel kanunlari ke sfederler; ¢clnkd kanunlar dgadadir
ve bilim adamlari sadece onlari bulmak zorundadir.
B. Bilim adamlari bilimsel kanunlar kesfederler; ¢ciinkii kanunlar deneysel
gercekleredayanir.
C. Bilim adamlari bilimsel kanunlari kesfederler; fakat bilim adamlari bu

kanunlari bulmak igitydntemleri yaratirlar.

D. Bazi bilim adamlari, bir kanunu saeseri bulur, yani kdeder. Fakat gjer
bilim adamlari kanunlari 6nceden bildikleri gergal dayanarak icat
ederler.

E. Bilim adamlari bilimsel kanunlari icat ederler; ¢unkd bilim adamlari
bulduklari deneysel gercekleri yorumlar. Bilim adamdasanin yaptiklarini

degil, doganin yaptiklarintanimlayan kanunlari icat ederler.
F. Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahipgiem

H. Seceneklerin hicbiri kisel gorigimu yansitmiyor.
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18. Bir sanatci bir heykeli “icat ederken”, birialtmadencisinin de altin keettigini
farzedelim. Baz! insanlar bilim adamlarinin bilim$¢iPOTEZLERT kesfetigini,
A. Bilim adamlari bir hipotezi ke sfederler; ¢iinkii dgince her zaman gada,
acga cikartilmayi bekler.
B. Bilim adamlari bir hipotezi ke sfederler; ¢linkl hipotez deneysel gerceklere
dayanir.
C. Bilim adamlarn bir hipotezi kesfederler; fakatbilim adamlari bir hipotezi
bulmak icinydntemleri icat ederler.

D. Bazi bilim adamlari, bir hipotezi saeseri bulur, yani kfeder. Ancak dier

bilim adamlari hipotezi énceden bildikleri gerceklelayanarak icat ederler.

E. Bilim adamlari bir hipotezi icat ederler; c¢unkd bir hipotez, bilim
adamlarinin kgietmis oldugu deneysel gerceklerin yorumlanmasidir.
F. Bilim adamlari bir hipotezi icat ederler; ¢lnki hipotezler zihinden gelir,

onlar biz olgtururuz.
G. Anlamadim

H. Bir secim yapmak icin yeterli bilgiye sahipgikm
I. Seceneklerin higbiri kisel gorigimu yansitmiyor.

230



19. Bir sanatci bir heykeli “icat ederken”, birialtmadencisinin de altin keettigini
farzedelim. Bazi insanlar bilim adamlarinin bilimIEORILERT “kesfettiklerini”,
A. Bilim adamlari bir teoriyi ke sfederler; ¢iinkt dgiince her zaman gada,
acga cikartilmayi bekler.
B. Bilim adamlari bir teoriyi ke sfederler; cunki bir teori deneysel gerceklere
dayanir.
C. Bilim adamlari bir teoriyi ke sfederler; fakat bilim adamlari bu teorileri
bulmak icinydntemleri icat ederler.

D. Bazi bilim adamlari, bir teoriyi sareseri bulur, yani kdeder. Ancak dier

bilim adamlari teoriyi 6nceden bildikleri gerceldedtayanarak icat ederler.

E. Bilim adamlari birteoriyi icat ederler ; ¢unkd bir teori, bilim adamlarinin
kesfetmis oldugu deneysel gerceklerin yorumlanmasidir.
F. Bilim adamlari bir teoriyi icat ederler ; ¢linki teoriler zihinden gelir, onlari

biz olustururuz.
G. Anlamadim

H. Bir secim yapmak icin yeterli bilgiye sahipgikm
I. Seceneklerin higbiri kisel gorigimu yansitmiyor.
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20. Farkl alanlardaki bilim adamlari, aygeye cok farkhh acilardan bakarlar
(6rnegin, H" kimyagerlerin asit oranini, fizikcilerin protoniadisiinmelerine sebep
olur). Bu, farkl alanlarda caln bilim adamlarinin birbirlerinin ¢camalarini
anlamalarini zorkgdirir.

A. Farkh alanlardaki bilim adamlarinin birbirlerini a nlamalari zordur;
cunkl bilimsel dginceler bilim adamlarinirbakis acisina veya onlarin
aliskanhklarina bghdir.

B. Farkli alanlardaki bilim adamlarinin birbirlerini a nlamalari zordur;
cunka bilim adamlar kendi alanlari ile kg=m diger alanlarin dilini anlamak

icin caba sarfetmelidirler.

C. Farkh alanlardaki bilim adamlarinin birbirlerini a nlamalari oldukca
kolaydir; ¢cinku bilim adamlari zekidir ve bu nedenlgetialanlarin dillerini
ve baks acilarinin @grenmenin yollarini bulabilirler.

D. Farkli alanlardaki bilim adamlarinin birbirlerini a nlamalar oldukca
kolaydir; cunki bilim adamlarinin ayni anda gogk alanlarda camis
olmalari muhtemeldir.

E. Farkli alanlardaki bilim adamlarinin birbirlerini a nlamalar oldukca
kolaydir; cunki farkli alanlardaki bilimsel diinceler kesir. Gercekler

bilimsel alan ne olursa olsun gercektir.
F. Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahipgiem

H. Seceneklerin hicbiri kisel goriglimi yansitmiyor.
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21. Farkh alanlardaki bilim adamlari, aygeye cok farklh acilardan bakarlar

(6rnegin, H" kimyagerlerin asit oranini, fizikcilerin protoniadisiinmelerine sebep

olur). Bunun anlami, bir bilimsel diincenin bilim adaminin catigi alana bal

olarak farkl anlamlara sahip olgudur.

A.

Bilimsel bir distince farkh alanlarda farkli anlamlara gelecektir; cunku
bilimsel diglinceler bir alanda, ger bir alana gore farkli yorumlanabilir.
Bilimsel bir distince farkh alanlarda farkli anlamlara gelecektir; cunki
bilimsel digtnceler bilim adaminikisisel gorislerine veya onceki bilgilerine
bagli olarak farklisekilde yorumlanabilir.

Bilimsel bir diisiince tim alanlarda ayni anlama gelecektir,cinkd bilim

adaminin bakl acisi ne olursa olsun, gdince yinede dgadaki ayni

gercekleri ifade eder.

Bilimsel bir distince tim alanlarda ayni anlama gelecektir;cinkd tim
bilimler birbirleri ile yakin ili ski icindedir.

Bilimsel bir disince tum alanlarda ayni anlama gelecektir; farkl

alanlardaki insanlarin birbirleri ile ilgtm kurmalari icin bu gereklidir. Bilim
adamlari ayni anlamlari kullanmak i@nlagmislardir .

Anlamadim

G. Bir secim yapmak icin yeterli bilgiye sahipgem

. Seceneklerin higbiri kisel gorigumi yansitmiyor.
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APPENDIX G

PERCENTAGES OF STUDENTS’ RESPONSES ON ACID BASE COICEPT
TEST FOR ALL STUDENTS

Table G.1Percentages of students’ responses on ABCT faitwadlents

Post- test %
Item Number Response Experiment Control Groups
Groups

A* 69.2 35.8
B 15 9.4

1 C 3.1 26.4
D 3.1 17.0
E 23.1 11.3
A 3.1 9.4
B 1.5 3.8

2 C 23.1 9.4
D* 61.5 62.3
E 6.2 13.2
A 3.1 9.4
B* 84.6 77.4

3 C - 5.7
D 4.6 5.7
E 15 1.9
A* 83.1 73.6
B - -

4 C - -
D 16.9 17.0
E - 7.5
A - -
B - -

5 C - 3.8
D 3.1 7.5
E* 96.9 86.8
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Table G.1(Continued)

A - 3.8
B 15 1.9
6 C - -
D* 98.5 92.5
E - 1.9
A 1.5 -
B 15 5.7
7 C 7.7 7.5
D 1.5 7.5
E* 87.7 75.5
A - 3.8
B 4.6 9.4
8 C - -
D* 95.4 84.9
E - 1.9
A 15 5.7
B 4.6 11.3
9 C 4.6 5.7
D 7.7 15.1
E* 80.0 52.8
A 4.6 3.8
B 1.5 5.7
10 C* 61.5 41.5
D 13.8 13.2
E 16.9 32.1
A 6.2 15.1
B 3.1 18.9
11 C - 3.8
D* 87.7 50.9
E - 9.4
A 1.5 11.3
B 4.6 11.3
12 C - 5.7
D - 9.4
E* 93.8 60.4
A - 7.5
B* 92.3 69.8
13 C 3.1 9.4
D 3.1 1.9
E - -
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Table G.1(Continued)

A - 3.8
B 20.0 34.0
14 C - 1.9
D* 78.5 35.8
E - 11.3
A - -
B* 96.9 92.5
15 C - 3.8
D - -
E - -
A 15 3.8
B* 96.9 92.5
16 C - -
D - -
E - -
A 4.6 -
B 7.7 3.8
17 C 15 1.9
D* 52.3 28.3
E 33.8 58.5
A 12.3 11.3
B* 69.2 67.9
18 C - 1.9
D 9.2 5.7
E 15 -
A* 78.5 62.3
B - 1.9
19 C - 3.8
D - 1.9
E 18.5 24.5
A - -
B 1.5 1.9
20 C 3.1 5.7
D - 13.2
E* 93.8 67.9
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Table G.1(Continued)

A 154 1.9
B 3.1 7.5
21 C - 7.5
D* 66.2 30.2
E 4.6 15.1
A* 86.2 79.2
B 6.2 5.7
22 C - -
D - -
E 6.2 3.8
A 3.1 11.3
B 4.6 7.5
23 C 7.7 5.7
D* 81.5 60.4
E - 9.4
A - -
B - 3.8
24 C 7.7 13.2
D* 86.2 75.5
E 1.5 1.9
A - 5.7
B 1.5 -
25 C* 89.2 64.2
D 1.5 3.8
E - -
A - 3.8
B* 69.2 41.5
26 C 6.2 20.8
D - 3.8
E - 1.9
A - 1.9
B 6.2 -
27 C* 87.7 66.0
D 1.5 9.4
E 3.1 5.7
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Table G.1(Continued)

A 4.6 -
B 3.1 -
28 C - 1.9
D 20.0 3.8
E* 46.2 22.6
A - -
B 15 -
29 C 3.1 5.7
D* 92.3 88.7
E - -
A* 78.5 49.1
B 1.5 -
30 C 3.1 5.7
D - 1.9
E 1.5 1.9
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APPENDIX H

PERCENTAGES OF STUDENTS’ RESPONSES ON ACID BASE COICEPT
TEST ACCORDING TO SCHOOL TYPES

Table H.1 Percentages of students’ responses on ABCT acaptdischool types

Anatolian Teacher High Anatolian High School
School Posttest % Posttest %
Item | Response| Experiment| Control Experiment Control
No Group Group Groups Groups
A* 73.9 64.3 66.7 25.6
B - - 2.4 12.8
1 C - 28.6 4.8 25.6
D - 7.1 4.8 20.5
E 26.1 - 21.4 154
A - 7.1 4.8 10.3
B - - 2.4 5.1
2 C 8.7 7.1 16.0 10.3
D* 87.0 85.7 52.6 53.8
E - - 9.5 17.9
A 4.3 - 2.4 12.8
B* 73.9 71.4 90.5 79.5
3 C - 21.4 - -
D 4.3 7.1 4.8 5.1
E - - 2.4 2.6
A* 69.6 85.7 90.5 69.2
B - - - -
4 C - - - -
D 30.4 14.3 9.5 17.9
E - - - 10.3
A - - - -
B - - - -
5 C - 7.1 - 2.6
D 4.3 - 2.4 10.3
E* 95.7 92.9 97.6 84.6
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Table H.1(Continued)

A - - - 5.1
B - - 2.4 2.6
6 C - - - -
D* 100 92.9 97.6 92.3
E - 7.1 - -
A - - 2.4 -
B - - 2.4 7.7
7 C - - 11.9 10.3
D 4.3 7.1 - 7.7
E* 95.7 92.9 83.3 69.2
A - - - 5.1
B 4.3 7.1 4.8 10.3
8 C - - - -
D* 95.7 85.7 95.2 84.6
E - 7.1 - -
A 4.3 7.1 - 5.1
B 4.3 21.4 4.8 7.7
9 C 4.3 - 4.8 7.7
D - 28.6 11.9 10.3
E* 87.0 42.9 76.2 56.4
A - - 7.1 5.1
B 4.3 - - 7.7
10 C* 82.6 50.0 50.0 38.5
D 13.0 7.1 14.3 15.4
E - 42.9 26.2 28.2
A 8.7 14.3 4.8 15.4
B - - 4.8 25.6
11 C - 7.1 - 2.6
D* 87.0 64.3 88.1 46.2
E - 7.1 - 10.3
A - 21.4 2.4 7.7
B - - 7.1 15.4
12 C - 21.4 - -
D - 28.6 - 2.6
E* 100 21.4 90.5 74.4
A - 7.1 - 7.7
B* 100 50.0 88.1 76.9
13 C - 35.7 4.8 -
D - 7.1 4.8 -
E - - - -
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Table H.1(Continued)

A - - - 5.1

B 43 14.3 28.6 41.0
14 C - 7.1 - -

D* 95.7 50.0 69.0 30.8

E - 143 - 10.3

A - - - -

B* 100 85.7 95.2 94.9
15 C - 143 - -

D - - - -

E - - - -

A - - 2.4 5.1

B* 100 100 95.2 89.7
16 C - - - -

D - - - -

E - - - -

A - - 7.1 -

B 43 - 9.5 5.1
17 C - - 2.4 2.6

D* 60.9 42.9 476 23.1

E 34.8 57.1 333 59.0

A - 35.7 19.0 2.6

B* 78.3 64.3 64.3 69.2
18 C - - - 2.6

D - - 143 7.7

E - - 2.4 -

A* 73.9 85.7 81.0 53.8

B - - - 2.6
19 C - - - 5.1

D - 7.1 - -

E 26.1 7.1 14.3 30.8

A - - - -

B 43 - - 2.6
20 C - - 4.8 7.7

D - 7.1 - 15.4

E* 95.7 85.7 92.9 615
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Table H.1(Continued)

A 43 - 21.4 2.6
B 8.7 7.1 - 7.7
21 C - - - 10.3
D* 87.0 64.3 54.8 17.9
E - 28.6 7.1 10.3
A* 95.7 92.9 81.0 74.4
B - 7.1 95 5.1
22 C - - - -
D - - - -
E - - 9.5 5.1
A - 14.3 4.8 10.3
B 4.3 7.1 4.8 7.7
23 C 8.7 7.1 7.1 5.1
D* 87.0 50.0 78.6 64.1
E - 21.4 - 5.1
A - - - -
B - 14.3 - -
24 C 8.7 214 7.1 10.3
D* 91.3 64.3 83.3 79.5
E - - 2.4 2.6
A - 7.1 - 5.1
B - - 2.4 -
25 C* 87.0 85.7 90.5 56.4
D - 7.1 2.4 2.6
E - - - -
A - 14.3 - -
B* 69.6 71.4 69.0 30.8
26 C 4.3 14.3 9.5 23.1
D - - 5.1
E 4.3 - - 2.6
A - - - 2.6
B 13.0 - 2.4 -
27 C* 82.6 78.6 90.5 61.5
D - - 2.4 12.8
E - 21.4 4.8 -
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Table H.1(Continued)

A 8.7 - 2.4 -
B 4.3 - 2.4 -
28 C - - - 2.6
D 8.7 - 26.2 5.1
E* 56.5 50.0 40.5 12.8
A - - - -
B 4.3 - - -
29 C - - 4.8 7.7
D* 91.3 100 92.9 84.6
E - - - -
A* 87.0 71.4 73.8 41.0
B 4.3 - - -
30 C - 21.4 4.8 -
D - - - 2.6
E - 7.1 2.4 -
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APPENDIX |

THE EXCERPTS FROM THE STUDENTS’ INTERVIEWS

I: Asit denilince aklina ne geliyor? /Asitleri nasiahimlarsin?

Si: Asit deyince aklima pH 1 7 den kiigiik olan $ilier geliyor. fyonlastikga suya H

verenler geliyor....Yapisinda Hidrojen iyonu olandgaiyor.

S: pH 1 7 den kiguk olan H iyonu OH’ hindan fazlaroldadi eki olan

S: Tehlikeli birsey geliyor veya limon gibi bigey geliyor.

S;: pH 1 7 den ki¢uk olanlar aklima geliyor.

S: Ogrendigim kadart ile pH 1 7 den kiiglk olanlar.

Ss: Asit deyince, Hiyonlari, pH 1 0 ile 7 arasinda. Bka yakici 6zelfii var. Tatlari

eksi. Bagka ne diyebilirim? Midenin pH 1 2 diizeyinde giduigin asidik 0zellik
gosterir. HCI midede bulunan bir asittir. Zayif #er vardir, %100 iyonlamayan
asitler. Bir de %100 iyonl@an mesela HCI asit kuvvetli asitler vardir.

S: Yakicl, eki. pH 1 7 den kugcik olanlar.

Si: Yakicl birsey, eki bir sey.

Ss:Aklima H geliyor. Limon geliyor. Turnusol gé@lini kirmiziya geviriyor.

Sio: pH 1 7 den kiclik olanlar, tatlar gk hidrojen iyonu veriyorlar.

I: Baz denilince aklina ne geliyor?/Bazlari naséhimlarsin?

Si: Baz deyince de suda ¢ozugdiade suya OH iyonu verenler geliyor. pH 1 7 den
blyuk olanlar geliyor

S: Baz deyince pH 1 7 den buyuk olan, OH iyonu H iyolanm fazla olan aklima

geliyor.
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S: Sabun.

S;: pH 1 7 den buylk

S: Baz da pH 1 7 den biyuk olanlar.

S;: OH iyonu veren maddeler baz olarak adlandirilabipH 1 7 ile 14 arasindadir.
Genellikle temizlik i¢in kullanilan maddelerde dardir. Mesela deterjan, sabun,
sampuan gibi. pH lari 7 ile 14 arasindadir. Bir d®©p denilen bir dlcek vardir
bunla da OH iyonlarinin molaritesi ile hesaplanir.

S: pH 1 7 den buyudk, kaygan, acl, o da yakici. Eigkiletiyor sulu ¢ozeltisi.

S Camair suyu

S;: Baz deyince de tam tersi geliyor. Hidroksit iyogeliyor. Turnusol’'u maviye
ceviriyor o geliyor. Sabun geliyor.

Sio: pH 1 7 den blyik olanlar. OH veriyor. Eleldriletiyor.

I: Gosterecgim kartlarda yazili olan maddelerin asit ya da bé@zelligi gOsterip

gostermeyegs hakkinda yorum yapmani istiyorum.
. HCI

Si: Hidroklorik asit

S: Hidroklorik asit

S: Hidroklorik asit

S;: Asit miydi? Asit.

S Asit.

Ss: Asit.

S: Asit.

S Kuvvetli Asit.

S Asit.

Sio: Asit.

° NH3

Si: Bu baz.
S: Baz.
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S Zayif baz.

S;: Baz dgil mi?

S Evet bu tuz olabilir.
S Baz.

S Baz.

S;: Zayif Baz.

S Baz.

Sio. Baz.

* Ca(OH);
Si: Kalsiyum hidroksit. Baz, ¢uinkl yapisinda OH var.
S: Himm baz...himm. bazgemi? OH var baz.
S: Baz.
S, Baz.
S Baz.
S: Baz.
S Baz.
Sio: Baz ¢uinkd OH iyonu var.

 CH3COOH
Si: Bu asit.
S: Asit. H iyonu veriyor.
S: Zayif asit.
S;: Organik asit.
S Asit.
Ss: Asit.
S: Baz mi1? Asit, asit.
S Zayif Asit.
S Asit.
Sio: Asit
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* HySO,
Si: Asit olabilir ciinkli H var yapisinda.
S: Sulfurik asit... Asit.
S: Kuvvetli asit.
S;: Baz amaaaa galiba asit..¢clinku H iyonu var.
S Asit.
Ss: Asit.
S Asit.
Sio: Asit.

I: Asagidaki tabloda asitlerin ve bazlarin 6zellikleri katk olarak verilmistir. Bu
karisikligl onlemek icin asitlerin 6zelliklerini gosteregiklari ASIT yazisinin altina
ve bazlarin 6zelliklerini gosteregiklari da BAZ yazisinin altina yazar misiniz?

Ayni sikki birden fazla yerde kullanabilirsininiz ya dai@ kullanmayabilirsiniz.

ASIT BAZ
a- Sulu ¢ozeltilerinde Hyonu f- Seyreltik ¢Ozeltilerinin tadi acidir
bulunur. g- Mavi turnusol k@idini kirmiziya
b- Sulu ¢ozeltilerinde OHyonu cevirir.
bulunur. h- Kirmizi turnusol k@idini maviye
c- Suda iyonlgr. cevirir
d- Cozeltileri elektrgi iletir. I- Aktif metaller ile reaksiyona girer
e- Seyreltik ¢ozeltilerinin tadi gkdir. | j- Karbonat tuzlarina etki ederek g@

acga cikarir
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ASIT BAZ
ACad e o f beg & n
Ss:
ASIT BAZ
N2~ g~ | < ..cm(?ﬁ‘h ~ begl

I: Bir asit ¢ozeltisinin icine Magnezyum metali dtisa ne olur?

Si: Asitte erir. Hidrojen gazi aga cikar yani reaksiyona girer.

S: Himmm... Tepkimeye girer. Egey Hidrojen gazi aga cikar.

S: Hz gazi agga cikar

Sr: Hidrojen agga cikar, asit ile birlgtigi igin.

S: Degisiklik olabilir yani magnezyum tepkimeye girer higho cikar.
S: Tepkimeye girer. Kimyasal tepkime oluk. ¢z1 agga cikar.

S Tepkime olur amfoter metal olgu icin Hy gazi cikartir.

S Tepkime olur, kimyasal bir tepkime olur. Bir gakisi gozlemlenir.

Sio: Bilmiyorum.

I: Bu olayi fiziksel ya da kimyasal bir désiklik olarak tanimlayabilir misin?
Si: Fiziksel olarak oluyor, yapisi da geiyor. H, gazi agga cikiyor.

S:  Aktif metal kaybolur yani.

S:  Asitlerin icinden hidrojenler cikiyor ve o an kiasal bir tepkimeye giriyor.

S: Metal dagilir suyun igerisinde. Kimyasal bir ggme olur.
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I: Laboratuarda kuvvetli asit ve bazlarla ilgili deey yapacaksiniz. Daha 6énceden
hazirlanip, camgiselere konulmuy iki ayri camsiseden birinde kuvvetli asit gerin
de ise zayif asit oldfunu 6grendiniz. Fakat bugsiselerin etiket kisimlar tahrg
oldugundan asitlerin adlarini okuyamiyorsunuz. Bu assiselerinden hangisinde
kuvvetli asit oldgunu anlamak igin size gosteregeam kartonlarda yazili olan
laboratuar malzemelerinden hangilerini nasil kullaabilecesiniz hakkinda yorum
yapacaksiniz.

. pH metre

I: pH ne demekti hatirliyor musun?

S: pH, asit ya da baz ya da nétr olup olmaadi anlamak igin kullaniliyordu.
S: pH ortamin asidik ya da bazik olglunu belirtiyor.

S;: Asitlik sabiti. Asidin derecesini gostermek igimlaniliyordu.

Ss: H iyonu dergimi.

Sio: pH, asitlik bazlik derecesini gosteriyor.

I: pH metrenin ne old@unu hatirliyor musun?

Si: pH i 6lgiiyor. Eksi logaritma Hiyonlari

S H iyonlarinin eksi logaritmasini aliyorduk.

S;: pH 1 Olger.

S: Bununla bulabilirim. Asidin kuvvetli mi baz mi asii oldyzunu anlamak igin
kullantlir. pH 7 ise notrdar. pH 1 7 den kicuk =yif, pH 1 7 den blytk ise kuvvetli
demektir.

Ss: Eger molariteleri git ise pH metrege yarar. Derjimler eit degil ise yaramaz.
Ciinkii dergimleri esit olmadgi icin sadece H lar da it olmayabilir. Mesela bir
tanesi 1 mol ¢oziiniince 2 mol Meriyor olabilir. Obiriinden 2 mol ¢ézgiindiir
amal mol H veriyordur.

S: H iyonlarinin molaritesini bulmak igin kullanth

S Hiyonlarini élcer.
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I: Sadece pH metre kullanarak bu iksiseden hangisinin kuvvetli asit oldgunu
bulabilir misin?

Si: Olgebilirim pH dgerlerinden kuvvetli olani anlayabilirim.

S: Anlayabiliriz. Kuvvetli olanin pH 1| daha kigik oJurayif olanin ki daha yuksek
olur.

S: Evet. Daha d§iik olanlar daha kuvvetli asit, 7 ye daha yakin tdazayif

S;: pH 1 kiclk olanin kuvveti buydk olur. Buytkmetada kicuk olur.

S: Evet bulabiliriz. pH dgeri kiiguk olan daha kuvvetli olur.

S Onu kullanabiliriz. pH 1 kiigik olan kuvvetli bazd

S Evet

Sio Ise yarar, evet.

I: Bu ¢Ozeltilerin derisimleri verilmemis ama sana.

Si: Himm o zaman pH metre ilk dgrlerini bilseydim H iyonlarindan bulabilirdim
amasimdi bulamam.

S Himm Fark etmez.

S: Fark etmez yinesime yarar.

S;: Derigimlerini bilmiyorsak...bunlari da bilemeyiz. Ama phHgdrleri belliyse
hangisinin kuvvetli oldgunu anlamak icin kullanabiliriz.

S Farketmez.

S: Evet yine bulabiliriz

S Derigimlerini bilmiyorsam, pH 1 0 olan kuvvetlidir. pH sifirdan farkl olan
zayiftir.

S;: O zaman olmaz. Cunki %100 iyanfaiyonlgsmadgini bilmiyoruz.

Sio: Ise yaramaz.. Yo yarar, ¢iinku farkll pHgeeleri oldusunda biyiik olan daha

kuvvetli olmuyor mu?
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. Mg metali

I: Mg metali verilirse kullanabilir misin?

Si: Mg asitlerle tepkime verir bence kullanamayiz bwiinki ikisi ile de tepkime
verir. Bir fark olmaz.

S: Anlayamam ¢unkid Magnezyum ikisi ile de tepkinne.ve

S Isime yaramaz. Tepkime sonucu ¢ikagedteri bulamayiz

S;: Yarar ¢unki ¢gte magnezyum ile tepkime veren kuvvetli asitlediiir tanesi
daha cok reaksiyon verir.

S: Hayir bulamam, bilmiyorum ¢uinki ikisi ile de tepkye girebilir.

Ss: Ayiramam ¢unkd ikisinin de tepkimeye girmesi igymi mol sayisinda metal
harcarim.

S: Evet zayif olan tepkime vermez magnezyumla. Kuelan verir.

S, Yarar kuvvetli asit ile tepkime verir. Zayiflarmgez.

Ss: Ayiramam. Sanirim ikisi ile de reaksiyon olur.

Sio: Yaramaz. Kuvvetli asitler ile daha fazla reaksiyeeriyor yizde iyonkmasi

ama Mg etkisi olmaz.

. NaOH ve titrasyon malzemeleri

I: Titrasyon nedir biliyor musun?/hatirliyor musun?

Si: Titrasyon. [ste mesela Asidin lizerine yavgava baz ekliyorduk ne kadar
eklersek hani orada birakiyorduk..molind, molaritealiyorduk bulmak icin...yani
derisimlerini bulmak icin kullaniyorduk. Kullanamayizrya

S: Hatirhyorum.. Bir asit aliyorduk mesela icine tmzengi dgisen ama asitle
degsismeyen bir madde koyuyorduk. Daha sonra asit bazitittasyon aleti...Neydi
ad1? titrasyon aleti.. bulretin icine baz koyuyordue asidin molaritesini
Olguyorduk... ve geyi ...muslgu agiyorduk o maddenin rengi ne zamagiglese o
zaman titremis oluyordu.Ona gore de Asitle bazin nd&¢rree molaritelerini
buluyorduk.

S: Evet biliyorum.Sey, tam beyaz oluyordu..renkgii@yordu.
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S: Islemistik ama hatirlamiyorum.

S Titrasyon? Hayir hatirlamiyorum.

S:Evet titrasyon nétrleme, notidme.

S;: Hatirhyorum. Asit ile ....Yani molaritesini bilmeggimiz bir tanesi 6burinin
molaritesini biliyoruz, yani molaritesini bildimizin hacmini kullanarak dierinin
molaritesini buluruz.

S Evet, titrasyon mesela asit ise baz ekliyordukdga su koyuyorduk. pH ni
degistiriyorduk. Notrlesme oluyor.

Sio: Bilmiyorum.

I: Kuvvetli asit ile zayif asidi ayirmak icin NaOHkuvvetli bir baz) ile titrasyon
yapsan gine yarar mi/ kullanabilir misin?

Si: Ikisi icin de gereken baz ayni olagacin bununla da ayiramam.

S: Simdi NaOH kuvvetli bir baz tam notglmesi icin kuvvetli bir asit olmasi
gerekiyor bu yuzden bulabiliriz.

S: Bilmiyorum...

S: Evet titrasyon ile hangisinin kuvvetli, hangisinzayif oldgu anlasilabilir.
Katilan bazin degimine gore anlayabiliriz.

S Ikisi de titrasyon verebilir. Ama biri %100...molatie esit ise biri tamamen
notrlesir digeri tamami ile nétrigmez. Cunki verdi zayif asit vergii H™ iyonlari
yani iyonlari daha az oldiu igin baz ¢ozelti olur. Evet bulabilirim.

S Tam dgerler olsa aslinda fikir yurutebilirdim. Mesela katli asitler %100

iyonlastigl icin bunlar da %100 iyonkamadpgi icin sanirim bir fark c¢ikar.

I: Peki titrasyonu hatirlamiyorsan, NaOH gibi bir &z kullanarak, kuvvetli asit ile
zayif asidin ayrim yapabilir misin, burada?

S;: Yapilamaz

S: O zaman bazla tepkimeye girgkisi de tepkimeye girer ama kuvvetli asit daha
cok tepkimeye girer.

Sio: Renk dgisir kirmizi maviye doner, kuvvetlide.
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. HCI ve titrasyon malzemeleri

I: Ayni sekilde NaOH yerine, HCI gibi bir asit kullansak (tiasyonda) hangisinin
kuvvetli oldyzunu anlamak icin isimize yarar mi?

Si: Asit kullanamayiz ¢linkl asit zaten ikisi de.

S: Ikisi de asit oldgu icin titrasyon olmaz.

S: Evet ¢unkl asit %100 iyonia, derisimi artarsa, dergimlere bakarak bulabiliriz.
S;: Evet yapilabilir. Himm bilmiyorum.

S:Buradan bulamayabilirim. Cunkd sonucta bunlar dsitaoldysu icin tepkime
vermeyecg igin.

St Yine aynisekilde zaten bu da asit notslme de vermez.

S: Hayir.

S Hayir ¢link( asit ve asit tepkime vermez.

S Hayir, ise yaramaz. Asit oldiw igin.

Sio: Olmazdi ¢uinkl zaten asit olglwicin.

I: Etiketlerin tamamen bozulmadiini ve alt taraflarinda bazi yazilarin
okunabildigini distinin. Bu okunan kisimlar igin gosteregem kartlarda verilen
bilgilerden hangisi icinde kuvvetli asit olansiseyi tahmin etmenizde sinize

yarayabilir? Nasil?

* pOH degeri

I: pOH nedir biliyor musun?

Si: OH iyonlarinin eksi logaritmasi. Yani, pOH nilimak icin, ikisini toplayinca,
pH ile pOH 1 toplayinca 14 e oluyordu.

S: pOH dgeri, OH larin eksi logaritmasini alarak elde eddiy Yani H iyonlari ile
dogru orantili, bu yizden kuvvetli olanin H iyonlaazfa oldgu icin pOH 1 da fazla
olur, zayifinda dgiik olur.

S Bazlik
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S Simdi pH ile pOH In toplamlari 14 yapmak zorundan¥her asidin her bazin
icinde de pH ve pOH deri var. Ikisi de vardir onun igin azda olsa ¢okta olsa pOH
vardir.

S: pH dan farki hidroksit iyonlarinin degimlerini olcer.

Si: Hiyonlarindan 14 eksi H olunca

Si0:14 eksi pH tir.

I: Asit icin pOH degeri olur mu?
Si: Olur.

S: Olur.

S: Carparsak onlarin da vardir.
Sy Vardir.

S: Evet vardir.

S: Vardir.

S Olur.

I: Peki pOH deserinden bulabilir misin/kuvvetleri hakkinda bir yarm yapabilir
misin? (¢cozeltilerin degimleri verilmemis)

Si: Yine ilk dergimlerini bilmedgimiz icin bulamayiz

S: Anlarim

S: Evet. pH ile pOH toplamina bakariz 14 oluyor, oradakartiriz hangisinin
kuvvetli hangisinin zayif olgunu.

S;: Yapabiliriz.

S: Evet bulabilirim.

S;: Bunda kararsizim ama bulamam ¢unki gdevierini bilmiyorum.

S: Kuvvetli olan daha yiiksek gler verecektir.

S Bulabilirim.

Ss: Olmaz dergimi bilmedgimiz icin.

Sio: Yani buradan asitlik derecesini Olgebilirim. Kwtlr mi yoksa zayif mi olgunu

bulurum.
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. Elektrik iletkenlikleri

I: Peki Elektrik iletkenliklerini verse?

Si: Bulabiliriz mesela ¢ok kuvvetli olan eleldiridaha iyi iletecek az kuvvetli olan
daha az iletecek.

S: Eee oradan anlayabiliriz. Kuvvetli olanlar daha coétir, daha iyi iyonlatigi
icin.

S: Ikisi de iletir.

S;: Ikisi de iletir, farki olmaz.

S Evet onu da bulabilirsin.

Ss: O zaman ayiririm. Cunkl kuvvetli olan daha ¢caknilgsacagi icin, elektrolarda
iyonlar ile tagindigi icin daha ¢ok iyonlgan daha kuvvetlidir.

S: Ikisi de elektigi iletir o yiizden bulamam.

S Evet daha kuvvetli olan daha iyi iletir. Cunkuhdacok iyonlair.

S: Evet. Kuvvetli olan daha cok iletir.

Sio: Hayir ¢cunkd fikrim yok.

I: Nasil bir yorum yaparsin elektrik iletkenlikleni bilsen?/ Neden?

S Kuvvetli olan tabi %100 iyonkacak daha cok iyonu var suda ondan daha iyi
iletir.

S:Kuvvetli asitlerin daha cok elektrik iletkenlikieolur. Cunki pH 1 daha kiguk
oldugu icin olabilir.

S:Bir fikrim yok.

Cozeltilerinin derisimleri

I: Iki asit ¢ozeltisinin de desimlerini okuyabilirsen bulabilir misin (anlayabilir
misin) kuvvetli/zayif olan1?

Si: Yok yine bulamayiz.

S: Hayir anlayamam.

S: Tepkime sonunda neyin ¢gii bilemezsek bulamayiz.
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S;: Evet. Derjimlerinden pH 1 buluruz. Oradan da zayif veya ktivwadugunu
anlariz.

S: Bilemem cinki deiimlerine bali olarak kuvvetli ya da zayif olgunu
anlayamam

Ss: Ama ¢ozunen asidin mol sayilarini bilmem lazitmiorsam bulamam.

S: Evet anlayabiliriz. Detimi yiksek olan herhalde daha kuvvetli olur.

S Hayir ¢ctinkt verdikleri iyonu bilmiyorum.

S Anlayamayiz ¢inki 100% iyoria

Sio: Yaramaz. Cunku onlarin higbir anlami yok. Asitlik bazlgini anlatmiyor bize.

. Asitlerin molekul formuliinde bulunan H sayisi

I: Asitlerin molekul formullerinde bulunan H iyonusayisini verse. Mesela, 80,
te 2 tane H var HCI de bir tane bunlari verse?

Si: Yok bulamayiz cuinkl etkilemez sonucta kuvvedi yayif olmasi iyonjanasina
bagli

S: Anlayamayiz. Cunku yizde iyosriaalarini bilmiyoruz, bgangic molleritelerini
bilmiyoruz.

S: Hayir oradan bakarak bdangic dergimini bilmedgimiz halde nasil tepkime
ciktiginl bulamayiz.

S;: O zaman yapilamaz sadece ¢unki ¢ozeltide ofmagiin.

S: Bilemem cunki degimlerine bal olarak kuvvetli ya da zayif oldgunu
anlayamam.

Ss: Bulamam.

S: Hayir ama dgerlerini bulabiliriz.

S O da ise yaramaz ¢unki verdikleri iyonlar farklidir.

S: Galiba yarar ama emin ddim.

Sio: Ise yarar. Ciinkii onla gou orantili olarak asidik kuvvet artiyordu. O zaman

kuvvetlide daha fazla Hidrojen iyonu olur.
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I: Ayni derisimde kuvvetli ve zayif baz ¢ozeltilerinden 5 er tm¢herlere aliniyor.
o] Bu cozeltilerde bulunan [OH ayni midir? Nasil olur?

Si: Ayni olmaz. Kuvvetli bazda daha ¢cok OH iyonu oiinki o %100 iyonjacak.

S: Farkhidir guinkd iyonlamalari farklidir. Kuvvetli bazda daha fazla olur.

S: Hayir. Biri kuvvetli biri zayiftir. Kuvvetli olanddaha fazladir.

S Kuvvetli bazda hidroksit fazladir.

S: Kuvvetlide daha fazla

Ss: Iyon miktari ayni dgldir sadece mol sayisi aynidir. Mol sayilari ayama

molariteler farkhdir. Kuvvetli bazda daha fazladdH nin molaritesi.

S: Bilmem...gittir sanirim.

S Hayir kuvvetli bazda daha ¢ok OH vardir. Clunkidndaok iyonlauir.

Ss: Farkhidir. Kuvvetli olanda daha ¢oktur.

Sio: Ters orantilidir.Simdi kuvvetli bazda daha az OH oluyordu. Kuvvedlite daha

az H olmuytu.

o] Bu ¢ozeltileri notrigtirmek icin gerekli H miktarlari/ asit miktarlari
ayni midir? Neden?
S Aynidir. Cunkd notrleecek olan bunun B&ngictaki iyonlari yani ne kadar
eklersek yine s&¢ miktarda olur yani molariteleri gt oldugu icin, molleri de gt
oldugu icin
S: Gereken asit miktarlari aynidir. Cunkudh@ngictaki molariteleri aynidir...himm
Notrlesiyordu ama bir tanesinde mesela baz o6gelljosterebiliyordu biri asit
Ozelligi gosteriyordu ya da tamamen nogdbiliyordu o yluzden kéangicta ayni
olur evet.
S: Aynidir. Balangi¢ derfimleri ayniysa aynidir.
S;: Farkhdir guinkd biri kuvvetli biri zayif.
S: Hayir ayni dgildir. Kuvvetli bazda OH dgeri daha fazladir. Cinki daha cok
bazik 6zellgi gosterdgi icin olabilir. pH ile pOH In toplamini 14 esgledigimiz icin
bunlari nétrletirmek icin gerekli olan miktar ayni olmaz. Ogie bu kuvvetli igin
daha az hidrojene ihtiya¢ vardir 6birinde daha cdkam 1 dakika..tam tersi.

Kuvvetli icin daha az hidrojen iyonu, zayif iciahd fazla gerekir
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Ss: Evet aynidir ¢ciinkt mol sayilargieise ayni olmalidir.

S: Hayir. Kuvvetli baz daha cok hidrojen ister clUnkidha kuvvetlidir. Yani
hidroksit iyonu daha fazladir, o yizden daha cakdjen iyonu gerektirir.

S Aynidir. Cunkid bgangictaki molt aliyoruz.

S Degerlikleri de ayni ise asit miktari aynidir. Clnkiokini bulacgiz. Moltinden
yaptgimiz zaman ayni olmasi gerekiyor.

Sio: Farkhdir. Kuvvetli bazi nétrlgirmek icin daha fazla H gerekir. Clnkl daha

fazla OH vardir.

I: Asit ve bazlar karginca ne olur?/ Notrlgme denilince aklina ne geliyor?

Si: : Noturlesiyor. Tuz olguyor, su olguyor.

S: Noturlesiyor. Asit ile baz kastiginda tuz olguyor, su olguyor.

S: Eee ortamin gt sekilde asidik ya da bazik olmasi. pH’'In 7 olmassit Ale baz
esit mollerde tam olarak tepkimeye giriyor. Notr clizelusuyor.

S;: Cokelme mi oluyordu? 4@ mu cikiyor?

S pH’ 1 7 olmasi lazim. Yakici 6zellik olmamasi lazdmesin sabun gibi olabilir.
Tuz olabilir. Tuz zaten notrdar. Yani pH ile pOHinbirine eyit.

S3: Tuz ve su olgur.

S: Asit ve baz tepkimeye giriyor tuz @lw. Su olgur.

S Tuz +su

S: H iyonlari ile OH iyonlari dergimleri ayni oldi@gu zaman nétrlgne oluyor.

Sio: pH 1 7 olmasi geliyor.

I: Peki mesela burada saf suyu cizsen nasil cizePsiMesela hidrojeni H olarak
gOsterebilirsin, Oksijeni O olarak ya da bunlar filli geometrik sekiller
kullanarak gosterebilirsin. / Saf suyun iginde fex vardir?

Si: Meselasdyle olabilir. HO lar var.

S: H.O vardir. Bir de Oksijen vardir.

Sio: H20 vardir.

S: Hidrojenler ve Oksijenler vardir.

Sr: H20 var, H vardir. O vardir.

260



S O ve H lar ayrik olur ve KD olarak dolair.

Ss: fyonlar vardir, HO vardir.

S: H, H,0O, OH vardir.

S Hidrojen ve hidroksit iyonlari vardir. Bir de stardir.
S: Sadece BO vardir.

I: Oksijen ile hidrojen birlikte mi dolgirlar peki saf suda? / H ve O Iga mi1?
S: Evet, molekil halinde.

Sio. Evet.

S: Ayri ayri dolgiyorlar.

S Evet.

I: Peki bunun icine Hidrojen Klorur (HCI) eklersem,bunu cizerek gosterebilir
misin?

Si: H ve CI” olur. Bir de su olur yine.

S Yani derfimi azalacak. Bunlar tepkimeye girer."Hie CI~ bdoyle ayri ayri
dolasir.

Sio: Burada H iyonlari ayri dolar. Suda iyonlarina aysacak, HCl de olarak
ortamda bulunur.

S: Yine asit 0zelfii gosterir.

S: H ve Cl ayryir, ayri ayri dolgir.

S: O zaman Hidrojen daha fazla olufclerinde oksijenler de olur ama daha seyrek
olur. Cl ayri dolgir. Bir kismi ayri dolair bir kismi da HCleklinde dolair.

S5 %100 iyonlatigl icin HCI yoktur.

S: Daha ¢ok H olur, Cl olur.

Si: Ek olarak H iyonu ve Cl iyonu olur.

Ss: H ve ClI birbirlerinden ayrilmazlar.
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I: HCI suda nasil bulunur molekil halinde ayrilmada/iyonlasmadan mi?/
Ayrilirsa hepsi mi ayrilir yoksa ayrilmadan molektialinde (HCI olarak) kalan da
olur mu?

Si: Cunku suda ¢ozulince ayrihiyor iyonlarina. Kajon Hepsi ayriliyor

S: Aslinda ayri ayri dolarlar. Cunki suda ¢oziltiince ayriliyor iyonlarinaepsi
ayriliyor.

S: Sanirim ¢unkd ayrihyorlar ya. Imm emingilen ama hepsi ayri olabilir.

S HCl olmaz. %100 iyonlgigi igin olmaz.

I: Peki icine bir de NaOH bazini koysam?

Si: Simdi NaOH koyunca H ve OH bitlecek yani noétrigecekler, tekrar HO olacak
ve NaCl tuzu olgacak.

S Baz ile HCI tepkime verir. Sonra bir kismi négite Ortamda su ve tuz ofur,
bir de sodyum klortr okwur.

Sio: Fikrim yok.

S: Simdi NaOH koyunca, H ve OH biglecekler nétrigecekler, su olacak ve NaCl
olacak bir de saf su vardi.

S;: Reaksiyona girer, notrier i ste.

S: O zaman H ve Cl ayri olur. Na ayri gezer. Tepkoimeaz.

S Tepkime olur ama bire bir olmayabilir. Yine sutue olyur.

S: O zaman yine ayneyleri olur. Notrleme olur.

Si: H ve OH nétrleme tepkimesi verir. Na+, Cl-, bir de su

S HCI, NaOH, HO olur

I: Kati halinde mi olacak? NaCl(k) mi olacak? Ya dsodyum ile klor ayri ayri mi
olacak?

Si: Kati halde olmaz. Nave CI ayri ayri amasey diye diindiim bunlar nétrlgecek
ya HO ve NaCl olgacak ondan.
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OGRENC CIZIMLERINDEN ORNEKLER:

Si:
e - Vo CJ
0\ ‘"‘l * o] L
d Ha O
H H z O R
H W Haeo
SAF SU SAF SU + HC1 SAF SU + HCl + NaOHH,
S:
H,0O "
HO + HU AaOH 3 HCl = Nael
| H,0
SAF SU SAF SU + HC1 SAF SU + HCI + NaOH

Sio:

H20 no Wl

SAF SU SAF SU + H_Cl SAF SU + HC1 + NaOH
S:
W c\ WO Nacl
o]
wel o
H o ‘ Ha
() H W, O
SAF SU SAF SU + HCI SAF SU + HCI + NaOH
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O
Bt %QL——} b

HO 4 H0 S co,

HOY W0 cop

H ol ped
SAF SU SAF SU + HCI SAF SU + HCl + NaOH

= W

W ‘?ﬁ;@ s &

@“@f 5° 5%
pnd £\ a
PO we rhe
SAF SU 'SAF SU +HCl SAF SU + HCI + NaOH
+ - - - No® oH ™
Hz0 " OH HY <l ~
| T HY
+ - E
He O Hs0" oH HyO  Hg0
H20
SAF SU SAF SU + HCI SAF SU + E@+§}9§\
+ c\ ci
oR” Ht Ne
HeO He O Ha0.
O~ wt
OH”
SAF SU SAF SU + HC1 SAF SU + HCI + NaOH
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A \A , —

Rn+0 \3‘,\; "
W0 o <l

¥.0
SAF SU SAF SU + HCl1 SAF SU + HC1 + NaOH |
S
10 Wl +H, 0 Hel 4Naoth+ Hol
s Heo\ 410 Elg Clataporiup

SAF SU SAF SU + HCI1 SAF SU + HCI + NaOH

I: Peki burada HCI gibi kuvvetli bir asit yerine zaf bir asit olan CHCOOH
olsaydi bir fark olur muydu? Nasil?

Si: Yine iyonlarina ayrilr.

S: Eee yine bunlar bdyle yine ortamda su var birsdesitten olur. O da iyonlarina
suda ayrgir.

S Olmaz.

S: Farkli olurdu. Balar biraz daha ayrik olurdu. Ayri olarak H olabilir

Ss: Bir kismi molekdller halinde kalir, bir kismi glar, bir de su olur.

S: O zaman asidik ¢ozelti olur. Hepsi iyonlarina gymaz zayif oldgu icin.

Sio: H iyonu ayri gezer.kD ayridir. CHHCOOH da ayridir.

St %100 iyonlamayaca! icin asetat iyonu olur, H iyonu ve kendisi olur.

Ss: Yani %100 iyonlgmaz.
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I: Gosterir misin nasil oldgunu? fyonlarina ayrilacak mi? /Hepsi mi ayrilacak
iyonlarina?/ Peki burada HO ve asetik asitten B&a bir sey olacak mi ¢ozeltide?
Si:Yok hepsi ayrilmaz zayiftir ¢cinkil %100 iygntayacak o ylizden daha burada
CH3COOH ta olacak.

S: Hiyonlari bir de CHCOO olacak.

S: Iyonlarina ayrsmaz.

I: Peki buna NaOH eklenirse?

S:Zayif asit kuvvetli baz. OH iyonlari artacak vieg/tuz olyacak.

S: Yine notrleme tepkimesi olacak.

S: Aynisekilde olur. Fark olmaz.

Ss: Yine bunlar olur. H, Na, OH olur ve bunlarin bir kismi yine tepkimeye
girebilir.

S: Bazik ¢ozelti olur.

Sio: Tepkime olmaz...imm bilmiyorum.

S Tepkime verirdi, tuz ojwrdu ama tam olarak notrjenedgi icin. CH3COOH
iyonu kalir ortamda.

S: Bazik olur.

OGRENC CIZIMLER/NDEN ORNEKLER:

S
C iz Loo¥ =
CHgCoo™ 4 chgCoo Na
Hao
SAF SU + CH;COOH SAF SU + CH;COOH+ NaOH
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Sio:

H,0+CH oo

SAF SU + CH;COOH

h ho

CHa C oo

SAF SU + CH;COOH

Cu,coo H

H20
CvycooH

SAF SU + CH;COOH

SAF SU + CH;COOH

267

SAF SU + CH;COOH+ NaOH

_SAF SU + CH3COOH+ NaOH

H,0

o

SAF SU + CH;COOH+ NaOH

HO cﬂ_ﬁ COO H
N@\ C Hg

SAF SU + CH;COOH+ NaOH




8,

Q‘* ey 2

SAF SU + CH3;COOH

CHaCcOD™
H o

ﬁ}—‘& CcOo M

SAF SU + CH;COOH

C“}CWH
CRyCO0™
H%ﬁ
{H?—Q
OH"

SAF SU + CH;COOH

v 5 cob \’\J{

C W 3500\-‘\
¥,0

SAF SU + CH;COOH
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% 2@

Cas

SAF SU + CH;COOH+ NaOH

CHacOo™

+ =
Na®  on-

C Ha COOH

SAF SU + CH;COOH+ NaOH

‘M@‘P
H+
Hi‘@
@H»

SAF SU + CH;COOH+ NaOH

e w3 ot
€ HaCoD

H,0

SAF SU + CH;COOH+ NaOH



CH, CO0H cHy o0t
Chy 00 C\;ﬁ”‘:’
H Na 0
H0 .0
SAF SU + CH;COOH SAF SU + CH;COOH+ NaOH

I: Yukardaki c¢ozeltilerin ilkinde HCI (kuvvetli ag) ile NaOH (kuvvetli baz),
ikincisinde ise CHCOOH (zayif asit) ile NaOH (kuvvetli baz) tepkimegeéiyor.
Iki tepkimede de @@ miktarlarda asit ve baz alinginda) tamamen nétrigme
olabilir mi? / Bu tepkimeler arasinda bir fark olumu?

Si:Tamamen olur ikisinde de.

S: Hayir. Kuvvetli olanlar bir birbirini notrlatirir ama zayif asit ile kuvvetli baz
tepkimeye girince baz 6zgiligosterir.

S;: HCI ve NaOH...tamamen nétsie (CH3COOH ve NaOH) ....tamamen nogile

ama bunun molekiller halinde kalan kismi da olur.

I: Peki birinci ¢ozelti ile ikinci ¢ozelti nasil ¢celtiler olur? Aralarinda fark var mi?
Notr/asidik/bazik?

Si: Birincisi notr tuz olur ama ikinci ¢ozelti de twtur ama bazik bir ¢ozelti olur.
Cunkt NaOH daha kuvvetli.

S: 1. si notr. 2.si asidik, cunkl zayif asit icgfidicin asidik 6zellgi gosterir.
Ornegin NaOH baz,..asidik 6zedii ciinkii suda da H iyonlari vardir.

Ss: (CHsCOOH ve NaOH) Cozeltisi bazik olur. Ciinkiiilonu daha az.

I: Cozeltinin bazik olmasini ne etkiliyor?/NaOH miRleden baz 6zefi gosteriyor
dedin ¢ozelti?

Si: Cunkl OH iyonlan olacak yine daha yani ¢unki ikamzz olacak ya. O %100
lyonlagacak daha kuvvetli oldw igin ortak onun turtinden olacak bazik tuz olacak
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S: Cunku iyonlaan H iyonlari daha az oluyor, OH iyonlari daha fazi/onlasyor
..yani OH iyonlari daha fazla kalgl icin baz 6zellii g6steriyor. Mesela HCI %100
iyonlasiyor, asetik asit daha az iyonigor, molariteleri ayni oldgu icin CHCOOH
den gelen H iyonlari NaOH dan gelen OH iyonlarindiaha az oluyor.

S5t %100 notrigmiyor cunkil bazik olmasi lazim. OH molaritesi #n daha fazla

oldugu icin.

I: Esit miktarlarda HCI (kuvvetli asit) ve NaOH (kuvveatbaz) tamamen notrlgne
tepkimesi verir mi?

S: Evet, notr ¢ozelti olur.

S: Evet.

Sio: Notrlestirir,

S Evet.

S Evet.

I: Esit miktarlarda CH;COOH (zayif asit) ile NaOH (kuvvetli baz) tamamen
notrlestirilebilir mi?

S: Hayir, ortam bazik olur. Bazin etkisi daha ¢okugid igin.

S: %100 olmaz. Daha ¢ok tuz ve bazsalu Cinki biri kuvvetli biri zayif. Cozelti
bazik olur. Dergimleri fazla oldgu icin..ama degim ayni.. O zaman noétr olur
bilmem. Notr olur.

Sio: Notrlesmezdi bazik olurdu. Cunku zayif asit. Cunki dazéafbaz ¢ozunuyor.

S Hayir clinkl zayiftir.

Ss: Hayir ¢unkd biri zayif dieri kuvvetli.

I: NOtr ¢ozelti deyince aklina ne geliyor?

Si: Asit yada baz 6zelli gostermeyen, pH 1 7 olacak.

S: Notr ¢ozelti asit ile bazin tepkimeye girmesidlasan pH 1 7 olan.
S pH 1 7 olan.

S;: pH 1 7 olan ¢oOzelti.

S: pH 1 7 olan, asit ile bazin tepkimesi sonucu orteyan ¢ozeltidir.

270



Ss: Hidrojen ile hidroksit iyonlarinin gt olmasi.
S: Hidrojen ve hidroksit iyonlari degimi esit olur.
S pH 17 olan.

S H ve OH iyonlari degimleri esit olan ¢ozelti
Sio: pH' 1 7 olan ¢ozeltiler.

I: [H*] < 10”7 olan bir ¢ozelti icin neler sdyleyebilirsin?

Si: Baz 0Ozellgi gosterir.

Sy:Baz oldgu aklima geliyor..ciinkii H iyonlari 10 den kiiciikmi) demek ki OH
iyonlari 10~ den daha buyukmsjiciinkii ikisinin carpimi 16* olur. Bu kuguildikce
digeri buytyecgi icin baz 6zelli gosterir.

S: Ortam bazik olur. Cunki OHyonlari daha fazla, pH 1 7 den buydktdr.

Sy Bazik oldgunu anlarim. Ve pH 1 7 den kiguk olur, ¢cozelti ésadur.

S: pH 1 7 den kucguktur, o zaman bu asittir. Yani zagifte olabilir kuvvetli asitte
olabilir.

Ss: Baziktir ciinki OHdaha biyuk olur.

S Asittir. pH 1 7 den kuguktir.

S: Baziktir. pH 1 7 den buydktdr.

Ss: Bu ¢ozelti asidiktir. pH 1 7 den kuguktdr.

Si: HImm 10° olsa pH 1 8 olurdu. Asidik olur galiba.

I: Neden?
Si: Cunki OH iyonlari daha fazla, H yediden kiicii<E den kiicik ise.

I: peki pH1?

S: pH 1 da 7 den buyuk olacak

S: pH 1 da 7 den buyuk olur ¢lnki eksi logaritmasimyorduk, o yiizden de bluyuk
olur.

S 7 ile 14 arasinda olur.

I: Cok tesekklr ederim bu kadar.
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APPENDIX J

PERCENTAGES OF STUDENTS’ RESPONSES ON VOSTS-T ACCORING
TO EXPERIMENT AND CONTROL GROUPS

Table J.1Percentage of students’ responses on VOSTS_Tdingdo all groups

No | Response Experiment Groups (%) Control Groups (%)
A 1.7 1.7
B 15.3 21.7
C 37.3 21.7
D 1.7 50
E 1.7 -
1 F 30.5 40.0
G 1.7 5.0
H 3.4 50
Naive 52.6 68.4
Has Merit 39.0 26.7
Realistic 1.7 5.0
A 15.3 33.3
B 52.5 38.3
C 22.0 16.7
2 D 3.4 10.0
E 1.7 1.7
Naive 27,1 28,4
Realistic 67,8 71,6
A - -
B 15.3 28.3
C 20.3 30.0
D 28.8 13.3
E 8.5 3.3
3 F 15.3 13.3
G 6.8 8.3
Naive 64,4 71,6
Has Merit 22,1 21,6
Realistic 8,5 3,3
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Table J.1(Continued)

A 8.5 5.0

B 11.9 20.0

C 22.0 20.0

D 20.3 16.7

4 E 16.9 18.3
F 18.6 16.7

Naive 20,4 25,0

Has Merit 22,0 20,0
Realistic 55,8 51,7

A 61.0 55.0

B 23.7 33.3

C 5.1 8.3

5 D 6.8 3.3
Naive 11,9 11,6
Realistic 84,7 88,3

A 61.0 71.7

B 23.7 20.0

C - 3.3

6 D 5.1 1.7
E 3.4 1.7

Naive 89,8 96,7
Realistic 3,4 1,7

A 22.0 18.3

B 1.7 10.0

C 18.6 23.3

D 27.1 23.3

E 20.3 13.3

7 F 6.8 8.3
Naive 76,2 83,3
Realistic 20.3 13.3

A 32.2 16.7

B 30.5 16.7

C 3.4 23.3

D 18.6 30.0

8 E 1.7 3.3
F 6.8 3.3

Naive 11,9 29,9

Has Merit 49,1 46,7
Realistic 32.2 16.7
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Table J.1(Continued)

A 5.1 3.3
B 6.8 3.3
C 5.1 10.0
D 15.3 5.0
E 1.7 21.7
F 8.5 8.3
9 G 47.5 41.7
H - 3.3
I 3.4 -
J 3.4 -
Naive 42,5 54,9
Has Merit 50,9 41,7
Realistic 3.4 -
A 33.9 33.3
B 3.4 3.3
C 42 .4 31.7
10 D 10.2 15.0
E 3.4 10.0
Naive 40,7 46,6
Has Merit 42 .4 31.7
Realistic 10.2 15.0
A 27.1 36.7
B 32.2 30.0
C 11.9 11.7
D 22.0 18.3
E - 1.7
11 F - -
G 1.7 1.7
Naive 23,7 21,7
Has Merit 11.9 11.7
Realistic 59,3 66,7
A 37.3 31.7
B 11.9 11.7
C 16.9 28.3
D 5.1 6.7
E 11.9 8.3
12 F 3.4 1.7
G 3.4 1.7
Naive 23,8 18,4
Has Merit 16.9 28.3
Realistic 49,2 43,4
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Table J.1(Continued)

A 16.9 25.0

B 8.5 3.3

C 11.9 13.3

D 55.9 51.7

13 E 3.4 3.3
Naive 25,4 28,3

Has Merit 11.9 13.3
Realistic 59,3 55,0

A 37.3 30.0

B 20.3 26.7

C 20.3 25.0

D 10.2 8.3

14 E 3.4 5.0
Naive 3.4 5.0

Has Merit 30,5 33,3
Realistic 57,6 56,7

A 15.3 8.3

B 28.8 26.7

C 47.5 38.3

15 D 3.4 16.7
E - 1.7
Naive 18,7 26,7
Realistic 76,3 65,0

A 28.8 23.3

B 18.6 25.0

C 8.5 8.3

16 D 33.9 30.0
E - 3.3

Naive 42,4 41,6
Realistic 42,7 48,3

A 32.2 31.7

B 10.2 6.7

C 32.2 30.0

17 D 8.5 3.3
E 8.5 25.0

Naive 83,1 71,7
Realistic 8.5 25.0
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Table J.1(Continued)

A 20.3 33.3
B 15.3 11.7
C 16.9 23.3
D 8.5 1.7
18 16.9 15.0
F 10.2 11.7
Naive 61,0 70,0
Has Merit 16.9 15.0
Realistic 10.2 11.7
A 16.9 10.0
B 20.3 26.7
C 25.4 26.7
D 6.8 3.3
19 E 16.9 20.0
F 5.1 6.7
Naive 69,4 66,7
Has Merit 16.9 20.0
Realistic 5.1 6.7
A 32.2 35.0
B 22.0 25.0
C 8.5 13.3
D 5.1 6.7
20 E 16.9 10.0
Naive 30,5 30,0
Has Merit 22.0 25.0
Realistic 32.2 35.0
A 49.2 28.3
B 20.3 25.0
C 10.2 13.3
D 5.1 20.0
21 E 5.1 1.7
Naive 20,4 35,0
Has Merit 20.3 25.0
Realistic 49.2 28.3
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APPENDIX K

SAMPLE EXPERIMENT SHEET FOR TRADITIONAL GROUPS

LABORATUVAR RAPORU

Grup Uyeleri: Tarih
Grup No: Sinif:
Deneyin Ad1: Asitler, Bazlar ve Genel Ozellikleri

Deneyin Amaci: Gunluk hayatta kullanilan bazi maddelasit ya da baz

olarak siniflandirmak.

Hazirlik Sorulari:
1. Gunluk hayatta kullanilan asitlere ve bazlara olerekerebilir misiniz?

2. Asitler ve bazlarin genel 6zellikleri nelerdir?

Not: Asit ve bazlarin 6zelliklerini deneyden 6nce okuyghirlayiniz.

Malzemeler: Limon suyu, sirke, cama suyu, mide 6zsuyu, amonyak
kola, formik asit, karbonat, kirmizi ve mavi turoukagidi, Magnezyum
parcalari, NgCO; veya CaCQ@ lahana suyu, fenolftalein, damlalik, sag

cami, beher.

—t
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Deneyin yapilgl ve Gozlemler
Bu bdlume @retmeniniz tarafindan size verilen iki malzemedandisinin

asit, hangisinin baz oldunu bulacaksiniz.

Malzeme AdI: ....c.ocvvivininnn.
Mavi Pembe Mg gaz CaCQ/ NaCO; | Lahana | Fenolftalein
turnusol | turnusol cikis1? gaz ciksl? Suyu Renk?
renk? renk? renk?
Malzeme AdI: ....cooovviininen...
Mavi Pembe Mg gaz CaCQ/ NaCO; | Lahana | Fenolftalein
turnusol | turnusol cikis1? gaz ciksl? Suyu Renk?
renk? renk? renk?

Deney Sonu Sorularr:
1. Size verilen malzemelerden hangisi asit 6giefjosterdi? Neden?

2. Size verilen malzemelerden hangisi baz 6gefjosterdi? Neden?

Cevaplar:
1.

Deneyin Sonucu: Deney sonunda gdzlemlerinizi ve cevaplarinizedi
gruplar ile sinifta paykaniz.)
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APPENDIX L

SAMPLE 5E EXPERIMENT SHEET

LABORATUVAR RAPORU

Grup Uyeleri: Tarih:
Grup No: Sinif:
1.1lgi cekme:

Lutfen bu boélumdeki cevaplarinizi Tikenmez Kaleewdziniz!!!

Limonun tadi nasildir? Neden?

Yuzunuza yikarkenginiza sabun kagsa nasil bir tat birakir? Neden?

Sabun ele alinginda nasil bir his verir? Neden?

Karinca i1sirgl neden can acitir? Actyl azaltmak icin sizce rpalgdilir?
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Asagidaki malzemelerden benzer 6zellik gosterenleriy@ sinifa ayirip

verilen tabloyu doldurunuz.

Limon suyu, sirke, cama suyu, mide dzsuyu, amonyak, kola, formik

asit, karbonat.
| I

2. Arastirma-kesif yapma:

Yukaridaki malzemelerden iki tanesini secin ve kalzemelerin 6zelliklerini
laboratuardaki arag-gerecleri kullanarak gozlenmeyi

Aracg-Gerecler: Kirmizi ve mavi turnusol Kadi, Magnezyum parcalari,
NaCOzveya CaCQ@ lahana suyu, Fenolftalein, damlalik, saat camigheh

A Bu bolime deneyle ilgili notlarinizi kaydetmenizegitir

Malzeme AdI: ....ooviiiiiiii e,

Mavi Pembe Mg CaCQ/ NaCO; | Lahana | Fenolftalein
turnusol | turnusol | parcalari ilavesi suyu

Malzeme AdI: ....cceviiiii e

Mavi Pembe Mg CaCQ/ NaCO; | Lahana | Fenolftalein
turnusol | turnusol | parcalari ilavesi suyu
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3. Kavram Aktarimi

Bu gamada sizden ilk olarak, atama-keif yapma sirasinda
edindiginiz deneyimleri yorumlayip arkaglariniz ile tartgmaniz
isteniyor. Bunun i¢in, grubunuzdan birski(grubun yazicisi) sonuclari
tahtada cizili olan tabloya yazmali, bir arkgaaz da (grubun sézcusi)
sinifa grup olarak yaginiz argtirmalari/kgifleri agiklamali. Daha sonra,
diger gruplarinda aciklamalarini dinlemelisiniz. Tama sirasinda, siz
deneyimleriniz hakkinda kogurken, @retmeniniz de size sorulari ile yol
gosterici olacaktir. Ayrica kullanginiz anahtar kelimeleri ve konuda
Ogretiimesi hedeflenen yeni kavramlari sizin denegiinizden de
yararlanarak aciklayacaktirsasida tartgmalar sirasinda cevaplanabilecek
sorulara bazi 6rnekler verilgtir.

* Deney sonunda bulunan sonuclar, grup olarak §epn Onceki
tahminlerinizden farkli miyd1? Hangilerinde farkhiivar? Neden?

e GuUnluk hayatta kullanilan malzemelerin birbirindéarkl 6zellik
gostermesinin sebepleri neler olabilir?

e Grup olarak segiiniz malzemeler hakkinda nasil bir yorum
yapabilirsiniz?

* Fenolftalein, turnusol kadi ve lahana suyunun ortak 6zellikleri ne
olabilir?

o Cozeltilerin icine Magnezyum (Mg) metali gitnizda ne oldu? Bunun
sebebi ne olabilir?

Icine lahana suyu damlatilgniformik asidin (zerine amonyak

damlattginizda neden rengi diti?

Karbonat ile sirkeyi kagtirinca neden képurme oldu?

Ar soktusunda caniniz acir. Bunun sebebi arisigmesinde bulunan

salginin bal arisinda asidik, sek arisinda ise bazik 6zellik

gOstermesidir. §ek arisi sokan birine yapilacak ilk midahale igten

onerirsiniz? Neden?
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4. Kavram Uygulamasi:

Final zamaninda, ODTU’ deki 3. yurdun gala salonunda
arkadainiz Deniz ile sabahlamaya karar vérdizi disinin. Deniz Sun
Shine’dan aldii bol sirkeli ve limonlu salatasini yedikten sons& de
uykunuz gelmesin diyessiz bir kargim olarak duydgunuz kola-kahve
karisimini hazirladiniz. Amasller umd@gunuz gibi gitmedi ve Deniz bir
muiddet sonra midesinin gligini, bu halde daha fazla ¢gdmayacgini
soyledi. Beraber okuldaki §ak Merkezine gittginizde oradaki gorevli
Deniz’in mide yanmasi oldiunu soyleyip, Deniz’e bir ila¢ verdi. Ayrica

boyle gereksiz kagimlardan uzak durmanizi da ekledi.

Asagidaki sorulari grup arkadiariniz ile tartgip cevaplandiriniz.
Bu sorulan cevaplarken giendiginiz yeni kavramlari kullanmayi
UNUTMAYIN!!!

1- Sizce gorevli mide yanmasi derkerdemek istedi?

2- Deniz’e nasll bir ilag verilgnolabilir?

3-Eger ilag bulamasaydiniz, arkad@aza bunun yerine ne

yapmasini tavsiye edebilirdiniz? Neden?

NOT: Bu sorulara ek olarak sinifta besinlerin sindirimidedeki asitlik
orani; sirke, limon ve kolanin asit Ozellikleri; ¢ei yanmasina sebep
olabilecek bgka yiyecek ve icecekler ya da konuyla ilgili ilgmniceken

seyleri de argtirip sinifta targabilirsiniz.
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APPENDIX M

THE EXCERPTS FROM THE STUDENTS’ RESPONSES ON 5E
EXPERIMENT SHEETS

1.1lgi Cekme (Engage):
¢ Limonun tadi nasildir? Neden?

Grup-1

Eksidir Qoankts  poidil &zellik ;5%‘:».3v*-.<:j’f' o

Grup-2

Eksidir. GSnks  asiHi  bir rmah:l,enia_‘cj

Grup-3

Fhiidic wrkl aut srelegl goshenn

Grup-4
Eksidic , ks asithe o HIS
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e Ylzunuzl yikarkenginiza sabun kag¢sa nasil bir tat birakir? Neden?

Grup-1

k.. & # ;
e g Sa=l lr"_ bir & :.}_,glu le oS s r
»

Grup-2
Sabun  bax Oidé‘u iGin  agzimn2da oG bir tat birakuc

Grup-3
}g(' T e }'c,.,. ba ‘La.l; Yo

Grup-4
Fav b dad bialae- , conlkd bordi. pH IS

» Sabun ele alindinda nasil bir his verir? Neden?

Grup-1

K Qi ponch/” BoZ  oldugv  fein
A =

Grup-2
Vﬂdjomdlﬁ Baz oldué‘u ian

Grup-4
Loajaqr\hk hisst wverie, GQCaks barde,
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« Karinca isifgl neden can acitir? Aclyl azaltmak icin sizce ralgdilir?

Grup-1

- eny b ioloa §  A—— o gi
alorladipr  ositten aolefl. sabun Gibi  feuit Brellittett pir aodde scectelilir

Grup-2

Vormm Uumdundn aht buluﬂdirdua\.q iain. con OCJ"‘H’. ISlrcha j@e Sabun

SOl 2.

Grup-4
Farnea tsrdg  Taron asit brabe. Bu yoides @airt qun
Aaaa azaltral igin Lir bad [c«”mcbilwl‘t Mese o /0041 Sabusla C\);La.amerrh

» Size verilen malzemelerden benzer Ozellik gostererd ayri sinifa ayirip

asagidaki tabloyu doldurun.

Grupl:
- 1 1I
Limgn Suy Gy P\Mnmﬁqk
Sq iCke_ Cto\mm‘$w. 3“3\:
v‘\c\Q K‘Q?\gqq‘_‘-k
Fo © rw\\\L, \_,‘g-‘i‘ L
Mide Basuyo

Grup2:
o II R—
Liveon~ _suvy 0 o /.L_Mcnu\c)b
-T:a_,—-.\,q'k_ CLSI&Z _Aj,’“& ’ \L_or‘_lgpe._/\__c)t‘ BEQL
MU e cig_.s) Q conmn=mgl ’SJV\“
sl
S P
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2. Arastirma-kesif yapma (Explore)

Grup-1:
Malzeme Adi:iaowib asid
Mavi Pembe Magnezyum CaC0; / Na,CO03 Lahana Fenolftalein
turnusol turnusol ekleme ilavesi suyu
—— ) . el
Poribe b E.%‘S‘U‘ 2 I‘“Q%“QTrDNm‘-’ Ll lovesiyle ?le’:‘;j‘ Yiroy Dgg‘\ﬂ i
Fesge donugh .;,gmodj s m ) M e LEPoide |Zwvya geutrdd olmnadt
3 meydora e ldi. -
Feuksiwn veds | ) .
- duAra ichde epiEat]
Malzeme Adi:{arbonad
Mavi Pembe Magnezyum CaC0; / Na,CO, Lahana Fenolftalein
turnusol” turnuspel . ekleme ilavesi suyu o Tl _
'hi.'.'_ii\ikll"( Mo.fijg Gorinme C,QCD‘.; dibe D\w(’?v/s‘-sg Kar sy fenge
(_)\;nud; CGevirdd 8@4;,2'&‘&3&'&\6&1‘_ . = Isndsns el dsautirdda.
a‘a\g&f\czwu'naib‘: e\t
eslha.
Leak si‘j‘ur\_
\',\.:*"n.\(‘::;lf.
Grup-2:
+ ¥ % & 13
Malzeme Adi:Sicke
Mavi Pembe Magnezyum CaCo; / Na,C0; Lahana Fenolftalein
turnusol turnusol ekleme ilavesi suyu
Bic e B et :
s . ‘ /1 Bic e e et
u,,mu_‘jq Etk Qﬁfg -q.bgaz.laqh Hopmobl. " - 6 I
. . 5 T . — ( d" / C?
Gewird,s 3""’““"‘;‘_‘ ‘Er.me__je Biray 2. J o J /
. - \ / Gikan v 1° 4 A ’ tatis
- | k‘)q‘slaqL‘M i Bcz-k’/d.o
Malzeme Adi:.Fxmik osit
Mavi Pembe Magnezyum CaC0; / Na,CO, Lahana Fenolftalein
turnusol _| turnusol ekleme ilavesi suyu
i Bt & il s . ) v
Uurqqqu ey P«?rgn beyatlad) E:.:bcrc\k_lq—_z CRengy Bir ety
Vel rad S0 e Sy R L
Gevird; Y@ I!:nmeje 3—’1‘ ~ ‘&’ korbo Ky jqomaﬂa
\ bof‘;i./clal ( ho. _G:I ﬂf-_ﬂm_.ﬂ,m. & Au
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Grup-4:

o

|Malzeme Adi: Semowr Swyy
Mavi Pembe Magnezyum CaC0; / Na,C0y Lahana Fenolftalein
turnusol turnusol ekleme ilavesi _—| suyu
b dal ':qln/‘elz “
een3$ ) Mquiae Aﬂ plire Vecme hns'; once gemne
e ddnad. | di 'd{g‘\ Sien Sorga--- | oldv sonw
f“‘&u. e f & \
8 882lenceds Lads eski_haline
I
I !
‘Malzeme Ada :“}.\:z\‘r\:e,
[Mavi Pembe Magnezyum CaC0; / Na,COs Lahana Fenolftalein
turnusol turnusol ekleme ilavesi suyu
4 ) 2
ke =k D%‘\if‘ecj-,\ | T’-?—f‘fu""‘& Ear St lb\i) ~Permbe gc}él ml&
i = 2 3 erléangl
oldu . ) Verdy, 82t >t lend:, ol dw. & g
g ’ alg o\dw | reag. - [
- — aoidi,
|
Grup-5:
Malzeme Adl:.j%.r?‘—’;f“jGL
Mavi | Pembe Magnezyum CaC0; / Na,C0s Lahana Fenolftalein 1
turnusol | turnusol ekleme ilavesi suyu
P L } M G e 2 Seq Pan <N ) },e%‘"{’ [Crimity
. i ¢ | - N " - D{Q\;’C\ L\ fb’\k
zyredd | Jons e | olmadgers gl Sent (At
idﬁ 3 i &2 kari$ T leernj e\ gyt~
‘ ‘ ' . ﬂj,{‘uqc‘i bff: Z:f(;i, br /\Q_,AL\
| 7| alatT
Malzeme Adi:/Vide Fe Svd
Mavi Pembe Magnezyum CaCo; / Na,C0; Lahana Fenolftalein
turnusol turnusol ekleme ilavesi suyu ,
(7 e = | e i
ue‘{‘ms\l ;Zf[_"\\\ ,\I‘S‘.\»J’ “,CQ‘-JQ\-IC\M ;‘C_,; HiA ) \lt‘{!{””“___tm'hg
[ . - 1 e = i : -
= s BeFN™ Y e Gk olos C 1
VoA ¥ A ol e pasinl:
I ¢ i‘/Y‘w 5 C\;ﬂ:f"n\z C\:' L_n.f‘rxﬁ 4
» L Fan\ - mit _)/ ;ww’\c{( |
]
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3. Kavram Aktarimi (Explain)

* Deney sonunda bulunan sonugclar, grup olarak dabekdémahminlerinizden

farkli m1? Hangilerinde farkhlik var?

Grup-2:
fackly dgil,

Grup-4:

Tedhmnlerimilte benter Sonugler 6 Lt y ‘-@v el Solc &

» Size verilen (limon suyu, sirke, amonyak gibi) neselerin birbirinden

farkl 6zellik gbstermelerinin sebebi ne olabilir?

Grup-2

Asitik -~ Rarlt  dereces:

Grup-4:
ﬁ:‘?,‘(lﬁ‘t\f@- j_._,q"}.;_;.[,_ }:{-ﬁ;\\\k g}%&%\’&*w\e');nﬁ Ve C&\\- V@ ‘k:zm-&_b‘r\ kuv’u&.’.-{-.\n(:; %,\"(:

desisif.
* Sectginiz malzemeler hakkinda nasil bir yorum yapabiizs?

Group-1:

! e A | ) attL E \
}‘i\QF\ocr\qﬁ\p.‘ btr bay oWRundas  emin deiMik . Fakat yapteiemin denegyler
= 3 J o

- 1
SonUCun \ -
baa, o) ‘Ao  bj

Wdygvau anledil.

Grup-2:
i]d.h‘dg asit+
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+ Icine lahana suyu damlatilgniormik asidin tizerine amonyak damlgthizda

renk neden acildi?

Group-2:
(“\»-\ e arn® e e imre N ol e ~ s A 3 ™~

Group-4:
Amonspt damlafne , amenyal bat cldugw 1o /cQom-n:t auidin asilil derecey!
atalds,

* Fenolftalein, turnusol Kadi ve lahana suyunun ortak 6zgillhe olabilir?

Group-2:

1 f\ dileer s %f' rYodd sleradif

Group-4:
[\.5* Ve Lﬂ}‘w\ {,,iav‘r"‘q(&% &M“@H‘m Mc‘df?lé‘",

» Cozeltilerin icine Magnezyum (Mg) metali gtnizda ne oldu? Bunun sebebi

ne olabilir?

= & ~
¥ \ -~ . i A ' PG PN
Vguweds ogile  aaudinm 2da dober gy /el Zowd 0 “\!*H‘
e e dolne  puod oldy.

Group-4:
Gat g ghtle ledt Lealesppne irdy ve Uy gam arkega G b
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* Arl soktyzu zaman caniniz acir. Bunun sebebi sokma sirasalddanan bal
arisinin asidik, gk arisin ise bazik salgilandir. sk arisi sokan birine
yapilacak ilk midahale i¢in ne 6nerirsiniz? Neden?

’é"-"lf]lj" R agt wlerak  sirbe bullony lasitig
[ 4

4. Kavram Uygulamasi (Elaborate)
e Sizce gorevli mide yanmasi derken ne demek istedi?

Grup-2:

Midesn PLL J@(A‘am Gole &o(glcu_é{?lfxw an et el CSTEAUE R

Grup-4:

QS;,L :&_ﬁbg:,“‘\ Lc'}_u]r-c;\.:

» Deniz’e nasil bir ilag verilngiolabilir? Verilen ilacin 6zelfi olabilir?

Grup-2:
disit bot S 2elfR Sk
Vloa  wertlower oy,

Mtderia  doixen {:H c],ef‘ﬁ/\‘,m' jdkm\%‘mkzm

Grup-4:
Loyl br barde,
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« lla¢ bulamasaydiniz, bunun yerine arkaaa yardim icin ne yapmasini

tavsiye ederdiniz? Neden?

Grup-2:
SOAQ ‘ k"f‘ljw{\ S I{Lf Czl’rgu‘t 'S k?_—@:jg E) LO/E 5‘?@/tlldg1f
SBSWI'W L’%— ~rad defo é}/\m*rozl'(c

Grup-4:

'\(._E.:r_,l':-;v*)‘;‘\ 4- P (__I(;;'\L;: ’ig:) i{i 1-;(_';'1: C;U‘,
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APPENDIX N

SAMPLE ACID-BASE LESSON IMPLEMENTATION BASED ON 5E
LEARNING CYCLE MODEL

E.: Ilgi cekme (Engage)

Ogrencilerin asitler ve bazlar konusuna olan ilgiterarttirmak ve genel
olarak bu konu hakkindaki 6n deneyimlerirgrénmek amaci ile dersezm@nciye
gunlik hayatla bgantih gosteriler yaparak ve sorular sorularakldmalir. Gosteri
olarak @retmen; ilk olarak sirke ile karbonati kgrrir, ikinci olarak ise seffaf bir
¢cOzeltinin icine lahana suyu koyup rengini ilk 6rmembe yapar, daha sonrashma
bir seffaf ¢cozeltiden ekleyerek rengini mora détilitir bir middet sonra ise renk
mavi-yesil olur. Ogrencilerden bu gosteriler ve gozlemleri hakkindaruyaar
yapmalari istenir. Daha sonra, sinifta konu ildiilgu sorular sorulur; Limonun tadi
nasildir? Yuzunuza yikarkerganiza sabun kagsa nasil bir tat birakir? Sabun ele
alindginda nasil bir his verir? Karinca 1girneden can acitir, bu aciyr azaltmak igin
ne yapilabilir? Size limon suyu, sirke, camasuyu, mide 6zsuyu, amonyak, kola,
formik asit ve karbonat verilip bu malzemeleri gnifa ayirmaniz istenilse nasil bir
sinifama yapardiniz? Bu siniflamayl yaparken mma#erin hangi 6zelliklerine
bakilabilir? Her soruyu diintp, yorumlari icin grencilere siire verilir. grenciler
sorulari dersin banda olgturduklart 4-5 kgilik gruplarin icinde tartir ve
yorumlarini tikenmez kalem ile kendilerine verildeney foylerine kaydederler. Bu
esnada gretmen, @rencilere yaptiklari bu ilk yorumlarin kesinlikleot ile
degerlendiriimeyecgini, burada amacin onlarin ilk fikirlerini anlamake bu

fikirlerin zamanla ne kadar @stigini gbzlemlemek oldgunu hatirlatir.
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E.: Arastirma-kesif yapma (Explore)

Bu a@&amada @rencilerden asitler ve bazlar konusu ile ilgili ©6n
bilgilerini/fikirlerini laboratuar ortaminda e#li malzemeler kullanarak, deneyler
yaparak sinamalari istenmektedir. Bunun iginetmen farkli deney malzemelerinin
bulundwgu farkli istasyonlar hazirlar vegtencilerden gruplar halinde ¢gdrak ilgi
cekme @gamasinda sorulan sorulara verdikleri cevaplaringrdagunu bu
malzemeleri kullanarak kontrol etmelerini istergréncilere, anlatild@n gibi gruplar
halinde argtirma yapacaklari ve go6zlemlerini deney foylerinaydedecekleri
soylenir. Gruplara ilk ggmada verilen, 5E modeline gore hazirlanmeney
foylerinin kullanilm amaci, grencilere argtirmalarini yaparken izleyecekleri yol
hakkinda fikir vermek ve gencilerin deneyimlerini dizgin bigekilde not
etmelerine yardimci olmaktir.genciler argtirmak istedikleri malzemeleri kendileri
segerler. @rencilerin her istasyonagtamasi veya butiin malzemeleri kullanmalari
amac degildir. Amac¢ @rencilerin kavramlar ile ilgili ilk fikirlerini/bililerini
sinamalarini sgamakir. Bu sirada, g@ietmen surekli olarak butiin gruplari dofa

ogrencilere malzemelerin kullaniminda ve sstiklari zorluklarda yardimci olur.

Es: Kavram Aktarimi (Explain)

Burada, @rencilerin argtirma-ksif asamasini nasil gerlendirdikleri ile
deney foylerine aldiklari notlar tzerinde durulDiger bir deysle, sinif ortaminda
gruplar tarafindan yapilan c¢ghalar ve sonuclari tagthp deserlendirilir. Tartsma
asamasinda, gruplarin bulduklari sonuclari birbirléei kagilastirmalarina olanak
sglamak igin, her gruptan bir i (grubun yazicisi) bulgularini, sinifin tahtasina,
Onceden gretmen tarafindan cizilmi tabloya yazar. Boylece batin gruplar
birbirlerinin calsmalari hakkinda fikir sahibi olngwlur. Osrenciler gozlemlerini ve
yorumlarini paylairken, @retmen de yol gosterici olmalidir. g&&ncilere sorular
sorarak targmalarindan, bilim tarafindan kabul edilen sonuclatamalari icin
yardim etmelidir. Ayrica, tagmalarda gegcen dnemli kelimeleri vgrénilmesi
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gereken terimleri de tahtaya yazmali ve bunlarinklagalarini @rencilerin
fikirlerini de dikkate alarak yapmalidir. Bu etkikte kavram aktariimasi sirasinda,
asit ve bazilarin tanimlari, genel 6zellikleri, ikatér ve notrleme kavramlari

anlatiimstir.

E4: Kavram Uygulamasi (Elaborate)

Burada, @rencilere @rendiklerini benzer ama yeni durumlarda uygulama,
pratik yapma ve bilgilerini sinama firsati verildiel Ogretmen ve grencilerin
rolleri argtirma-keif asamasindaki gibidir. Bu samanin, argirma-keif
asamasindan en onemli farki ise yegrénilen terimlerin kullaniimasiningéetmen
tarafindan tgvik edilmesidir. Aagidaki etkinlik asitler, bazlar ve bunlarin 6zeléki

ile ilgili bir kavram uygulamasi etkirgidir.

Final zamaninda, ODTU’ deki 3. yurdun gata salonunda arkaglaiz
Deniz ile sabahlamaya karar vedidizi disiiniin. Deniz Sun Shine’dan atdibol
sirkeli ve limonlu salatasini yedikten sonra, s&wkunuz gelmesin diyesie bir
karisim olarak duydgunuz kola-kahve kagimini hazirladiniz. Ama sler
umdyzunuz gibi gitmedi ve Deniz bir middet sonra midesiksidigini ve artik bu

halde cajamayacgini styledi. Beraber okuldaki 8lg&k Merkezine gittginizde

j8)

oradaki gorevli Deniz’'in mide yanmasi ofgltnu séyleyip, bir ila¢ verdi. Ayric
boyle gereksiz kagimlardan uzak durmanizi da ekledi.

Bu durumda

1- Sizce gorevli mide yanmasi derken ne demekifated

2- Deniz e naslil bir ilag verilmiolabilir? Verilen ilacin 6zelfii nedir?

3- Ila¢ bulamasaydiniz, bunun yerine arkaiza yardim icin ne icmesini/yemesini
tavsiye ederdiniz? Neden?

NOT: Bu sorulara ek olarak sinifta besinlerin simai; midedeki asitlik orani

sirke, limon ve kolanin asitlik 6zellikleri; mideagmasina sebep olabilecekskea

yiyecek ve icecekler de kisaca tatabilir.
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Es: Degerlendirme (Evaluate)
Aslinda, dgerlendirme 5E modelinin hers@masinda gretmen ve @renci

tarafindan yapilmalidir. Fakat buna ek olarak, 5Bdetine gore hazirlanmi
uygulamalarinin sonunda, deney foyleri dgetéendirilebilir.
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