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ABSTRACT

THE EFFECT OF 5E LEARNING CYCLE MODEL ON ELEVENTH
GRADE STUDENTSO0 CONCEPTUAL OMNATBESTANDI N
AND BASES CONCEPTS AND MOTIVATION TO LEARN CHEMISTRY

Cetin Dindar, Ayla

Ph.D., Department of Secondary Science and Mathematics Education

SupervisoProf. Dr. Omer Geban

March2012 350pages

The purpose of this study was to investigate the effect of 5E learning cycle
model compared to traditionééachercenteredinstruction on eleventh grade
studentd Cc o0 n cuaderstandiigf acids and bases concepts atubdent
motivation to lean chemistry. The measuring tools were Fineeé\cidsBases Test
(TABT) and Chemistry Motivation Questionnaire (CMQ). There were two groups,
which werdhe exgerimental and traditional group, consisting of 78 studsitse
the implementatiorihe took were administered as {pests to both groups atite
semistructured prénterviews were conducted welght students to determine
st u d priort keolivledge about acidases and motivation to learn chemistry.
During the implementation, 5E learningleyoodel wassed in the experimental
group and the traditionaieachecenterednstruction wa used in the traditional
groupthroughout eight weeks. After the implementati@toolswere administered
as postests to both groups atitk semistructure postinterviews were conducted
with the same students to deterntimeir post knowledge about aclisses and
motivation to learn chemistry. Afterwatlle data were analyzed and descriptive and
inferential statistics were obtained. Based on MANCOWAsiethere was a
statistical significant medifference between the groups in fasfoexperimental

group.Similarly, the students from experimental group scored higher mo#indtion



this difference wasund to bestatistically significant. The resulése analyzed in

terms of gender as well, and there was found no statistically significant differences
between the posest mean scores of girls and boys for the effect of the
implementation on understandafigcidsbases concepts or motivation to ledire

inferential statistics results were also supportethegtudents interviews.

Keywords: 5E Learning Cycle Model, Chemistry Education, Motivation to Learn Chemistry,
Acids and Bases
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5E ¥ RENME MODELKNKN 11. SINIF ¥7] RENCKL]
VE BAZLAR KONUSUNDAKkKk KAVRAMSAL ANLAMA
KkMYA DERSKNK ¥] RENMEYE Y¥NELKK MOTKVA
| ZERKNE ETKKSK
Cetin Dindar, Ayla
Dokt ora, Orta°Kretim Fen ve Matemat.
TezYondicisi Prof. Dr. Omer Geban
Mart2012 350sayfa
Bu -al ELmanEn amacE, 11. sEnEf ©°Kren
kavramsal anlamalarEna ve kimya dersini

geleneksé! Kr e-eneezliy ° nt emisha KBEy & Krenme model ir
etkisinin olup ol madEKEnNRE i ncelAdmanatl iEr .

AsitlerBa z | ar Test. (1 ABT) ve Kimya Motivas
deney ve geleneksel grupawoEmmkLt;,Ere.r eUyig
Ankar adda 78iKr &ealdul ldnaBi2 0 ¥ @ - Ki0dt imm d° ne mi
bahar d°nemi ndeUygulamadanknéeKir teinrcii Il miritni ra.si t |
konusundaki ©°n bilgilerini wEnEKEimgapPKre
amacEyla her i ki gruba -t]essBT Lveek | KiM¥d € | u-yngel
sekiz2 Krenci -yialpe& | cher eyga raBk mE (I a° n g Sekizhafta | e Lt i r
surenuygulam sirecinde deney grubumdk i °Krencil edeliles E ©° Kr ¢
gel eneksel grupt akd Kroekmedanztiyontermirl ei s®eK rgeenli em
g°r m¢ LUyguladasona s End a, ©° K rbazlackodusundaksitbazs i t | er
bilgilerini ve kimya °Krenmeye y%nel i k m
gruba da seh e s t ol arak | ABT ve KM¥ °©°bkekime ar a-
°KrenciyaiplEkd apyehgEBKkEBEL | aonyapEIl mELt Er. Uy



Vii
edilen veriler doKrultusunda tanEmlayEcE
deKi Lkenl i varyans anal i zi ( MANCOVA) son
olarakdeney grubu lehinenl aml E bir f diyk Et dile griptl dedi |
arasEndwaeri IKev¥i i ncel endi Ki nd eistatistkeee y gr ul
ol arak anl amu EtSonuctarcinsiyetk Es Elndan i ncel endi
erkek °Krencilerin asitler ve bazl ar k a
yonelik motivasyonsdne st ort al ama puanl arE @rasEnd:
fark bulunmamELt Er. ¥Krencilerle vyapEI e

desteklemektedir.

Anahtar Kel i mel er: 5E ¥Kr enme M o Itilllénl i | Ki n
Motivasyon, Asitler ve Bazlar
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CHAPTER |

INTRODUCTION

A recurring issue in science education @@eyéars has been a concern with the
understanding of how students learn and how permanent learning occurs. During
instructionsstudents are often overloaded with facts; unfortunately, at the end of the
instructiormost of them usuallgavdhe class withery little or no knowledge (Duit &
Treagust, 2003; Glynn & Duit, 1995). For educators, the important goal is to figure out
the way how students learn effectively and retain knowledge. Lately, more student
centered approaches on behalf of active leanth¢eaching have been used rather
than traditional teachere nt er e d met hods in which stu
copying notes from the board. Many studies in various branches of science reported
that studententered approaches are more effectivmeaningful learning to be
occurred and student understanding of scientific concepts are more enduring compared
to traditional teach&entered methods. What makes studemntered approaches more
efficient and powerful than teachentered methods? Whydgnts learn more
efficiently in studententered approaches compared to traditional tezaitered

methods? The answers of these questions were searched throughout the current study.

Learning is an active process and it is crucial to engage thenl&faimnprocess,
Vygostskyods belief about the nature of
develops its mental abilities while interacting with the world (Gredler, 1992).
Accordingly, Vygotsky (1986) defined the Zone of Proximal Development (ZiRD) as
distance between what a child can accomplish with the guidance and without the
gui dance. Vygotskyods theory reflects th
knowledge via using signs and symbols and a teacher interact with a learner to generate
the teaching goals and achieve the tasks. While students construct the new knowledge,
they are active through tasks throughtaldf inner speech, guidealticipation,
scaffolding, apprenticeships, and p@eraction. According to Vygotsky, the ZPD



corcept encourages students to stretch the limits of what they know and can do by
presenting challenging situations and tasks to promote cognitive development, and

ZPD is generated during this learning and teaching interactions.

During in chemistry learnipgocess, students often experience difficulties and
lack conceptual understanding of basic concepts even though their efféxti,(Ben
Eylon, & Silberstein, 1986; Krajcik, 1991; Nakhleh, 1992; Osborne & Cosgrove, 1983).
On the other hand, although studeym® correct responses to scientific question, they
often have difficulties 4tepth explanation of them (B2wi et al., 1982; Osborne &
Cosgrove, 1983) . The reason of the diffi
own conceptions that are diffdrfrom those accepted by the scientific community
(Nakhleh, 1992), labeled as alternative conceptions in this present study. These
alternative conceptions are obstacles for student learning since students are not able to
make meaningful connections witheit own conceptions and new learned
conceptions, and they are occurred because of various reasons such as their personal
experiences, peers, culture and language, real life experiences, media, or lack of
understanding from the previous school coursestadents bring these pegisting
knowledge to the classroom (Eam et al., 1986; Fellows, 1994; Hewson & Hewson,
1983; Nakhleh, 1992). In the current study, acids and bases concepts were investigated,
which is one of the fundamental topics in chemiStydents usually find these
concepts difficult to understand because of the abstract nature of the concepts and
generally develop alternative conceptions on this topic, satthaagls are strong
acids, concentration is the same as strength, a sitbhgsa higher pH than a weak
acid, and strong acids produce more hydrogen when reacted with a metal than do weak
acids (Ross & Munby, 199dr)neutralization reactions always resulted with a pH of 7
(Schmidt, 1991). In order to prevent or eliminatenatiee conceptions of students,

one of the efficient factors is the teaching methods used during instruction.

Changing studentsd alternative concep
1982; Posner, Strike, Hewson, Gertzog, 1982). For depth ofamdiags students
should have opportunities to investigate natural phenomena, use their science process,
higherorder thinking, and critictlinking skills, and be encouraged to think about
their preexisting knowledge. Recently, constructivist teadhatggees have been

suggested for conceptual and meaningful understanding and prevent student alternative



conceptions (Glynn, Yeany, Britton, 1991; Lee & Fraser, 2000; Yager, 1995). Based on
constructivism, students constructs the knowledge on theiriowknawledge and
constructivist teachers help them connect new situations to previous ones (Yager,
1995).

Various trends have been emerged such as cooperative learning, discovery
learning, concept maps, conceptual change model, learning cycle araridalirgre
based on the constructivist approach (Colburn, 2000). The entire constructivist teaching
strategies aim to enable students for developing their-dnidgwethinking skills
through guided or assisted by teachers during learning procese(Rbsi®82). The

constructivist strategies are aware of si

them i s emphasizing studentsd alternatiyv
their existing conceptions (Chi & Roscoe, 2002; Vosniifi, Yager, 1995) while
traditional teachere nt er e d i nstructions do not C

conceptions or integrate students in learning process.

In terms of teachindknowledge of science is important if teachers are to be
effective, not di in teaching science concepts to their students but also in encouraging
their st udent sSGiencecduch®ratoday agreerthatcadacktofyadequate
preparation of teachers to teach science often presents serious problems for effective
sciere instruction and meaningful science learning in the schools. Specifically, a lack of
science subject matter preparation and understanding of science concepts on the part of
school teachers can restrict what they teach and how effectively the fAedeinson
& Mitchener, 1994Bruning, Schraw, & Ronning, 1999). Yager (1995) listed some
strategies used by constructivist teachers siehcasraging student autonomy,
initiation, and leadership; allowing student thinking to drive lessons; encouraging
stucents to interact with each other; asking students to articulate their theories about
concepts; looking for students alternative conceptions and design lessons to address any
of these conceptions which do not represent those held by scientists; andrencourag

students to connect ideas to phenomena in their daily lives.

The constructivist von Glaserfeld (198
acquired passively because novelty cannot be handled except through assimilation to a
cognitive structure tex peri enci ng subject already ha

accommodation and assimilation processes are crucial in terms of learning since



according to them students are not empty vessels as supported by the behaviorist to
transmit the knowledge framachers. Piaget (1985) pointed out distinction between
assimilation and accommodation and with accommodation to be occurred Posner,
Strike, Hewson, and Gertzog (1982) proposedeptual change model with four
conditions, which were dissatisfaction whb existing concepts, intelligibility,
plausibility, and fruitfulnesk science teaching, conceptual change approach based on
constructivism has been underlined in recent decades, inlemhigrs actively
constructs their own knowledge or understgnadind learning is possible only to the
extent that the new knowledge is built upon previous knowfkealgeonceptual

change to be facilitated, learning cycle model is a common strategy used (Wilder &
Shuttleworth, 2004). Learning cycle model is basednstructivist learning and
enables to facilitate conceptual change and meaningful learning. 5E model of
instruction is extended form of learning cycle in order to be more understandable for
science teachers (Lawson, 1995). Basically, students exgdkire,aagpexpand
concepts during the learning process and through this process various techniques could
be used such as analogy, concept mapping;draadsivities, instructional games,
mindson activities regarding to instruction. Therefore in this, shelylesign of the

I mpl ementati on was constructed based on

prior knowledge into account and actively involving them into learning process.

In addition to cognitive perspective of learning process, affecipegbere of
learning process should also be taken into account such as attitudinal or motivational
process. In other words, for-depth conceptual understanding not only teaching
strategies but also it is esoeoreetidffitagyl t o t
into account (Pintrich, Marx, & Boyle, 1993). Similarly, for students to be involved in
the learning process, students should be motivated to learn by arousing their curiosity
(Liem, 1987; Pintrich, Marx, & Boyle, 1993; Pintrich, 1898lvihg and participation
in learning process give students motivation to learn, enjoyment, and satisfaction.
Constructivist teaching strategies engage students to learning process and they
experience by active participation, which increase studentiomo{(daes & Archer,
1988 Britner & Pajares, 2006; Pintrich, 2@Ri8trich & De Groot, 199®&chunk &
Pajares, 2002Considering this theoretical backgraartthis current study, student



motivation to learn chemistry was aimed to be increased viaarstrgctivist

strategies during the implementation.

Students in chemistry course should attain a depth of understanding of
fundamental and a reasonable competence in dealing with chemical problems. Students
often struggle to learn chemistry, becaysessible reasons such as not constructing a
in-depth understanding of fundamental concepts (Bektas, 2064;iBEwglon, &
Silberstein, 1986; Gabel, Samuel, Hunn, 1987; Nakhleh, 1992), abstract nature of
chemistry (Carter & Brickhouse, 1989), difficaltynderstanding the meaning of
representations in terms of microscopic and macroscopic notiofs/{BEwlon, &

Sil berstein, 1986 ; Novick & Nussbaum, 19
scientific meaning (Nakhleh, 1992). In order to délalstuident difficulties, Yager

(2000) suggested that real life events should be on the focus of science teaching and
learning. In addition, Starnes and Paris (2000) emphasized the importance of engaging
the minds of students and it was science teacheysr@le&kin motivating students to

engage in learning. Studies have revealed that students in constructivist learning
environments where students discover and inquire in chemistry perform better than
peers in more teachegntered or textook-oriented clases on measures of general

chemistry achievement or skills (Bektas, 2003).

In addition, i has always been a concern in science education research whether
girls and boys differ iachievementStudies in science literature are inconsistent in
gender diffeencesin terms of achievemenrtlost studieswhich found significant
gender differencesported thaboysperformed better thagirlsin science courses
particularly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn & Hyde, 1989;
Steinkamp &Vlaehr, 1984 however, there are also studies which reported that the
gender dferences are in favor of gifknderman & Young, 199#8ritner, 2008;

Britner & Pajares, 2008Vhenmotivationto learn science is taken into account, some
studiesalsorepotedgender differences favoringys(Meece, Glienke, & Burg, 2006)
and particularly, in favor of boyspimysical sciences and in favor of girls in biological
science and chemistry (Steinkamp & Maehr, 188djler difference has also been
found intermsof selfefficacy beliefsf students. Girls tend to have stronger self
efficacy in earth and environmental science cl@gesr, 2008); however, some

studies reported this gender difference in favor of boys (Anderman & Young, 1994;



Glynn,Taasobshirag & Brickman2009 Lau & Roeser, 2002; Pajares, 1996; Pintrich

& DeGroot, 1990)Gender differences in science mainly can be seen in terms of point
of interest; girls are generally more interested in biology and chemistry and boys are
generally more inmested in physical sciences (Kahle et al., 1993). In this current study,
gender difference was also investigated whether girls or boys differ in terms of

conceptual understanding and motivation to learn chemistry.

Consequently,he purpose of this studyowers high school environment,
specifically L.grade high school students. High school education is compulsory in
Turkiye and science learning is one of the basic subjects in the curriculum content. One
of the fundamental issues of the curriculum iduoate physically, mentally, morally,
spiritually, and emotionally stabtstructivegreative, and productive individuals who
arealsohealthy in a personality and character, haraad world view and the power
of the independent and scientthinking, respect for human rights, value personality
and enterpriseand feelresponsib | i ty towards society (Or
¥Kretim ProgramE, 2007)

To summarize, this studyi | | contribute to Turki sl
motivation to learn chemistry, their awareness of the importance of learning about
chemistry, and the rolediemistry knowledge in their daily life. Students will have in
depth understanding of acids and bases concepts since traditionally these concept are
difficult concepts to conceptualize; students have a great deal of difficulty keeping
various types of atd and bases definitions, acids and bases reactions, strength or
weakness of acids and bases. In addition, students should-geyetal umderstanding
of some basic concepts such as particulate nature of matter, chemical reactions and

chemical equilibm in order to understand acids and bases concepts.

Therefore, this study focused on the constructivist approach on learning acids
and bases concepts, which emphasizes that students construct their own knowledge
through the interaction of what they alrelaglyw and believe the ideas, events, and
activities they encounter. Since based on constructivist approach in terms of learning
process, studentso®6 active involvement du
construction of knowledge happens as ectiimg new experiences into-exesting
ones (Hewson & Hewson, 1983). The purpose of the current study was determined as

the following:



e To investigate whether these is a significant effé& kfarning cycle
modeloriented instruction as compared &alitionally designédacher
centeredchemistry instructiorand gender on figr ad e studen
conceptualinderstanding of acids and bases concepts

e To investigate whether these is a significant effect of 5E learning cycle
model oriented instruction as qared to traditionally designed teacher
centered chemistry instruction and gender dhglt a d e studen

motivation to learn chemistry

1.1 The Main Problems

The main problem, sygyoblems, and hypotheses were statetis section

The purpose of this dy is twofold: (1) to investigate the effect of 5E learning cycle

oriented instruction and gender on high school student conceptual understanding of

acids and bases concepts and (2) to investigate the effect of 5E learning cycle oriented

instruction and gueler on high school student motivation to learn chemistry. The main

problems can be given as the following based on the aforementioned purpose:

1.

1.11

What are the effecs of 5E learning cyclenodel oriented instruction as
compared to traditionally designeahercenteredhemistry instruction and
gender on 11t h gr adneeptimundgenstasdinghobaxrids st ud
and bases concepts?

What are the effecs of 5E learning cyclenodel oriented instruction as
compared to traditionally designedcheceneredchemistry instruction and
gender on 11th grade high school stud

The SukProblems
The subproblems of the study are as stated below:

Do methods of teaching (5E learning cycle model oriented teaching versus
tradtionally designed teaclmentered chemistry teaching) make difference on

student conceptual understanding of acids and bases concepts when the effects



of the acids and bases conceptstgse scores and motivation to learn
chemistry préest scores aremtrolled?

2. Do girls and boys differ on their conceptual understanding of acids and bases
concepts when the effects of the acids and bases concépst preres and

motivation to learn chemistry fiest scores are controlled?

3. Is there any interactidetween method of teaching and gender on student
conceptual understanding of acids and bases concepts when the effects of the
acids and bases conceptstest scores and motivation to learn chemistry pre
test scores are controlled?

4. Do methods of teachinbE learning cycle model oriented teaching versus
traditionally designed chemistry teaching) make difference on student
motivation to learn chemistry when the effects of the acids and bases concepts

pre-test scores and motivation to learn chemistriegrscores are controlled?

5. Do girls and boys differ on their motivation to learn chemistry when the effects
of the acids and bases conceptstgst scores and motivation to learn
chemistry pr¢est scores are controlled?

6. Is there any interaction betwemethod of teaching and gender on student
motivation to learn chemistry when the effects of the acids and bases concepts

pre-test scores and motivation to learn chemistrieptescores are controlled?

7. What is studentsd c on aecbadesicanceptsloetbrer st a

and after the implementation?

8. What S student so motivati on t o | e a

implementation?

1.2 The Null Hypotheses

The problems aforementioned above werededtl the following hypotheses.
Hypothesis 1, 2nd 3 are related to main problems and the rest covers the sub

problems:



H,1l: There is no statistically significant overall efféeaohing methodsking

into accounbE learning cycle modaientedteachingand traditionally designed
chemistnteatingon thepopulatiormean othe collective dependent variables of
el event h gr atestscosdolctieand basésngemssntd motivation

to learn chemistiyhen the préest scores of acids and bases concepts and-the pre

test scores of mettion to learn science are controlled

H2: There is no statistically significant mean difference bgiviand boys on

the population means of the collective dependent variables of eleventh grade
st ud e n-test écores ofacids and base®nceps and motivation to learn
chemistrywhen the preéest scores of acids and bases concepts and iestpre

scores of motivation to learn science are controlled

H,3: There is no statistically significai@raction between the methods of teaching
and g@nder on the population means of collective dependent variables of eleventh
gr ade <stids dnel basesldcepts podiestscoresand motivation to learn
chemistnposttestscoresvhen the préest scores of acids and bases concepts and

the pretest sores of motivation to learn science are controlled.

H4: There is no statistically significant difference betineeposttestmearscores

of students taught via 5E learning cycle model and who taught via traditionally
designed chemistry instructiortiv@ population means of acids and bases concepts
posttest scores when the fiest scores of acids and bases concepts and-the pre

test scores of motivation to learn science are controlled

H5: There is no statistically significdifference on the ptsest mean scores
bet ween girls and boys on studentsd wun
when the preéest scores of acids and bases concepts and {festpseores of

motivation to learn science are controlled

H,6: There is no statisticallyngiigantinteraction between methods of teaching and
gender on studentsd understandi-teg of a
scores of acids and bases concepts and thespseores of motivation to learn

science are controlled

H,7: There is natatistically significant difference betwkeposttestmearscores

of students taught via 5E learning cycle model oriented teaching and who taught via
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traditionally designed chemistry teaching on the population means of motivation to
learn chemistrygsttest scores when the fiest scores of acids and bases concepts

and the praest scores of motivation to learn science are controlled.

H,8: There is no statistically significdifference on the postst mean scores
between girls and boysonstudend mot i vati on t o Hestarn <ch
scores of acids and bases concepts and thespseores of motivation to learn

science are controlled.

H9: There is no statistically signifidgatéraction between methods of teaching and
genderontsudent sd moti vati on ttestscoeeaafacide h e mi
and bases concepts and thetest scores of motivation to learn science are

controlled.

1.3 Definition of Important Terms
The terms used in tipeesenstudy are given below:

U Alterngive Conceptions: Any student beliefs or ideas about scientific
concepts that are differed from those accepted by the scientific

community.

0 Constructivist Teachingtr&egiesBased on constructivistrategies
student sod active | Hectodl developenent is dur i r
important andconstruction of knowledge happens as connecting new
experiences into pexisting onesspecifically emphasizing on alternative
conceptionsthrough the interaction of what they already know and

believe the ideas, et®rand activities they encounter

U Conceptual Change: A meaningful learning process in students by
emphasizing their pexisting knowledge, specifically alternative

conceptions, requiring accommodating concepts (Yager, 2009).

U 5E Learning Cycle Model emied Instruction: A model consisting five
steps, which are engagement, exploration, explanation, elaboration, and

evaluati on, in order to enhance stu
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O Motivation to Learn Cleethusiasriaboy : St u
and willngness to put effort into learning chemistry (Brophy, 1998).

0 Traditional Chemistry TeacHegntered Instruction: During this
instruction, teachers do their teaching in a regular way without any

intervention, which is usually teaatettered.

1.4 Significance of the Study

Today, every citizen is expected to be a scientifically literate person by means of
being able to understand real life events, having the joy of knowledge about the natural
world, applying scientific processes in personal life, askingygesting reasonable
solutions for questions, make decisions, be good at social communication, and able to

use technology.

Chemistry is such a branch that any event in real life may be explained with the
help of chemistry. Students encounter many reevdéifgs from an early age and they
relate to what they already know and construct coherent understanding of these events.
In a situation when students have alternative conceptions, students may experience
difficulty in understanding of new concepts anch\iiegr alternative conceptions are
identified, chemistry instruction can be modified by constructivist teaching strategies.
There are many chemistry topics (such as matter, solids and liquids, gases, solutions,
chemical reactions, chemical equilibriungsaand bases, electrochemistry, etc.)
enlighten daily events that are observed in real life. For the detailed explanation in any
chemistry topic teachers can find related daily events or objects to apply in classroom,
which can also encourages studemsity and makes sense why they learn chemistry.
Conceptual understanding has been a curriculum goal for many years in chemistry
educati on. Speci fically the final develc
Der si ¥Kretim ProgramE, 2007) emphasi zes
doingan experiment in order to develop conceptual understanding and learning. It is
also mentioned in the curriculum that experiencing real life events, doing a research on
science and technology, and working collaboratively are further effective factors on

understanding and learnigimilarly in this study, purposive real life applications were
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embedded in the implementation process since students experience many substances or

events related acids and bases concepts in their everyday life.

Students usuallyne to learn factual knowledge presented and tries to grasp the
knowledge that just they need for exams, without making any meaningful connections
to what they already know or constructing an understanding of the underlying concepts,
they only hold their awcoherent understanding based on their prior knowledge and
experience (Nakhleh, 1992; Osborne & Wittrock, 1983). In the case of Turkish high
school students, students are mostly focused on the university entrance examination
and performance rather thaarl@ng, the important points for them to take high grades
in exams, make good memorization to answer the questions rather than inquiring for
scientific facts. Based on studentds per:
attention to developstd ent 6 s i nquiry skill s, cC ommun
ideas, decisiemaking skills, imagination, creative thinking, attitudes concerning science
and motivation to learn science, teach about scientific processes to solve problems in

daily life, itegrate science, or apply learned science in real life situations.

Even students are successful in conventional test, this success does not reveal that
the studentsd understandings of given col
by chance anddl factor; which did not reveal meaning learning. The effectiveness of
applied chemistry instructions was assessed biieh@zds and bases concept test in
order to measure student s 0 Twoted(€ansGbha ndi ng
Chia, & Tragust, 2002; Treagust & Chandrasegaran, 2007) ariiethiest are
reported to be more efficient in assessi
than conventional multipthoice tests (Eryilmaz & Surmeli, 2002; Pesman & Eryilmaz,
2010)Teca her s may have a better understandin
leaning difficulties in required scientific concepts by assessing student understanding
through thredier concept tests; therefore, a threeacids and bases concept test wa
develop in order to assess studentsd al't

acids and bases in this current study.

The main emphasis of this study was to facilitate meaningful learning which
enabl es in student s @offthemistrg concépts anel pramote f u n
student motivation to learn chemistg. Vygotsky proposed, in this current study, in

order to promote both cognitive development and classroom achievement efficiently in
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students for learning chemistry, collaboratsteigtured learning/teaching was aimed

until students were able to accomplish the tasks. Since motivated students are more
eagerly to involve in class activities, activities that motivate students to learn chemistry
were aimed to develop as well as takmgmportance of social interactions during
learning and benefits of experiencing firsthand into account. Activities which are taken
from realworld context were aimed to be developed to make students ensure about
they are discovering the reasonstivgyare learning chemistry and how they are going

to use that knowledge and skills in the future.

Although the role of constructivist strategies in increasing the comprehension of
acids and bases concepts has been explored previously, this study bésmontrib
several way#n the literature, there are not much studies related to increase student
motivation to learn chemistry and its importance to facilitate conceptual Thignge.
study extends previous research by examining the role ebhautsities, those
enriched with real life materials and events, have on comprehension and inferential
learning. This study also makes contributions to other areas of practical and theoretical
research; such as the research investigating the role that mobivedionchemistry
plays in learning. Koballa (1992) suggests that most of the science related attitudes held
by teachers are acquired incidentally rather than as a result of planned efforts. This
present study examines the use of hamdsctivities emieled in learning cycle
oriented teaching as planned instructional strategies as a causal factor in improving high
school student sd motThe putpose of the studylwaston ¢ h
investigate the effectiveness of 5E learning cycle moddkddnestruction on
studentsd conceptual understandandtp and |
provide evidence for studentsd conceptua
and motivation to learn chemistry between the experimental anohixbdroupsAs
this purpose taken into consideration, this study will contribute to chemistry education
in terms of chemistry learning to facilitate chemistry leasning, mul at e st u
motivation to learn chemistry, and promote their interest inistherfirom a
pedagogical perspective, the findings of this study will have implications for chemistry

teachers as well as for chemistry teaching in general.
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CHAPTER I

REVIEW OF THE RELATED LITERATURE

In this chapter, the information is given aladtigrnativeonceptions, alternative
conceptions in acids and bases, theoretical background of constructivism in which
constructivist teaching strategies, conceptual change approach, 5E learning cycle model
was given in detail, theoretical backgroundotivation, motivation to learn, and

gender differences in science and motivation.

2.1Alternative Conceptions

Studentsown beliefs and formed by their personal experiences with everyday
phenomena, media, books, parents, siblings, teachers, or pee& Ba@sas, 2001;
Driver et al., 1994). The student difficulties are crucial for science education as they may
persist even after a teaching sequence and work adequately in their everyday lives;
students may take on board new terms but fail essentiallgnige dineir ideas
( Nussbaum, 1980); students®6 erroneous i d
on an activity from that anticipated by the teacher (Osborne and Freyberg, 1993);
students may tappear to have understood the taught ideas or f@mbig revert to
their alternative frameworks when faced with new or novel sitd@roresr, 1983).
These studentsd difficulties, i ncompl et e

terms as th@llowing:

e Alternative conceptiolslaidar & Abrahani,991; Gilbert & Swift, 1985
as cited in Tsaparlis, 1997; Wandersee, Mintzes, & Novak, 1994),

e Alternative framework@river, 1981Driver & Easley, 197&s cited in
Guzzetti, Snyder, Glass, & Gamas, 1B68@er & Erickson, 1983 as cited
in Nakhleh, 1992

e Chi | dr e (Agusre, b9 8; Cathtrall, 1981; Nakhleh, 1992; Ross &
Shuell, 1993),
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e Chi |l dr e n @Gdberts ©shane,c& Fensham, 1982 cited in
Guzzetti, Snyder, Glass, & Gamas, 198Borne, Bell & Gilbert, 1983
as cited in Griffiths & Presmt, 1992; Harrison & Treagust, 1996;
Osborne & Freyberg, 1985 as cited in Nakhleh, 1992),

e Intuitive belief§McCloskey, 1983 as cited in Griffiths & Preston, 1992),

e Intuitive conceptions (Duit, 1995)

e Intuitive scienceéPerez & Alis, 19Bas cited in GuzzetSnyder, Glass, &
Gamas, 1993),

e Misconceptions (Griffiths & Preston, 1992; Nahkleh, @3itjths &
Preston, 1992; Driver & Easley, 1978 as cited in Nakhleh, 1992; Stavy,
1988; Novak, 1988 as cited in Tsaparlis, 1997),

e MisunderstandingéAbraham, Gzybowski, Renner, and Marek, 1992;
Shepherd & Renner, 1982),

o Naive belieffCaramazza, McCloskey, & Green, 1981 as cited in Griffiths
& Preston, 1992),

e Naive Conception€hampagne, Gunstone, & Klopfer, 188%ited in
Guzzetti, Snyder, Glass, & Gama¥931L9

e Preconception®ndersson & Smith, 1983 as cited in Griffiths & Preston,
1992; Driver & Easley, 1978 as cited in Nakhleh, 1992; Eylon & Linn,
1988 as cited in Tsaparlis, 1997),

e Spontaneous reasonif\gennot, 1979 as cited in Griffiths & Preston,
1992)

e Student conceptions (Duit & Treagust, 1995),

e Studentsd descript i (Chammpange Klapferp&d a na't
Gunstone, 1982 as cited in Nakhleh, 1992),

The term alternative conception, which descshegent ideas and their
alternative frameworKer the organization dfleas, was used in the current study.
This usage covemyastudent beliefs or ideas about scientific concepts that are differed

from those accepted by the scientific community.
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2.1.1 Sources of Alternative Conceptions

Studentsould hold alternative conceptions in any branch of science and student
could hold these alternative conceptions from varied sources. Driver (1983;)
emphasized thathildren construct some beliefs about natural phenomena in their
efforts to make sense ofegyday experiencebhe other possible sources are listed as
the following (Duit & Treagust, 1995; Harrison & Treagust, 1996):

e School text books

e Culture and language

e Daily usage of concepts

e Mass Media

e Teachers

e Personal redife experiences
e Sensuaxperiences

e Lack of understandings from previous school courses

2.1.2 Determining Alternative Conceptions

Different types of assessments are used in science education in order to identify
studentsd alternati ve ¢ oncMopttord, Brons,, & uc h a
Findley, 2008; Osborne & Gilbert, 1980; Thompson & Logue, 2006¥nojeeh
questions (Calik & Ayas, 2005; Chou, 2002; Tsaparlis & Papaphotis, 2002), concept
maps (Goh & Chia, 199bjalexaminations (Hesse & Anderson, 1%#) mulfple-
choice questions (Schmidt, 1997; Uzuntiryaki & Geban, 2005), which both have
advantages and disadvantages in practical usage (Osborne & Gilbert, 1980; Tsai &
Chou, 2002).

Multiplechoicetests are often more preferable in science classes since they ar
easy to apply and evaluate studentsod un
multiplechoice tests have some limitations in applying such as determining whether a
student gives a correct response to a test consciously or just by a chanceh&n the o
hand, interviewsopenrended questions, or cedaminationsan give more detailed
I nformation about studentsd alternative

particular concept, but a large amount of time is needed to conduct intepgews
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ended questions, or omkaminationsvith many students for generalizing their
alternative conceptions. Because aforementioned techniques have some limitations for
practical use in classes, two tier tests are proposed to iderdifg stt sd al t er |
coneptions(Treagust, 1986; Treagust, 1995). In order to strengthen the advantages of
multiplechoice testswo-tier tests were developed (Tan, Goh, Chia, & Treagust, 2002).
Firsttier of each question is a conventional multiptéce question and secdret of

the question includes possible alternatives for the response in-tiee. finso-tier

tests are suclmassessment tools tiedn make available for teachers or researchers to
determine studer@islternative conceptions and whether a student gicesrect

response to a question by understanding the related subject since theesetand

test asks for a reason for the respondie first-tier. Therefore, this type of tests
differentiates student responses from lack of knowledge as welhees felotor.

Treagust (1995) also suggests that when diagnostic tests are used either at the beginning
or at the end of a topic, an instructor
related topic and based these detectealternative concdphs the instructor can

modify the related lesson planordertor e medy st udentsd alterr
There are some studies on the development ofttbrdest in physics (Eryilmaz &

Surmeli, 2002; Pesman & Eryilmaz, 2009) and chemistry (@asiuNidz, Unal, &

Calik, 2007; Kirbulut, Geban, & Beeth, 2010), in which as an additioxitrdwite

last third tiers added to adkr whether students are sure about their responses to the

previous two tiers.

2.1.3 Alternative Conceptions in Acahd Bases

There are many studies on studentsd co
that students hold many alternative conceptions in acids and bases concepts through
their everyday life experiences and students bring them to class (Drivea&, Oldh
1986). Students have a great deal of difficulty keeping various types of acids and bases
definitions, acids and bases reactions, strength or weakness of acids drek bases.
origin of student difficulties in acids and bases concepts besalestrdtmess of the
subject(Herron, 197bcould be as well as having alternative conceptions in acids and
based concept®émerouti et al., 2004; Demircioglu, 208and, 1989%and &

Treagust, 988; Schmidt, 199B8heppard, 1997the lack of understanding bet
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particulate nature of matté&lakhleh, 1994; Nakhl&hKracjik, 1993; Smii& Metz,

1994, the various definitions of acids and bases based on different tGaarjd984;
Schmidt, 1995; Vidyapd&tiSeetharamappa, 1995; Sheppard, 1997-Masiet h,

2005; KousathanaDemerouti, & Tsaparlis,2005, or experiencing confusing
terminology in real worl&¢hmidt, 1991, 19p5 hereforestudents should reveal in

depth understanding of some basic concepts such as particulate nature of matter,
chemicakeactions and chemical equilibrium in order to understand acids and bases

concepts.

There have been conducted many researtr
and alternative conceptions in acids and bases at different level in schools; some of

which ae reviewed below:

Cros, Maurin, Amouroux, Chastrette, Leber, and Fayol (1986) made a study with
freshman university students using stmctured interviews and questionnaire; the
findings of their study revealed that students were more knowledgeahdeidbpu
however, had difficulties in naming three bases, in defining the pH concepts, in
neutralization reactions, and in connecting their acids and bases knowledge to everyday
phenomena. Students defined acids and bases more based onlBnongtidwtoy
than Arrhenius theory. The researchers, Cros, Chastrette, and Fayol (1988), conducted
the followup study on the same university students for the next year using a modified
guestionnaire and their findingssmddress
much changed, still holding difficulties in naming bases. On the other hand, students
made progress in defining acids and bases and likewise the prior study used more often
BronstedLowry theory than Arrhenius theory to define acids and bases. The
determined alternative conceptions by the researchers are basic ones in acids and bases
concepts therefore they were included into interview schedule and concept test in this

current study.

Hand and Treagust (1988 veal ed t he st udbasedtsad i de:
they were: cbacids eat materials away, a (
done by trying to eat something away, strong acids eat materials away faster than weak
acids, reactions of acids with metals and carbonates are exanmpbs aextiang
something away, a base is something that makes up an acid, neutralization is the

breakdown of an acid or to change from b
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these aforementioned alternative conceptions before the topic of acidssaaddase
during the topic students were enabled to do activities, each of which aimed to remedy
one of the aforementioned alternative conceptions. Before the activity students were
asked to accept or reject the alternative conception, and then studentsctmeiuc

activity. The researchers used the strategy of conceptual conflict and concluded that this
strategy was somehow successful in some alternative conceptions, but not effective in
neutralization and strength of acids. Beyond conceptual understaedegearcher

also emphasized that students attitudes toward chemistry improved.-Apfeliogy
conducted by Hand and Treagust (1991) revealedttidents taught with the
conceptual conflict strategy were more successful on the end of semeshantest
students taught by traditional methotlse determined alternative conceptions by the
researchers are basic ones in acids and bases concepts therefore they were also included

into interview schedule and concept test in this current study.

Ross andlunby (1991) conducted a study with high school students on acids and
bases via concepts maps and interviews; their findings revealed that students hold
alternative conceptions on acids and bases, swh a&sds are strong acids,
concentration is theage as strength, a strong acid has a higher pH than a weak acid,
and strong acids produce more hydrogen when reacted with a metal than do weak
acids.The researchers emphasized that students assumed acids to be more powerful
and had difficulties in undeaating of bases concepts. This study supported the
findings of Cros et al. (1986) about student difficulties in bases than acids. The
determined alternative conceptions by the researchers are basic ones in acids and bases
concepts therefore they were ideldi into interview schedule and concept test in this

current study.

Schmidt (1991) search for high school students ideas about the concepts of
neutralization and specifically whether students assumed that neutralization reactions
always resulted with a ppd 7. The findings revealed that students understand
neutralization concept in its original meaning and neutralization reactions always end up
with neutral solution having a pH of 7 regardless an acid or a base was strong or weak.
The determined alternagiconceptions by the researchers are basic ones in acids and
bases concepts therefore they were included into interview schedule and concept test in

this current study.
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Driver, Squires, Rushworth, and W&mbinson (1994) emphasized that
students were momwvare of acids than bases inliEakbxperiences such as tasting
sour foods or drinks, or news about the effects of acid rain; however, students were not
much aware of bases in their everyday life. In order to investigate whether the students
in this curent study were aware of acids and bases in their everyday life, the questions

on this purpose were developed.

Nakhleh (1992) conducted a study with high school students in order to get
student models of matter via satnuctured interviews in whichdgumts were asked a
set of questions about acids, bases, and pH before and after performing a series of
titrations. This study disclosed another point of view on acids and bases, expressing that
students had poor knowledge of acids and bases since tael badnderstanding of
the particulate nature of matter. Additionally, students had difficulties in transforming
verbal definitions to drawings because of confusion in representations of matter as
particulate and continuous. Nakhleh and KrajdR3 194) analyzed groups using
three different technologies, chemical indicators, pH meters, and microcbagader
| aboratori es; based on studentsd concept

MBL group differentiated among others in understandingdsfaw bases concepts.

Schmidt (1995) conducted a study with high school students and investigated
their ideas about Bronstedwry theory. Two alternative conceptions were addressed,
which wer-students confused naonjugate and conjugate auade pasr and also
regarded positively and negatively charged ions as conjugbdseapialir-lt was
concluded that these misunderstanding emerged from misleading terminology, likewise
the prior study of Schmidt (1991).

Vidyapatiand Seetharamapgd995) intesiewed higher secondary school
students and compiled a questionnaire regarding acids and bases. The researchers found
that students had an alternative conception that acids and bases reactions always
resulted in a neutral solution; a similar finding toafhthe Schmidt (1991) study.
Additionally, the researchers argued that students were not able to connected acids and
bases with real life experiences since they just gave examples of acids and bases from
their textbooks. Conversely to Cros et al. (1888xs mentioned in the study that

students were knowledgeable about bases as much as acids.
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Smith and Metz (1996) conducted a study with graduate and undergraduate
chemistry students to evaluate their understanding of acid strength and solution
chemisty. The findings of students microscopic representations revealed students had
difficulties in representations although they did not have any problems in solving
mathematical problems in acids and bases. Students misrepresented ions, bonding and
dissociatin on acid strength though they successfully defined acid strength verbally.
Some alternative conceptions were reported such as strong acids had strong bonds or
opposite charged ions attracted strongly, and weak acids ionized partially since having
weak bods. The researchers also implied that graduate students had difficulties in
expressing their representations, especially on the weak acid question. The
aforementioned alternative conceptionfumdamental in strength of acids and bases

concepts; therefey these conceptions were included in the current study.

Toplis (1998) investigatedl2yeap | d st udent sd i deas abo
interviews and classroom observations of working groups. Similar findings with Cros et
al., (1986) were found oades that students had confusions about bases and more
clear on acids in giving everyday and laboratory examples. Likewise, Driver et al.,
(1994)06s study it was emphasized that ¢t
related to acids and basesiftbeir daily lives.

Morgil, Yilmaz, Sen, & Yavuz (2002) administrated an acids and bases test,
including pH, strenght of acids and bases, conjugatleaseighairs, neutralization,
indicator, and concentration of acids and bases conceptsstwvxe lsemistry
teachers and their findings revealed thasegmwece chemistry teachers hold similar
alternative conceptions with the related literature (Cross et al., 1986, 1988; Ross et al.,
1991; Vidyapati et al., 199Bemerouti, Kousathanand Tsaparlis2004 also
i nvestigated st udent s"Gradelsttdentsraadttheivresults o n ¢ €
revealed that students had difficulties in acids and bases concepts such as definition of
BronstedLowry, dissociation, ionization, and degree of ionizptiomeutralization,
and buffer solutiond.in, Chiy, and Liang (2004) focused to identify student mental
models on acids and bases concepts and their study emphasized that the mental models
of high achievers and low achievers differed in being validrinffhigh achievers; in
addi tion the researchers concluded that

their everyday experiences and their previous instrugiioitarly, Demircioglu, Ayas
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and Demircioglu (2005) understdndiocgtokeagdidsaands t u d
bases concepts and found similar alternative conceptiondandhand Treagust

(1988) Nakhleh et al(1994) andRoss et al(199]. In addition in their study, they
concluded that the st udearyddsedan thegdailyat i v e
lives and in order to create meaningful understanding for acids and bases concepts it
was crucial to embedded real life events into instructions.

The alternative conceptions found in the literature on acids and bases concepts
are summarized as the following and some of these alternative conceptions were used
to develop the acids and bases concept test:

e Proton donor substances have basic characteristics (Morgil, Yilmaz, Sen &
Yavuz, 2002)

e All substances including OH in theirnfiotas have basic characteristics
(Demirci oKIlu, Ayas, & Demirci oKI u, 20

e The strength of acids/bases is related to concentration (Ross & Munby, 1991)

e The strength of acids/ bases I S rel a
Demirci oKI u, 20015, Ross & Munby, 199

e The pH value is positively correlated with the number of hydronium ion
concentration in the solution (Demirec

e Mixing an acid with a base (without regard to quantities) neutralizes the base
resulting in a neutral saltwgoon (Horton, 2007; Zoller, 1990; Schmidt, 1991,
DemircioKIlu, Ayas, & Mdemege, O98pWdyapati 2 0 0
& Seetharamappa, 1995)

e Acids are stronger and more dangerous than bases&(Rhssby, 1991
Sheppard, 2006

e In neutralizationall the H and OH ions are cancelled (Horton, 2007;
Demirci oKIlu, Ayas, & DemircioKlu, 200

e Mixing equal molar quantities ofdH and OH to distilled water results in
neutral water (Horton, 2007, Demircio

e The strength conpe in acids/bases is related with ion interactions (Smith &
Metz, 1996)
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e Strong acids do not di ssoci ate becauc
Ayas, & Demirci oKl u, 2005, Ross and M

e The strength of acids/bases is basethe rate of color change in litmus paper

e As the number of hydrogen atoms increases in the formula of acids/bases, their
acidity/ basicity becomes stronger (De

e The pH value of a solution is only related to aciditicw, not about basic
solutions (or OHions):pH is a measurement of the degree of a¢idibs,
Maurin, Amouroux, Gistrette, Leber, & Fayol, 1986

e Strong acids/bases eat materials away faster than weak acidsédrak&s (
Treagust, 1988, p.55)

e BubHdes or bubbling is a sign of chemical reaarostrength (Nakhleh and
Krajcik, 1994; Demirci oKI u, Ay as, & D

e As the number of hydrogen atoms increases in the formula of an acid, its acidity
becomes stronger (DemircioKIlu, Ayas,

e Acids are mar dangerous than bases (Nakhleh & Kraj@84

¢ Acids turn red | itmus paper into bl ue
Bradley& Mosimege, 1998)

e Bases turn blue | itmus paper into red

e Indicators are usetb test whether an acid is strong or weak (Br&dley
Mosimege, 1998)

¢ In a titration reaction, a reaction does not occur unless there is an indicator
(Demirci oKIlu, Ayas, & DemircioKI u, 20

e A neutralization reaction always ends with a neutral soluti@mutwegard to
strength of acids or bases (Schmidt, 1991; Vidgaattharamappa, 1995)

e Weak acids/bases dissociate easily since they have weak bonds (Smith & Metz,
1996)

The literature review reveals that students have some ideas about acids and
ba®s; however, thatteas are not consistent with the scientists andeheyally find
chemistry abstract, complex and difficult to IeEna. literature review revels that
st u d epmibns ®n acids are more than bases andhhey many alternative

corceptions on acids and bases, including definitions of acids and bases, particulate
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nature of acids and bas#issociation and ionizati@trength of acids and bassesd
base neutralization reactiongH, or indicators.Hence these aforementioned

difficultiesthat students holdre mainly focused in this present study.

2.2 Constructivism

As mentioned in the previous section, students come into class with their
previous knowledge which may be inconsistent scientifically, called as misconceptions,
altenation conceptions, pmonceptions, naive conceptions, etc. have been widely
investigated in science education (the term alternative conception is used in the current
study). The st udent ofienrasistargto change invtdiibro nc e p
teaching and students form coherent understanding through their invalid conceptual
structure<(Driver & Easley, 1978). Since students are satisfied with their own
alternative conceptions or find new conceptions incomprehensible, students could not
constuct meaningful understanding. For meaningful learning, it is essential for a
student to realize these alternative conceptions are incorrect and contradict with
knowledge that scientists accept; when a student is aware of its own knowledge
contradict withwhat a teacher talk about, then the meaningful learning occurs (Driver
& Bell, 1986).

Constructivist theory emphasitee ar ni ng i s an active prc
prior knowledge arfdr meaningful understanding that it is crucial to develop multiple
representation of ideas such as texting, symbolizing, graphing, or manipulating materials
since different students can respond to different way of learning consistent with their
i ndi vidual strengt h. Such r eprtandiegnin at i on
which students could make connections between these representations; therefore,

students integrate their understandings to apply into new situations.

Constructivist view demands very specific ways of teaching and learning, it is
crucial to dsu s s st ucdneepttorss hefope rinstruction and teachers act as
facilitators in contrast ilmtgrmssofteadhengnits 6 i c
could be assumed that owhat is taught i s
whichis not valid for the constructivist approaches. Teachers encourage students to
i nquire, i nvol ve actively student s i n

knowledge, and create friendly classroom environment based on the constructivism
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(Yager, 1991)Therefore, anstructivist approaches are studeatdered, give
emphasis to the applicability of science knowledge in situations in which students are
interested, give emphasis in teaching nature of science concepts as well as basic ideas,
replace sciegni fi ¢ concepts to studentsd® minds
conceptions, and classroom interaction is essential in scienceGaaymitinge conflict
strategi es, underl ying Piagetds disequil
studmt s6 exi sting knowl edge and predi cti
contrasting their prgleas with the experimental results (Dykstra, 1992). The important
point in cognitive conflict is whether students realize the confliction since it may be

discrepant for teachers but may not really contradictory for students.

While restructuring of traditional settings for constructivist approaches, classroom
cli mat e, student sd success, Thaimplicatoom e mi st
studies of constructst theories have been conducted by many researchers, specifically
conceptual change approach (e.g. Cetin, 2009; Nussbaum & Novick, 1982; Posner,
Strike, Hewson, & Gertzog, 1982), learning cycle model (e.g. Akar, 2005; Bektas, 2011,
Ceylan, 2008; Pabuc@008), argumentation activities (Higz, Aguilera, Maza, &

Liendo, 2002 YalcinCelik, 2010), metmonceptual process (e.g. Yuruk, 2005),
cooperative learning (e.g. Tastan, 2009), concept mappliguetigyaki & Geban,

2005 Yavuz, 2005) efo.chanistry, constructivistinvestigations have led to significant
reorganization of the teaching of such topidkeaparticulate nature of matter (e.qg.
Bektas, 2011; Gunay, 2))8blutions (e.alik, Ayas, & Coll, 200&olids and liquids
(e.g.Calik, 208), gases (e.g. Azizoglu, 2004; Cetin, 2009), chemical bonding (e.g.
Pabuccu, 2004; Uzuntiryaki, 2003), chemical reactions (Ceylan, 2004), rate of reaction
(e.g. Kaya, 2011; Tastan, 2009); chemical equilibrium (e.g. Akkus, Kadayifci, Atasoy, &
Geban, 2003 acids and bases (e.g. Akar, 2005; Ayhan, a68é)ectrochemistry
concepts€.g.Huddle,White, & Roger£000 Niaz, 2002Tasdelen, 20).1

Conceptual change approach in taken into account in this current study and as
mentioned in the previous resdais more efficient in conceptual understanding and
meaningful learning than traditional ones. Conceptual dprgaches provide a
strategy that guidésachers and students in addressitegnative conceptiorad
replacing them with appropriateescie concepts that are reflected in the goals of

instruction.
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2.2.1 Conceptual Change

Learneros alternative conceptions ma
reexamining the erroneous ideas. In ord
alternative a@nceptions should be changed with more accurate concepts and
explanations as proposed in conceptual change mdelesri®r, Strike, Hewsah,
Gertzog(1983. The conceptual change research has been a dominant area in science
education over the past threecddes based on the foundations of constructivist
learning. Although this theory has been subjected to many criticisms, it still remains as
an enduring subject over the past three decades. During this time, several model of
conceptual change have beengsed (e.g., Carey, 1999; Chi & Slotta, 1993; diSessa,
1993; Gopnik & Wellman, 1994; Hewson, Beeth, & Thorley, 1998; MVacssaritz,

& Saljo, 2002; Posner et, d1982; Vosniadou, 1994). These models of conceptual
change differ in terms of the researcked assumpti ons about th
naive ideas and how the process of conceptual change occurs, and their point of views
vary such as synthetic meaning (e.g., Vosniadou, 1994), alternative conception
refinement (e.g., Chi & Slotta, 1993); kribyeldn pieces (e.g., diSessa, 1993); and
sociocultural perspective via artifact support (e.g., Ivarsson, et al., 2002). They also
differ in the extent to which they advocate for the coherence or consistency of naive
ideas. It can be illustrated that soesearchers advocate the extreme thi@erpaive

ideas (e.g, Gopnik & Wellman 1994) while others advocate the knowledge in pieces
(e.g., Chi & Slotta, 1993; diSessa, 1988), and some researchers take positions in between

these two extremes (e.g., Care9919osniadou, 1992).

Before giving the emphasis on conceptual change, the crucial questions are what
the | earning is and how this | earning pl
naive ideas about science is still uncertain. Initially, leannegdedined as the result
of selforganization and reorganization of existing ideas (Ausubel, 1968) or according to
Hewson et al ., (1998) |l earning is the int
conceptual ecology. In order to construct megarilearning environment, it is better
for learners to involve actively in the learning process. During this meaningful learning
process, learners relate the new information to what they already know, which is known

as a constructivist approach. Howewdrat make this meaningful learning process
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di fficul't i s studentsodo alternative conce

not often consistent with scientific phenomena.

Studentsd alternative conceptions abo
interactions with parents, peers, teachers or objects in everyday life and are not
considered correct from the scientific point of view are often resistant to change. In
ot her words, student sod naugve I deas bas:
undest andi ng. These student so alternati v
themselves to be useful especially in everyday life, and if they are coherent and
consistent, it is so hard to change them. Students who possess alternative conceptions,
itis very dificult for them to achieve further understandings in science. In order to deal
with alternative conceptions many issues have been stated. One of the strongest
t heories which deal with these students
changeAlthough t he I mportance of studentsodo al't
teachers are not usually aware of their prior conceptions. Posner et al., stated that
Ot eachers can spend a substanti al porti ol
identifyiy def ensive moves wused by students
Teachersdé responsibility in teaching for
dissatisfaction with their own ideas about the topic being studied. Teachers also have
the resposibility to guide students to grapple with the new conception so that it

becomes intelligible, plausible, and fruitful.

In the early 1980s, Posner, Strike, Hewson, & Gertzog (1982) developed a theory
which is based on Kuhn®gs oard laanlkbdattoad@gset Dl
assimilation and accommodation and provided a model of how learners might come to
change their beliefs abaatsubject matter. Posner et §1982) drew an analogy
bet ween Piagetods concepts aphi aesopmheérrat Kuw
concept of scientific revolution and 1id
research programs and notion of theoretical hard core ideas. This model takes into
considerations of both existing knowledge and the content andeststiesf new
information. Two types of conceptual change were stated by Posner et al. (1982)
assimilation and accommodati on. Assi mil a
existing concepts to deal with neas pheno

Ot he student must replace or reorgani ze
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to occur in science education, there are four fundamental conditions to be fulfilled;
which are (1) must be dissatisfaction with existing conceptions, (2) a nettooncep
must be intelligible, (3) a new conception must appear initially plausible, and (4) a new
concept should suggest the possibility of a fruitful research program (Posner et al.,
1982, p. 214).

The conceptual changeodel illustrates learning as thenattion that takes
pl ace between an individual s experience
conceptual change as a replacement of thieergxisting conceptions with new
conceptions. Similarly, Gopnik and Wellman (1994) explained coctepiyzbn the
grounds of scientific theory change in |
According to Gopnik and Wellman, if children have ideas that differ with those of the
scientific community, they are interpreting fundamental facts aneregseabout the
natural world different from how the scientific community sees the world. Gopnik and
Wel |l man referred to this position as ot6fl
coherent, unitary, and thedike.

A decade later, the initial dng was revised (Strike & Posner, 1992); according
to original model, the process of conceptual change theory was replacement of theory
like existing conceptions with new conceptions, buwvgsisnuch more logical than
was likely true of individual cond¢eal change; this view was revised and the
importance of affective and social issues for conceptual change were emphasized in the
revised version. Additionally, the authors underlined that the initial version was not
appropriate for direct application teetclassrooms and the importance of facilitating

conceptual change learning was emphasized

Although the conceptual chamgedelhas been a useful and productive model
for both researches and instructional interventions and received great attention in the
science education literature, the theasalsobeensubjected to some criticisms. It is
assumed that students® conceptual knowl e
have suggested (e.g., diSessa, 1993) and the assumption of conceptual fegpéacement
been questioned. diSessa proposed that there would not be theory change but rather
theory formation from existing fragments
and made a distinction between novice a

novi c es use ophenomeqaoli ongi) dalwhp cihmiatriev eckse
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everyday experiences while the knowledge of experts is structured, organized, coherent
and systemati c. He maintained that conc
explanatory, sblated and fragmented knowledge structures became organized and
internally coherent, coming closer to the knowledge structure of experts. On the other
hand, Chi & Slotta (1993) advocated that the knowledge is more structured that diSessa
suggested. It wasiplied that alternative conceptions provide difficulty for the new
conceptions to be embedded and refinement is done for the new scientific correct

conceptions

When the conceptual chance theory is considered like a theory, everything makes
sense and is very logical; therefore, there could not be any reason for conceptual
understanding not to be occurred if implemented as how it should Hewever, in
the classroom environment during the application process no theory really works,
because studeninteract with their peers, teachers, family, and even with their
environment . For this reason, besides <co
affective issues such as attitudes toward a subject, motivation to learn a subject, learning
strateg@s, selfegulations, etc. shld be also taken into accoupintrich, Marx, &

Boyle (1993) ¢itize thed ¢ o | d 6of cenceptual change modeid gave the
emphasis on the role of st ud.eAccordi@toi nt en't
Pintrich et al., motivational factors are an integral and critical aspect of learning.
Therefore, the process of conceptual change inthe classroomis influences by individual
student sd& mot i vat iamdneadher interdciioasf Bhe raseatchelsy p
mentiored that personal, motivational, social, and historical factors cannot be apart
from the process of conceptual change (Pintrich, et al., 1993; Pintrich, 1999). An

i ndi vidual studentds goal fefficacybeliafs,and ng a

his/her interest have a significant impact on the conceptual change process.

There are some critiquing studies on the coherence of naive ideas side (e.g.,
Carey, 1999; Vosniadou 1992; Vosniadou et al., 2008). For example, Carey (1999)
approached conceptuzhange from a cognitive developmental perspective, indicating
that radical conceptual change involved enrichment types of mechanisms and
considerable ferganization of concepts. She identified several forms of conceptual
change such as differentiationda c oal escence, and support

i ncommensurabilitydéd by <criticizing oradi
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approach is another theoretical approach in understanding the process of conceptual
change (Vosniadou, 1992; Vosniadol,&@08). Vosniadou et al. (2008) endorsed that

naive ideas were not fragmented instead they formed explanatory coherence. According
to Vosniadou, using enrichment types of learning mechanisms, students could form
0Osynt heti c model s thternahincensisiegcy &nd migconeaptioast i o n
She assumed that concepts were embedded in framework theories and she viewed
conceptual change as gradual lifting of the presuppositions of the framework theory

allowing the more sophisticated synthetic models.

On the other hand, there is a sociocultural perspective (lvarsson, et al., 2002).
l varsson et al . gave emphasis on -the ar
constructivism, which advocates that learners learn how to use the appropriate artifacts
during learning process and they view conceptual change as using the mediator artifacts
I n communicating with peopl e. Met acogni t
and control of own cognitive systemdé (Br
corceptual change through helping learners to recognize the inconsistencies between
their alternative ideas and the scientific concepts (Pintrich et al. 1993; Vosniadou, 1994,
2007; Vosniaodu & loannides, 199Bincemetacognition provides awareness of
studmt s6 thinking, this awareness can be |
which can promote dissatisfaction; therefore, students can conceptualize their

understanding via metacognitive strategies.

Lately, intentional conceptual change has beaseid on, which emphasizes on
the assumption that i n order to change
should be deliberated to change their conceptions (Sinatra & Pintrich, 2003).
Additionally, another sociocultural form of conceptual changeh waicalled
oOinst-bastedomronceptual changed is introd:i
considering conceptual change as consciously reducing incongruity process. They
emphasized that conceptual change often occurred as theory change since concepts
were embedded in theories and if students are intended to review their conceptual

knowledge, instructidmased conceptual change can be persuaded.

Nevertheless, obviously with some revisions the Posner et al. (1982) model still
remains extremely useful,ckese, the conceptual change gives emphasis on the

constructivist view of learning, which is believed that students always interpret what is
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presented to them using their-présting knowledge, histories, and typical ways of
perceiving and acting and meméd on conceptual ecology. Over the years, based on

the researches it has been implied that the conceptual change theory helps meaningful
learning via giving emphasize on intelligence, plausibility and fruitfulness of a new
concepts; | thi® moded has bedome sO gopulathiry last three decades

and still is an enduring subject in science education.

There is much researabout conceptual change, conceptual change research,
how to implement this model, but the other important idea whattmakéeory
enduring is that generally gives the ide
take the consideration of | earnersd cong
which create the conditions that promote the conceptual change suciteptual
change texts (e.g. Chambers and Andre, 1997), concept mapping (e.g. Uzuntiryaki &
Geban, 2005), analogies (e.g. Calik, Ayas, & Coll, 2008), cognitive conflict (e.g. Jaesoal,
Youngjick, & Beeth, 2000), argumentation (e.g. Niaz, Aguilerag&Meszedo, 2002),
metacognitive strategies (e.g. Yuruk, 2007) etc. have been used in the past three decades
and the results of these studies imply that most of these instructional strategies are
mainly successful in promoting conceptual change theomyghlttieere are still
disagreements about theoretical explanations for what changes in the conceptual change
process (Chi & Slotta, 1993; diSessa, 1993; Ivarsson, et al., 2002; Vosniadou, 1994).
Posner et al. (1982) 0s i Ilwadthiough itsedfeimceie pt u a
had been published; in other words, it has not broken down and has formed itself and it
i's not ocoldd anymor e, additionally has
intention in it. One of the other reasons for theceptual change theory of being
enduring can be that this theory stands over the time because it is very apt for

alterations and every critic make this theory stronger.

Consequently, more recently conceptual change literature focuses on a need for
comprelensive learning model that takes cognitive, affective, and metacognitive
variables into account, which also involves intentional attempt. In addition, there is a

need for literature how motivational beliefs work on knowledge and intentional process
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2.2.2 Constructivist Teaching Strategies

Constructivist teaching strategies are studentsred, give emphasis to the
applicability of science knowledge in situations in which students are interested, give
emphasis in teaching nature of science conseptdlaas basic ideas, replace scientific
concepts to studentsd minds while chang

classroom interaction is essential in science learning.

Driver, Guene,& Tiberghien(1985, p.198) stated that conceptual change may
occur, but this process is a kagn and slow. Students make connections between
new knowledge and prior conceptions. During making these connections, some
misinterpretations may occur because of student prior conception in case they are not
scientificdy correct. In other words, in learning process students can come across with
conflictions due to their prior knowledge and these conflicts may create difficulties in
learning. In terms of students, in order to integrate new concepts, meaningful
connectios may be encouraged. Promoting for reorganization of conceptions is not
easy process; students may take part in learning process actively over an extended
period of time.

When students are given opportunities to discuss their own ideas with their peers
in small groups, students are come to realize that they have inconsistent ideas and lack
of knowledge, which promote them to reconstruct their ideas in a more coherent way.
This process is known as Socratic questioning (Driver, et al., 1985). Minner, Levy and
Century (2010) investigated in their raetaa | y si s study t hat
involvement in learning process and discovering knowledge from activities enhance
more understanding of scientific concepts and conceptual learning comparing to passive

technigies.

Traditional teaching strategies usuall
often fail in meaningful learning. Constructivist teaching strategies take into
consideration studentsd prior knowl edge,
stucent understandingiearning cycle model was used in this current study in order to
apply constructivist approach for developing student understanding of acids and bases

concepts.
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2.2.2.1 Learning Cycle Model (5E)

Constructivist theory emphasizes formmedul understanding that it is crucial to
develop multiple representation of ideas such as texting, symbolizing, graphing, or
manipulating materials since different students can respond to different way of learning
consistent with their individual stringSuch representations are translation of
studentsd understanding, i n which stude]
representations; therefore, students integrate their understandings to apply into new

situations.

Learning cycle is supported bystauctivist approach since students explore and
experience concepts and construct their own understanding using daily life events.
Learning cycle model was developed by Robert Karplus, a professor from the
University of California at Berkeley, gave engptmstudent exploration for a concept
using concrete materials, then the teacher invents the concept and enables students to
apply the concept to a new situations (Carin & Bass, 2001; Krajcik, Czerniak, & Berger,
1999; Hammerman, 2006). Students enaaammtific concepts that do not make any
sense to them, and somehow they develop unscientific explanations to these concepts.
In theexplorati@tage of learning cycle, students are given opportunities to explore the
concepts to construct knowledge aedelop understanding of them by inquiring,
doing hand®n activities, and discovering. Therefore, students can integrate real
meaning to concepts by exploring and engaging in learning process. For students to
understand scientific concept conceptuallys ikrucial for them to have prior
experiences with concepts in real life; the conceptual invention stage of learning cycle
enable students to construct knowledge and assimilate new concepts into their prior
knowledge. Hence, the next stagensept intv@step of a learning cycle; in this stage
the teacher discusses the scientific concepts and introduces the scientific explanations of
the concepts to students by using their prior knowledge to make the concepts
understandable. Since students expetianoelated concepts in the previous stage, the
scientific explanations could be less confused for them and could accommodate the
concepts more easily into their mental structure. The exploration and concept invention
stages are useful for assimilatioth accommodation of the new concepts, in the
following concept applicatiage the teacher enables students to recognize the

importance of knowledge and expand their understanding by engaging them to new
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situations (Krajcik, Czerniak, Berger, 1999). sthge thus gives opportunities to
students construct more meaningful knowledge from their previous learning by

exploring and inventing concepts (Carin & Bass, 2001).

Exploration Phase
Students interact with
materials and each othe

Concept Evaluation and Conceg
Application discussion Inventior
Phase Phase
Students apply Organizing concept
invented concepts are taught
to a new situation

Figure2.1The learning cycle model by Karplus (Carin & Bass, 2001, p.117)

The poposed learning cycle model has been expandé&dtodel including the
stages of engagement, exploration, explanation, elaboration, and evaluation. In the
engagemerit a g e , teacher seeks for studentsd
which aimsd give opportunities to students to think about the concepts to be learned
by using analogy, telling a story, reading an article, or recalling their prior experiences
and knowledge. Discrepant events can also be conducted in the engagement stage or
beginnng of the topic to capture the attention of the students since the unexpected
events can stimulate student curiosity and interest, which would promote student
motivation to learn. Additionally, discrepant events are more likely to be remembered
for a longime because of intellectual engagement because engaging students in learning
makes learning meaningful and improve student ability to recall knowledge. In this
stage, studentsd alternative conceptions
crete interest and generate curiosity an

know about the topic and find answers for questions.

In theexplorati@tage, as mentioned in the learning cycle, students develop their
own understanding by exploriighe t eacher 6s role is to e
answer to questions, observe and listen to students while interacting, direct probe
guestions, and act as a consultant for s

and form new ones based otiaties, and discuss results with peers.
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In the explanatistiage, the teacher gives scientific explanations for the related
concepts by creating meaning through reflection and discussion, which is similar to
concept invention stage in the learning cyeladdition, students are allowed to
explain what they discovered and | earne
conceptions and discrepancies could be i

students to explain concepts and definitionshie t r own words, as
evidences, provide definitions and expl a
experiences. The studentsd role is to ex

from conducted act i sexplanaiens, angtayyo canprehendt i on

explanations.

In the elaboratietage, students develop their understanding of the concepts by
engaging in new situations such as telling a story, creative drama, production creation,
demonstration, or model buildimghich is similar to concept application in the learning
cycle. Students find more opportunities to learn through further investigation and
research for making connections to student lives and interests, such as personal, family,
community, national, of go b a | i ssues. The teacherds r
apply the concepts and skills in new situations and expect students to use scientific
definitions. The studentsd role iIis to ap]
new situations bysing previous information, draw reasonable conclusions from

evidence, and check for understanding among peers.
Engagement
|

Explanation Exploration phase:
phase: Students interact with
Students and teacher interact
to invent concept from data
or observations obtained
during
exploration

materials and with each

A\ 2 K
% ~f
Expansion phase: éb
Teacher guides student interactions éb
to apply concept and expand on
ideas and uses of science

®
£
2
®

Figure2.2The5Elearning cycle model
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In the evaluatistage, students are evaluated from the given concepts through
reflective writing, gpl i cati ons of knowl edge, shari nc
role Iis to observe students through appl
knowledge and skills by asking epeted questions, and look for evidence whether
students have chamge t hei r t hinking. The -endeddent s
guestions by using their observations, demonstrate an understanding of concepts, and
evaluate their own progress (Carin & Bass, 2001; Hammerman, 2006; Krajcik, Czerniak,

& Berger, 1999 he genel view and stage interaction of 5E learning cycle model is

given in the Figure 2.2.

Learning cycle model supports Vygot sk
emphasizing on scaffolding and studentds
(1963) meaangful learning theory emphasizing on student activity in learning process
through meaningful learning strategies (M&ether& Cavallo, 1999 The studies
conducted on learning cycle model revealed that the learning cycle model was effective
instructon on studentsd conceptual under st an
instruction (e.g. Akar, 2005; Bektas, 2011; Campbell, 2000; Ceylabav4(s;

McNeely, & Marek, 2003; Garcia, 2Ménuscin & Lee, 2007; Lindg&Bleicher

2005; Musheno &dwson, 1999; Pabuccu, 2008). Some of these studies were detailed
as the following. Bektas (2011) applied 5E learning cycle model instruction with
analogy, role playing and concept mapping over traditional instruction in order to
investigate whether therasvany significant difference on student understanding in the
matter concepts on tenth grade students and the quantitative and qualitative results
revealed that there was a significant conceptual understanding in favor of students in
learning cycle groufimilar results were stated in the study of Ceylan (2008) for matter

and solubility concepts and Akar (2005) for acids and bases concepts.

Another study, which investigated the effect of learning cycle model, was the
study of Cavallo et al. (2003) andthe s ear chers studied nir
understanding of chemical reactions. The qualitative results-ehdpdmuestions
indicated that students instructed through learning cycle revealed significant
understanding of concepts. In another study loyi$tan and Lee (2007),-sexvice
elementary teachers were taught the learning cycle model using a learning cycle and pre

service teachersd ideas about teaching a
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of usage of the instruction. Musheno and bawd999) tested the student
comprehension of science concepts through the learning cycle and traditional text and
they found that the restructuring the text based on the learning cycle was more efficient

and comprehensible for high school students inafe@asoning ability.

2.3 Motivation

It is obvious that when students are lectured on a subject, they are overloaded
with facts. However, at the end of the lesson most of the students learn very few things
or may be nothing. The important thingpifind the way that by which students learn
more effectively and endure the knowledge. Learning is fun and exciting, at least when
the curriculum is wel!/l matched to stud
motivated when they have the backgrouddlandesire to learn. Motivation is one of
the most important components of learning in any educational environment (Maehr,
1984). Because everyone has different needs, goals, and different personalities,
motivation is not the same for everyone. Studardssame course of instruction, can

be even motivated differently at different times.

The field of motivation in education is so broad and rich; many definitions of
motivation have emerged from the various theoretical approaches to motivation.
Behavioralt heor i es describe motivation o0as a
occurrence, or form of behavior (response) as a function of environmental events and
stimul 6 ( Schunk e tMotaation,is vieved rBore like the f&duégncy of
behaviors; morenotivated students are more likely to engage in tasks then less
motivated students. In terms of implication, according to behavioral theories teachers
should arrange the classroom environment as the way that students can respond
properly to stimuli. Reiorfting the behavior makes it more likely to occur in the future,
but punishing the behavior makes it less likely to occur. In contrast, cognitive theories
describe motivation 0is internal; we do
( b e ha ¢Schank et pl$2008, pg.21). Motivation is the role of mental structures and
the process of information and beliefs; in addition, different cognitive theories give
emphasize on different processes such as attributions, perceptions of competence,

values, féects, goals, and social comparisons. In view of the implication process, the
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cognitive theorists say that teachers sh

process and taking into account variables that affect their thoughts and behaviors.

The humanistic theoryMa s | owd s needs, ddvelopadaby c hy t
psychologist Abraham Maslow (19%dported thapeople have an innate desire to
satisfy a given set of needs and these needs are arranged in a hierarchy of importance,
with the most basiceeds at the foundation of the hierarchy. There are five levels in
this hierarchy: (1) Physiological (lower level) (2) Safety (lower level) (3) Love and
belongings (higher needs) (4) Esteem (higher need)-f&t&alization (higher need).
Maslow emphaszthat to be able to get upper level, the lower level should be first
satisfied. Students will not be ready to learn if they have not had their lower level needs
met. Children, who are sent to school hungry or tired or feel unsafe or cold in school,
are no able to learn or are less creative when working on classroom activities. Based
upon Masl|l owds theory, hwrmedariran :1ad u rorne nwthli
ability to have choices and some degree
(Deci& Ryan, 1985). When people are in charge of something and achieve to do it, they
feel happy.

According to Dweck & Elliot (1983) motivation directs individuals toward certain
goals. In addition, according to Maehr (1984), motivation increases indivielgpis'
and activity levels. Furthermore, Eccles and Wigfield (1985) found that motivation
affects the learning strategies and cognitive processes individuals employ. Afterwards,
according to Stipek (1988) motivation also promotes initiation of cenaireaend
persistence in those activities. In the goal setting theory perspective, there are two types
of goals of students, learning goals and performance goals (Meece, Blumenfeld, &
Hoyle, 1988). Students with learning goals are mainly interestst@iimgnidne task
and they are not interested in how many mistakes they made. On the other hand,
students with performance goals mainly compare their grades with others and choose

tasks that are easy in order to maximize their grades.

It has beerfound thatthe term of motivation has many definitions based on
different approaches. Mainly, it can be definsah idternal state that arouses, directs,
and sustains 6st(u@leynrtrs 6 & bKromate legucatior?ald 0 6 )
perspective, motivation can tefined as any process that activates and maintains

learning behavior. If the behavior is done by p&rsam desire, interest, and curiosity
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is intrinsic motivation; if the behavior is done to get an end or reward is extrinsic
motivation. In addition,cgl orientation, sedffficacy, selletermination, and anxiety

are the other components of the motivation (Pintrich and Schunk, 1996). Additionally,
Pintrich and Schunk advocate that these motivational components are influenced by
classroom environmenthTe r ef or e, classroom strategi es

motivation to learn.

2.31 Thehistory ofmotivational studies in science education

The motivation concept in education literature has a long history. Questions
about why students engagepm;sue, and accomplish certain goals or tasks, or why
they avoid others, have been the subject of scholarly inquiry since the writings of 5th
century BC Greek philosophers such as Plato and Aristotle. The motivation concept
was usually a topic under p®jody until the beginning of the twentieth century; but,
nowadays it is a separate topic of study. The studies on motivation can be found from
the distant past, which are mainly about a state of mind considering the human
psychology. The studies publisheshose years did not really mention about the
educational psychology, instead they gave emphasizes on human psychology such as
i ndi vidual ds wi | |, volition, and instincd
educatiomn s Mc Do u g al lskitedis $chudky Pintrith9&Meece, 2008) that
made emphasizes on studentsd curiosity 8

school activities to studentsd curiosity

The intermediate past motivational studies in science education (from 1930 to
19%4), motivation construct has been started to be thought as one of the proponents of
learning. Hull (1943), advocated that motivation as an arousal state did not really guide
or control the behavior but can be instinctive. There are still studies orogsyaihol
theories of motivation; but some theories such as reinforcement theories and need and
cognitive theories made some contributions to education literature. Maslow (1954)
proposed a hierarchy of needs, these needs imply that the lower needs acg deficie
needs such as hunger or safety and the higher needs are growth needs such as need to
achieve or need t o r e adempreaktodies felatedgoot e nt

science educatiovere conducted
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The recent past motivational studies in sciedgeation (from 1955to 1980),
motivational studies in psychology has gained momentum. McClelland (1955) studied
on thoughts, feeling and behaviors. The researcher advocated that the thoughts, feeling
or behaviorswere described like guided, goaknted, or persistent. Cognitive
di ssonance theory which is in some respe
of cognitive development was developed by Leon Festinger (1957). Festinger suggested
that if the appropriate amount of disequilibrium camdsged, this will in turn lead to
the individual changing his or her behavior which in turn will lead to a change in
thought patterns which in turn leads to more change in behavior. Based on the intrinsic
motivation theory (White, 1959) when a learngrslsamething new or succeeds in a
challenging task, she/he feels satisfaction; therefore, in future the learners can be more
willingly to engage activitiéisvas reported thamtrinsic motivation theoryouldbe
one of the most researchable subjeatspiiomote effective learning and achievement
environment. The other theory developed during this time period was expectancy
theory (Vroom, 1964). This theory proposed that in order to motivation to occur,
expectancy, instrumentality, and valance compomeust be present. Another
cognitive approach which was developed during this time period was attribution theory
(Weiner, 1974). This theory proposes that every individual tries to explain success or
failure of self and others by offering certain "attahst" This theory proposes that
the motivational determinants of a persc
action outcomes. On the other hand, there were also some criticisms related to these
theori es. Ma s | o w0 svasbategbb Fe¢d theories rofanotovdtign t h e ¢
and a helpful motivational model, but some studies edpibiat students diabt
al ways act |l i ke Masl|l owds hierarchy. Wahb
reported that there was little evidence for the rankimepals like Maslow described or
no clear evidence that human needs are classified into five distinct categories.
Conversely, thergavenot any studies related to science education published in this
time period, but intrinsic and extrinsic motivationpatton, and expectancy theories

has broadened and has been applied in educational settings.

The recent motivational studies in scienceabn (from 1980 to present),
studies on cognitive and psychological science has become common place in recent

yeas. There were studies solely on cognitive science and psychology before 1980s, but



41

psychological science studies that consider both cognitive and affective domains in
science education are not so old. The studies mainly all influenced by the work of
previais researchers. The theoretical studies have made an influence on educational
studies and psychological studies integrated into cognitive science literature. More
recently, studies integrated cognition and motivatidinave been started &m
integrativestudy instead of solely @ying cognition and motivatidduring this time

period, somethertheorieswere also developed suctDasiandRyan (1985) self
determination theory advocates that students in particular need to feel competent and
independentMore selletermined students are more likely to achieve at a high level
than less setfetermined motivation and if students are lesdedelimined motivation,

it is hard for them to feel intrinsically motivated. In additietydientdelieve they

will fail, they do not even try to achieve the tRekthermore Bandura (1986)
highlights selé f f i cacy t hat refers to beliefs coc
perform behaviors at designated leBzlsed on Banduragh seHefficacy beliefare

relatedto choosing desired goals, applying string effort to achieve these goals, and
enduring these gsadven there amifficult. When science teachers use the term self
efficacy, they are referring to the evaluation that a student makes almytdrisdmal
competence to succeed in a fi edeficacgin sci e
particular areas of science have been found to predict their performance in these areas.
In terms of need theories, rdhethewny and 1 99 1)
mentioned that students may deny themselves of sleep in order to study for a test or
become so engaged in an activity that they forget about their fatigue, hunger, or

personal problems.

Therefore hypothetically it can be concluded thativation can have several
effects on how studesiearn science and their behaysush as motivation can direct
behavior toward particular goals, lead to increase effort and energy, increase persistency
of activities, determine what consequences aferaig, and lead to improve
performance. In science education, qualitative and quantitative studies have been
conducted to observe claxxsn environments on studembtivations to learn science
based on different motivational theories. More recentlyiethéave broadened and
have been applied to educational settings and in science education field. In the 1980s

motivational studies has been started to integrate into science education, which were
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mainly about motivational factors that affect on studehisv@ment and classroom
environment. For example, Nussbaum & Novick (1982) studied on curiosity construct

in science classrooms and advocated that students are more interested in solving the
conflicts as the curiosity of students increased. Ames & ArgB8) made emphasize

that there had been some research on classroom climate but much of these studies
studied student achievement as the outcome measure. The researchers implied that
student sd perceptions of cl assvatomah c | i m

variables such as interest andreglilated learning.

At the beginning of the 1990s some theoretical studiesdevpublished that
mentioningabout it was ngproper to studyuston cognitive domain in instructional
studies, affective domai such as motivation and attitude should be taken into
consideration. For example, AewiDietrich (1991) examined the student differences
in attributions and motivation toward Earth Science. The results revealed that there was
a shift in attributionand motivation toward effort of low achieving students; especially
female students made more shifts in attributions toward effort than males. The
researchers suggested improving the level and quality of science understanding for a
broader ability range loigh school studentis addition, Ames(1992) advocated that
studenmotivation and related outcomesresensitive to characteristics of the learning
context, i ncluding teachersd instructior
climate Furthermoe, Ames suggested that classroom tasks should be meaningful and
relevant to studentsd |ives; therefore,
and they can understand the contentenmeaningfully. Pintrich, Maaxd Boyle
(1993) mentioned daie relationship between motivation, cognition, and classroom
environmentafterwards, motivationatudies hae momentumin science education
literature. Pintrich et al. made contributions to the literature on conceptual change
which takes an importartdle in science education literature. They argued that the
conceptual change process is not just cold process; instead that process is hot which is
influenced by factors such as the choice to engage in the task, the level of engagement
in the task, and theillingness to persist at the task which are all components of
motivation. Pintrich and his colleagues made emphasize on the relationship between
cognition and motivation and this study is one of the fundamental studies that advocate

the relations of cogion and motivation and how these relations operate in educational
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contexts. Afterwards, many researchers support this view. Pintrich, Smitrar@arcia,
McKeachie, (1993) developed a questionnaire that measure several motivational
constructs such as imsic value of learning, self f i cacy, t ext anxi
strategy use, and sefulation. Thdlotivated Strategies for Learning Questionnaire
(MSLQ) has been used with different level students (from late elementary to secondary
school) and becomen® of the most widely used measures of motivation and self

regulation in studies around the world.

Moreover,Andermanand Young (1994) studied the individual and classroom
level differences in motivation and strategy usage in middle school science based o
selfefficacy, goal orientation, expectancy, value, acdrsedpt of ability concepts in
science. Their results revealed that the usage offabilggd instructional practices
was not effective learning strategy. House (1994) made emphasizeportdmce of
studentsd initial motivation and their r
performance i n c hemi st rcpnceptraad ashievechenint s 0
expectancies. RoaghdWandersee (1995) conducted a study for teacigingestia
historical vignettes. The results revealed that the usage of interactive historical vignettes
link primal and contemporary science by doing emphasize on nature of science and
students were more motivated to learn science. Czerniak (1996)erkdbarch
relationships between success in a science fair azmhseft, parental influences,
motivation, and anxiety. The results reveal that parental influences had significant effect
on stwudentsd success. H o w e votevate studemhts s par
intrinsically. Smistand Barkman (1996) studied the effectiveness of a middle school
science curriculum designed to motivate students to learn science by studying the
patterns of human. Their results revealed that the ability to recognize pat$arat
equal for all learners that can be improved through instruction and they found gender
difference that female students were more interested in science. dtolBmahe
(1997) conducted a study to enhance students and enjoyment of experierex@al sci
The results reveal that when students were aware of the class science is connected to

realsciencethey were more motivated to learn science.

Afterwards, theoretical motivational constructs such as interest, intrinsic and
extrinsic motivation, sedfficacy, interest, geditected behaviors have been studied

and how these constracaffect on student learningave been investigateor
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example, DeBacker and Nelson (2000) explored the relationships among rabtivation
variables based on gsattingtheory and reported that students who value science
have high perceived ability in science. In other words, higher achieving students
reported higher learning goals scores than did lower achieving students in both physical
and biological sciences. Thedgerdifference was also analyzed and in both physical
and biological scien¢désmale haanorefuture goals than bogsd. One of the other
components of setfetermination has been researched and it has been reported that
students are more motivated wtiezy feel in charge of control of their behaviors. For
exampl e, Bl ack and Deci (2000) reported

was influenced of their perceptions ofdetérmination.

Until present, many qualitative and quantitative shadiedeen conducted how
motivational constructs affect on science learning, and about changing the classroom
environment based on motivational strategies and how these changes effect on students
motivation to learn science. For example, Mazlo, DormatlNiemoth-Anderson
(2002) conducted a study in the lab and examined four types of motivational methods.
The authors advocated that the quiz group made more significant and positive progress
than scheduled presentation group, unscheduled presentatioorgronfrol group
and imply that the students in quiz group put effort into understanding the lab before
the class to improve their quiz scdreaddition SinatrandPintrich (2003) advocated
that the studies mainly stressed on cognitive and devekdgaetors, but maintained
that the conceptual change researches have been experienced a warming trend. The
authors advocated that motivation is an important factor in the conceptual change
process and introduced 0i nt eences betweeh con
intentional conceptual change process and the traditional conceptual ctiaitfeeare
intentional conceptual change isgoalr ect ed and under the st
order to bring a change in knowledge has regulation of cognétaepgnitive, and
motivational process. Pintrich (2003) also advocated for the importance of scientific
motivation and using motivation perspective in educational context would advance the
field. Additionally, Pintrich conclude that in order to facitiativation, cognition and
learning in science classrooms the understanding of student motivation should be
improved. According to student and classroom environment instructional design can be

devel oped or adapt e efficacy,nnserstdwalues,nagd gesats.u d e n t
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Similarly Flowerday, Schraw, and Stevens (2004) studied on interest component and
advocated that because while emphasizing on interest, it gives attention to classroom
event s, student s engage me ategieahawk bdem e i r

increased.

The process of motivating students, individually or in groups, means that a
teacher takes into consideration student
because, motivation to learn is something that a teaekewido students, it is not
something that a teacher does to students. In terms of behavioral theories, the studies
are mainly on concepts such as incentive and reinforcement in science education.
Koballa and Glynn (2007) gave an exampte incentive andeinforcementthe
promise of a field trip to a quarry to study rock strata could serve as an incentive for
students to perform well on a geology test. Participation in the trip itself could be the
reinforcement. On the other hand, some potential problgim&hes use of incentives
and reinforcements have been reported. One major prwhkthat the students may
not develop intrinsic motivation to learn. In some conditions, when studeats
offered incentives for doing tasks they naturally find motiviingdesire to perform

the tasks can decrease (Cameron & Pierce, 2002; Deci, Koestner, & Ryan, 1999).

More recently, many studies were cond
learn science in different levels (elementary, high school, or balede)n different
motivational theories (gemlet t i ng t heory, Masl|l owds need
theory, reinforcement theory, or attribution theory) considering different motivational
constructs (anxiety, intrinsic and extrinsic motivation,dgeated behaviors, self
regulation, seHfficacy).The studieshavereveaddt h a t under standi ng¢
motivation to learn science would be possible as much as it is determined about their
source of motivation to learn sciembence besides doingelguantitative studies, the
gualitative studies ar e i mportant to at
Additionally, the factors such as anxiety, curiosity, intrinsic and extrinsic motivation,
selfefficacy, attitude, salétermination, godlireced behaviors, setgulation, and
needs that influence studentsd motivatio

studies
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2.32 Motivation to Learn

It has been recognized that motivation can be one of the many causes of
learning bBsed on theesearches on learnimgnsidering from this point of view
motivation is causation of affieet and cognitivédomains The components of learning
have also been analyzed and this issue is still an enduring subject searching the
guestions such as how tlearner learns, what factors affect this learning, and what
factors affect the achievemaviany different factors such as student profile, teacher
profile, climate of school buildings, authorization and management in school affect
student motivatior{ntrich & Schunk2003. Howeverthe scope of this study caver
solely student motivation to learn chemistry.

Classroom environment is important in motivation to learn science and
motivation has a vital role in student learning and achievement. Manmy thif&ee
that are challenging but achievable can be fostered in class in order tctindezdse
motivation to learn science. Relevance also promotes motivation, as does
"contextualizing" learning, which is, helping students to see how skills cared@appl
the real world. Tasks that involve "a moderate amount of discrepancy or incongruity”
are beneficial because they stimulate students' curiosity, an intrinsic motivator. In
addition, defining tasks in terms of specific, $@ort goals can assistdsnts to
associate effort with success. Extrinsic rewards, on the other hand, should be used with

caution, for they have the potential for decreasing existing intrinsic motivation.

Learning is inherently a social acti@agording téintrich and Schun(2002).
Students are intrinsically motivated when they engage in activities (Wigfield, Eccles, &
Rodriguez, 1998). Jerome Bruner, cognitive psychologist, stated that natural world was
interesting for children; hence, they were willingly to learn abgulagvgiienomena
and children expressed intrinsic motivation when they were engaged in learning process
by doing and discovering, which enhance meaningful learning (Carin & Bass, 2001).
Carin and Bass (2001) wunder |l ienferdtudentsac her

to realize how to use the knowledge and skills they have learned in daily life.

In studies it is stated that using learning cycle is effective method in student
conceptual understanding and meaningful learning; additionally, it hadelpeen of
implied that learning cycle can improve student motivation to learn. The studies based

on the constructivist learning have suggested that the constructivist learning
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environment help to improve student motivation to learn (Ames, 1992; Anderson,
2003; Bsnot, 1996; Kim, 2005; Lawson, 2002; Pintrich, Marx, & Boyle, 1993); Pintrich

& Schunk, 1996; Palmer, 2005; Turk, 2a0@yefore,tiis expected that the learning

cycle model promotes motivation to learn since learning cycle is based on the
constructiwst learning and connected to conceptual change; however, a few empirical
studies have been found which investigated for the effect of learning cycle on student
motivation to learn (Atay, 2006; Ceylan, 2009). Specifically, the engagement stage of 5E
learnig cycle is meant to improve student motivation to learn via discrepant events,
real world applications about which students are familiar and presenting scientific
concepts in the context of real world events, or encouraging group and class

discussions.

2.3.2.1 Determination of Student Motivation to Learn

Student motivation can be determined using both qualitative and quantitative
techniques. Interview with students is one ofrdmpientqualitative techniques that
can be used to determine student motmabtudents can also be asked to write a self
report on their motivatio®Questionnaire is one of the quantitative techniques that can

be used to determine student motivation.

2.4 Gender Differences

Recently, gender differences in science educatstitute issues of considerable
interest. Studies on gender differences in education have been generally conducted in a
threefold purpose, psychologically (researched have been done to analyze whether
students are educated unequal regarding affectiva)d@tiadoling (researches have
been done to find out whether there is any gender inequality on school aspect), and
sociologically (research have been done to examine whether there is any gender
inequality in society). This study focuses on the gendemdiéféen science education
in terms of affective domain; specifically, whether student motivation differs in terms of

braintype despite of a descriptive variable gender.

It has always been a concern in science education research whether girls and boys

differ in achievementAlthough gender equity is aimed in science education,-science
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related fields have stereotypically been considered as a masculine domain. This
traditional attitude might not be dominant in recent years; hogevder differense

issueis still populain science educatiditerature.Studies in science literature are
inconsistent in gender differenaeserms of achievememflost studigawhich found
significant gender differencesported thaboysperformed better thagirlsin scence

courses particularly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn &
Hyde, 198%teinkamp & Maehr, 198owever, there are also studies which reported

that the gender fiierences are in favor of gifBnderman & Young, 199Byitner,
2008Britner & Pajares, 20p®@Valding, Fogliani, Over & Bain (1994) made a research

on how high school students gave response to chemistry question and they found that
in some question, especially in computational ones, boys gave more correct answers.
BesidesWeinburgh (1995) made a research on gender differences in student attitudes
towards science from 1970 to 1991 and found that student attitude was correlated with
student achievement in favor of bdgierestinglythe later studies often addrdes

gender difference was in favor of girls compared to the previous research which often
pointed out the difference was in favor of boysther words, it is seen that the
gender gap in achievement against girls has decreased. However, it isthkear that
gender difference in science education still exists. Consequently, researchers argued that
the important point was not reporting the gender difference instead further studies
should be done in order to investigate the ideas behind this genderdliffei@nas

gender bias within science classroom, student attitudes towards science, student

motivation to learn, experience in childhood, or student ability.

Studies also emphasizezsilegducational achievement, it is possible to observe
the gender ffierences in occupation selection. The importance of role models has been
noted,especially whestudentsre in the situation of a career ch@aeobs & Bleeker,

2004; Simpson & Oliver, 199MR¢search reveals that girls are still less likely to ahoose
career in science than boys and arédtlihg negative attitudes toward science (Jones,
Howe, & Rua, 2000; Weinburgh, 19B&) and Roeser (2002) argued that the lack of
participation of females in maleminated careers was due to their lowe$elacy.
Likewise, other studies have also reported the effect-effisalfy beliefs in career
choice. Their findings reveal thalf-efficacy beliefs of students influencéimited

their occupational interest (Ji, Lapan, & Tate; 2002 Roeser, P@; Zeldin, Britner,



49

Pajares, 200&specially girls were affected in career choice by their family, teachers, or
peer (Zeldin & Pajares, 200®Xeinkamp and Maehr (1984) reviewed refereed journal
articles, books, unpublished reports, and dissertatidnsoacluded that gender
differences varied among countries of the world. Unexpectedly, gender differences
favoredboys in developed countries (Australia, Japan, Sweden, and US); however, in

favor of girls in Israel.

Hence, students differ in science exadinent, which also affect their career
choice and student motivation is efficient factor on student achievévhent.
motivationto learn science is taken into account, some salsioesportedgender
differences favoringoys(Meece, Glienke, & Burd)@5) and particularly, in favor of
boys inphysical sciences and in favor of girls in biological science and chemistry
(Steinkamp & Maehr, 198Bcles et al. (1983, as cited in Meece et al., 2006) reported
that gender difference in motivation occursilbescea of st udent sO0 par e
attitudes and categorized these-typedt i t ud
behavior, (b) communicating different expectations and goals for boys and girls, and (c)
encouraging different activitiesandskill ( p. 361) . The studi es
Jacobs & Bleeker, 2004; Jacobs & E@DE$) on the same purpose also reported the
similar results that parental influence was effective on gender differences. In addition,
teacher expectations sometim#srdvhen they think about whether boys and girls are
successful in science; studies such as by Benz, Pfeiffer, and Newman (1981, as cited in
Kahle, Parker, Rennie, & Riley, 1993) and Worrall and Tsarna (1987, as cited in Kahle
et. al., 1993) found thaachers expected less success than girls. In terms of science
education aspect, gender differences are often dominated in favor of masculine features.
For instance, Mason, Kahle, & Gardner (1991) conducted a study and asked to draw a
scientist to student®m all ages; they found that students have stereotypic images of a
male domain in science. There were other studies (such as; Boylan, Hill, Wallace, &
Wheeler, 1992; Chambers, 1983 as cited in Kahle et alKal®93&; Meece, 1994)

alsoreportedthemsi | ar results about studentsd mal

Beyond these general motivational differemicessbeneficial to analyze gender
differences in terms of motivational dimensionscience education literature within
any given level, gender diffees can be found in motivational dimensions; such as

selfefficacy, intrinsic and extrinsic motivation, -goahtations, setfetermination,
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and test anxietyn the following somestudies which reported statistical significant

differences omotivatioral dimensions agvenregarding gender differences.

Selfefficacy is important factor in motivation to leaBandura (1997)
emphasized thatlfefficacy beliefs play a significant role in learningtagheints with
high seltefficacyperform betteard eagerly participate in challenging tasksther
words students who believe that they can be successful in scientific activities scored
hi gher grades in science classes.- Studi
efficacy beliefs are positivelyrrelated with academic achievement (Britner, 2008;
Britner & Pajares, 200Britner & Pajares, 2006; Bryan, Glynn, & Kittleson, in press;
Eccles & Wigfield, 200Rau, & Roeser, 20(Rajares, 1996; Schunk & Pajares,)2002
Gender difference has alse@ibdound in terms of sedff f i cacy bel i ef so
Girls tend to have stronger sefficacy in earth and environmental science classes
(Britner, 2008); however, some studies reported this gender difference in favor of boys
(Anderman & Young, 1994jy@n, Brickman, Armstrong, & Taasoobshirazi, in press;
Glynn, Taasobshirazi, & BrickmaB009 Lau & Roeser, 2002; Pajares, 1996; Pintrich
& DeGroot, 1990)In addition studies emphasized that girls feele confidentn
succeeding scientific taskst(i@n & Pajares, 20Q&)ut there is also studies which
report that boys feel confident in science, as well (Kahle, et.al., 1993; Linn & Hyde,
1989). Girls tend to attribute their failure to low ability and boys tend to attribute their
success to high abjli(Brynes, 1996; Kahle & Meece, 1994). Besides, Linn and Hyde
(1989) expressed that the greater confidence of boys in science achievement could

affect their career choice.

Intrinsic and extrinsic motivations are other essential factors on student
motivaton. The morentrinsically motivatestudents feel more internal enjoyment and
interest while doing the task or learning science and eagerly to participate in challenging
tasks (Eccles & Wigfield, 2002); this would contribute positively to achievechesnt (Ec
& Wigfield, 2002; Hanrahadr998) Gender differences in science mainly can be seen in
terms of point of interest; girls are generally more interested in biology and chemistry
and boys are generally more interested in physical sciences (Kah898).aktudies
reported boys were more interested in science than girls (Linn & Hyde, 1989);
particularly, boys in high schools have higtterestand participation in physical

sciences competitions and girls in biological scielwes,(Howe, & Rua @0).
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However, it was argued that this gender differences might be due to teacher or parental
influence on students (Jones, 1991) or because of different experiences in childhood.
For instance, DeBacker and Nelson (1999) reported that females were more

extinsically motivated than males.

Intrinsic motivation is highly correlated with-determination and intrinsically
motivated students express more competence arndetsethination (Eccles &
Wigfield, 2002). The moseltdeterminedstudents tend to haweore intention to
pursue scientific studies. Vallerand, Fortier & Guay (1997) in their studies found that
more sekldeterminated high school students were not likely to dropout the semester.
Similar findings were found by Blach & Deci (2000) for ordeenusiry courses. In
terms of gender differences, girls had highedeselfmination scores than boys (Glynn
et al., in press; Glynn et 2009 Vallerand et al., 1997).

Settingdifficult, proximal and specifgpalsaffect student motivation to learn
(Schunk, 1990) agoatorientationsre correlated with studextademic achievement
(Britner, 2008Brynes, 1996); students with learning goals focus on learning and prefer
challenging tasks whereas students with performance goals are more concerned with
others (Eccles & Widfield, 2002). Anderman and Young (1994) reported that there was
gender difference on performance goals in favor of boys whereas learning goals in favor
of girls (see also Guvercin, Tekkaya, & Sungur, 2010). On the other hand, ¢hgavice v
gender difference was also reported as higher learning goals in high school students
(DeBacker & Nelson, 1999) and in-lwlity students with stronger learning goals
favoring boys (Meece & Jones, 1996) whereas higher performance goals favoring girls
(Guvercin, Tekkaya, & Sungur, 2010), such as females receive higher grades in order to
pleasure their teacher (DeBad&ddelson, 1999). In addition, it was mentioned that
students who have learning goals tend to be more successful regardless détheir gen
(Anderman & Young, 1994; Brynes, 1996; DeBacker & Nelson, 1999).

Another factor which influences student motivation is andetye studies
reported girls are moagxiousn science tests (Britner, 2008; Britner & Pajares, 2006
Glynn et al.2009Pintrich & DeGroot, 1990 compared to boys. St
is usually negatively correlated with their gribdégirls sometimes scored higher

grades in spite of their high anx{@&stner, 2008).

Taken together, the research on gender diffeseasues in science education
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reveals no clear pattern in student motivation to learn; therefore, these contradictory
gender differences findings in motivation need further examination. Therefore, the
main purpose of this study is to examine the matnaiilifferences in different aspect

such as ability or bratiype regardless gender since the literature review reveal that the

contradictory differences are somehow related to different factors.
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CHAPTER Il

METHOD

Thischapte provi des an account of the stud
The methodology of this study was presented in twelve main sections, which are
population andample of the study, variables @eskription of variables, instruments,
instructional matials,design of the studprocedure for experimental araditional
groups,implementation for groupseatmentidelity and verificatiordata collection,
data analysis, power analyfiseads to internal validity, and assumptions and

limitations

3.1Population and Sample

Ankara is the capital city of Republic of Turkiye. There are 75 Public High
Schools, 75 Anatolian High Schools, two Science High Schools, two Fine Arts and
Sports High Schools, and one Social Science High School considegmmnganre
Ankara (Ortaogretim Genel Mudurlugu, 2011). All eleventh grade students from public
high schools in Cankaya region of Ankara were identified as the target population of the
study, which was deter mi ned f oagiontithecee r e s e
are 16 Public High Schools, 15 Anatolian High Schools, 15 Technical and Vocational
Schools, one Science High School, one Fine Arts and Sports High School, one Social
Science High School, and one Anatolian Teacher High School (Cankaya lice Mill
Egitim Mudurlugu, 2011). Since the target population is not much easy to access, the
accessible population is determined as all eleventh grade students in public high schools
located at the center of Cankaya district. Therefore, results of the stddyecoul
generalized to the selected accessible population. There are 16 public high schools in
this district and the sample of this study was selected from this accessible population.
One of these high schools which is more convenient was included intesére pr

study. Therefore, a convenience sampling method which is a type of nonrandom
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sampling method was chosen for this study; which is defined as a sample which is
conveniently available for the study (Fraenkel and Wallen, 2003, p.103). On the other
hand,the researcher was aware of the limitations of nonrandom sampling method such

as representativeness problems.

The selected school had three chemistry teachers, but only two of them were
enrolling the eleventh grade classes. The purpose of the stugyansesieand how to
achieve these aims were clarified to both teachers; hanbrare chemistry teacher
was enthusiastic to take part into the present study. The teacher was female and middle
aged; she had teaching experience in chemistry educaktias bb@en teaching nearly
for twenty years. Additionally, into regular instruction of the teacher, she tried to use
chemistry laboratory and demonstrations as much as possible, but rarely had students
do experiments because of lack of time. Before themengktion, the teacher
accepted to come together with the researcher in order to clarify the details of the
implementation. During this meetings, the researcher gave details and purpose of the
study to the teacher and explained to her what she was suppbsand how the
procedure would proceed during the implementation. The researcher strongly
emphasized the instructional differences in experimental and traditional group to the

teacher.

Two clases taught by the same teatdwk part into the studylhese two
intact classes were randomly assigned as an experimental and a traditional group. Since
classes were formed before the implementation, it was not possible to randomly select
students to groups. Therefore, the same teacher instructed bothiimeexakeand
traditional groups. The sample of the present study consisted of 78 eleventh grade
students from two classes, 40 (52di647.5%boy) students in the experimental
group and 38 (50%irl, 50%boy) students in the traditional group.

The studats participated in the study were mainly born at the year 1992 or
1993. The socioeconomic status of students in the school is in average. In other words,
students were not much different in terms of the education level of their parents,
income, or livingstandards. Most of the students in both classes took additional
support for their courses. The number of students in experimental and traditional

groups and gender distribution are given in Table 3.1.
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Table 3.1 The number and gender distribution of gkiden experimental and
traditional groups

Experimental Group Traditional Group

Female Male Female Male Total
Class A 21 19 40
Class B 19 19 38
Total 40 38 78

The distribution of students 2ZBR010 first semester chemistry course grades
are given at the Figure 3. 1. The graph p
courses was in average and there were not mafachigber students in chemistry
course. The chemistry course averageescare for Class A, which was the
experimental group, was 2.55 and for Class B, which was the traditional group, was
2.68.
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Figure 3.1 The distribution of stwudents?o

for each class

The sample of interviewss selected in terms of purposeful sampling (Patton,
1990, p.230) in order to get informatiiah cases for the present study. Eight students
from both groups were interviewed, 4 students fn@rethe experimental and 4
students from the traditional gpwere randomly selected; in this seleatiademic
achievement variability was focusedgander was considered to be equal (See details
in Table 3.2). The interviews were done both before the implementation and after the
implementation in order to gpte- and postideas of students regarding acids and

bases and their motivation to learn chemistry.
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Table 3.2 The number and gender distributions of students for interviews

Experimental Group Traditional Group
Female Male Female Male Total
Class A 2 2 - - 4
Class B - - 2 2 4
Total 2 2 2 2 8
3.2 Variables

There are two types of variables in this study; these variables are independent
and dependent variables. Independent variables are not affected by other variables and
they affect depeedt variables (Fraenkel & Wallen, 2003). The following two sections

gave the descriptive information about these variables.

3.2.1 Independent Variables

The five independent variables of the study are methods of teaching (MOT)
which indicates two leveBE learning cycle oriented chemistry teaching instruction
(LC) and traditional chemi stry teaching
2010 first semester chemistry course grades (gratiest poeres of students on three
tier Acids and Basesedt (preTABT), and praest scores of student Chemistry
Motivation Questionnaire (p&MQ). See Table Bfor the detailed characteristics of

the independent variables used in the present study.

Table 3.3 The characteristics of the variables in tlye stud

ngitéle Variable Continuous/Categorici  Scale
MOT Independent Variable Categorical Nominal
Gender Independent Variable Categorical Nominal
PreTABT Independent Variable Continuous Interval
PreCMQ Independent Variable Continuous Interval
PostTABT Dependent Variable Continuous Interval

PostCMQ Dependent Variable Continuous Interval
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3.2.2 Dependent Variables

The two dependent variables of the study are thégsbsicores of students on
Threetier Acids and Bases Test (pb&BT) and tle posttest scores of students on
Chemistry Motivation Questionnaire (poMQ). See Table 3.3 for the detailed
characteristics of the dependent variables used in the study.

3.3 Instruments

The measuring tools used in the study were:-fibrefcids andases Test
(TABT), Chemistry Motivation u@stionnaire (CMQ), Interviewand Classroom
Observation Checklist (COC). The following sections gave detailed information about

these instruments.

3.3.1 Threg¢ier Acids and Bases Test

The Thredtier Acids andBases Test (TABT) was developed by the researcher
and the purpose of this test was to meas
concepts and identify their alternative conceptions. The test covers the definition of
acids and bases, the charatiesisf acids and bases, strong and weak acids and bases,
pH and pOH concepts, neutralization reactions, and titrations. The test consists of 18
threetier questionsAppendix B3). The firsttier is a conventional multipgteoice
question, the secoiiegr seeks for the reasoning behind the previous answer which
holds possible alternative conceptions with one correct reason, and the last tier asks for
student confidence about their answers for the firsti¢wso

Developing a threger test is a thregepped process, which includes firstly
interview step, secondly opamded questions step, and lastly ttieegest step. There
are many studies in science education that report students have alternative conceptions
and these alternative conceptionstaiffecs t udent s | earni ng and
and chemistry (Anderson, 1986; Palmer, 2001; Ross & Munby, 1991, see details for

alternative conceptions in the Chapter 2).

Different types of assessments au®ed in science education in order to
identfy studentsd alternati v Boocl®98cMoptfori, ons s
Brown, & Findley, 2008; Osborne & Gilbert, 1980; Thom&daygue, 2006 pen
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ended questions (Calik & Ayas, 2005; Chou, 2002; Tsaparlis & Papaphotis, 2002),
concept maps (Goh &hia, 1991), and multigtboice questions (Schmidt, 1997;
Uzuntiryaki & Geban, 2005), which both have advantages and disadvantages in practical
usag-(Osborne & Gilbert, 1980; Tsai & Chou, 2GDA)ltiplechoice tests are often

more preferable insciercd asses since they are easy t
understanding of the related subject; however, multiplee tests have some
limitations in applying such as determining whether a student gives a correct response
to a test consciously or just a chance. On the other hand, interviews can give more
detailed information about studentsodo alt
a particular concept, but a large amount of time is needed to conduct interviews with
many students for genkzang their alternative conceptions. Because of aforementioned
techniques have some limitations for practical use in classes, two tier tests are proposed
to i dentify st ude (freagustalbB86;elreagast, 199%. Inomlar c e p
to strengten the advantages cimultiplechoice tests twber tests were
developedTan, Goh, Chia, & Treagust, 2002). fiest of each question is

a conventional multiptehoice question and secdret of the question includes

possible alternatives for the msge in the firstier. Twaotier tests are such as
assessment tools that can make available for teachers or researchers to determine
students alternative conceptions and whether a student gives a correct response to a
question by understanding the relatidaect since the secetmel of a test asks for a

reason for the response in the {irst. Therefore, this type of tests differentiates
student responses from lack of knowledge as well as chance factor. Treagust (1995) also
suggests that when diagnotits are used either at the beginning or at the end of a
topic, an instructor can identify student
based on these detected alternative concetiensstructor can modify the related
lessonplaninorde t o remedy studentsd alternative
on the development of thréier test in physics (Eryilmaz & Surmeli, 2002; Pesman &
Eryilmaz, 2009) and chemistry (Costu, Ayas, Niaz, Unal, & Calik, 2007; Kirbulut,
Geban, & Beeth, 201L0n which as an additior: tawo-tiers the last third tier is added

to ask for whether students are sure about their responses to the previous two tiers.
Therefore, in order to develop a valid and reliabletthresiagnostic test to assess

s t u d e detstanglingwfracids and bases concepts threefold nkasegsed.
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The first step was imterview with students, then to apply epeded
questions, and lastly to distribute threetest. For this steps, there sample was needed.
In order to get highate correct response from students, the questions were distributed
to 12th grade students who were more familiar than other grade !=aeidst@and
bases concepts from the previous semester. The developmenttmrtteseprocess
was done at the haging of the 2008 2010 Fall semestef hreedifferent groups
were selected from the target population: i) first group was needed to conduct
interviews, 12 high school students (6 female and 6 male) were interviewed,; ii) the
second group was used to ptete operended questions, 111 high school students
(65 female and 46 male) completed-epeled questions; iii) the thtesr test was
administered to the last group, 156 high school students (92 female and 64 male)
completed the thretéer test.

In order to develciihe threetier acids and bases test three different
instruments were administered. First of all -seudtured interviews with high school
students were conducted to determine whether there wateamtive conceptions
that did not appa: in the literature. The iiaterviewees were selected from 12th grade
high school students based on their gender (girls and boys) and knowledge-level (high
mediumlow) from two different high schools. The interview consisted of 10 questions
and their flow-up probes and adapted from the literature about high school students
difficulties in acids and bases concepts in chemistry. The pilot study of the interview
questions were administered before the study and the face validity of the questions were

testal as wei(see Appendix Bl for the interview questions).

Secondlythe interviews findings and the related literature were used to
construct opeiended questions. The opamded questions were also composed of 10
questions and were conceptual questioreyiog the acids afwhses concepisee
Appendix B2 for the operended questions). In order to chutle& content validity of
questions four chemistry education experts analyzed thenoleeinquestions in terms
of appropriateness to high school studentsl ev el |, alternative
objectives. After administering the epeded questions to 111 (58.56% girls and
41. 44% boys) hi gh school student s, stud
distracters of the threeer test.



60

Lastly,after anabing the responses of the omsmed questions, higher
frequencies of categories and meaningful ones were selected as the distracters. These
distracters included both one correct and alternative conceptions options. Hence, 18
threetier questions were consted; the first tier is the conventional multiple choice
step, the second tieris the possible reasons of the given answer for the first tier, and the
third tier is the confidence step for the first two tiers. In order to check the content
validity of he threetier acids and bases test three chemistry education experts and two
chemistry teachers analyzed the test in terms of consistencies within first and second
tier, appropriateness to high school st
objectivs. After the revision, the thrger test was administered to 156 inggitnool
students (59% girls and 41%$)in one class hodgpendix B3).

In the light of this development procile Threedier Acids and Bases Test
was developed. The TABT covarsds and bases theory, the dissociation of strong
acids and bases, the dissociation of weak acids and bases, the reaction of acids and
bases, pH, and titrations. Table 3.4 represents the alternative conceptions stated in the

test.

Table 3.4 Alternativ@onceptions in the TABT

Alternative Conceptions Items

1. Proton donor substances have basic characteristics | 1.2.b,5.2.d

2. All substances including OH in their formulas have bas 1.2.c,5.1.a,5.2.a,
characteristics 7.1.a,7.2e

3. The strength aicids/bases is related to concentration | 2.2.a, 8.2.c,10.2.t

4. The strength of acids/bases is related to pH 2.2.b,3.2.a, 3.2.b,
8.2.d,13.2.a,13.2

5. The strength of acids/bases is related to mole number: 2.2.c, 8.2.a

6. The pH value is positiyalorrelated with the number of | 3.2.d
hydronium ion concentration in the solution

7. Mixing an acid with a base (without regard to quantitie; 4.2.a
neutralizes the base resulting in a neutral salt solution

8. Acids are stronger and more dangeroubéz®s 4.2.b,7.1.e

9. In neutralization all the Hand OH ions are cancelled : 4.2.c,7.1.c,7.2.a
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Alternative Conceptions

ltems

10. Mixing equal molar quantities gpHand OH to distilled
water results in neutral water

4.2.d7.1.b,7.2.d

11. Metallic compounds have basic properties

5.2.f

12. The strength concept in acids/bases is related with ia
interactions

6.2.a

13. Liquid phase of acids/bases do not differ in solution
environment in terms of particulate level

6.2.b18.2.a

14. Strong acids do not dissociate because they have st
bonds

6.2.d

15. Some acids/bases dissociate partially, which is base
concentration of a solution

6.2.e

16. The strength of acids/bases is based on the rate of ¢
change intmus paper

8.2.e

17. As the number of hydrogen atoms increases in the fo
of acids/bases, their acidity/basicity becomes stronger

8.2.f

18. Calculating the pH value of a solutions would not diffe
either using D" or OH

9.2.a

19. The pH value ef solution is only related to acidic
solutions, not about basic solutions (or @Hs)

9.2.c,13.2.¢,13.2

20. Strong acids/bases eat materials away faster than we
acids/bases

102.a, 10.2.e

21. Bubbles or bubbling is a sign of chemical reactionor: 10.2.c
strength

22. Metals react only with strong acids 10.2.d
23. Only bases conduct electricity 11.2.a
24. Only strong acids conduct electricity 11.2.b

25. As the number of hydrogen atoms increases in the fo
of an acid, its acidity becomes steong

11.2.c

26. Any acidic or basic solution since including ion partic
conducts electricity in same power regardless of its stren

11.2.e

27.pOH is just related with bases 12.2.a
28. Acids are more dangerous than bases 12.2.b
29. Only acids ect with metals 12.2.c,142.a
30. Acids react with all substances gmghblis produced 14.2.a
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(Table 3.4 continued)

Alternative Conceptions ltems
31. Bases react with all substances gyasHs produced 14.2.b
32. Bases react with carbonate@dggas is produced 14.2.d, 14.2.e
33. Acids react with carbonate angé#s is produced 14.2.a
34. Bases react with carbonate grghblis produced 14.2.b
35. Acids turn red litmus paper into blue 15
36. Basetsirn blue litmus paper into red 15.2.d

37. Indicators are used to test whether an acid is strong ¢ 16.2.a

38. In a titration reaction, a reaction does not occur unles 16.2.a, 16.2.c
there is an indicator

39. A neutralization reaction always ends with a neutral : 16.2.c, 16.2.d, 17.
solution, without regatd strength of acids or bases

40. Weak acids/bases dissociate easily since they havey 18.2.b, 18.2.c
bonds

Four types of variables were used to analyze the datatiéx fasbres (only
the conventional multiple choiceptvas taken into account), ii) 4w scores (the
first two tiers, the question and the reason of that question, was taken into account), iii)
threetier scores (the all tiers were taken into account), and iv) confidence tiers (only the
third confidencéer was taken into account). In addition, the Cronbach alpha reliability
was calculated for the first, second and three tier scores. This categorization was done
as indicated by Pesman and Eryilmaz (20
responses an be analyzed into different | evel
response can give an idea whether that the student responded to the first tier
consciously since the second tier sought for its reason and the confidence tier presented
whethe the student was sure about the responses for the first two tiers, which actually
sought for whether the studentods errors
student answered incorrectly for the first and second tiers and finally sure about the
answers for the first two tiers, it could be determined as the student has misconception

on that particular concent.

The reliability (Cronbach alpha coefficient) for the first tier scores was found
to be .58, for the twber scores was .59, and for theeetier scores was .72. In

addition, the relationship between-tieo scores and confidence tiers was investigated
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by using Pearson produmbment correlation coefficient. The high school students
who scored higher in the test were more confidentloasar scorers. There was a
medium, positive and significant correlation between theetwoores and confidence
tiers [r=.45, n=156, p<.000], with high scores oftters with highdvel of confidence
(see Figure 3.7
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Figure 3.2 Scattergram obttier scores vs. confidence levels

The Figure 3.Zhows that there are some students scored low with high
confidence, which indicates that these students are pretty confident about their
responses at the test and probably have misconceptions ondalsadseartoncepts in

chemistry.

The reliable and validated results of the developed TABT were found
appropriate to be used in this present study; therefore, this test was distributed to as
pre- and postests during the implementation. Since studentswestyy unfamiliar
with acids and bases questions before the implementation ortéise, pmely postest

scores details are presented here.

The item analysis was conducted for the-8BIT in threefold: ondier
scores, twier scores, and thrdler s c or e s respectivel y. Th
reliability coefficients were found as 0.767, 0.794, and 0.810 respectively. These results

presents also that the thtesr tests are more reliable than conventional mdtiplee
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tests, which indicates eer test in this situation. Table 3.5 gives the results of the
analysis. In the table, proportion of correct responses (labeled as Prop. Correct in the
table) indicates the difficulty level of the items. In addition, point biserial (labeled as
Point Biser.n the table) indicates the item discrimination, which is the correlation
between correct or incorrect responses to each item. The difficulty levels in this present
study were 0.128 and 0.667 with an average of 0.387 based ontike tésescores

itemanalysis.

Table 3.5 Item analysis results for the-pA&T

Onetier Test Scores Two-tier Test Scores | Threetier Test Scores
Item Prop. Point | Item Prop. Point ltem Prop. Point
# Correct Biser. | # Correct Biser. | # Correct Biser.
1 0.423 0.328 |1 0.295 0.354 |1 0.269 0.443
2 0.397 0.310 2 0.346 0.309 12 0.308 0.372
3 0.551 0.200 3 0.500 0.238 3 0.462 0.252
4 0.718 0.411 i 4 0.603 0.498 4 0.564 0.552
5 0.526 0.353 |5 0.154 0.297 |5 0.128 0.313
6 0.846 0.237 |6 0.641 0.448 |6 0.538 0.454
7 0.590 0.680 |7 0.385 0.520 17 0.359 0.529
8 0.500 0.365 |8 0.449 0.417 8 0.397 0.468
9 0.590 0.251 !9 0.474 0.388 !9 0.462 0.416
10 0.590 0.632 {10 0.513 0.619 10 0.449 0.593
11 0.667 0.583 {11 0.551 0.662 |11 0.538 0.606
12 0.244 0.396 |12 0.179 0.352 112 0.154 0.334
13 0564 0.762 13 0.423 0.656 |13 0.333 0.564
14 0.526 0.427 |14 0.346 0.525 {14 0.346 0.533
15 0.782 0.449 ! 15 0.705 0.548 |15 0.667 0.596
16 0.308 0.508 |16 0.192 0.517 |16 0.192 0.529
17 0.449 0.562 |17 0.397 0.579 1|17 0.372 0.636
18 0.692 0.603 |18 0.487 0.518 {18 0.436 0.519
Alpha 0.767 | Alpha 0.794 | Alpha 0.810
Mean P 0.553 | Mean P 0.425 | MeanP 0.387
Mean Itemrl ot. 0.448 | Mean ItemTot. 0.469 | Mean lterATot. 0.484
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These results indicate that the items were quite difficult for the high school

studentsand only 38.7% of the participants gave correct answers for @ pdst

The item discrimination levels were 0.252 and 0.636 with an average of 0.484. Crocker
& Algina (1986, p.315) suggested that item discrimination indexes below 0.19 should be
eliminaed or completely revised; as given in the table there were not any indexes below
the criteria. The lowest index, which was 0.252, was in the range that needed revision
(indexes between 0.20 and 0.29 need revision) and the item 3 was examined but no
modification was done. The rest of items were in the satisfactory ranges and quite

discriminative.

The mean proportion of correct responses of tests differed in terms of tiers,
which is also a sign of the power of thireetests. The mean of item difficuitgiex is
the highest for the orteer test scores. In other words, 55.3% of the participants gave
corrects answers for the einer questions; however, this index decreases to 42.5% for
two-tiers and similarly to 38.7% for thtes tests. The differencenang the correct
response of the onewo-, and thredier questions illustrated that students answered
the questions by guessing or chance. When students are asked for an explanation for
guestions, the chance factor of answering a question correctiy¢c&r In addition, a

confidencdier enables more reliable and valid results for test scores.

3.3.2 Chemistry Motivation Questionnaire

I n order to assess student motivation
Questionnaireo ( ChQuas adapted frors Bciknce MotivationC M
Questionnaire (SMQ) developed by Glynn and Koballa (2006) into Turkish by
researcher. The SMQ aims to measure high
There were 30 items on gda&int Likerttype scale and msisting of six factors which
wereintrinsically motivated science eéafrrngically motivated sciencerédavaimce of
learning science to persored gaaility-{etlirmination) for learningcméndesce-(self
efficacy) laarning scieraoed anxiety about science asgessnikable 3.6 for item
di stribution into factors). The ranging
ousuallydé, and oal waysdé. The positive st
about science assessment factor consisting of negative statements was scaled from 5 to

1. Therefore, the maximum possible score was 150 and the minimum score was 30. The



reliability coefficient
Koballa, 2006).

Table 3.6 Factors underlying in the SMQ
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estimated by

Factors ltem #
Intrinsically motivated science learning 1, 16, 22, 27, 30
Extrinsically motivated science learning 3,7,10, 15, 17
Relevance of learning science to personal goals 2, 11, 1923, 25
Responsibility (sedfetermination) for learning scier 5, 8, 9, 20, 26
Confidence (seé#fficacy) in learning science 12, 21, 24, 28, 2
Anxiety about science assessment 4,6, 13, 14, 18

The adaptation process of SMQ into Turkish and istgmwvas conducted

during the spring semester of 2Q008. The baekanslation procedure was used

during the adaptation process, in which a questionnaire is translated to target language

than translated questionnaire is translated to original langudifferent bilingual

researchers. Therefore, three bilingual researchers, studying chemistry education,

individually translated the original questionnaire into Turkish. The consistencies and

inconsistencies were compared between the translated quessiamdhithe draft

translated questionnaire was given to another bilingual two chemistry educators who

have no knowledge of the questionnaire in order to translate the draft questionnaire

into English. The purpose of this back translation was to find etlievtthere were

any ambiguities in the items. In the light of these translations, the second draft of the

questionnaire was formed. This second draft questionnaire was distributed to 27 high

school students and they were pronounced that they werenrde gy comments

about items such as unclear items or grammatical errors at the blank spaces under each

item. This procedure was done in order to check face validity of the questionnaire.

Based on the studentsao

f e erhicavaskevised antl e

S €

a final version was formed. The final CMQ was distributed to 1612 high school

students. The 30 items of the CMQ were subjected to principal components analysis

(PCA). Prior to performing PCA the suitability of data for factor anetysiassessed.

Inspection of the correlation matrix revealed the presence of many coefficients of .30

and above. The KaiskleyerOlkin value was .947, exceeding the recommended value
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of .50 and falls into the range of being superb, indicating samplassaiequate for
analysis (Field, 2009) . I n additi on, t h
signi ff(a3®)n=< £9675.486, p<.001), supporting the factorability of the

correlation matrix (Table 3.7).

Table 3.7 The ®MO and Bartl ettds

KaiserMeyerOlkin Measure of Sampling Adequ. .947

Bartlett's Test of Approx. ChiSquare 19675.486
Sphericity df 435
Sig. .000

The analysis of the CMQ via PCA with Direct Oblimin rotation gave five
components with eigenvalues exceeding anitefrin explaining 31.68 per cent, 10.87
per cent, 5.94 per cent, 3.73 per cent, and 3.39 per cent of variance respectively (see
Table 3.8 gives the pattern matrix for item loadings). The components were labeled as
selefficacy in learning chéangdinyems),anxiety about chemistry asg@gsnients),
relevance of learning science to p@Esomaigmaghtrinsically motivated chemistry learning
(five items) and seHletermination for learning cliveistiems) respectively. This
labeling process was done considering the item meanings which were closely related to
each other and the factor loadings under the component. In the five components
solution, total variance explained was 55.62%. The interpretation of the five
components @as quite consistent with previous research on the SMQ (Glynn &
Koballa, 2006); the result of Glynn and Koballa (2006) study support the use of six
components, however, the adaptation of this questionnaire is more suitable to the use

of five components indrkish education system and culture.

In addition, the reliability coeffici
to be 0.902. Furthermore, each <+®facacyor 6 s
in learning chemistry, anxiety about chligmisssessment, relevance of learning
chemistry to personal goals, intrinsically motivated chemistry learning, -and self
determination for learning chemistry were the factors and the reliability coefficients for
these factors were 0.851, 0.754, 0.878, @6®0.755 respectively (see Table 3.9 for
detail).
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Table 3.8 Loading of items to the components in the CMQ

Component

1 2 3 4 5
Q29 .738 152
Q21 .733 119 .103 -.109
Q28 .728 217 .160
Q12 .596 271
Q24 571 137 .164
Q3 448 -.308 -.119 229
Q26 331 -.112 134 .266
Q30 321 -.197 -.203 .293
Q6 197 .799
Q4 144 776
Q13 775 -.126
Q14 -.233 .634
Q18 461 -.406 .186
Q10 .855
Q17 .821
Q11 .799 152
Q19 .719
Q23 .190 465 -.394 -.183
Q2 226 425 -.200
Q25 316 .358 -.328
Q20 -.206 -.137 -.687 .133
Q16 .248 -.557
Q22 .365 -.115 .148 -.410 -.154
Q27 371 .108 137 -.409
Q1 321 .103 -.356 .295
Q8 124 .698
Q7 178 -.259 -.133 -.141 .601
Q5 .205 -.114 .590
Q9 .139 274 .560
Q15 -.317 172 127 490

Extraction Method: Principal Component Analysis.
Rotation Method: Oblimin with Kaiser Normalization. Rotation converged in 13 iterations.

Table 3.9 Summalgr components found in the CMQ

Components Item # Eigenvalue: % of variance a
Seltefficacy in learning 3, 12, 21, 24 9.50 31.68 0.85
chemistry 26, 28, 29, 30
Anxiety about chemistry 4, 6, 13, 14, 1¢ 3.26 10.87 0.75
assessment
Relevance of learning 2, 10, 11, 17 1.78 5.94 0.88
chemistry to personal goe 19, 23, 25
Intrinsically motivated 1,16,20,22,2 1.12 3.73 0.69
chemistry learning
Seltdetermination for 5,7,8,9,15 1.02 3.39 0.75

learning chemistry
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The original SMQ consisted of six components whereas the adapted
questionnaire consisted of five componentsti@a@ase of Turkey. The extrinsically
motivated science learning factor was distributed to other factors in the adapted
version. On the other hand, the anxiety about chemistry assessment factor was
composed of exactly the same items as defined in thal@igdy. Additionally, the
other four factors gave similar results with the original questionnaire. It was expected
that the discrepancies would be found between the questionnaires; these differences
could be because of cultural and educational difstéBased on these results, a valid
and a reliable CMQ was adapted into Turkish.

The adapted version of CMQ was givehéosample (78 high school students)
in this present studgeeAppendixC for CMQ). The questionnaire consisted of two
parts; the fat part included demographic questions concerning gender, age, previous
semester chemistry grade, education level of father and mother, number of siblings,
expected grade at the end of the semester, and a couple of questions about
socioeconomic status. Thecond part included 30 items concerning motivation to
learn chemistry.

Confirmatory Factor Analysis (CFA) using LISREL was used in order to
vali date the adapted versiond6s componen
analysis, the quite reasonable valees found for posSEMQ (see Appendi& for
detai |l ) . Chi squar e &dfdvhichesgasedeperaldnt td r e e d
sample size, is checked for mod#ufjwas i t ( J
found to be 2.11 indicating a gooddithe proposed model. Smaller values of-Root
MeanSquare Error of Approximation (RMSEA) indicate a better fit and values below
0.05 indicate a very good fit (Byrne, 2010). The RMSEA value was found to be 0.077,
indicating a moderate fit.-p8rcent confience interval for RMSEA ranged from 0.063
to 0.091. The Expected Crdsa | i dat i on | ndex (ECVI) I
discrepancy between the fitted covariance matrix in the analyzed sample and the
expected covariance matrix that would be obtainedin asx@herp | e of t he s a
This index can take any value but lower bound is 0 (Joreskog & Sorbom, 1993). The
ECVI was found to be 9.304, ranging from 8.524 to 10.188. The Normed Fit Index
(NFI) measures the model fit over the baseline independence noadegl ahlower

bound 0 and an upper bound of 1, with the values exceeding 0.90 indicating a good fit
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to the data (Joreskog & Sorbom, 1993). The NFI was found to be 0.87, indicating that
the proposed model was 87% better fitting than the null model. Thar@owepFit

I ndex (CFI) i s on?distibutioln masgingfromdtonwiththe nt r a
values exceeding 0.90 indicating a good fit to the data. The CFl was found to be 0.955.
The RootMeanSquare Residual (RMR) is average residual valuaradatdized

RMR is average value across all standardized residuals, ranging from 0 to 1, with the
values less than 0.05 indicating a good fit to the data (Byrne, 2010). The RMR was
found to be 0.137 and SRMR was found to be 0.124, indicating a lowtmue| fi
Goodnesof-F i t Index ( GFI1) i s O0Oa measure of t
covariance in S that 1is jointly explaine
values exceeding 0.9 indicates a good fit to the data. The GFIl was foin@38 be

and adjusted GFI was found to be 0.568. As the overall indices were taken into account
for the postCMQ, it could be inferred that the proposed model fit moderately to the
present data. The path diagram, showing the components structureCM@goist

given in Figure 3.3.

The reliability coefficient estimated
for postC MQ. Furthermor e, each factord-s reld.
efficacy in learning chemistry, anxiety about chemistry assgetevamice of learning
chemistry to personal goals, intrinsically motivated chemistry learning, -and self
determination for learning chemistry were the factors and the reliability coefficients for
these factors were 0.840, 0.754, 0.906, 0.654, and §p&8tvely.

The CFA waspplied to preCMQ as well. The indices presented here are for
the preCMQ dat a. Based on this an d&dfy2slé;s, acc
RMSEA=0.071, ranging from 0.055 to 0.084; ECVI=8.911, ranging from 8.165 to
9.761; NFI=0.848; CFI=0.952; RM®433; GFI=0.640, and AGFI=0.576). Hence, as
the overall indices were taken into account for the@, it could be stated that the
proposed model fit moderately to the present data. The path diagram, showing the

components structure of p&MQ, is givern Figure 3.4.

The reliability coefficient estimated
Furthermore, each factor &6s -effieacyiimldainihgi t y c
chemistry, anxiety about chemistry assessment, relevance of ¢d@mistry to

personal goals, intrinsically motivated chemistry learning, adetesetfnation for
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learning chemistry were the factors and the reliability coefficients for these factors were
0.796, 0.723, 0.878, 0.640, and 0.726 respectively.

Figure3.3 Path diagram for peSMQ



72

Figure 3.4 Path diagram for-Q®1Q

To sum up the purpose of conducting CFA to CMQ was to present an
evidence to construct related validity. Although the moderate fit was found for the
proposed model in either casee{@mnd postCMQ), the results of both analysis
reasonably supported the five component version of adapted CMQ.
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3.3.3 Interviews

Twofold, consisting of cognitive and affective connections in learning, interview
process was conducted with high schodesiis during the study, which were done

before and after the implementation. The purpose of these interviews was to find out

student so i deas on aci ds and bases conc

motivation to learn chemistry. The posérvievg also searched for what student ideas
were about the implemented chemistry teaching method. Interview questions were
formed in sermstructured version and probe questions were also embedded in case
students had difficulties in answering the questionse Blcgds and bases interview
questions were prepared by the researcher based on the literature reviBlagjFurio
Calatayud, & Barcenas, 2007; Nakhleh, 1994; Sheppard, 2006; Smith & Metz, 1996;
Toplis, 1998; Vidyapati, & Seetharamappa, 1995) and taétsh@ratibases unit
objectives into account. The interview questions were given to three chemistry
educators and one chemistry teacher to check whether there were any unclear
statements or inconsistencies with objectives. Some grammatical errors and inverted
statements were declared by experts. Based on their feedbacks the final form of

interviews was constructed (see Table 3.10 for interview schedule).

Eight students were interviewed before and after the implementation. These
interviews were all audapedand transcribed verbatim for data analysis. All interviews
were done in chemistry laboratory because of being quite and not disturbing place when
students and the laboratory were available. Beforehand the interviews, students were
informed that they woultbt be evaluated according to their responses and the purpose
of the interview was to take their sincere ideas on acids and bases and learning
chemistry. During the interviews students were encouraged to answer all questions in a
friendly environment artdld that there were no right or wrong responses as the main

point was to truthfully express their ideas on learning chemistry.
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Table 3.10 Interview Schedule for Acids and Bases

Big idea

Main Question

Purpose

Definition of acids
and bases

Acids and bases
a daily life

Defining of acids
and bases

Identify acids ani
bases, pH an
pOH concepts

Strong and wea
acids and bas

Neutralization

Wha come to your minc
when you are told abo
acids and bases?

Have you ever come acrc
to an acid or a base in yc
daily life?

Students are shown sol
examples of acids and ba
(chemical formulas ¢
substances) and asked F
they made up their minc
that the substances are ac
or bases.

Students are showtwo
erlenmeyers, one having ¢
pH 4 and the other havir
of a pOH 4, and asked hc
they can determine whi
beaker contains pH
solution. Students dra
microscopic representatio
of each solution.

Show students a drawing
two erlenmeyers, or
containing a strong acid a
the other containing a we
acid solution. Ask studer
what the differences the
are between two solutions
microscopic representatiol

Students are demonstrai
mixing an acid and a base
equal amounts in tw
condtions, in presence «
phenolphthalein and not.

To determine which theoretic
definition (Arrhenious, Bronste
Lowry, and Lewis aclihse
definitions) students utilize, wt
properties they know about ac
and bases, and which first th
examples come up their mind.

Elicit student
and bases in their everyday |
or how they know substances
acids or bases.

EIl i cit student
they determine a substance i¢
add or a base when they ¢
shown. A student strategy
determining of acids and ba:
could validate the underlyi
theoretical perspective that
student uses in defining acids .
bases.

Elicit student
and bases, howeh determine
substance is an acid or a b
when they are able to te
indicators, litmus paper, and |
and pOH concepts.

Microscopic representations
acids and bases could illusti
student models on acids a
bases.

ElIli cit studemg
and weak acids and bas
student drawings of microsco)
representations of a strong an
weak acid could illustrate stud
models on related concepts.

Elicit student ideas about ac

and bases reactions,
neutralization concept, a
i ndi cator s. S

neutralization are determined.
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Preinterviews on acids and bases were done in ordetr e detail about
studentsdé prior ideas on acids and base:
interviews, some materials and instruments were prepared by the researcher; such as
diluted strong and weak acid solutions, a sheet for identifafetmds or bases, and
materials for a neutralization activity. fdstviews were done in order to get more
detaka bout studentsod6 post i deas lythesame ds an
interview questions as the-preerview In addition® preinterview questions students
were also asked about their ideas on the method in learning acids and bases; such as
what they thought abotite implementatigrwhether the method was effective and
efficient for them, or what and how they felt abounwihey were in charge of doing

activities.

In addition, afterwards the implementation the teacher was interviewed as well.
The purpose of this interview was to fin
The interview questions cover what diffezsrand difficulties that the teacher faced
with during the process comparing the traditional chemistry teaching approach (see

interview questiafor both studentand teacher in Appendd.

3.3.4 Classroom Observation Checklist

Classroom Observation &iklist (COC) was used in order to ensure treatment
verification in 5E learning cycle and tradititeadheicenterecchemistry instruction.
This COC was developed by the researcher; in this process previous studies were taken
into consideration (Gurca®003; Serin, 2009). Three aspects were considered while
developing the COC, the physical conditions of a classroom and a chemistry laboratory,
studentds role in |l earning, and teacherd
groups. There are 3&ms in this checklist, covering the main properties of the
implemented chemistry instructions both for learning cycle and traditional instructions
(seeAppendixE). Observers had four alternatives in checking the related items; these
alternatives are:gjgartially, no, and not applicable. Observers were expected to mark
one of the three alternatives (yes, partially, and no) for related particular situations; but
if an item included unrelated occasion for that particular observation, not applicable

option was supposed to be marked.
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All implementation sections were observed by the researcher in both groups.
More than one observer enables to get more reliable results in implementation process
however, it was not possible to make another researcher thsemeEessThere
were totally 49 classroom obsgions coded by the researcBérclass hours the

experimental group and 23ass hours in the traditional group

3.4 Instructional Materialsfor the Experimental Group

This section gave the instional materials used in the present study. The
materials used in experimental graumbvere developed by the researcher based on
the literature research, object{@=AppendixA), and daily life events related to acids

and bases. In the subsectidresdetails of these instructional materials are given.

3.4.1Activities

The activities performed during the implementation were explained in this
section. All activities were designed by the researcher and related contributory sources
were emphasizedhe developed activities were organized based on the big ideas,
which were introduction to acids and bases, history of definition of acids and bases,
determining acids and bases, strong and weak acids and bases, neutralization, and

titration. The activiéis are given as the presented in the implementation.

3.4.1.1 Acids and bases

This activity was designed for motivational purposes; at the beginning of the
unit students were supposed to write their ideas about what they knew about acids and
bases. Studenwere free to write anything they want to express about acids and bases.
The second question in this activity was about what they want to learn about acids and
bases and this part was also was completed at the beginning of Slee Wppéndix
F-1.The second question would express stude
as students might express their interest in acids and bases in their daily life or might
state some subjects on acids and bases which they were anxious to learn about. The last
question was about what students learn about during the implementation, in which

students were supposed to express the subjects they had learned about. This third
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question would be distributed to the students at the end of the each activity. Students
wouldbe free to write anything that came to their mind about their previous learning;

therefore, students were made to think about their understandings and learning.

3.4.1.2 A day with Melis

This was an introduction activity designed for students to neakaware of
how they often interact with acidic and basic substances in their daily life and introduce
them some acidic and bases substances that they often come across in their daily life.
There were two version of this activity sheet; the first verammlegigned to be
distributed in the first class of acids and bases concepts (See AppAhdind-the
second version was designed to be distributed to student to the next lesson (See
Appendix F2C). The purpose of the first version was to get studsad mbout what
substances they thought to be acidic or basic in their everyday life. The first version of
this activity took about orel ass hour . After the first
categorized in order to detect their ideas about acidic anduiztances and their
explanations of what they think; therefore, specifically, the false ideas about acidic and

basic substances could be discuss in the next lesson (see the next chapter for results).

The second version was a brief activity designedfdonational purposes.
Students could find much more information about acidic and basic properties of many
daily life substances. A teacher could lead the discussion on the acidic and basic
properties of daily | i f ealssiddascouddbestated. t o
After discussion teacher informed students that they were going to also test acidity or
basicity of some the substances they read in the text or other substances they were
curious about in everyday life for coming classese@tedsversion of this activity
took about 120 minutes.

In addition, this activity aimed to motivate students to learn about acids and
bases concepts. Some basic knowledge (such as what materials in a daily life are acidic
or basic), explanations of gaglvents (such as why statues get deformed), practical
knowledge or key points (such as not to use acidic detergents with basic ones), and
opentended queries (such as how a cake rise) related to acids and bases were given in

the activity to interest studeo the subject and make them curious and anxious (see
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the next chapter for the results). This secondomergs not only designed fbrs
section of the class, it was also designed to make attributions for the following class

hours.

3.4.1.3 The Histyp of the Definition of Acids and Bases

Since there are many definition of acids and bases student may feel complicated
and exhausted in learning these definitions. The aim of this activity was to illustrate
students why these definitions are neededoanthiese definition emerged during the
history éee Appendik-3A). Only Arrhenius, Bronstdsbwry, and Lewis AciBase
Theories were applied into the activity, as it is mentioned in the Chemistry Curriculum.
The activity was consisted of the three maitiose (Arrhenius AsBase Theory,
BronstedLowry AsidBase Theory, and Lewis ABidse Theory); these sections have
three suksections (Who Proposes the Theory, What is the Theory, and The
Deficiencies in the Theory). This was a conceptual activity@ets will discuss the
theories, the properties of the theories, and the deficiencies of the theories. The average
number of students in a group is four. At the beginning of the activity students study
the theories; students were free to study indilyicaraliith group members. After 10
minutes, the students in each group pull out a paper from a bag, the student who gets
0C6 (stands for o0Cevaplad, which means a
who gets 0S06 (st ands sksdhe qguessians té6 her/higltera h  me
members. The Questioner asked the equal number of questions to team Reebers (

AppendixF-3B). These were the questions for each theory to be asked;

A In what order did the definition of AeBhse Theories emerge?

A Who poposed the Arrhenius/Bronstédwry/Lewis AcidBase
Theory?

A What is an acid according to Arrhenius/Bronstmdry/Lewis? What
is a base according to Arrhenius/Brondtewdry/Lewis?

A Could you give an example of the Arrhenius/Brorstedy/Lewis
Acid-BaseTheory?

A What are the deficiencies of the Arrhenius/Brorstedy AcidBase
Theory?
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Group members, except the questioner, sit in order and the questioner directed
the questions in that order. Students who answer the questions were not allowed to
check tle History of the Definition of Acids and Bases Text during questioning part. If
a student did not know the right answer of the question, the turn passes to the next
student. If no student gave the correct answer of the question, the questioner let them
open the text and discuss the question. If still the group could not find the correct
answer of the question, they could ask help from their teacher. Students get one point
for each correct answer and a student who got the highest score got rewards, which
wee a METU emblem pen and a notebook. This activity took about one class hour.

At the end of the activity, the teacher mentioned that science was a subject that
evolves every day. At the time of Arrhenius, hisbasil theory was valid, however,
meanwhilet was observed that the theory had limitations and could not explain some
acidbase reactions. This necessity had caused Bronsted and Lowry to propose another
theory at the same time and even they were unaware of each other. Later, Lewis
proposed the brakest theory of acids and bases. Both Arrhenius and B+bosted
theories are still valid, but have limitations in defining acids and bases.

Although this is a conceptual activity, it is also motivational since this activity
includes a game and at the ehit they can get a reward. Another feature of this
activity is that it is emphasized on the nature of science that science we know today may
be invalid tomorrow and there is no one truth. Studies and developing technology
enhance science to change.

3.4.1.4 Which AciBase Definition?

This activity designed to assess students understanding on acids and bases
definitions. The activity covers Arrhenius, BroAstedy, and Lewis acluhse
definitions. Five reactions were given in the activity shesttidadts were supposed
to complete the activity with their group memlisee Appendix-BCO). This activity
was designed to be distributed to the s
Definition of Acids and Bauwelsnasametlasyi t vy,
period, in case of shortage of time this activity could be used at the beginning of the
next class in order to evaluate student understanding of acids and bases definition. The

important part in the activity was that to make studemesaware of the discrepancy
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within definitions and the number of species that can be considered acids or bases
differed based on which aspects were considered. For example, if a reaction could be
explained by the Arrhenius definition, that reaction @dstdbe explained by the
BronstedLowry and Lewis definition but visa versa was not valid. In other words, if a
reaction could be explained by the Lewistasdd definition, that reaction could not be
explained either by the Arrhenius or Bronktedry acd-base definition.

3.4.1.5 Letds do Magi c!

This activity was designed for students to take their attention to indicators
concept (Rohrig, 2002, p.140). Every groups gets two blank papers and liquid sprays,
one of which containing an acidic and therotlontaining a basic solution. Students
need to spray the liquid on the paper, as an outcome each group gets one word. Then,
every group writes the word on a board and they construct a sentence, which is
0OTodayds topic is t olpuseodetermina dcidicdnd basicdi c a't
mat eri al s 60 ddrsintzing konuswyd asidik ve bazild maddelerio
belirememizés a K | dandikatbrlerdy a k EdtdaannE ma kt Er . 0) .

There were 10 groups in the classroom; therefore, the sentence was arranged as
10 pats. The papers were prepared before class and phenolphthalein was used to write
the words. Phenolphthalein is a colorless indicator and when paper gets dried, no word
can be read on the paper. The liquid spray containing diluted sodium hydroxide and the
other liquid spray containing vinegar were prepared. As each group got two papers
holding the same word, the groups were divided into two parts one of them spraying
acidic solution and the other spraying the basic solution. As the basic solution was
sprayedn the paper, the word turned to pink; in other words, phenolphthalein turned
to pink in the basic solution. However, as phenolphthalein was exposed to the acidic
solution, it remained colorless. This activity was used as an introductory activity on

detemining acids and bases to the class and took about 10 minutes.

3.4.1.6 Magic of Red Cabbage

In this activity students will learn that red cabbage juice turns into different
colors in acidic and basic solutions (Rohrig, 2002, p.130. In addition, fivehemin
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that indicators are substances that help determining acidity or basicity of substances and
they will apply what they have learnt from indicators and test acidity or basicity of
substances via using litmus paper, red cabbage pH paper, and urdicatal
Additionally, students will learn about how to read and interpret the color of indicators.
This activity makes emphasize on red cabbage juice; however, in order to extend
student vision about indicators, litmus paper and universal paper te Hugladtivity.
Therefore, students will comprehend there are many kinds of indicators, some them
they are familiar with.

Students usually know about litmus paper from previous levels and often do not
experience other indicators in a class. Studentieehanxiety when they hear the
name of o0indicatorso; this anxiety can b
complexity in learning the details. Red cabbage is a vegetable that students often come
across in everyday life. The color of red gebhans into many colors depending on
acidity or basicity of a solution. Beforehand the activity was done in the class; the red
cabbage pH papers were prepared. Red cabbage was boiled in a pan with sufficient
amount of water. Filter papers were soakedhstred cabbage solution and let them
absorb the solution. Then, filter papers were dried and cut in stripes (See teacher

handouts below for detail).

At the beginning of the activity the teacher demonstrated the pH scale of red
cabbage juice. Then, gv@roup picked up at least three substances from the desk
which they wonder about its acidity or basicity. Afterwards, students tested the materials
via litmus paper, red cabbage pH paper, and universal indicator paper; and write down
the results on the ity sheet (see Appendixd) and the common poster hanged on

the wall. This activity takes about 20 minutes.

In addition, this activity aims to motivate students to learn about acids and
bases, since students do tests and learn about everyday thatehaisare familiar

with in their everyday life.

3.4.1.7 The Strength of Acids

In this activity, students will observe the difference between a strong acid and a

weak acid. Students often have difficulties in understanding the strengths of acids and
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bases. I n addition in everyday | anguage,
different meaning and they try to relate that meaning with acids or bases; such as strong
acids have strong bonds and weak acids have weak bonds (See Alternative SConception

in Acids and Bases Section).

A strong and a weak acid solutions can be at the same molarity; however, the
molarity of hydronium ion will differ in dissociation process. In this kind of situation,
students often think that since both solutions haveathe molarity, the hydronium
ions concentration in the solutions should be the same. In order to prove that this
situation differs in strong and weak acids and bases, this activity is developed. Students
will able to observe that even the solutions hav&athe molarity, the products can
differ. In addition, students will observe one of the properties of acids, which is metals
react with acidic solutions and hydrogen gas is liberated.

For the activity, each group had two erlenmeyers having two differgonso
in them on their desks; these solutions were in the same volume and molarity; one
erlenmeyer has 100 ml 0.5M acetic acid and the other has 100 ml 0.5M hydrochloric
acid solution. The equal amount of magnesium metal was placed into the balloons and
the balloon was put at the top of erlenmeyer. At the same time, magnesium metal
particles were dropped into tBeenmeyer (See Appendis )

This activity took about 20 minutes, developed as a prerequisite acidity for the
strength of acids and baseg] arade the distinction between strong and weak acids.
Afterwards this activity, 0 Wh a't are the
activity is designed. This activity, | atk
student sd maacnwd sclhei ¢ olllevwilng activity,
di fferences bet ween strong and weak aci
microscopic level regarding the strength of acids and bases and students could be aware
of the changes that take place omp#récle level in strong and weak acids.

3.4.1.8 What are the differences between Strong and Weak Acids?

This activity aims to investigate st u
acids/bases. High school students have many alternative conedptibissrong and
weak acids/bases as mentioned in the previous sections; in order to determine whether

studentsd have alternative conceptions s
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having strong bonds; weak acids/bases are weak because oivbakifgnds;
concentration acids/bases are strong; or diluted acids/bases are weak; this activity is
designedSee Appendix-B).

Students in a group discussed the four situations given in the activity and draw
related drawings considering particles.athigity took about 20 minutes. This activity
al so i ntegrates the studentsd I deas abou
ideas about concentrated and diluted solutions. Students discuss their representations
with their group members. Thasp po s e of t his activity
understandings about strong and weak acids as well as their understandings about

concentrated and diluted concepts, and how they integrate these concepts.

3.4.1.9 What is Neutralization?

This brief activitis developed for students to comprehend about neutralization
reactions. This activity is designed to be used as an introductory activity for the
neutralization concept. Red cabbage is a perfect indicator for this activity, since its color
vary in acidi@and basic solutions. When the red cabbage juice is used, students will
observe that as an acidic solution is added to the solution, the color turns into reddish
colors and as a basic solution is added to the solution, the color of the solution turns
into greenish colors. The neutral color of the red cabbage juice is purplish color. This
activity will enhance student to realize that neutralization reaction occurs and based on
the hydronium ions in the solution the color of red cabbage juice changesoim addi
the activity will make students think about what happen in particle level as

neutralization occu(See Appendix-8).

Students had two droppers, one containing acidic solution (which was diluted
hydrochloric acid) and the other containing basit®oluvhich was diluted sodium
hydroxide). Each group also had a red cabbage juice solution and they added the acidic
solution drop by drop and observe the color change; then, the basic solution was added
drop by drop into the same solution and studestsebd how the solution turns back
to its previous color and then color changing based on the basic solution. After that,
students drew their models about what occurred in particulate level during the

neutralization process.
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During the implementation, shactivity is back up with simulation which makes
emphasize on the microscopic level and show how neutralization occurs on the particle

level.

3.4.1.10 What causes a cake to rise?

This activity aims to cover the neutralization concepts and develdped by
researcher. This activity enables students to comprehend the neutralization event with
household materials used in their everyday life. Students also have opportunity to
observe that there are some acids and bases that are not dangerous antbtiseir react
with each other are not hazardous. Students have alternative concepts that only strong
acids and bases react with each other and salt and water are produced; this activity could
enhance students to observe weak acids and weak bases reactionglsdhis is
motivational activity since not only girls but also boys may curious about what kind of

reaction occurs that causes a cake tdesdfpendix F9).

Baking soda (sodium hydrogen carbonate) is usually needed when there is
yogurt or lemon juice inloarecipes. Since baking soda is basic and lemon and yogurt
is acidic, a neutralization reaction takes place and carbon dioxide gas is produced; this
gas causes batter to rise during baking. On the other hand, baking powder includes
sodium hydrogen carbdeaas well as tartaric acid; therefore, there is no need to use

additional acidic substances when using baking powder since its containing both.

In the activity, there were two steps; at the first step students were allowed to
observe the differences betm baking soda and baking powder. They add some water
onto powders and observed the bubbles just in the baking powder case. The second
step was using baking soda as a basic substance and vinegar as an acidic substance
Vinegar was used instead of yoguirder to observe bubbles well enough. In the
previous step, students observed that water did not affect on baking soda; however, in
this step, they observed that vinegar affected on baking soda and bubbles came out.
Since baking soda, in other words wudhydrogen carbonate, is a carbonate
compound, carbon dioxide gas was produced. Students were told that when baking a
cake, the similar reaction took place and carbon dioxide gas got trapped in the batter

and causes it to rise. This activity took abouti20tes.
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3.4.2 Teacheétandouts

This part provided explanations for teachers about the activities used during the
implementation and were developed for the teacher so that the teacher can used them
during the implementation and follow the instructionssing the activities These
handouts guide teachers during the activities, most activities arecetudesd, but
teacher will always be there to guide them when they need. However, in some activities
teacher does the action because of hazardougteaiefor completing the interval
steps quicker. These handouts were developed by the researcher considering objectives

stated in the curriculu(®ee Appendix A for the objectives and G teacher handouts)

3.4.2.1 Acids and Bases in Our Dalily Life

Thisteacher handout gives the detail about the introduction of acids and bases
concepts. The teacher will seek students ideas about acids and bases such as whether
they come across to any acids or bases during their daily life or what an acid or a base
conjue up intheir minds (See Appendif&. Thetwest epped acti vity |
day with Meliso6o was distributed in the
section was to make students aware that not all acids or bases were dangerous or

hazardousamne of which were directly in our daily life in our food or surrounding.

3.4.2.2 The Definitiaof Acids and Bases

This teacher handout gives directions about how to preserbaseid
definitions. This handout covers the Arrhenius-lzaseé definitionthe Bronsted
Lowry aciebase definition, and the Lewis dmade definition (See Appendi25In
order to give the differences within definitions students understandings and ideas were
aimed to inquired during the process, specifically the limitdtibesdefinitions were
addressed. Two student activities, which
OWhi c BBafscei definition?6 were distributed
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3.4.2.3 Letds do Magi c'!

This activity aims to motivadidents to learn about indicators. In order to take
studentsd attention to indicators concefg
Teacher Handoutn Appendix G3). Before the class the teacher prepares the
materials; the writing is done withmpdiphthalein and a sentence with ten words is
arranged since there are ten groups. Thi
i ndi cators that help us to detdearsimizime ac.i
0 konusud asidik ve bazi® maddéeri d belirlememizd s a K | dindikatdrlerio
y a k EdtdaannE ma kt Er . 6) .

3.4.2.4 Magic of Red Cabbage

This activity aims to teach what students should understand from indicators and
learn about the properties of indicators (see Appenrd)x This ativity is leaded by
teacher demonstration which is determining the pH scale of red cabbage; then student
will test acidity or basicity of some substances via using litmus paper, red cabbage paper,
and universal indicator and write down the results onotitityasheet and the common

poster hanged on the wall.

In order to safe time it is better to prepare the red cabbage juice and red
cabbage pH papers before the class. In order to prepare red cabbage pH papers, put
some water and sliced red cabbageanang boil. Turn off the heat after half an hour
and filter the juice in a container. Put some filter papers in a container and let them soak
the juice. After a while remove the filter papers from the juice and let them dry. These
red cabbage pH papersncle in good conditions for weeks, longer in a closed
envelope. Keep the red cabbage juice in a refrigerator to use in this activity. Before the
class, students are told that they are free to bring any kind of substances they want from
their houses to testhether they are acidic or basic. The teacher also obtains some
substances such as lemon, vinegar, coke, yogurt, milk, baking soda, mineral water,
baking powder, soap, shampoo, or detergent to class in case students forget to bring

materials.

There arewo parts in this activity. The teacher demonstrates the first part of

this activity, which is determining the pH scale of red cabbage juice. In order to
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determine the color scale of red cabbage juice, the teacher ranges the tubes filled with
hydrochloric eid solution, lemon juice, vinegar, distilled water, baking soda solution,
ammonia solution, and sodium hydroxide solution according to their increasing pH;
then places a few drops of red cabbage juice and let students observe the change.
Afterwards determing the pH scale of red cabbage juice from red to yellow, students

are let free to test their materials (See Fidgire 3.

NS
Figure 3 The pH scale of red cabbage juice obtained in the experimental class (from

left to right HCI solution, lemon juicanegar, water, carbonate solution, ammonia,
NaOH solution)

In the second part, students will test the materials they bring from their home
and this will let students determine acidity or basicity of many materials they are familiar
in their everyday lif€eacher allows students to take at least three different substances
from the desk and let them apply the acidity and basicity test. Teacher reminds students
to write their results down both on their activity sheet and the common poster hanged

on the wal(See Student version of this activity in 3.4.1.4 section).

3.4.2.5 Concentrat&dluted Solutions

It is often difficult for students to understand what is occurring at the particulate
level. A lemon contains citric acid, one of the weak acids. Shalentdternative
conceptions that weak acids/bases are diluted solutions or strong acids/bases are
concentrated solutions (See Alternative Conceptions in Acids and Bases); therefore, it is
difficult for students to comprehend strength concept in acids/biaserder to

eliminate or not to create such alternative conceptions, this activity is developed
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(Appendix G5). Concentrated or diluted weak acid solution can be set up in order to
make students observe that it is possible to form concentrated $aaotianveak

acid. Preparing a glass of lemonade activity is designed in order to emphasize the
difference in concentrated and diluted acids/bases. The teacher squeezes a lemonin a
beaker (See | in Figuré&)3.add 10 ml water (), add 10 ml water agjgirafid lastly

add 10 ml water (IV). Adding each time some water in the lemonade causes dilution and
students could infer the taste differenc
about how they can visualize these dilution events on the Taleed into students
responses into consideration, teacher uses the drawing below to illustrate the situation
in the particulate level. Students are explained that when the same size fraction of the
solutions is taken, as it is seen from the drawing,ishegcreasing number of particles

in the fractions from concentrated to diluted solution.
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Figure 36 The particulate level illustration of dilution of lemonade

This representation helps students conceptualize dilution of a concentrated
acidic or bsic solution. A lemon has high concentration of citric acid which is a weak
acid. Students have an alternation conception that a weak acid is always diluted (See the
alternative conceptions section), in this illustration students could realize that

concentation is not related to strength of acids or bases.

3.4.2.6pH and pOH concepts

This activity will enhance studentsbo
experimentinglifferent solutions or the same solutions in different concentrations
relating tle colour of redcabbage or litmus paper with pH and pOH concepts. Students
usually relate pH and pOH concepts with the strength of acids or bases; such as, ifa

solutionds pH value is c¢close to 1, stuc
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Students shad illustrate that an acidic or basic solution with different concentrations

have various pH or pOH values because of the difference in hydronium or hydroxide

ion concentratiorAnother difficulty of students is that students may think that acidic
solutions do not have hydroxide ions in solutions or visa versa forobasasgral

solutions with pH 7 do not have any ionsolutions Therefore, this is activity mainly
focused studentsd such alternative conce
the existing onesia emphasizing the concentration of hydronium or hydroxide ions,

the derivation of pH and pOH values considering@@#fation of water, and the
representations of acidic and basic solutions in different pH or pOHusahgedaily

life examples.

3.4.2.7Strong and Weak Acids

This activity will enhance students to differentiate the discrepancy between
strong and weak acids and bases. In order to illustrate strong and weak concepts are
related to dissociation the teacher will useudadion, which shows the dissociation of
HCI and HF in particle level (See Teacher Handouts in Appe+@)ixA® the
beginning of the activity the teacher inquiries about student ideas about strong acids and
why some acids are called as strong or weak Hogdsimulation progress is done step
by step and students are let comprehend what is going on the particle level. Students
have an alternative conception that strong acids have strong bonds and weak acids have
weak bonds may be because of daily usdlgesefwords. In order to overcome this
kind of alternative conception, the teacher make emphasis on determining the strength
of acids and bases is related to their dissociation in solutions and stresses the more
dissociation, the stronger the acid. Fdahén understanding, the teacher reminds
students about electronegativity concepts from the previous semesters and recalls the
periodic properties of F, CI, Br, and | elements. The electronegavity values of H, F, ClI,
Br, and | are given in order to comgaeeelectronegativity difference idF1HOCI,

HoBr, HAl bonds. The teacher enables students to discuss which of them more easily
give hydrogen into the solution relating the electronegativity difference in order to get

the idea of the less electroneggtidifference, the more easily dissociation.

In addition, conductivity of acids and bases were emphasized that a stronger

acid is a better conductor of electricity since stronger acids dissociate more completely
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and more free ions are produced. The stadere made to get a conclusion that a
solution with high ion concentration will have a higher conductivity than one with a low
ion concentration.

3.4.2.8The Properties of Acids and Bases

This teacher handout covers the properties of acids andsbabess taste,
touch, reactions with metals, electrical conductivity, and neutralization. During the
procedure demonstrations, videos and hamdsctivities were used. Because of
inconvenience dhe chemistry laboratory-aonditions, an inquilyased pcedure
was followed using videos. Attributions were arranged in the process to the second
version of O0A day Mifeapplicatien bfithe gragpertee®of dcidlsa t  t
and bases would be illustrated. Students conducted two activitiew, evinicth 0 Wh a t
Neutralization?06 and oHow a Cake Rise?0.
dailylife event related to acids and bases such as, the deformation of statues, acids rain,
stomach sour, and baking a dag@qmpendix G3).

3.4.2.9itrations

This teacher handout was developed to illustrate titrations and enhance students
to observe titration procedure both in macroscopic and microscopic level. The teacher
does this activity in twofold, firstly does the demonstration and then skows th
simulation of a titration considering particles. The teacher emphasizes that titrations can
be used when there is a solution in unknown molarity to find out how much a

substance is dissolved in a given volume of a solution.

In this particular situatior0 ml HCI in unknown molarity is added to
erlenmayer and 0.2 M NaOH solution is filled into a burette. In order to observe the
change phenolphthalein indicator is used. This simulation is used since it shows titration
process both in particle level araw a graph step by step (Higher Education, 2009).
Teacher enquires student ideas about what happens at each step in addition of sodium
hydroxide taking into particle level and graph into account.

Students have an alternative conception thatbasél redions occur in

presence of indicators. In the simulation, a titration is demonstrated between a strong
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acid and s strong base as well as what happens at the particle level is highlighted. In
every step of adding of sodium hydroxide into the erlenmeyistingrtsydrochloric

acid, it is simulated what happens clearly step by step at the particle level (See Teacher
Handouts in Appendix -G for the simulation steps in titration) as well as graphical
presentation is available. During the titration simuladiondicator is used and no
emphasize is done about it for the reaction occurrence, students can make aware of this
(although this is a simulation); therefore, in order to get a reaction between an acid and
a base, no indicator is needed idea is discusisstixdents. Hence, it is clearly stated

that indicators just help us to observe when th@a@ntof a titration is reached.

3.5 Design of the Study

A quasiexperimental design that takes account of already existing groups
(Fraenkel & Wallen, 20@B278) is used as an experimental design in this study since it
is not possible to do random selection of a student to a treatment group in Turkish
school system. Because of the difficulty of a randomization of groups, random
assignment was done betwemtact groups in order to control treatment groups.
Therefore, the design of the study is the matomiygpreposttest control group
design as a type of quasperimental designs (Fraenkel & Wallen, 2003, p. 278).

Table 3.11 below summarizes the reBehasign of the study, which expresses
pretests were distributed before the implementation to both experimental and
traditional groups. Afterwards the implementation processesgisswvere distributed

to both groups.

Table 3.11 Research design

Groups Pretests Treatment Posttests
TABT TABT
CM . CM

EG Sen%Structured SE Learning Cycle Sen%Structured
Interview Interview
TABT TABT

TR CMQ Traditional teacher CMQ
SemiStructured centered SemiStructured

Interview Interview
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This is a brief gkanation for abbreviations in the Table 3.11: EG represents
Experimental Groups which were implemented with 5E learning cycle nivdel; T
represents Traditional Groups which were implementetiomatlteachecentered
instruction TABT was teethelre dAcfiadrs calnhd Bases Tes

O0Chemi stry Motivation Questionnaireo.

3.6 Procedure

The section gives the procedure followed in this present study from the
beginning to the end of the study. During the study process the following teps we
carried out:

V The research problem was determined, which was studying on students
understanding of acids and bases concept, determining student
motivation to learn science, and developing activities to increase their
motivation to learn chemistry.

V Thek ey terms were determined, which
conceptionso, oconstructivi smo, 0
oconstructivist teachi ng -centare@t egi e
activitieséoé, omodel imgtp Dematrt nv astci
ordalfe applicatn onctdi, vianhides@dands

V Literature review was done with the aforementioned key terms through
Educational Resources Information Center (ERIC), Social Science
Citation Index (SSCI), Ebscohost, Science DIEETOR, Google
Scholar, ProQuest Dissertation Abstracts International (DAI), ProQuest
(UMI) Dissertations & Theses, METU Library Theses and Dissertations,
Turkish Higher Education Council National Dissertation Center,
TUBITAK-ULAKBIM Turkish Academic Netwk and Information
Center, Hacettepe University Journal of Education, Education and
Science (EKitim ve Bilim), and Kur
(KUYEB). Literature review process was done periodically to stay up to
date.

V Sources were obtained dinel readings were done. The literature review
helped to construct the theoretical knowledge on the research problem.

The similar previous studies lead the way, particularly alternative
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conceptions on acids and bases. The results of research articles were
examined and their implications and limitations were taken into
consideration.

Instruments used in the study were developed. The TABT was developed
by the researcher. The CMQ was adapted into Turkish by the researcher.
The pilot study of the TABT was a@om 2008009 fall semester and

the adaptation study of the CMW was done in-2008 spring
semester.

Instructional materials for students and teachers were developed by the
researcher based on the literature and revised based on the feedbacks
from the tiemistry educators.

In order to conduct the study in high schools necessary permissions were
gotten from the Ministry of National Education from two regions in
Ankara, which were Cankaya and Etimesgut.

Determining the sample size, Cohen, Cohen, WesAiled (2003,

p.177) was followed as a guideline for determining the sample size of the
study. Similar to most educational studies, the significance level was
determined as .05 in the present study, the power was set as .80, and the
effect size of the studyas set as a medium effect size (the proposed
effect size values fémvere: small= .02, medium= .15, and large= .35).
Therefore, the required sample size for this study was calculated as 56.
Application of preests, the TABT and the CMQ were admirestéo

both experimental and traditional groups on the same day. These tests
were administered two weeks before the study both by the researcher and
the teacher. The sestructured interviews were done when students
were available. The students wererm@drthat their results would be
confidential and their names would not be used anywhere in the study.
Main study was conducted in the 2090 spring semester, this process
lasted for nearly eight weeks for experimental group (23 class hours, 3
hours a wek) and seven weeks for traditional group (21 class hours, 3
hour a week). The acids and bases unit was designed for approximately
eight weeks (3 class hours a week) in former chemistry curriculum.

During the implementation, the former chemistry curnchiad been
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followed, the following semester the current chemistry curriculum was
applied for 1% grades. Two intact classes were used in the
implementation, one of them was the experimental and the other was the
traditional group. In the experimental gré& learning cycle and in the
traditional group traditionally designed chemistry instruction was used.
Application of postests; the TABT and the CMQ were administered to
both experimental and traditional groups on the same day both by the
researcher dnthe teacher. The sestructured interviews were done
when students were available.

Data entering; the data gathered from theame posfTABT and pre

and posiCMQ were entered into Microsoft Office Excel and then run in
Iteman, SPSS, and Lisrel. gibalitative data gathered from the arel
postinterviews were transcribed.

Analysis of data; descriptive, inferential and confirmatory statistical
analysis were done for the TABT and CMQ. The coding was done by the
researcher.

Writing the dissertatio

3.7 Implementation for Groups

In this section, the implementation conducted in the experimental and

traditional groups were given in two subsections. rGoimgiist teaching strategies

(inquiry based hana® activities, group discussions, and adassussions under the

steps of 5E learning cycle model) were used iniregptal group and traditional

teachexcenterecchemistry instruction was used in traditional group. The experimental

group students were implemented in the chemistry laboratting; aher hand, the

traditional group students were implemented in the regular classroon3(Bigure
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Experimental Group (Chemistry Lab) Traditional Group (Regular Classroon
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Figure3.7The view of class designs both in erpaErtal and traditional groups

3.7.1 Treatment in the Experimental Group

The instruction was designed based on the learning cycle model considering five
steps, which were Engagement, Exploration, Explanation, Elaboration, and Evaluation.
Nine teacher halouts were designed and the teacher followed these handouts during
the instruction. Ten student activities were designed for students to follow the
procedure in the activities in which students were actively involved in learning
procedure to get opportui@s to develop manipulative and technical skills and the
teacher acted as a facilitator. The te:
discovering knowledge instead of providing knowledge. During the implementation, in
order to encourage students thacher asked leading questions and enhanced them to
think and discuss the related questions
was to discover knowledge with their peers by doing their activities and discussed the
questions in activities the teacher asked.

From elementary school curriculum, students were fairly aware of some basics
of acids and bases. They knew that O0Aci d
l itmus to blue. 6, OAci ds t aedehse a lsydragen a nd
into water and bases release a hydroxi de
the students knew about acids and bases, the TABT (asst)pmas administered.

This test al so ai med t o t asatidsandbatesnt sd a
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Before the treatment began, the teacher wanted from the students to create
groups consisting of four pupils. In order to create groups, first of all the teachers let
the students to create their own groups; afterwards, the teacheesrditjement
when there was imbalanced groups in terms of achievement. The teachers focused not
to create groups only with l@ghievers or with higichievers. Because students can

learn from each other, the groups were created balanced in termschigneement.

In order to identify studentsd gener al
to |l earn about OAcids and Baseso thait an
previous unit (See AppendixC o0 Chemi cal Equisweéregivéenuomé , a |

the students. Onto that sheet students were asked to give responses to two out of three
questions. This activity is two stepped; at first students were questioned about what they
know about acids and bases and what want to learn aboahdddses; during the

unit they were going to be questioabdut what they learned, as Wiéie purpose of

this activity was to determine students?o
striving to learn about for this unit. In otherwordsgj it expect ati ons f
Basesd unit were inquired. The purpose o
and motivationally. In a conceptual manner, it searched for student learning and
whether they had any misunderstandings during thiaanihotivational manner, this

qguestion managed students to think about their personal learning and since some
students sometimes behave shy and could not ask questions or tell the teacher that they
did not understand the subject, this activity couldesalaents to express difficulties

in their learning and state their thoughts more easily by writing thémféaee
communication.

The next lesson in introducing the topic (this part corresponded to the
engagement step of 5E), the teacher asked wagdsrthe word acid conjures up in
their mind. The teacher | isten students?o
distribute a paper set that wrote about a one day of a university girl. The teacher told
the students that the aim of the activitytowdstermine what they thought about acids
and bases in daily Iife. Therefore, an a
OMel i sdin bir g¢nego)od distributed to eve

activity individually and then trisdanswer the related questions. Ten minutes were
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given to students to complete the reading activity and answering the questions. The

guestions were:

e What are the acids that Melis were faced with during the day?
e Why do you think that they are acids?
e What are the bases that Melis were faced with during the day?

e Why do you think that they are bases?

After each student finished the activity, the teacher enabled them to discuss the
questions with their group members. In their discussions, studentabaikethe
materials which could be acids or bases (this part corresponded to the exploration step
of 5E). Ten minutes discussion time was given to students and they were asked to argue
whether there were differences within each other in selecting tarcasgoand their
acidbase categorization. In addition, they try to convince their friends by supporting
evidence why they thought that the substance is an acid or a base. After the discussion,
they wrote the report which includes what substances thgitttimt were acids or
bases in group agreement. If they lacked of consensus, they were told to write the
differences they had discussed. The teacher collected all activity sheets and then asked
whether they had difficulties in deciding what substancnve&sd or a base. After
getting studentsdo reflection, the teache
deciding what is an acid or a base. Then, the teacher expressed that the categorization of
chemical substances as acids and bases halpsyinways; but just looking to the
substance was not enough to understand the substance was an acid or a base (this part
corresponded to the explanation step of 5E). The teacher also said that in many type of
sciences this sort of categorization couldobed; for example, she asked to the
students what came to their mind when she said a dog. Students gave some descriptions
of dogs such as furry, faithful, have long ears, act as a guard, have a good sense of smell,
etc. the teachers stated that likevaesseategorization of animals, the categorization of
substances in chemistry helps in many ways such as when an acid or a base was called
what should came to student mind would be discussed in the unit.; therefore, scientists
made some generalizations foemical substances. At the end of the lesson, the
teacher told the students to check the description of some substances (at least three of

them) at home in which they came across at the activity or about which they were
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curious about and they were fredriag them to class (this part corresponded to the
exploration step of 5E). Therefore, for the next lesson, the students would check the
descriptions of some substances written at the back they had read in the activity in

order to determine whether thesbstances were acidic or basic.

For the next lessothe collected activity shegtsre analyzed by the researcher.
The researcher categori zedll7forhhe dedall ndent s
Chapter 4). This categorization had four options: abastc, neutral, and not sure.
Based on student responses, the substances which were students not sure about their
acidity or basicity or had false decision on their acidity or basicity were determined for
the activities. These substances were going ueeldeby the students during the
activities; therefore, the substances that were the students were not sure about whether
they were acidic or basic were selected, such as aspirin, milk, mineral water, and

toothpaste.

The following lesson the teacher stathe lesson by asking whether they came
across any acidic or basic materials in their daily life and got students responses. Then,
the teacher asked the students what they found during their search on substances. The
students expressed their searchteesuth as one of the students stated carbonate
included sodium bicarbonate and not sure still about its acidity or basicity but since it
was used in food, it was probably an acidic substance; another student stated that bleach
included sodium hydroxidedaa basic substance as he thought about; and another
student stated coke included water, sugar, carbon dioxide, coloring, phosphoric acid,
and caffeine and since including phosphoric acid coke was an acidic substance. The
teacher t ook std eousearation @nd fexplainkd thay she students
themselves would tested those all materials whether they were acidic or basic. Then, the
teacher continued by reporting the stude
that although the students gahe similar responses, they had some discrepancies

among each other in deciding whether substances were acidic or basic.

Afterwards, the teacher asked that how a material could be decided whether it was
an acid or a base and eltedachdr expestdd tsgetuad e nt s
answer that a litmus paper was used to test whether a material was acidic or base since
the students were expected to know this knowledge from their middle school science

courses. Then, teacher let students to test at leastftauials with a litmus paper (See
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Appendix F2B); they were free to use the materials either they had brought from their
homes or the teacher supported (this part corresponded to the exploration step of 5E).
After finishing the activity, the studentsipare and discuss their results on the poster.
Finall vy, the teacher distributed the sec
Appendix F2C). The students were supposed to read the text and answer the question
(this part corresponded to the evatuastep of 5E).

The following |l esson, in order to both
student s & -basd defingtions the teacherdsked to the students what they
understood from the term of an acid and listened carefully thestuden r e spons es
part corresponded to the explanation step of 5E). The students expressed their ideas
what the word acids conjured up in their mind. The same questions were asked for
bases. The teacher mainly pahotitrysotmtkent i on
corrections on studentsd responses. The
different approaches to determine what substances are acids or bases and it would be
used to study them at the molecular level in order to understarupirties of acids
and bases (this part corresponded to the elaboration step of 5E). The teacher gave some
examples to students related with Arrhenius acids; such as3@l,HNO,, HBr,

HI and Arrhenius bases; such as NaOH, KOH, Mg{OMJOH),, Ca((H),. The

teacher told the students that stomach juice contains hydrochloric acid, cleaning
materials also contains hydrochloric acid, power supply in cars contain sulfuric acid,
soap contains sodium hydroxide, liquid soap and shampoos contain potassium
hydoxide, stomach ache relief pills contain magnesium hydroxide or aluminum
hydroxide, and limewater contains calcium hydroxide and then asked the students what

were the common properties of these subs

substancewhithad hydrogen in its formula is an
water to produce hydrogen ionsbo, oa sub
hydroxi de i onso, or O0Oa substance which
expressing. Imti s st ep, the teacher expressed th

with what Arrhenius said. The teacher mentioned the basics of the theory, how
Arrhenius defined an acid and a base based on releasing ions when dissolving in water
and asked from éhstudents to show dissociation on the examples written on the board.

In order to conflict the students, the teacher gayeNHH and CHCOOH examples
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to students and asked them how they could determine these materials whether they
were acidic or basicdsal on the Arrhenius Theory. The teacher explained that CH
was an Arrhenius acid based on his theory though not having the properties of an acid,
NH, has the properties of a base but not recognized as a base based on the Arrhenius
definition, and CECOOH has a properties of an acid though it was thought it contains
OH group. Then, the teacher made a demonstration usyanNHCI drops on two

small pieces of cottons, and then placed these cottons into the two edges of glass tube.
The students observed tecurrence of white smoke near the side of HCI cotton, and
during this demonstration the teacher made the students remember their previous
learning about the diffusion of gases. The teacher asked the students the reaction
occurred and wanted them to eiplais reaction based on the Arrhenius definition

(this part corresponded to the evaluation step of 5E). The purpose was to make them
aware of the deficiencies of Arrhenius definition such as restriction to water solutions,
ambiguity of acidase dissolign in water, and deficiency in definition in covering
some compounds having the properties of a base; therefore, by this demonstration
students attention were taken to the expansion of Arrhenius definition by Johannes
Bronsted and Thomas Lowry indepenlgead acidbase reactions can occur in the gas
phase, as in the demonstration, no restriction to water solutions, and the definition of
acids and bases behaviors based on'ttmmsitransfer (this part corresponded to the
elaboration step of 5E). The teacmade emphasis on the expansion of thédasel
definition and the coverage of basic compounds which were excluded from the
Arrhenius definition. The important point here was to underline that Arrhentus acid
base definition was not wrong but had samialtions and the Arrhenius definition

was subject to change with the development of new knowledge. The teacher explained
the Bronsted.owry definition using examples and gave explanation about conjugate
acidbase pairs. In addition, in order to enhanogrehension on students about this
subject the teacher gave various examples. In order to define Lelvdseadifinition

the teacher asked students what Lewis reminded them; the aim was to make them
remember electremot Lewis structure and N, O and éXamples were given to be
written. In terms of acidase definition, it was emphasized that Lewis noticed the
shared electron pair property in acids and bases reactions and defined acids and bases
based on an electrpair acceptor or donor. The teachadmthe students aware that

Lewis definition covered both Arrhenius and BroAstedy aciebase definitions and
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also increased the number of species that could be considered acids or bases. The
reaction between NHind BE was given and shown that evenaumtaining H, BF

was a Lewis acid. Afterwards, the actiwv
Definitionsd was distributed to the stud
step of 5E) and when there whAcidRaseough t

Definitiond6 was given (this part corresp

This procedure was followed for the whole acids and bases unit, in order to save
space only the introduction part of the unit was given but the rest of teachatishando
could be found at the Appendix G.

3.7.2 Treatment in the Traditional Group

In the traditional group, the teacher used the traditional teaching chemistry
instruction. During the instruction in the traditional group, the teacher followed the
traditiond way what she used to do by directly giving the scientific concepts and the
students were mostly passive, listened their teacher and took notes to their notebooks.
The teacher sometimes did demonstrations in her traditional way of teaching and using
demorstrations in traditional group did not change the traditional way of teaching at all.
The same concepts were implemented in the traditional group using lecturing,
demonstrations, and videos instead of inquiry based-dmaraigivities, group
discussion, anclass discussion. The students in this group did not complete the
conceptual and motivational activities designed for experimental group; on the other
hand, students followed their teachers doing the demonstrations and solved more
algorithmic problems.h&refore, the same activities were used in both classes, just the

procedure was different.

The introduction of acids and bases unit was started with student ideas about
what they know about acids and bases and then the teacher explained that there were
mary acids and bases they were faced with in their daily life and gave examples such as
battery acids, vinegar, lemon, apple, fruits as acids and soap, carbonate, toothpaste, and
detergents as bases. The teacher distributed the students to read the siecooid ver
OA day with Meliso6 activity and told the
and explanations about acids and bases from their daily life. The definition of acids and

bases was the first topic to be explained and the teacher gave tlun die¢ail
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Arrhenius acitbase definition with related examples such as B8, HHNO,, HBr,

and HI for acids and NaOH, KOH, Mg(OH)and Ca(OH)for bases. Then, the

teacher CkE NH; and CHCOOH gave the aforementioned examples to students and
asked whetmeghose were acids or bases. The teacher wrote on the board the reaction
between NHand HCI, expressing at that reaction NBis a base; then, explained the
restrictions of the Arrhenius atidse definition and gave the details about the
BronstedLowry cefinition illustrating examples and giving explanation about conjugate
acidbase pairs. In addition, in order to enhance comprehension on students about this
subject the teacher gave various examples on conjugate acids and bases, some of which
solved by tl teacher (especially the first examples) and some were solved by the
students. Finally, the Lewis dgage definition was explained by illustrating the
restrictions of the Bronstaswry aciebase definition and the students were given

some examples ofeetrondot Lewis structure. Then, the students were told that Lewis
noticed the shared electron pair property in acids and bases reactions and defined acids
and bases based on an elegbain acceptor or donor. At the end of the topic the
studentswerdds t ri buted the activity to read | a

definitions©é.

In this part, the comparable topic was just given for the treatment in the
traditional group. Therefore, the teaai®mitered instruction was conducted in the
traditional groudSeeAppendixH for Sampld_essorPlar).

3.8 Treatment Fidelity and Verification

The developed instructional materials by the researcher were reviewed by
experts in chemistry education. The supervisor of the study reviewed all instructional
maerials and gave feedbacks on them. Based all feedbacks the instructional materials
were developed. During the implementation process, the classroom observation
checklist was used by the researemer the guest chemistry teacheth in

experimental andaditional groups.
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3.9 Data Analysis

Analysis of data was conducted using the SPSS and lteman programs. The
gathered data from prests of TABT and CMQ and pdsists of TABT and CMQ
were entered into Microsoft Excel. The TABT scores were calculdtdtea the
scores were converted to the SPSS. At the first step, the missing data were checked and
the descriptive data (which were the sc
mean, standard deviation, skewness, kurtosis, minimum, and maxinmg)mveatue
calculated. These descriptive statistics gave a general view for the data and enlighten
some assumptions for inferential statistics. In terms of inferential statistics, the analysis
of which enhanced the generalizability of the sample dataapuletipn, multivariate
analysis of covariance (MANCOVA) was conducted with two dependent variables,
which were postABT and posCMQ); two independent variables, which were
methods of teaching and gender; and two covariates, which wiek&prand pre
CMQ. Before conducting MANCOVA, the assumptions, which were normality,
outliers, homogeneity of variances, multicollinearity, homogeneity of regression, and
independence of observations, were checked and it was found that all assumptions were
met.

In additbn to quantitative data, there was also qualitative data gathered from
pre- and posiinterviews. The interviews were transcribed verbatim, the data was coded,

and interpretations were done.

3.10 Power Analysis

Before conducting the study, the necessample size was calculated. The
effect size valued)(§tated by Cohen et al. (2003) were as small=.02, medium=.15, and
large=.35. Based on the previous studies, the effect size of this present study was set to
a medium effect size, the significance w&s .6, and the power was set to 0.80. The
equation (L =%n & k 8 1)) mentioned by Cohen et al. (2003, p.181) was used to

calculate the necessary sample size.

In this equatiothe symbols stands for: L is the function dbkind in L tables

(p.651),n is for sample size, and k is the sum,dhlmber of covariates) angl k
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(number of groupsl). Therefore, the necessary sample size was calculated as 56, see

the calculation below:
L=f(ndkdl) ¢ n+k+1/ f
n=7.850.15 + 3 +1

n=56

This study was conducted with 78 students and the same egaatiosed for

calculating L value and found as 11.1, see the calculation below:

L=f(ndkd1) ¢ L =8351)1

L=11.1

Based on this calculated L value, the calculated power of the study was between in
range of .90 (L=10.51)and .95 (L=13.00). Since the calculated L value is closer to .90,

the calculated power was accepted as .90.

3.11 Threads to Internal Validity

I nternal validity was defined as 0o0bs:
are directly related to the independent variable, and not due to some other unintended
v ar i lyblaeniéel and Wallen (2003, p.178). There are possible threats to internal
validity, which are: subject characteristics, mortality, location, instrumentation, testing,
history, maturation, attitude of subjects, regression, and implementation. Tlodse possi

treats to internal validity and minimization of these treats are discussed in this section.

U Subject characteristics: The group difference might affect the results of the
study; therefore, random assignment was done in the study. In addition,
the studat s 0 age, gender , soci oeconomi
chemistry, and prior knowledge of acids and bases concepts might be
affective on the results and these variables were investigated. The
studentsd age, gender anaeachother.oe c on
In order to equate groups, statistical techniques were also used as setting

covariates at the analysis of MANCOVA.
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Mortality: Loss of subjectsd threa
subjects from a study. In this present study, o@lym@le student was
excluded from the study since he did not participate to thespgeHe

was a new registration from another school and came to class at the
middle of the semester because of moving to the neighborhood.

Location: This threat might acovhen there are different conditions for
groups. The classroom and laboratory conditions were similar in terms of
size, lighting, and other conditions. The experimental group was in the
laboratory in all classes, but the traditional group was genettadly i
regular class and sometimes in laboratory when there was a
demonstration. The researcher collected more information to minimize
the location threat for the groups.

Instrumentation: This threat can be explained in three sections, which are
instrumentdecay, data collector characteristics, and data collector bias.
Instrument decay is changing the nature of the instrument. The
instruments used in the present study for both experimental and
traditional groups were the standard and same in terms okadtoni

and scoring. Data collector characteristics such as gender, age, language
patterns might effect on the nature of the data. The data collection
procedure was the same for both groups and the researcher and the
teachers were in class in all admirtish sections. Data collector bias is
altering data to get certain outcomes. The teacher was trained to minimize
this threat.

Testing: This threat is about students might be alert or aware in the
presence of pretests. In the study, there were tviegtseand they were
administered two weeks before the implementation. The implementation
lasted for two month and this period is long enough to minimize the
testing threat; additionally, this threat was valid for both experimental and
traditional groups.

History: Occurrence of unplanned events during implementation might
affect the results of the study. The researcher existed in all classes in both
experimental and traditional groups. During the implementation, the

volcano named Eyyafyallayokill in Icekamgbted and it was told on
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news that there was a risk of acid
there is a part on acid rain and effects of acid rain. There was a discussion
in both groups covering the questions: what acid rain was, the effects of
acid rain, and why rain was called acid rain. Both experimental and
traditional groups were affected by this history threat equally, this threat
was controlled.

Maturation: This threat was not possible threat for this study since the
change in interventiovas not because of passing of time.

Attitude of subjects: There are three possible threats in terms of attitude
of subjects: Hawthorne effect, John Henry effect, and demoralization
effect. Hawthorne effect is positive effect on experimental grouptstude

due to increased attention and novelty of the treatment. The opposite
effect is demoralization effect on control group students since not having
any treatment. John Henry effect is another effect on control group
students due to not having any treatiretndents express more effort to
better than experimental group students. These possible threats were
assumed to be minimized in present study; the teacher told the students
the instruction was not different and the same activities were conducted in
both groups.

Regression: This threat is possible when low or high achievers selected in
a group. Random assignment was done in selecting the groups in this
study; therefore, this threat was not a possible threat.

Implementation: This threat is occurred whkeare are different
individuals to implement the methods or the characteristics of individuals
implementing the methods on the behalf of one of the treatments. The
teacher implemented in both experimental and traditional groups and
trained before the implentation. The classroom observation checklists

were used to minimize this threat and treatment verification was provided.
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3.12 Assumptions and Limitations
The assumptions of this present study were stated below:

U The instruments were completed lg/dtudents honestly, independently

and seriously.

U The similar conditions were available during the administration of the
instruments.

U No bias was done on the behalf of the either treatment.

U The teacher followed the teacher handouts.

The limitations afhe study were stated below:

U The study was limited to™drade public high schools in the center of the
city.

O The study was | imited to the O0Aci ds
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CHAPTER IV

RESULTS AND CONCLUSIONS

The results of the study were presented irchiaipter including the following
eightsectionsthe descriptive statistidfie inferential statisticthe results on student
activities, theesults othreetier acids and bases test and student intejvimmssults
of chemistry motivation questi@ire and studemterviewsthe results of the teacher
interview, theesults of classroom observation checkiistsummary of the results

and the conclusions of the study

4.1 Descriptive Statistics

In order to carry out descriptive and inferergiatistics, beforehand it is
essential to check whether there were any missing values in the data. Therefore, missing
analysis was done and it was observed that there were not any missing values in the
data. However, there was an exclusion from theianalgtudent from another school
was enrolled to Class B during the semester since this student had not completed the

pretests was not included into the study.

Therefore, the descriptive statistics, given in the Table 4.1, shows the excluded
scores. Theescriptive statistics about-p@&BT, preCMQ, postTABT, postCMQ,
grades, and gender were grouped in terms of implemented methods, experimental and
traditional groupsthe preTABT scores before implementation were almost the same
for the both groupsral the correct answer rate for this test was very low since most
students were not sure for their responses, in other words because of the third tier of
the questions which sought for whether students were sure in their responses. The
possible maximum seofor this test was 18, but the highest score was four for both
groups. The firstier of the test included conventional muligileice questions and

when this firstier was only analyzed, it was seen that the mean score oftibe first
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questions was.@5 for the experimental group and 3.53 for the traditional group in the

pretest (see Table 4.2 for details).

Table4.1 Descriptive Statistics for the {frABT, preCMQ, postTABT, postCMQ,
grades, and gender

N Mean SD Skewnes: Kurtosis Min  Max
PreTABT
EG 40 1.10 1.01 .89 .58 0 4
TR 38 1.32 1.21 .70 -.15 0 4
Total 78 1.21 1.11 .81 .16 0 4
PreCMQ
EG 40 102.78 14.99 A7 -.55 73 136
TR 38 105.03 16.41 -.57 -11 62 127
Total 78 103.87 15.64 -.21 -.45 62 136
PostTABT
EG 40 8.90 3.89 23 -.82 2 17
TR 38 4.95 3.30 1.08 .39 1 14
Total 78 6.97 4.11 .54 -.69 1 17
PostCMQ
EG 40 109.35 12.91 13 -.19 86 141
TR 38 102.58 18.72 -.38 -51 62 131
Total 78 106.05 16.26 -.46 13 62 141
Grades
EG 40 2.55 156 A7 -1.34
TR 38 2.68 1.17 .34 -.58
Total 78 2.62 1.37 .39 -1.07
Gender
EG 40 1.48 .51 .10 -2.10 1 2
TR 38 1.50 51 .00 -2.11 1 2
Total 78 1.49 .50 .05 -2.05 1 2

Note: PreTABT was labeled for the Thrémr Acids and Basesedt scores before the
implementation, and pedior after implementation; P&MQ was labeled for the Chemistry

M otivation Questionnaire scores before the implementation, anfpafiier implementation. For
instructional methods, EG stands for ExpentaleGroup and TR stands for Traditional Group.
Grades were | abeled for studentsd chemistry gr
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When the reason of the first tier of the questions was asked in the second tier,
the correct response rate decreased as well; thescoea of twdier questions was
2.05 for the experimental and 1.63 for the traditional ¢goupg correct responses
for both first and second tierghis inferred that students were not much able to give a
correct explanation to first tier of the spiens. This difference also revealed the
possibility of the chance factor since when thetibimdn other words confidence tier,
was included to analysis, it was seen that the student scores decreased dramatically

(giving correct responses for alethtierssee Table 4.1

Table 4.2 Descriptive Statistics for @imeand Twetier Questions

N Mean SD Skewnes Kurtosis Min Max

PreTABT

Onetier

EG 40 4.05 2.34 -.34 -.59

TR 38 353 181 .59 1.71 0
Two-tier

EG 40 2.05 1.52 37 -51 0 6
TR 38 1.63 1.26 .50 -.46 0
PostTABT

Onetier

EG 40 11.65 3.29 -.22 - 78 5 18
TR 38 8.19 3.62 .59 -.20 2 17
Two-tier

EG 40 9.58 3.64 .02 -.56 2 17
TR 38 5.61 3.36 .86 -.03 1 14

Note: Onetier was labeled for tloerrect respongate of the first tier questiowhich

was similar to conventional multipleice questions. Twier was labeled for the
correct response rate of first and second tier questions, in other words a student should
give a correct respong® first tier and give a correct explanation for it in the second
tier (both responses should be correct for scoring)

The similar decrease could also be observed for thR€A®®EL The mean
score for the threger questions were 8.90 for the experinheartd 4.95 for the
traditional group (see Table 4.1); on the other hand, the mean scoretitar one

guestions were 11.65 for the experimental and 8.19 for the traditional group (see Table
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4.2). In addition, when students were asked for the explanatteir s€sponses,
student sd6 t he -tienquastionsdecoeasedto 058 fortthe experimental
and 5.61 for the traditional group. The mean of theTg®BT scores for the
experimental group was higher than the one in the traditional groupevlileas not

much difference in pfEABT. The possible maximum score was 49.44% for the
experimental and 27.5% for the traditional group in terms of th& A®$t The

possible maximum score was 5.61% for the experimental and 7.33% for the traditional
growp in terms of prd ABT.

In terms of CMQ scores, there were slightly differences between@h(pre
and the pos€MQ scores (see Table 4.1). The mean-@f@ scores are in favor of
the traditional group students who revealed higher motivation toHeanmistry than
the students in experimental group. On the other hand, this difference changed in post
CMQ scores in favor of the experimental group students who revealed higher
motivation to learn chemistry than the students in control group. The possible
maximum score of the CMQ is 150 and the possible minimum score is 30. The range in
preCMQ scores was wider in traditional group than the experimental group, which
stated that there was more variability in former one. The similar range variability was
alsoacceptable for pe&MQ scores (see Figure 4.1 and Figure 4.2 for histograms of
pre- and posiCMQs).

The gain scores on the TABT and CMQ is given in the Table 4.3 for both
experimental and traditional group. In terms of TABT scores, both groups gained
swres afterwards the implementation, but the traditional group could not gain as many

scores as the experimental group.

Table 4.3 Gain scores for the experimental and the traditional group on the TABT and
CMQ scores

Gain score
Test Group (posttest pretest)
LC 7.80
TABT TR 3.63
CMO LC 6.57

TR -2.45
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In order to check whether the distribution of scores is normal, skewness and
kurtosis values should be tested. The zero values of skewness and kurtosis reveal a
normal distribution of scores (Field, 200. 139). Since skewness and kurtosis values
were in range betweeéhand +2, it could be inferred that the-pABT, preCMQ,
postTABT, and posCMQ scores were normally distributed for the experimental and
traditional groups. Therefore, as an evidehnermal distribution, Figure 4.1 shows
the histograms with normal curves for theTg8T and preCMQ, and Figure 4.2
shows the histograms with normal curves for theTgBT and postCMQ for both

the experimental and traditional group.

LC TR

Method of Teaching Chemistry: LC Method of Teaching Chemistry: TR

20— 14—

Frequency
3
1
Frequency

5_ / \\ o'y 2:/ \

N=40

o
T T T T T T T T T T T T
-1.00 0.00 1.00 200 3.00 4.00 500 -1.00 0.00 1.00 200 300 400 5.00

PRETABT PRETABT

Method of Teaching Chemistry: LC Method of Teaching Chemistry: TR

10+ ,\ 104 —

'\ L~

- . f N\

T T J
70.00 80.00 90.00 10000 11000 12000 13000 14000 60.00 70.00 8000 40.00 10000 11000 12000 13000

PRECMQ PRECMQ

Frequency
Frequency

Figure 4.1 Histograms with normal curves for theTABT and preCMQ for
experimental and traditional group
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Figure 4.2 Histograms with normal curves for theTpdBT and posCMQ for
experimental and traditional group

It would be beneficial to show a general view of these aforementioned
descriptive statistics in terms of experimental and traditional groups before running
inferential statistics. Since gender was also investigated whether affected by instructional
methods, this indepdent variable was also included into the composition. The Figure
4.3 reveals the big picture of two dependent variables scores categorized in terms of
teaching methods and clustered by gender. The mean scores oftA8pastd the

postCMQ were takeimto consideration.
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Figure 4.3 Graph of the descriptive statistics of BT and posCMQ categorized
regarding teaching method and clustered by gender (blue=girls, green=boys)

4.2 Inferential Statistics

This section, asfast step, includes how covariates were determined and then
assumptions of MANCOVA were tested. Lastly, results of MANCOVA were
presented.

4.2.1 Determination of Covariates

Possible covariates were determined at the beginning of the study; these
covarates weregpre TABT and preCMQ. Tabachnick and Fidell (2007, p. 212)
suggested on covariates bamore than onend covariates could be used during
analysis at the same time but they should be continuous variables, a small set and
uncorrelated with eaother. Additionally, covariates should be significantly correlated
with dependent variables. Furthermore, Pallant (2001, p. 236) expressed that these
correlations among each covariates should be mostly moderate correlations as well as
covariates should lwellected before implementation in order not to be influenced by
it. The preTABT and preCMQ were administered to students before the
implementation and it could be said that they were independent from the experimental

effect. In order to test whetheede variables were appropriate covariates, correlations
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among them was tested beforehand. The results of this correlation analyses could be
seen in Table 4.4.

Table 4.4 Correlations among variables

Variables PreTABT PreCMQ PostTABT

PreCMQ A43**
PostTABT .258* .289*
PostCMQ  .443** 128** A76**

* Correlation is significant at the 0.05 lew&i(2d)
**Correlation is significant at the 0.01 lev&i(2d)

The results revealed the popedABTi al CO
ard preCMQ, correlated significantly with the dependent variables, which were post
TABT and posCMQ. The potential covariates correlated significantly with one
another but these correlations were mostly small correlations except the one between
pre TABT ard preCMQ with the value of .443, which was a medium correlation
(Cohen, 1988). Consequently, these results reveged e T and preCMQ could
be used as covariates for MANCOVA.

4.2.2 Assumptions of MANCOVA

There are many assumptions in Multivariatelysis of Covariance
(MANCOVA); these are independence of observations, normality, outliers,

homogeneity of variances, multicollinearity, and homogeneity of regression.

The first assumption is independence of observations. For verifying this
assumptiorthe researcher observed all measurement sessions whether students did the
instruments on their own. It was ensured that there was not any violation of the
assumption since students completed the tests or questionnaires individually. Therefore,

it could besaid that this independence of observations assumption was met.

For assumption of normality, it is crucial to check both univariate and
multivariate normality. The univariate normality is considered as the distribution of
scores on dependent variablemadsmal, having a symmetrical, -shlped curve

(Pallant, 2001, p.54). Skewness and kurtosis values give some information about the



116

distribution of scores; skewness present some information on symmetry of the
distribution and kurtosis present some inftonaabout the peakedness of the
distribution. Ideally normal distribution gives zero values of skewness and kurtosis.
Table 4.1 provide these information for this study and as the seen skewness and
kurtosis values can be accepted as normal since tisemexkien acceptable range as
mentioned in previous Section 4.1. Therefore, the univariate normality assumption was
met . I n addition, to check multivariate
matrices can be used. TabeBlo x 6 s t esanmptioo df equalite of @wariance
matrices with the hypothesis of the vari@os@riance matrices are the same in groups.
Since the statistics was not significant, the assumption of homogeneity was validated,
which revealed the covariance matrices weghly equal.

Table 4.5 Box6s Test of Equality of Cova

Box0ds 14.86

F 1.570

df1 9

df2 60884.680
Sig. 118

Outliers are risky for MANCOVA because this analysis is very sensitive to
outliers. Univariate and multivariate outliemulshbe check before the analysis.
Univariate outliers could be checked by examining the histograms on Figure 4.1 and 4.2.
None extreme scores were detected and it could be said that there is no univariate
outliers in the data. Mahalanobis distance isfarsedltivariate outliers and reveals
that any cases have a strange pattern of scores across the two dependent
variablesSince the Mahalanobis distance value, which was 7.347 (Table 4.6), is larger
than critical value (13.82 for two dependent variabkeJable 19.1 in Pallant, 2001,
p.221), there was not any multivariate outliers in the data. Consequently, the assumption
of outliers was also met.
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Table 4.6 Residuals statistics for Multivariate Normality

Minimum Maximum Mean Std. Deviatiol

Prediced Value 13.5201 54.5544 39.500C 10.4149¢
Std. Predicted Value -2.494 1.445 .000 1.000
Std. Error of Predicted Valt 2.334 6.709 3.849 1.094
Adjusted Predicted Value 13.9227 56.506Zz 39.413% 10.3661:
Residual -51.0416¢ 43.17807 .00000 20.1253:
Std. Reslual -2.503 2.117 .000 .987
Stud. Residual -2.587 2.174 .002 1.006
Deleted Residual -54.5062. 45.5134: .08674 20.9261«
Stud. Deleted Residual -2.692 2.231 .001 1.019
MahalanobiBistance .022 7.347 1.974 1.759
Cook's Distance .000 151 .013 .023
Certered Leverage Value .000 .095 .026 .023

The assumption of homogeneity of wvari .
hypothesis of the variances in scores are the same for each group/ Siadokes 4he
result of Leve CHQ waluawvasdarger thand).0%, whech ipdicates
the error variances across groups are equal. Consequently, the assumption of
homogeneity of variances was satisfied foiGi& scores. However, the pd#BT
value was smaller than 0.05, which indicates the raihédsip was incorrect and the
variances were significantly different; therefore the assumption of homogeneity of
variances has been violated ford@€ T scores. Since this assumption was violated, a
more conservative alpha level was set for determgmifigance for postABT in the
follow-up ANCOVA.

Table 4.7 Leveneds Test of Equality of E

F dfl  df2 Sig.
PoStTABT  2.916 3 74 1040
PostCMQ  1.377 3 74 257

The assumption of multicollinearity deals with correlations amongniceiefp
variables. There should be no substantial correlations among dependent variables higher
than .80. Table 4.4 shows the correlations among variables and all correlations are

below .80; therefore, this assumption of multicollinearity was verified.



118

The assumption of homogeneity of regression was tested via Multivariate
Regregsn Correlation (MRC) analy<ishis assumption deals with the relationship
between the covariate and the dependent variable for each of th-Qgpapdent
variables, postABT and postCMQ, were used independently in this analysis. The
covariates, which were {ftABT and preCMQ, constituted the Set A. The
independent variables, Method of Teaching, Gender, and Method of Teaching*Gender,
formed the Set B. The other Set C wasddrma multiplying Set A with Set B {pre
TABT * Method, preTABT * Gender, prd ABT * Method * Gender, pf€MQ *

Method, preCMQ * Gender, p,f£€MQ * Method * Gender). Table84and Table 4.

show the results of MRC analysis which revealed that theteaisy nsignificant
interaction between covariates and method of teaching fdiA®Etand posCMQ.
Consequently, it could be implied that the homogeneity of regression assumption was

verified.

Table 48 MRC results for Homogeneity of Regression fopaseTABT

Change statistics for pasABT

Model R Square Chang F Change dfl df2 Sig. F Change
Set A 319 11.562 3 74 .000
SetB .281 16.622 3 71 .000
Set C (Set A*Set E .053 1.056 9 62 .408

Table 49 MRC results for Homogeneity of Regres&iothe postCMQ

Change statistics for pdamMQ

Model R Square Chang F Change dfl df2 Sig. F Change
Set A .564 31.922 3 74 .000
Set B .086 5.775 3 71 .001
Set C (Set A*Set £ .080 2.029 9 62 .051

This assumption could also be tested witloousing settings in MANCOVA
in order to test whether there was interaction between the covariates and the treatment
(Pallant, 2001, p.241; explained based on ANCOVA process and adapted to
MANCOVA process)The procedure to evaluate this assumptieithghe following
stepsAnalyze, General Linear Model, and Multivariate.
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Table 4.10Multivariate Test$or Homogeneity of Regression for the interaction

between the covariates and the independent variables

Hypothesis Error
df df
Pillai's Trace .021 .684 2.000 65.000 .508

Method *  Wilks' Lambda 979 .684 2.000 65.000 .508
PRETABT Hotelling's Trace .021 .684 2.000 65.000 .508
Roy's Largest Roc .021 .684 2.000 65.000 .508

Pillai's Trace .040 1.361 2.000 65.000 .264

Method * Wilks' Lambda 960 1.361 2.000 65.000 .264
PRECMQ Hotelling's Trace .042 1.361 2.000 65.000 .264
Roy's Largest Roc .042 1.361 2.000 65.000 .264

Pillai's Trace .060 2.084 2.000 65.000 .133

Gender* Wilks' Lambda 940 2.084 2.000 65.000 .133
PRETABT Hoteling's Trace .064 2.084 2.000 65.000 .133
Roy's Largest Roc .064 2.084 2.000 65.000 .133

Pillai's Trace 033 1.117 2.000 65.000 .334

Gender* Wilks' Lambda 967 1.117 2.000 65.000 .334
PRECMQ Hotelling's Trace .034 1.117 2.000 65.000 .334
Roy's largest Roo .034  1.117 2.000 65.000 .334

Pillai's Trace .033 1.099 2.000 65.000 .339

Effect Value F Sig

*
gs:]zc::* WiIks'_Lambda 967  1.099 2.000 65.000 .339
PRETABT Hotelling's Trace .034  1.099 2.000 65.000 .339
Roy's Largest Roc .034  1.099 2.000 65.000 .339
Method * Pi!lai'sTrace .025 .822 2.000 65.000 .444
Gonder« \Vilks'Lambda 975 822 2.000 65.000 .444
PRECMQ Hotelling's Trace .025 .822 2.000 65.000 .444
Roy's LargestRoc .025 ~ .822 2.000 65.000 .444

The dependent variables (po8BT and postCMQ) were put in the
dependent variable box, the independent variables (Method and Gender) were put in
the fixed factors box, and the covariatesTRERT and preCMQ) were put in the
covariates box. Then, model and custom selections were operateoholhethgox
these variables were listed: Method, Gendef A&, and preCMQ as main effects
and Gender * Method, Method * pfraBT, Method * preCMQ, Gender * prd ABT,

Gender * preCMQ, Gender * Method * pfEABT, Gender * Method * prEMQ as

interactios. The significance level of the interactions terms were checked in the output
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(See Table 4.10). Since the all significance values for the interactions were greater than
0.05, the assumption of homogeneity of regression was not violated. This result also
supports the previous MRC results; therefore, it is safe to proceed with MANCOVA

analysis as the assumption of homogeneity of regression double checked.

4.2.3 Results of MANCOVA

The main problem of the study was to investigate the effect of 5E legcteng
oriented instruction over traditional designed chemistry instruction and gender on
student understanding of acids and bases concepts and motivation to learn chemistry.
In order to get evidence for the main problem, it is worthwhile to analyz&thiadol

null hypothesis.

4.2.3.1 Null Hypothesis 1

The first null hypot hesi s was oO0There i
teaching methods taking into account 5E learning cycle oriented instruction and
traditionally designed chemistnringion on the population mean of the collective
dependent vari abl es o ftestestory @ actdh andjbasesl e s
concepts and motivation to learn chemistry when thHegirecores of threger acids
and bases concepts, the-fest €ores of motivation to learn science, and previous

semester chemistry grades are controll ed

This null hypothesis was tested via MANCOVA, of which assumptions were
already met. The results of MANCOVA are given in Table 4.11 and illustrated whether
there § any statistical significant difference in methods of teaching on{haBpost
and posiCMQ scores. Based on the results in Table 4.11, the first null hypothesis was
rejected, which express there was a statistically significant difference between 5E
leaning cycle oriented chemistry instruction and traditionally designed chemistry
instruction on the collective dependent
p=0.000)n favor of the experimental grolfartial eta square was found to be .346, in

otherwords the effect size of the study indicates a large effect size (Cohen, 1988).
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Table 4.1 Multivariate Tests results in MANCOVA

Partial
Wi | k Hypothesi Ob d
! S ypotnesis Error df  Sig. Eta Serve
Lambda df Power
Squared

Effect

Intercept  .833 7.110 2.000 71.000 .002 .167 921
PreTABT .943 2.157 2.000 71.000 .123 .057 428
PreCMQ .506 34.653 2.000 71.000 .000 .494 1.000
Method .654 18.741 2.000 71.000 .000 .346 1.000
Gender .984 578 2.000 71.000 .563 .016 .143
Method*  .991 .339  2.000 71.000 .714 .009 .102
Gender

The observed power of the study is 1.00 larger than calculated power. This
result revealed that the students taught via 5E learning cycle oriented instruction
compared to traditionally designed chemistry instruction had statistically different
understanding of acids and bases concepts and motivation to learn chemistry, regardless

gender.

4.2.3.2 Null Hypothesis 2

The second null hypot hesi s was: 0The
difference between girls and boys on the population ofadhascollective dependent
vari abl es of el e wteshdcdies of acdd and [sases cbrceptsand p o
motivation to learn chemistry when the-tpsd scores of thrdeer acids and bases
concepts, the piest scores of motivation to learmesce, and previous semester

chemi stry grades are controll edo.

This null hypothesis was also tested via MANCOVA and investigated whether
there is any statistically significant difference in girls and boys on-fr#BJosind
postCMQ scores. The ressiltin Table 411 infer that the null hypothesis was
accepted. This means that there was not found any statistically significant difference in
terms of gender and girls did not differ with boys on theTpd®T and postCMQ
scores ( Wil ks@57% p=0.563).8THis resiltfe2eal@dthptgirls and boys
had roughly equal understanding of acids and bases concepts and motivation to learn

chemistry regardless teaching method.
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4.2.3.3 Null Hypothesis 3

The third nul/l h y p otisticals sigsificamtairgeractionT h e r e
between the methods of teaching and gender on the population means of collective
dependent vari abl es of el event h tgstade s
scores and motivation to learn chemistry-fgsstscoresvhen the préest scores of
threetier acids and bases concepts, théegtescores of motivation to learn science,

and previous semester chemistry grades a

The MANOVA results given in Table #.feveal that theravasnot any
statisticdy significantinteraction between thmethods of teaching chemistry and
gender on the podABT and posCMQ scores (Wil ksoé k=0. 9
p=0.714). Therefore, the null hypothesis was accepted. This result revealed that 5E
learning cycle methodddhot make any difference in girls and boys understanding of
acids and bases concepts and motivation to learn chemistry over traditionally designed

chemistry instruction.

4.2.3.4 Null Hypothesis 4

The fourth null hy p ot hllgsigniBcanidiferencedo T h e r
between the posést mean scores of students taught via 5E learning cycle model and
who taught via traditionally designed chemistry instruction on the population means of
acids and bases concepts past scores when the fiest scores of threteer acids
and bases concepts, the-jest scores of motivation to learn science, and previous

semester chemistry grades are controll ed

A follow-up ANCOVA was conducted in order to test the effect of teaching
methods on the statedgdndent variable. Since the assumption of equality of variance
was violated (see Table 4.7), more conservative alpha level was set for determining
significance for poStABT scores. An alpha of 0.025 was set since this is moderate
violation as TabachnickdiFidell (1996, p.86) suggested. Table 4.12 represents the
result of this null hypothesis and there found to be there was a statistically significant
difference on student understanding of acids and bases concepts depending on which
method they were taudR(1,72)=30.938, p=0.000¥avor of the experimental group
Therefore, the results inferred that the null hypothesis was rejected. -TABpost
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mean score of students taught via 5E | e
score was 4.95 (see EaMll.l), and this difference was found to be statistically

significant.

Table 4.1Followrup ANCOVA for each dependent variable

Dependent Source of Mean E Sig. Eta Observec
Variable Square Squarec Power
CorrectetModel 5 97.946 8.726 .000 .377 1.000
Intercept 1 .551 .049 .825 .001 .055
PreTABT 1 29.336 2.613 .110 .035 .358
Post PreCMQ 1 61.629 5.490 .022 .071 .638
TABT Gender 1 .709 .063 .802 .001 .057
Method 1 347.291 30.938 .000 .301 1.000
Method*Gender 1  4.609 411 .524 .006 .097
Error 72 11.225
Corrected Total 77
CorrectecdModel 2567.72¢ 24.581 .000 .631 1.000

5
Intercept 1 1399.707 13.399 .000 .157 951
PreTABT 1 279.626 2.677 .106 .036 .365
PreCMQ 1 7303.38€ 69.915 .000 .493 1.000

PostCMQ Gender 1 122.487 1.173 .282 .016 .188
Method 1 1480.724 14.175 .000 .164 .960
Method*Gender 1 43.994 .421 .518 .006 .098

Error 72 104.461

Corrected Total 77

The effect of covariates could be observed in the estimated mean scores in
Table 413. The pure mean difference among groups was 3.95, but the estimated mean
difference was 4.25. This difference occurred because of mean adjustment with the
covariate effect. The partial eta squared was found 0.301 and eta squared was calculated
as 0.215yhichis indicated as a large effect size (see Tabachnick & Fidell, 2001, p.369
for eta squared calculations). Therefore, the method of teaching accounts for about
21.5% of the variability in student understanding of acids and bases concepts. The
power todetect the effect was 1.000.
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Table 4.1Fstimated Marginal Means for the pp&BT in terms of methods of

teaching
95% Confidence Interva
Dependent Lower Upper
variable Group Mean Std. Error  Bound Bound
LC 9.049 .532 7.988 10.109
PostTABT
ost TR 4799 545 3.712 5.886

4.2.3.5 Null Hypothesis 5

The fifth nulll hypot hesis was O0There
the postt est mean scores between girls and b
and bases concepts when tleet@st scores of threger acids and bases concepts, the
pre-test scores of motivation to learn science, and previous semester chemistry grades

are controll edbo.

The conducted followp ANCOVA gave the result of this hypothesis as shown
in Table 4.2. Thenull hypothesis was accepted based on this result (F(1,72)=.063,
p=0.802). Therefore, it was implied from the result that girls and boys did not differ in
understanding of acids and bases concepts. The methods of teaching implemented in
the class did nanhake significant differences on student understanding of acids and
bases concepts in terms of gender either the method is 5E learning cycle or traditionally
designed chemistry instruction.

Table 4.4 Estimated Marginal Means for the pR&BT in terms ofyender

95% Confidence Interva

Dependent Lower Upper
variable Gender Mean Std. Error  Bound Bound

Girls 7.022 .539 5.947 8.097
POSETABT  Boys 6.825  .552 5.726 7.925

The postTABT scores were calculated as 7.40 for girls and 6.53 for boys

however, the covariates included to the model adjusted thesas/al02gor girls and
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6.83 for boyg¢see Table 44). The difference in these estimated mean scores was not

statistically significant as the null hypothesis was accepted.

4.2.3.6 NulHypothesis 6

The sixth null hypothesis was o0There
bet ween met hods of teaching and gender ol
concepts when the prest scores of threger acids and bases concepts,pietest
scores of motivation to learn science, and previous semester chemistry grades are

controll edod.

Estimated Marginal Means of POSTTABT

10.00 < Gender
—Girls
Boys

9.00—

8.00—

7.00+

G.00—

Estimated Marginal Means

5.00—

4.00—

T T
LC TR

Method of Teaching Chemistry

Figure 4.4 Graph of pe$tABT scores in terms of gender as categorized in method of

teaching chemistry

The performed folloup ANCOVA investjated this null hypothesis (Table
4.12). There was not found any interaction between methods of teaching and gender on
student sd understanding of aci ds and b
Therefore, this null hypothesis was accepted. Figurevdsdagioverview for pest

TABT scores in terms of gender as categorized in method of teaching chemistry.
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4.2.3.6 Null Hypothesis 7

The seventh null hypot hesis was O0Ther
between the posest mean scores of statketaught via 5E learning cycle model and
who taught via traditionally designed chemistry instruction on the population means of
motivation to learn chemistry posst scores when the fiest scores of thrdeer
acids and bases concepts, thetgst sores of motivation to learn science, and

previous semester chemistry grades are ¢

The followup ANCOVA investigated methods of teaching in motivation to
|l earn chemistry. There was a statistica
experimental and traditional group on pestt scores in motivation to learn chemistry
(F(1.72)=14.175, p=0.000) favor of the experimental groufherefore, the null
hypothesis was rejected. The 4&¢tQ mean score of students in experimental group
was 10.35 and in traditional group was 102.58 (Table 4.1). The estimated mean scores
adjusted by covariates are 110.313 for experimental and 101.539 for traditional groups
(Table 4.15)therefore, the difference in these mean scores was found statistically
signficant. This result implied that students taught using 5E learning cycle method in
teaching chemistry were more motivated to learn chemistry than students taught using
traditionally designed chemistry instruction. The partial eta squared was found 0.164
and eta squared was calculated as 0.162; which is indicated as a large effect size (see
Tabachnick & Fidell, 2001, p.369 for eta squared calculations). Therefore, the method
of teaching accounts for about 16.2% of the variability in student motivatéon to le

chemistry. The power to detect the effect was 0.960.

Table 4.% Estimated Marginal Means for the goBtQ in terms of methods of

teaching
95% Confidence Interva
Dependent Lower Upper
variable Group Mean Std. Error  Bound Bound
L 110.31 1.62 107.07 113.54
POSECMO C 0.313 623 07.078 3.548

TR 101.539 1.663 98.223 104.854
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4.2.3.6 Null Hypothesis 8

The eightn u | | hypot hesis was 0There is no
the postt e st mean scores between gireéasmn and |
chemistry when the ptest scores of threéeer acids and bases concepts, théeste
scores of motivation to learn science, and previous semester chemistry grades are

controll edé¢.

The conducted followp ANCOVA gave the result of this hypothesishown
in Table 4.10. There was not found any statistically significant difference in the mean
scores of posEMQ in terms of gender (F(1,72)=1.173, p=0.282).

The postCMQ scores were calculated as 109.225 for girls and 102.711 for boys
regardless metheaf teaching; however, these values were adjusted by the covariates
included to the model (see Table6}.Girls scored higher in motivation to learn

questionnaire than boys but this difference was not found statistically significant.

Table 4.6 Estimded Marginal Means for the p&@Q in terms of gender

95% Confidence Interva

Dependent Lower Upper
variable Gender Mean Std. Error Bound Bound
Girl 107.219 1.645 103.941 110.498
PostCMQ s
Boys 104.632 1.683 101.277 107.987

4.2.3.6 NulHypothesis 9

The | ast hypothesis was O0There i s no
met hods of teaching and gender on studen
pre-test scores of threéeer acids and bases concepts, théegtescore of motivation

to |l earn science, and previous semester

The performed follomup ANCOVA investigated this null hypothesis (Table
4.10). There was not found any interaction between methods of teaching and gender on
studentmotivation to learn chemistry (F(1,72)=0.421, p=0.518). Therefore, this null
hypothesis was acceptédure 4.5 gives an overview for fOBIQ scores in terms of

gender as categorized in method of teaching chemistry
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Estimated Marginal Means of POSTCMQ

112,00 < Gender
—Girls
Boys

110.00 H

108.00 H

106.00 —

104.00 —

102.00

Estimated Marginal Means

100.00 —

83,00+

c "
Method of Teaching Chemistry
Figure 4.5 Graph of pe€&IMQ scoresn terms of gender as categorized in method of

teaching chemistry

4.3 Results on student activities conducted in the experimental growaring the

implementation

The results of activities conducted in the experimental group are given in this
secton.Theesul t s of three activities, which
and 6What are the differences between St

the following sections.

4.3.1 Acids and Bases

In the activity, dentéioihaexperanerdal gioapsveore 6 t h
about their opinions about acids and bases. This activity was threefold, what they knew
about acids and bases, what they want to learn about acids and bases, and what they

have learned about acids and bases. In temativational perspective, the students
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had a chance to observe their own conceptual development, what they want to learn

and what did they learn in the meantime.

This section gave details about all t
what theywant to learn about acids and bases (see Table 4.17 for student responses).
Assessing studentsd understanding during
student alternative conceptions or misunderstandings were planned to be determined.
This actvity was planned to be distributed to after each activity; however, because of
lack of time just distributed three times: before the implementation, middle of the
implementation, and after the implementation. This activity was useful to analyze
student diiculties, misunderstandings, or alternative conceptions before and during the
implementation, so that the teacher could make rearrangements in her lesson plans. The
prior knowledge of students revealed that the students mainly used the Arrhenius acid
basedefinition in defining acids and bases (80% of the students used the Arrhenius
definition and 20% did not write anything on definitions). In addition, students knew
that acids turn litmus paper to red and bases turn litmus paper to blue. Additionally,
they were aware of acids have a sour taste, bases have a bitter taste, and acids react with
bases to form salt and water. On the other hand, few students gave everyday examples
from acids and bases, which were lemon for acids and soap for bases.

St u d etarmagBvé comacéptions were also determined in this activity such as;
salts formed in neutralization reactions are always neutral, pH is a measurement of
strength, only acids conductive, and a solution in neutralization reaction is always
neutral. Onestudet wr ot e t hat oi n per i e/dnddbasesabl| e
are at the range ofl74 o , this student probably mess
table.

When students were asked what they would want to learn about acids and bases,
not many stueints (55%) specified any concepts in acids and bases just stated that what
else acids and bases unit includes. It was interesting to determine that few students
stated that they wanted to learn about questions related to university examination

although mayof them were focus on the university examination.
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or knowl edge

What students knew about acids and bz What they want to learn aboutdsc

(frequency)

and bases (frequency)

U Acid-base definitions

Acids give Hions into water (32)
Bases give Ohbns into water (32)
U Properties of acidsases

Acids have pH value betweei (18)

Bases have pH value betwedd {18)

pH 7 is a salt (3)
pH 7 is a netral (1)

What else left (22)

The properties of acids and bases
Daily life examples of acids &
bases (5)

What are acids and bases (2)
Whyacids and bases important (¢
What are benefits and damage:
acids and bases (2)

In periodic table, acids are betweédnhahd Want to do experiments related

bases are betweeidZ (1)

acids and bases (2)

In acids, when pH gets smaller, acids Theories about acids and bases |

stronger (7)

Weak acids and weak bases (1)

In bases, when pH gets higher, bases Acids and bases reactions and t

stronger (7)

Acids are caustic (1) and sour (20)
Bases are slippery (13 dtter (20)
Acids turn litmus paper to red (24)

Bases turn litmus paper to blue (24)

Acids and bases
Cleaning stuffs include bases (1)
Lemon is acidic (3)

Soap is basic (3)

Only acids are conductive (9)

results (7)

pH concept (3)

pH and pOH concepts (1)
Titrations (1)

LYS and YGS questions on ac

t u r and bases (3)

Acids and basereact with each other (1

salt and water are formed (17); t
precipitate (1) and the solution is neutral

about

ac

During and after the implementation, students wrote their statements on acids

and bases. At this third step, the students were declared that thegewereite

their own understandings about acids and bases and they would not be graded based on

their answers. Since the lack of time, the students did not have much time to think

deeply on what they had learned, but they were asked to express thesrabongch

as possible. The students statements for during and after the implementation were given

in the same Table 8.3ince the students were given the same sheet to fill. They were
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able to see their prior statements at the last step after the mtgli@meind wrote

further statements different from the prior ones.

Table4.8Cat egori zation of studentsd statemer

What they have learned about acids and bases (f)

U Properties of acids and bases

It is dangerous to taste stgoacids (5)

There are many acids and bases we faced with our everyday life (30)
Baking soda is basic (6)

There are some cleaning materials which are acidic especially used in kitc
Acid rain is harmful for environment (7)

Baking soda react withgurt to rise cake (3)

Vinegar reacts with baking soda and carbon dioxide gas is formed (13)
Acids react with metals (16) and bases react ongmyitioterianetals (9)

0 Conductivity

Acids are conductive only when they dissociate in water (18)

Pure acigl are not conductive (3)

Bases are conductive when they dissociate in water (17)

lons are important for conductivity (11)

U Defining acids and bases

Acids are protons donors (15) and bases are proton acceptors (15)

Bases give Ohbns into solutions (9)

Acids and bases have different definitions in terms of different aspects (14
Arrhenius (11), Bronstaewry (11), and Lewis (10)

There are amphiprotic substances either behave as an acid or a base (13)
NH, has different dissociation than expeatatlit is a base (11)

0 pH/pOH and indicators

Indicators are useful for testing acidity or basicity (22)

There are natural indicators such as red cabbage (7)

Red cabbage papers and phenolphthalein is similar to a litmus paper (2)
Red cabbage papers charngecolor in acidic and basic solutions, act as
indicator (24)

pH and pOH are convertible and valid for either acidic and basic solutions
pH and pOH measure the molarity dfahd OHions (21)

pOH is not just for basic solutions, acids havehals® pOH (4)

U Neutralization

After a neutralization reaction, solution is not always neutral (11)
Phenolphthalein used in titrations helps to understand the neutralization (1
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The most specified feature by the students was they realized that thegywere
often faced with acids and bases during their everyday lives. The other point was that
the students were aware of various definitions of acids and bases and they used
BronstedLowry and Lewis acluthse definitions besides the Arrhenius-lzasd
definition. Furthermore, 32.5% of the students mentioned on the amphiprotic
substances that these substances acted as an acid or a base depending on the conditions.
However, some students (22.5%) were still consistent in using the Arrhebaseacid
definition for bases and some of them used the Brohstied/ aciebase definition
(37.5%) in defining acids and bases.

During the implementation, the teacher made emphasize on pH and pOH
concepts since students had alternative conceptions about pH was isiategtio
concept. Consequently, 52.5% of the students stated that pH and pOH measured the
molarity of H and OH ions. In addition, the students also address that acids and bases
solutions conduct electricity and 27.5% of the students mentioned thati zioy dias
dependent on ions in solutions.

Students enjoyed very much doing activities during the implementation and they
mainly expressed their understandings they got from these activities, as well. For
instance, the students stated about the reaetwaén vinegar and baking soda, how a

cake rise, acid rain, and red cabbage color change in acids and bases.

4.3.2 A day with Melis

The second activity that student done
t his activity was riot knowkkdge and rihieintaougbtd ford e nt
substances of being acidic or basic. The students thought about substances acidity or
basicity individually, and then they discussed their results with their peers. The all
groupoas resul ts v@eThestudenty also wrote abdua fome 4 .
explanation for substances why they thought about they were acidic or basic. For
i nstance, coke: ol t i s always told of b
yogurt: o0Since it is mheen clanmitl b&, bfarsuict
know stomach has an acid from the biol o
mi ner al water: 0lt contains some gases |

saliva: 0Our biologycbeathar DWhdnust hesa
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its taste is bitter. Bases have a bitter

salt is a mixture of acids and bases.

Table4.9Cat egori zati on of thelaetvitgt udent sd r esc¢g

Acids Bases Neutral Not sure
Substance Vinegar* Soap Salt Tooth paste

Milk* Saliva Water  Milk

Rain Washing detergent Onion

Coke Mineral watér Aspirin

Airan Baking soda Mineral

Yogurt Tooth paste water

Apple Onion*

Aspirin* Aspirin*

Tear drops Deformation of a

Fruits statue

Stomachache Vinegar*

Coffee* Tea

Rain Coffee*

Mineral water*

Chocolate

Lemon

Onion*

Salt*

Deformation
of a statue*

* The marked substances are both listed as an acid and a base

There were some substance whieke the students were not sure about their
acidity or basicity, they were toothpaste, milk, onion, aspirin, and mineral water. These
substances were on purposely chosen for the second step for the students to test their

acidity or basicity with litmuspeas.

For the second step, the students brought whatever substances they would like
to test into class to check their acidity or basicity with litmus paper. The substances that
the students used were: vinegar, baking powder, tap water, lemon juicenitoanalo,
water, baking soda, coke, potato, orange, milk, soap, toothpaste, tea, egg, and yogurt
(See Appendix H for the student posters). The students used litmus paper for testing
and test whet her their hy pot he domato, wer e

baking powder, egg predictions were different from their results. The most interesting
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result for them was to find out that egg yolk and egg white were the different in terms

of acidity and basicity.

In the third part, the students found much enoformation about the acidic

and basic substances and events related to acids and bases. The students answered the

t hree questions, whi ch were O0What aci di
across in your daily I|ipa?é, i Whahi waact
oWhat would you else Ilike to mention abo

categorized for the first question in Takk®.4.

Table 420 The substances students mentioned from their daily life (frequency)

Acids Bases

Lemon (11) Wash my hand, Soap (17)
Coke (11) Cleaning materials (12)
Milk (10) Brush my teeth, Toothpaste (.
Fruit juice (9) Carbonate (7)

Tomato (9) Eggwhite (6)

Orange (8)

Aspirin (8)

Airan (7)

Fizzy drink (7)

Apple (7)

Vinegar (7)

Yogurt (6)

The students mentioned that they realized that they very often came across
acidic and basic substances in their everyday life. Additionally, they gave examples on
acidic and basic substances from their daily life such as fruit juice, ldmorplegp
airan, yogurt, egg yolk, vinegar, aspirin, milk, orange juice, and tomato for acids and
soap, egg white, toothpaste, and carbonate for bases. The students also mentioned
about what acids the substances include, such as vinegar containsdaesfiriaci

contains acetylsalicylic acid, coke carbonic acid, and orange ascorbic acid.

For the second question, the students mentioned about the most interesting
parts. Their responses are summarized in T2leBésed on the students results, the

mostinteresting sections were for them was to learn about why sugar was harmful for
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their teeth and the difference between baking powder and baking soda. Not only girls
but also boys mentioned about the difference in baking powder and baking soda. One
of theboys explained as the following (see Appendix H in Activity 2):

The most interesting was using baking powder in some recipes and baking soda in
some recipes. | knew that only baking powder was used. If there is not enough
carbonat e, t heQOeto nseothre@ake. Baking @owadear gphtains both

an acid and a base. In fact, either baking powder or baking soda can be used based on
the recipe. For example, carbonate is basic and if you do not mix with neither with
yogurt nor with lemon, you will gebitter taste. Baking powder does not have a bitter
taste since including both an acid and a

Students addressed their interesting subjects in the activity, but also they expressed their
own reflections andd& responsibilities such as they told that they are also responsible

for acid rain and made reflection as the following:

In the activity, in order to deal with stomach sour, the girl drank baking soda to relief
the pain. When the exam time gets closmydlly have stomach ache. Because of the
exam stress, I usually dondt have breakf
time to study. In fact having a quick breakfast is not useful, it is instead harmful. | will

try not to do this; it wagd to learn this.

Another student explained that she always heard about that eating sugar was harmful
for her teeth, but did not know the reason. She expressed that she felt pleasure to learn
about this fact.

The students mainly mentioned for the thurdstion that they learned practical
information for their daily life, such as drinking carbonated water when having stomach
ache, not to use acidic cleaning materials with basic ones, and practical usage of baking
soda and baking powder. In addition, #rqyessed their pleasure to learn about this

sort of information.
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Table 21St udent s responses forCthe second ¢

The most interesting part for students (frequency)

Why sugar is harmful for teeth enamel (12)

The differencéetween baking powder and baking soda (12)
The erosion of statues because of acid rain (11)

Foods increase the acidity in our mouth (11)

Tooth enamel is as hard as diamond (9)

Baking soda is good for stomach sour (9)

The form of acid rain (9)

The effect®f acid rain (9)

The reaction between bleach and acid contained cleaning mate
the risk of using both materials together (7)

Natural indicators (6)

Food contain acids (6)

The form of moisture (6)

Power supply in car contain acid (6)

The bite ofant contains acid (6)

4.3.3 What are the differences between Strong and Weak Acids?

This activity sought for the student understanding on the difference between a
strong and a weak acid. The student did the activity which they observed the difference
in balloons using acetic acid and hydrochloric acid and then they discussed this
difference via simulation. In this activity, the students were supposed to draw the
particles of the strong and weak acids considering both in concentrated and diluted
solutions The students thought about individually and then discussed with their peers.
The studentsd indivi du®Ralhtheaetyity,l62.50 oftleer e g i
students gave correct responses in terms of the particles in strong and weak acid
solutbns and 87.5% of the students gave correct responses in terms of particles in
concentrated and diluted solutions.

Table 422 Categorization of number of students considering correct and incorrect
responses

Correct Incorrect
Strongdweak 25 15
Concetratedd Diluted 35 5
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One of the studentods drawings (Figure 4.
strongweak acid and concentratildited acid, is given below and she explained this
drawing as the following:
HCl is strong acid and dissocimarly 100% and when this solution is diluted as our
teacher showed in lemonade example less particles would be seen in diluted one. HF is
a weak acid. Weak acids do not dissociate well. They havedessnHhe solution
and when the solution is ¢éld again less particles would be seen.

C) d)
Figure 4.6A student drawinga) concentrated strong acid, b) diluted strong acid, c)
concentrated weak acid, and d) diluted weak acid

Another student who responded correctly is also gavew kvith his drawing (Figure

4.7) and explanation:
Strong acids dissociate nearly 160%.l is a strong acid and
H+ + CI Dilution affects the number of particles in a unit volume and not differs in
terms of dissociation. Weak acids have a small dissociation percentage and+have less H
ions in solutions. HF is a wealdaand its dissociation: HF +® | 0OH+ F
Dilution affects the number of particles in a unit volume and in terms of dissociation;
dissociaton of Hi ncr eases regarding LeChatalierds
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Figure 4.7A student drawing: aprcentrated strong acid, b) diluted strong acid, c)

concentrated weak acid, and d) diluted weak acid

4.4 Resultsof Three-tier Acids and Bases Test and Student Interviews

There are 18 threger questions in the TABT. The students in the present study
campleted the test prior the implementation and after it. The aim of this test was to
determine students® alternative concept.i
4.23 shows the percentages of the students who gave correct responsesnon pre
pod-TABT questions. In terms of pfABT scores, the easiest question was ltem 15
both for experimental and traditional group studewith the percentage of correct
responses 53 for the experimental and 34 for the traditional Tneupost difficult
guesion was Item 12 for the experimental group studetiis no correct responses
and ltem 17 for the traditional group studewish no correct responsds terms of
postTABT scores, the easiest question was Item 15 both for experimental and
traditional group studeniswith the percentage of correct responses 88 for the
experimental and 53 for the traditional grdine most difficult question was ltem 17
for the experimental group studentsh the percentage of correct responsend3
Item 16 for thetraditional group studentwith the percentage of correct responses
eight In fact, the experimental group students gave correct responses {gere first
responses 65% in Table 4.23) and correct explanation ($ee tasponses 63% in

Table 4.23) fahe Item 17which was related to titration of weak acid and strong base;
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however, the students in experimental group was not sure for their responses and they

scored in low rate (with the percentage of 13).

Table 4.3 The percentages of student corresponses on prand pos{fTABT

Pretest(%) Posttest(%)
Threetier Two-tier Onetier | Threetier Twotier Onetier
responses responses responsey responses responses responses
ltems EX TR EX TR EX TR I!EX TR EX TR EX TR

Item 1 0 11 5 11 13 11 ;30 24 33 26 35 34
Item 2 0 11 3 11 O 42 130 21 38 29 43 50
Item 3 15 11 20 13 23 21 {43 42 50 47 55 55

Item 4 0 8 10 8 13 16 (68 42 70 50 80 66
ltem 5 10 8 15 13 18 21 {15 11 20 13 50 37
Item 6 0 3 0 3 15 21 :75 29 83 45 98 29
Item 7 3 8 8 11 28 13 143 29 48 29 78 71
Item 8 5 3 10 3 18 3 58 18 68 21 70 39
Item 9 0 3 5 5 13 5 53 39 55 42 63 55
tem10 5 18 28 18 45 29 {63 24 73 29 83 53
tem11 O 0 0 0 5 21 175 32 78 34 93 47
tem12 O 0 0 0 0 11 160 39 68 58 75 71

tem13 15 11 25 13 40 26 {43 24 60 25 73 29
tem14 O 0 0 3 20 16 {50 18 50 18 53 39
tem15 53 34 73 45 73 56 {88 53 90 55 93 68
tem16 O 3 0 3 20 16 {30 8 30 8 40 63
tem1l7 O 0 0 0 3 0 13 13 63 16 65 21
tem18 5 3 5 5 23 26 {58 29 63 34 80 50

Note: EX stands for the experimental groupTdRdtands for traditional group

The most significant difference among the scores on th& AB®Et for the
experimental and the traditional groups was on Iltem 6 with the value of 46; in other
words, 46% of the experimental group students scored highiettraditional group
student for the Item 6. The smallest difference among the scores onTh#eBJokir
the experimental and the traditional groups was on the Item 3 with the value of 1; in
other words, this question was responded nearly for thera@mether for the

experimental and the traditional group students.
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One of the interesting item was Item 7 since this item presented the power of
threetier tests; when the péstst responses was observed, it was clear to see that the
onetier responsefor Item 7 was nearly equal for both the experimental and the
traditional groups (with the percentages of 78 for the experimental and 71 for the
traditional groups). Howevehe twatier responses revealed that the students had
difficulties in giving theorrect explanation for the Item 7, with the decreasing
percentages of 48 for the experimental and 29 for the traditional groups. Additionally,
the last tier scores revealed that only percentages of 43 of the experimental group and
29 of the traditionalrgup students were sure for their responses. Therefore, it was
evident that students gave somehow correct respynsiggncén conventional tests
though they were not reveal conceptual understafthi@gsame situation could be
observed in the Item 16 all; even the traditional group students gave correct
responses with the percentage of 63 for the first tier higher than the experimental group
students with the percentage of 40, the tieeeesponses revealed that the traditional
group students didot give correct explanation for the question and were not sure in
the responses since the percentage of correct responses decreigbetbrtahe

traditional group and 30 for the experimental group students.

The chage on scores is presented at théldal.2. These scores were
calculated by subtracting the pp&BT scores with the pfBABT scores. The most
significant change was on the Item 6 and 11 for the experimental group. The Item 6
was about the dissociation of a strong acid on particuldte leves ought f or t h
alternative conceptions such as 0Strong
bondso6 or 0The strength concept 1 n acids
Item 11 was about conductivity considering the dasmocof acids or bases, sought
for the students®6 alternative conceptior
i ncreases in the formula of acids/ bases
OAny acidic or basi c sleslcanductoetectreity msame i nc |
power regardl ess of its strengtho. The
students was determined for these questions illustrating that the experimental group

students understood these concepts the most effectivel
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Table 4.2 The change on percentage scores after the implementation

Posttest scoré Pretest score
Threetier responses Two-tier responses Onetier responses
ltems EX (%) TR (%) EX (%) TR(%) EX (%) TR (%)

Item 1 30 13 28 15 22 23
Item 2 30 20 35 18 43 8

ltem 3 28 31 30 34 32 34
Item 4 68 34 60 42 67 70
ltem 5 5 3 5 0 32 16
Item 6 75 26 83 42 83 8

ltem 7 40 21 40 18 50 58
Item 8 53 15 58 18 52 36
Item 9 53 36 50 37 50 50
Item 10 58 6 45 11 38 24
tem11 75 32 78 34 88 26
ltem12 60 39 68 58 75 60
Item 13 28 13 35 12 33 3

Item 14 50 18 50 15 33 23
tem15 35 19 17 10 20 12
tem16 30 5 30 5 20 47
Item17 13 13 63 16 62 21
Item 18 53 26 58 29 57 24

Note: EX stands for the experimental group and TR stands for traditiopal grou

In terms of traditional group, the most significant change was on the Item 12,
which was about the properties of acids
conceptions such as OpOH is just related
Afterwards the implementation, the students in traditional group made the most
significant change on the properties of acids and bases. While the significant difference
in the experimental group was 75% with the average of 43.56, the change in the

traditonal group was 39% with the average of 20.56.

The smallest response change was on ltem 5 both for experimental and
traditional groups. Neither for the experimental group nor for the traditional group, did
the implementation not make much differencewtests understanding on acids and
bases definitions. Half of the students in the experimental group responded correctly
for the firsttier, but only 40% of them gave correct reasoning in the second tier and

25% of them were not sure for their responsesh©ather hand, 37% of students in
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traditional group responded correctly for the-tiiesf but only 35.1 of them gave
correct reasoning in the second tier and 15.4% of them were not sure for their

responses.

4.4.1 Studenhterviews on acids and basencepts

Interviews were conducted before and after the implementation. The students in
the traditional group follow their regular chemistry courses. The students in the
experimental group conducted 10 activities which were developed on conceptual and
motivational purposes and their teacher followed the developed lesson plans related to
acid and bases. The activities and | ess
alternative conceptions and not to construct new ones during the implemandation

construct conceptual understanding of acids and bases concepts

Preinterviews were done with eight students and they were asked the same
questions (See Appmbx D for interview questions). The interviewed students were
labeled as IntTR1, IntTR2, IntTR3ddntTR4 for the traditional group and IntEX1,

INtEX2, IntEX3, and INtEX4 for the experimental grolipe first question in student
interviews was about what conjure up stu
base. Table £Xhows the student idefos acids and bases; as it is seen from the
coding all interviewed students used the Arrhenius definition in defining acids and
bases. In addition, when they were asked to give examples for acids and bases, HCI| and
H,SO, examples were given from all shisleand had difficulties in giving the third
example. Three interviewees gave a lemon as the third example, two out of eight said
HF, one of them said citric acid, and the other two interviewees told that noting came

to their mind. In terms of bases, studead more difficulties in giving examples for
bases; all of them gave NaOH as a first example, two of them gave KOH and two of
them NH, as a second example. None of them could give a third example for bases.
For properties of acids and bases, all iet®ed students told that acids had a sour

taste, turned litmus paper to red, and gave reactions with bases to form salts. Two of
them added that acids had a corrosive property. Five of the interviewees told acids gave
reactions with metals; in addition ¢hf these added that acid did not react with
nonmetals. Two of the interviewees said that acids were not good conductors. For the

properties of bases all interviewees expressed that bases had a bitter taste, had a slippery
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property, turned litmus paperte, and gave reactions with acids to form salts. Four

of them said bases conducted electric current but the rest told that they had no ideas for
conductivity. Three of the students who expressed that acids gave reactions with metal
and did not with nongatals told that bases gave reactions with nonmetals and did not
gave reactions with metals. These three students thought that the properties of acids

and bases were adversely.

Table 4.83St u d e Arespoldsesdor defining acids and bases

_ # of students (out of eight)
Students gemal ideas ) o
Experimental Traditional

Acids are dangerous 2 0
Acids have H in their formula
Acids give Hinto solutions
Bases have OH in their formula

Acids are subshces below pH 7

A A BN BN

1
4
1
Bases give Ohhto solutions 4
4
4

Bases are substances above pH 7

After the implementation, the students differed in defining acids and bases considering
the experimental and traditional group. The students in themtpogiews addressed
that they had leaed various acids and bases definitions different from their prior
interviews. Table26s u mmar i zes the intervieweesd po:
belongs to a student, IntTR4, from the traditional group (I stands for interviewee and R
stands for resecher):

R: How can you define an acid or a base?

I: The substances that contain H in their structures are acids and that contain OH in

their structures are bases.

R: What else can you say about acids and bases?

I: Acids give M ions into solutions antheir pH is below 7, bases give -Gittb

solutions and their pH is above 7.

R: Would like to add something?

I: No.

R: What do Arrhenius, Bronstedwry and Lewis aciolase definitions remind to you?
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I: Conjugate acil a s e, somet hi ngenrhamleert hawa®atll yddr
conjugate base?

The following excerpt belongs to a student, IntEX2, from the experimental group:
R: How can you define an acid or a base?
I: Substances that give protons are acids and that accepts are bases. In fact, there ar
different definitions but this is more practical for me.
R: What are the others?
I: There are the Arrhenius definition and the Lewis definition. But, | like the Bronsted
Lowryods definition since works for many
R: Why are there diffettedefinitions, what can you say about this?
I: During the time, it was understood that the Arrheniusbase definition is not
enough in defining acids and bases, and then Bronsted and Lowry proposed proton

transfers for acids and bases. Then, Lewmoped electropair transfers for acids
and bases.

R: Would like to add something?

I: Acids have pH below 7 and bases have pH above 7.
The statistical analyses between the experimental and the traditional group reveled that
there was a significant diftnce between the groups and the first question of the post
interview supported this statistical findings. The interviewees stated the similar
responses for the properties of acids and bases such as their pH values, the color
change in litmus paper, contluity of electricity, reaction with metals; however, there
were some discrepancies in defining acids and bases. Three interviewees in the
experimental group used the Brondtexry aciebase definition in defining acids and
bases and the other one wa® alware of various definitions but used the Arrhenius
acidbase definition. On the other hand, three interviewees in the traditional group used
the Arrhenius acidase definition and only one of them was aware of variolmseid
definitions; and the aghinterviewee used the Brondted/ry aciebase definition and
was also aware of the other definitions.

The experimental group interviewees were more confident in giving examples
for acids and bases and could gave at least three examples for agds;adrmahmver,
the traditional group interviewees were less confident in giving examples and could give
at least three examples for acids but they were not successful in giving examples for
bases just gave NaOH, KOH, and i3 examples.
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Table 4.8 Studeh s 0 -repporsds for defining acids and bases

) # of students (out of eight)
Students general ideas ) o
Experimental Traditional

Acids are dangerous 0 1
Acids have H in their formula 0 1
Acids give Hinto solutions 1 3
Bases have OH in their farra 0 3
Bases give Ohhto solutions 1 3
Acids donate protons 3 1
Bases accepts protons 3 1
Aware of different definitions 4 2
Acids are substances below pH 7 4 4
Bases are substances above pH 7 4 4

The second interview question was abods @and bases in our daily life. The
students were asked that whether they came across to acids or bases in their everyday
life. During the prénterviews, all interviewees gave the same examples for acids which
were lemon, coke and vinegar. One of thehecadtomach acid and another three
students added some fruits as substances that they came across during their daily life. In
terms of bases, all students told that soap was the material they most came across in
their daily life and two of them added thiep cleaning materials had also basic
properties. The students then asked how they knew those substances were acidic or
basic and their responses were they learnt from their teachers or books. One of the
intervieweelntEX3, explained as the following:

Acids can be found in food and | understand it from its sour taste. Lemon has a sour

taste and vinegar also... Coke, for example, has an acid. When | eat an orange, | get a

sour taste. These sorts of things came to my mind from dalily life.

In terms of base INtEX3 a dde d: 0The soap that we wa
Substance and | guess some cl eaning mat e|
Another studenintTR2, expressed as the following for acids:

I donot t hi nk t hang acid indalyniife. Bat,cl guess,svinegas, a s

lemon or some vegetables such as tomatoes have acids and so they are in our daily life.

We drink coke and it is acidic.
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And in terms of basdeiTR2s ai d: 0 know soap is a basi
school, but nothing else comes to my mind now. | guess cleaning materials may be
basic. o
Afterwards the implementation, during the jpustviews the difference in giving
examples from everyday life was also detected. The experimental group inteft/iewees f
more confident in giving examples, but the traditional group interviewees did not feel
the same confidence. For instance, an interviewee2)nt6X the experimental
group stated as the following:
| can give many examples for acids and baseskuelhma® n, vi negar, tom
many fruits are acidic, yogurt, sul furic
basic ones baking soda can be used in cakes, window cleaners, soap, toothpaste,
shampoo, and some detergents.
On the other hand, amterview, IntTR1, from the traditional group had some

di fficulties in giving exampl es as the
acidseéwhat el se...foods include acids i
bases, soap is basingwhateereyecsrttothee alk
substance we know from daily |ife.o

The third question was related to determining acids and bases and students were
shown the drawings of six erlenmeyers and asked to determine which of them were
acids or baseBuring the pranterviews, all students classified HCI as an acid and
NaOH as a base correctly with the reasoning including H or OH in their formulas.
INtEX3 expressed for the other substances:

NHs is a base and | know that it is an exception althobghg H i n i ts for

known that it is a base since primaryas¢ho and t her e mmeniassa eXxX pr ¢

base the one who does not know is a go
expression and there are always exceptions. But | have noBégariay be, it could

be a base since it is similar tosNH | dondt know. ICQOH&BS S, as

also an exception; although it has OH in its formula, it is an acid. As far as | know,

NaCl is a salt but | dasen.6t how it is rel
Similartd n t E opBidnsanother interviewédTR3 said NHwas a base but could
not explain why it was a base just said he remembered that there was an exception for it
and stated Bfcould also be a base since having a similar structureerAnoth
interviewedntTR1, strongly hold the Arrhenius definition and told that if there was H

in formula, a substance was an acid and if there was OH in formula, then a substance
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was a baséherefore, he added HCl and Nikere acids, NaOH and GEOOH were
bases, and expressed the other ones which weredB®aCl were neither an acid nor
a base since not including H or OH. Consequentlyw&s-the most difficult option
for the students and none of them gave the correct response. Two students mentioned
ammaia was a base explaining of being an exception although having H in formula.
Three students determine C&OH was a base since having OH in formula, two
students said it was an acid of being an exception but could not explain the reason, and
the other thee students told that it was an acid giving dissociation of acetic acid. Seven
of the interviewees stated NaCl was a salt and the other student stated nothing about
being salt.
Afterwards the implementation, during the post interviews the interviewietbgeinse
understandings for determining acids and bases. The interviewees from the
experimental group mentioned about the-laasg definitions and one them, IntEX1,
explained as the following:

In order to determine whether the substance is acid or dirbakeheck whether

there is H or OH in their formula. Here, HCI is an acid and NaOH is a base.

CH:COOH seems to have OH but its dissociation is different and it is a Bronsted

Lowry acid and NkIs a Bronsted.owry base. | am not sure forsBEt if thee was a

reaction, | can determine more easily. If it is a proton donor, it is an acid and it is a

proton acceptor, it is a base. But also, there was a Lewis definition could be also

considered as a Lewis acid if it is an electron acceptor or a Leifviisibaseelectron

donor. The final one, NaCl, is a salt. | remember this from neutralization reactions.
Al t hough, Il nt EX1 did not mention about e
logic was valid for determining acids and bases. The d¢dmereimees from the
experimental group gave the similar explanation; only one of them used the Arrhenius
acidbase definition but also was aware of the other definitions. On the other hand, one
of the interviewees, IntTR3, from the traditional group sastdte following:

I: HCI is an acid since containing H and NaOH is a base since containing OH.

CHsCOOH and NH were exceptions and €FHDOH is an acid and Ntk a base.

R: How can you explain their acidity or basicity?

I: They are exceptions as | s@iltkre are always exceptions.

R: Yes, but based on what they are accepted as an acid or a base?

I: In science there are exceptions these are one of them.

R: OK. What about the others?
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I: 1 am not sure about BBut similar to NHand could be a baseadl is a salt.

This interviewee used the Arrhenius-Bagk definition in determining acids and bases.
Only one interviewee, INtTR2, used the BroAstedy definition in determining acids

and bases and was aware of the other definitions. The otheetwiewees gave the
similar explanations to IntTR3 and hold the Arrheniusbasiel definition but one of

them was aware of the other definitions. Similar to prior responses, the students in their
postinterviews had difficulties in determining whethgmBIS an acid or a base and
somehow they determined the other substances acidity or basicity.

The fourth question sought for student ideas for indicators, particulate level of
acids and bases, pH and pOH concepts. Firstly, students were shown tws sphitio
having pH value of 4 and the other having pOH value of 4 and asked what they
thought about those solutions. During theipterviews, all interviewees stated that
one solution was an acidic and the other was a basic. In order to determine which one
was acidic or basic, six of them stated that they would use a litmus paper to test the
solutions as litmus paper turned red the solution was an acidic or blue the solution was
a basic. One of the students said he would add a piece of sodium elenadurtionto s
as acidic solutions gave reactions with metals, the acidic one could be determined. The
other student told that he had no idea how to determine which solution was acidic or
basic. The latter two students were also asked whether they heartthalsquaper
and both of them stated that they knew about litmus paper, but one of them said litmus
paper turned blue in acidic solutions. None of the students could give a reasonable
answer for indicators. Afterwards, they were asked to draw these solptidide
level. Five students showed the dissociation in acidic and basic soluidR&S
drawing below (Figure 4.8):

Figure 4.8 The pr@rawing of the dissociation in acidic and basic solutions by IntTR2

The other three students drew $ihailar drawings (Figure 4.9) as shown below which
is belong tantEX1 and her explanation:
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I dondt know exactly how acidic and basi
different in terms of ions. These ions are positive and negative charheg it t
naturally stay close to each other since there is attraction with oppositely charged ions.

The same situation happens for bases, as well. The oppositely charged ions stay closer.

Figure 4.9 The pr@rawing of the dissociation in acidic andtlsdutions by I X1

Afterwards, the students were posed about questions related to pH and pOH. Three
students stated that pH was a value that measured acidity and pOH measured basicity,
but added that pH was a valid for just acidic substances belawéhef 7 and pOH

was a valid for just basic substances above the value of 7. Another three students
mentioned that pH measured the strength of acids and pOH measured the strength of
bases with the explanation as pH decreased the acid was strongauddiw® s
explained that either pH or pOH value was valid for acids and bases since they could be
converted to each other. Lastly, when the students were asked what would happen
when those solutions were mixed, all interviewees stated that acids aratbasts re

each other.

After the implementation, during the piogerviews the students revealed the
differences in their responses in terms of being in the experimental and the traditional
group. This interview question also supported the statistiemérdi#f found in
MANOVA findings. All interviewees stated that the solution with pH was an acid and
the solution with pOH was a basic solution. Then, all interviews stated that they would
used a litmus paper to test which solution was an acidic or antasxplained
correctly that acids turn litmus paper to red and bases turn litmus paper to blue. In
addition to litmus paper, the all interviewees from the experimental group added that
they could also use red cabbage juice in determining solutionsoadidgicity;
however, no interviewee in the traditional group mentioned any alternative way in

determining solutions acidity or basicity. In terms of representations in particle level,
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interviewees differed in their drawings. For instance, three intesvigwéhe
experimental group drew the similar drawing given in Figure 4.10. The other

interviewee in the experimental group did not mention about the existencéoosOH

Figure 4.10 The pedtawing of the dissociation in acidic and basic swulby
INtEX2

The IntEX2 explained his drawing as the following:
pH=4 is an acid solution. Although it is an acidic solution, it will also contain a small
amount of OHions because of the selfization of water. This amount will beclD
mean pOH i40. pOH=4 is a base. This also contains a small amountorkHLE°
pH here is 10.

On the other hand, the drawings of the interviewees from the traditional group did not
address the existence of Qs in acidic solution or'hbns in basic solian. When

they were asked about pH and pOH, two of the interviewees stated that pOH of the
acidic solution was 10 and pH of basic solution was 10 by stating the formula of pH +
pOH = 14. The other two interviewees mentioned that pH was only valid for acidi
solutions and pOH was only valid for basic solutions; although they made this
explanation, they also stated that pOH of the acidic solution was 10 and pH of basic
solution was 10 by stating the formula of pH + pOH = 14. These two students did not
revealinderstanding of pH and pOH concepts, they just made memorization.

The fifth question sought for student
students thought about the differences between a strong and a weak acid. During the
pre-iinterviews, three ouf eight students stated that strong and weak acids differed in
terms of boding strength. One of the students who supported this iddatihag,

his drawing (Figure 4.11) and explanation is given below:
A strong acid and a weésé& tkeé dsokmdesgh oonfe &
would be more closer to each other, | guess, since the bonds would be more stronger.
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But in terms of a weak acid, | think theleculesvould be more untidy around
because of having weak bonds.

Figure 4.11 The parawirg of the strength of acids by IntTR1

The other three students stated that pH of these acids would be different, the stronger
acid would had the lower value of pH; one of these students who supported this idea
was InEX4, see her drawing (Figure 4.12)eaqpteination below:
INtEX4: I dondt know how | would have seen
I dondt know.
Researcher: OK. Then, why do you think that these solutions are called as strong and
weak? What is the difference among these sdlutions
I: pH would be different. The stronger will have a lower pH value. For example, | know

HCI is very strong acid. It is very dangerous. It is pH value is 1. | am not sure about
HCN; but if it is a weak acid, it is pH value may be 6.

Figure 4.12 The prawing of the strength of acids byek#d

The second part of the fifth question ai
molarity concepts. The HCI solutions were given in different molarities and students
were asked to rank these solutionsrmgef their strength. Six interviewees directly

tried to find the pH values of the solutions and then made the ranking based on their
solutions. One interviewee did not relate to pH concepts and thought about the
molarity values and stated that the stineoigthe solutions could be from the highest

to the lowest molarity. The other studémiiR2, expressed that the all three solutions
contained HCI solutions in different molarities but could not explain the correct answer
and made ranking in terms oflardy.
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After the implementation, the pasterviews also supported the findings of statistical
analysis since the interviewees from the experimental group illustrated more conceptual
understanding than the interviewees from the traditional groupedilewees from
the experimental group stated that the dissociation of a strong acid and a weak acid
differed. For instance, one of the interviewees, INtEX1, drawing and is given in Figure
4.13 and her explanation are as the following:
Strong acids dissate nearly 100% and weak acids do not dissociate well. HCI is a
strong acid and its dissociation is | ik:¢t
di ssociation percantage. Il ts distsoaci ati o
and more HCN moletas.

Figure 4.13 The poedtawing of the strength of acids by IntEX1

On the other hand, two interviewees, IntTR2 and IntTR3, from the traditional group
mentioned about the dissociation difference and the other two mentioned about the
bonding strengthntTR2 stated the correct explanation for strong and weak acids but
was unable to draw the correct representation of these solutions. His drawing is given in
Figure 4.14 and explained that there would be less ions in the weak acid solution
because of smallissociation percentage. The similar explanation was also done by
IntTR3.

Figure 4.14 The poedtawing of the strength of acids by IntTR2

In terms of on the section of strength and molarity concepts, two interviewees from the
experimental group dity tried to find the pH values of the solution but then they

realized that all solutions were HCI solution in different concentration and then
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concluded that the strength of these solutions would be the same. The other two
interviewees from the experirtangroup directly stated that the strength of the
solution was the same. On the other hand, three of the interviewees from the traditional
group found the pH values of the solutions and ranged their strength based on their pH
values and the other intetwese, IntTR2, stated that the strength of the solutions would
be the same. The traditional group students did not reveal the understanding of the
strength concept properly and they all had conflict with the concentration concept
except one of the intervieave

The sixth question sought for student
role of indicators. This was an active question that the students observe the mixing of
an acid and a base in two conditions in presence of an indicator and not. Ahthe fou
question when students were asked what would happen when mixing an acid and a base
solutions, all students responded that there would be a reaction between an acid and a
base. In this question, HCI and NaOH solutions were prepared and students observed
the two different situations and there was a color change in an erlenmeyer with an
indicator (phenolphthalein) and no color change in the other one which did not include
an indicator. During the pmeterviews, four students were very confused with the
results and they tried to explain the difference because of the presence of an indicator as
the indicator was the agent to the reaction occurred and so no reaction occurred in the
absence of indicator. Two of these four students wrote the reaction douteitiéy
other two students had a conflict in writing the reaction, one oflntieX8, stated as

the following:
eébut I know that this reaction happens
reaction occurs and the products are salt and water. But, e change in the
mi xture when there is no indicator. I do
most probably, indictor is the thing that made this reaction occur since there was a
col or change, but [ donodt k fused how to sh

The other three students mentioned that indicator enhanced to the reaction to happen
faster and they explained that there was also a reaction in the other erlenmeyer where
there was no indicator but this reaction happened more slowly. Theseidbreas s

made a connection with the previous topic and they thought that indicator acted as a
catalystintTR2, who supported this view, made the drawing (Figure 4.13) as below and

his explanation was as the following:
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Hydrogen in acid and hydroxide isdoaome together and they neutralize each other
and water is formed. This is a neutrali z

salts precipitate and can be seen at the bottom of the erlenmeyer

Figure 4.% The predrawing of neutralization ré@a by IntTR2

The other studentinEX1, could not explain the situation but expressed as the

following and see her related drawing (Figure 4.14):
I el candt explain the reason something
but | can write theeaction. This is a neutralization reaction and salt is formed. | am
not sure about the salt. Is this precipitate?
R: What do you think?
I: 1 am confused. Salts are soluble, cannot precipitate, | guess... for example, if | prepare
salty water anky wahttats the bottom when I
these are close to each other or not. Sh

Figure 4.6 The predrawing of neutralization reaction by=ki

Lastly, all students wrote the neutralizationiogacorrectly and stated that the pH

value of the solution was 7, but none of them gave the correct explanation for the role

of indicators. In terms of particle level, three interviewees showed their drawing
considering molecules (similadittfR20 s  idgr abowve) and five of them showed

their drawing considering ions (similainteX16 s dr awi ng above). Ol
explained that the formed salt would not precipitate, the others stated that the salt
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would precipitate. When the students were asiedpndition of using a weak acid
and a strong base, the students gave various responses. One of them, IntTR1, stated
that acids and bases always gave a neutralization reaction with pH 7 either they were
strong or weak, and the strength concept was reddo@ads, which was not related to
acids and bases reaction. The other interviewee, IntEX4, from the experimental group
explained that the reaction was not a neutralization reaction since there was a weak acid
and it was a regular chemistry reaction wiithay neutralization with pH above 7.
After the 1 mplementation, the interviewe
experimental and the traditional group. As it is reported in MANCOVA results, the
students in experimental group had more uachelieg in acids and bases concepts.
This statistical result was al so support:
responses from the experimental group for this question were more reasonable and
val i d; however, t h eom ithe tragitional grou wesedmore e s p 0
invalid, having alternative conceptions and had confusions in concepts. After the
demonstration, three interviewees from the experimental group stated that an indicator
was used to observe the equivalence point anth#reirderviewee (IntEX4) stated
that there was not enough neutralization to observe the color change. One of the
interviewee (IntTR3) from the traditional group explained the correct response of usage
of indicators. The others from the traditional gromddcnot make any reasonable
explanation for the situation. IntTR2 stated that an indicator acted as a catalyst and still
in his postinterview he hold this idea and explained the same reasoning for the
situation.

Considering the mixing of an acidic aadid solution, all the interviewees
stated that the reaction was a neutralization reaction and wrote the correct reaction of
HCI and NaOH. The i ntervieweesd response
experimental and the traditional group aresuined in Table 27.
The following excerpts of two interviewees revealed the understandings of the
neutralization concept and illustrated the difference between the experimental and the
traditional group. The excerpt of an interviewee, IntTR4, fromathiganal group (see
the related drawing in Figure 4.15):

R: You say so when you mix these two erlenmeyers, the neutralization reaction occurs.

What do you mean with the term of neutralization?

I: The ions from acids and the ions from bases neutagliretber.
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R: How does this neutralization occur? Can you clarify?

I: The ions from acids aret libns and the ions from bases are ©@Hs; these ions

form HO and since no ions remain in the solution, it is neutralization.

R: You mean no ions presenthe mixed solution?

| Yes. That 6s why; it i s ioms,dtlisla@ddandaf neut
there are OHons, it is base. No ions in solution, so it is neutral.

R: What about the pH value of the solution?

I:ltis 7.

Table 427 The summary of responses of interviewees for the sixth question after the

implementation

Number of interviewees

Coding for the sixth question Experimental groug Traditional groug

Strong acid and strong base

The solution is neutral 4 4
The productsre salt and water 4 4
No H" and OH ions in the solution 1 3
Na" and Clions in the solution 3 2
NaCl precipitate 1 2
pHis 7 4 4
Weak acid and strong base

The solution is neutral 0 2
The solution is basic 4 2
The products are salt and water 4 4
No ions in the solution 0 2
Only OH ions in the solution 1 2
OH ions > H ions 3 0
pHis 7 0 2
pH is above 7 4 2

The excerpt of an interviewee, INtEX3, from the experimental group (see the related
drawing in Figure 4.16):
R: You say so whenwy mix these two erlenmeyers, the neutralization reaction occurs.
What do you mean with the term of neutralization?
I: HCI solution contains*Hons and NaOH contains Olibns. When these solutions
are mixed NaCl and-@ are formed. The ions in solutior Aalanced.
R: Can you clarify what is this balance?
I: In a neutral solution,*Hand OH i o n concentration i s equ
neutralization reactions the solution is neutral with pH 7.

R: So, you mean that there arektl OH ions in the sation with the equal amount?
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I: Yes.
Although there was a logic difference among these two thoughts, the students in the
similar logics could get the true answers in case of strong acids and strong bases
neutralization reactions; however, the studepp®sing the former logic could fail in
case of weak acids and strong base neutralization reactions since they were not
considering acidic solutions could contain not ohigrid, but also a small number of

OH™ and vice versa situation is acceptablechgetfionization of water.

Figure 4.7 The postdrawing of neutralization reaction by IntTR4

Figure 4.18 he postdrawing of neutralization reaction by IntEX3

When the students were asked, the condition of using a weak acid and a strong
base, thenterviewees from the experimental group stated the situation would differ
because of fewer amounts of idns and added that the pH value of the solution
would be above 7.

4.5 Results on Chemistry Motivation Questionnaire and Student Interviews
The CMQhad five components which were-séffitacy in learning chemistry,
anxiety about chemistry assessment, relevance of learning chemistry to personal goals,
intrinsically motivated chemistry learning, andstfmination for learning chemistry.
In order b get more detailed information on student motivation to learn chemistry in

terms of the experimental and traditional groups, multivariate analysis of covariance was
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conducted considering the aforementioned five components. Based on the adaptation
of CMQ results on components pend postCMQ scores were computed (see Table
3.9). The computed componentso 8fetheri pti

experimental and Table 4f@r the traditional group.

Table 4.8 Descriptive Statistics for tleach component in terms of pasd post
CMQ in the experimental group

N Mean SD Skewnes: Kurtosis Min Max

PreCMQ
PreEfficacy 40 27.98 5.35 -.02 -61 16 38
PreAnxiety 40 16.45 4.38 -.25 -.84 7 23
PreGoals 40 22.05 5.82 13 -96 12 34
Prelintrinsic 40 16.70 3.72 13 -92 10 24
PreDetermination 40 19.60 2.59 -.29 -33 13 24

PostCMQ
PostEfficacy 40 30.08 4.59 -.36 -84 21 38
PostAnxiety 40 16.85 4.90 -.02 -1.17 9 25
PostGoals 40 24.78 5.23 -.10 -72 15 35
Postintrinsic 40 1733  3.34 -12 -45 10 24
PostDetermination 40 20.33 2.73 -.31 -68 14 25

The preCMQ was administered to both the experimental and the traditional
groups prior to the implementation; therefore, these values were not being influenced
by the implementatio The posCMQ was administered after the implementation;
therefore these values were affected by the implementation. The difference between the
experi ment al and t he traditional group:
MANCOVA. The scores on the p@MQ were treated as a covariate in order to
control the differences between groups although no difference was found neither for
the total preCMQ scores (F(1,76)=0.401, p=0.529; Table 4.30) nor for the collective
aforementi oned CMQ c¢ o mfbad2)=m838sp=0(5W; Takles & Kk =
4.31). This result revealed that the students the experimental and the traditional group

were roughly equally motivated to learn chemistry.
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Table 4.9 Descriptive Statistics for the each component in terms-afratepost

CMQ in the traditional group

N Mean SD Skewnes: Kurtosis Min Max

PreCMQ
PreEfficacy 38 29.68 5.99 -.04 -1.27 19 39
PreAnxiety 38 15.74 4.39 -.01 - 72 7 25
PreGoals 38 23.21 6.79 -21 -1.02 11 34
Prelntrinsic 38 16.45 3.42 -.40 .62 7 23
PreDetermination 38 19.95 3.65 -.65 26 10 25

PostCMQ
PostEfficacy 38 29.39 6.11 -.23 -66 16 39
PostAnxiety 38 14.74 3.45 -.02 -.54 7 21
PostGoals 38 23.26 6.63 -.09 -96 10 35
Postintrinsic 38 16.42 3.95 -.44 -.58 7 22
PostDetermination 38 18.76 4.30 -.34 -93 10 25

Table 430 Univariate test results in ANOVA for ged1Q

Partial

Mean Eta Observed
Source df Square F Sig. Squarec Power
Corrected Model 1 98.769 401 .529 .005 .096
Intercept 1 841483.43 3413.37. .000 .978 1.000
Method 1 98.769 401 .529 .005 .096
Error 76 246.52¢€
Total 78

Corrected Total 77

Table 431 Multivariate Test results in MANOVA for geQ components

Partial
Wi | k Hypothesi Ob d
! S ypothesis Error df Sig. Eta serve
Lambda df Power
Squared

Effect

Intercept .013 1111.936 5.000 72.000 .000 .987 1.000
Method .944 .858 5.000 72.000 .514 .056 .290
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The assumptions of MANCOVA were checked beforehand the analysis; which
were independence of observations, normality, outliers, homogenerignokesa

multicollinearity, and homogeneity of regression.

Table432Boxds Test of Equality of Covari ance
Box0s 63.657

F 1.240

dfl 45

df2 13370.998

Sig. 131

In terms of independence of observations, it was ensured that thereamgs not
violation of the assumption since students completed the questionnaire individually.
The skewness and kurtosis values for each component can be found inSaite 4.2
Table 4.9; the values of which are in the acceptable range. In addition, thatenivar
normality was check in previous section 4.1 for the totalnor@ost CMQ and there
was no violation for this assumpti on. Fo
of covariance matrices is given in TaBI2 4Since the statistics wassighificant, the
assumption of homogeneity was validated, which revealed the covariance matrices were
roughly equal. Mahalanobis distance was checked for multivariate outliers by using the
critical value of 20.52 (see Table 19.1 in Pallant, 2001,Tin@ R1ghalanobis distance
was found to be 16.447, which is smaller than the critical value @3ble 4.

The Leveneds test was used for <check
variances. Table#4ts hows t he result of Leotiwatoeds t e
component was larger than 0.05, except the value #ntpasic. This significant
value indicated that the error variances across groups are not equal. In other words, the
assumption of homogeneity of variances was satisfied for the femofpeational
component scores; however, the assumption of homogeneity of variances has been
violated for posintrinsic scores. Therefore, a more conservative alpha level was set for
determining significance for pddfrinsic in the followup ANCOVA. Thecorrelation
analysis was done in order to check the assumption of multicollinearity. It was not
found highly correlated dependent variables (higher than .8) and this assumption of

multicollinearity was verified (Table 4.35).
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Table 433 Residuals statissi for Multivariate Normality

Minimum Maximum Mean Std. Deviatior

Predicted Value 15.749- 60.234¢< 39.500C 8.01237
Std. Predicted Value -2.964 2.588 .000 1.000
Std Error of Predicted Valt 3.236 10.431 5.894 1.501
Adjusted Predicted Value 8.9438 58.598 39.430:% 8.2415¢
Residual -43.8244. 45.4838: .00000 21.1967¢
Std. Residual -1.999 2.075 .000 967
Stud. Residual -2.038 2.126 .001 1.003
Deleted Residual -45.5401¢ 47.7603¢ .06952 22.8324.
Stud. Deleted Residual -2.085 2.181 .000 1.011
Mahalanobis IBtance .691 16.447 4.936 3.134
Cook's Distance .000 071 .013 .015
Centered Leverage Value .009 214 .064 .041

Table434Leveneds Test of Equality of Error

F dil_ diz __ Sig.

PostEfficacy 288 3 74 .834
PostAnxiety 1.669 3 74 181
PostGoals 1.869 3 74 142
PostIntrinsic 2.827 3 74 .044
Post Determination .380 3 74 767

Table 4.8 Correlations among variables

Variables PostEfficacy PostAnxiety PostGoal Postintrinsic
PostAnxiety -.241*

PostGoals B71** -.146

Post-Intrinsic 607** -.192 .661**
PostDetermination .559** -.124 .663** .525**

*Correlation is significant at the 0.05 lev&i(2d)
**Correlation is significant at the 0.01 lew&i(2d)

The assumption of homogeneity of regression was testedsstioynizing
settings in MANCOVA and checked whether there was interaction between the
covariates (prEfficacy, preAnxiety, preGoals, prdntrinsic, and pr®etermination)

\
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and the independent variables (method and gender). The significance level of the
interactions terms were checked in the output (Taléle 8iBce the all significance
values for the interactions were greater than 0.05, the assumption of homogeneity of

regression was not violated.

Table 4.8 Multivariate Test$or Homogeneity of Regsion for the interaction

between the covariates and the independent variables

wi 1k Hypothesis
Effect Lambda F df Error df  Sig.
Value

Intercept 871 1.476 5.000 50.000 214
Method * preEfficacy 929 770 5.000 50.000 576
Method * preAnxiety .903 1070 5.000 50.000 .388
Method * preGoals 991 .089 5.000 50.000 .994
Method * prelntrinsic 907 1.022 5.000 50.000 415
Method * preDetermin. 922 .844 5.000 50.000 525
Gender * preEfficacy 927 .787 5.000 50.000 564
Gender * préAnxiety .831 2.(88 5.000 50.000 .089
Gender * preGoals 981 .192 5.000 50.000 .964
Gender * prdntrinsic 947 561 5.000 50.000 729
Gender * preDetermin. 921 .856 5.000 50.000 517
Method * Gender * 969 .319  5.000 50.000 .899
pre-Efficacy

Method * Gender * 960 421  5.000 50.000  .832
pre-Anxiety

Method * Gender * 893 1.202  5.000 50.000 .322
pre-Goals

Method * Gender * 844 1.849 5000 50.000 .120
pre-Intrinsic

Method * Gender *
pre-Determination
Method * Gender .680 1.385 15000 138.42¢ .163

942  .620 5.000 50.000 .685

Two-way multivariate analysis of covariance was conducted to explore method
and gender differences in a set of dependent variableEffjgasty, posAnxiety,
postGoals, posintrinsic, and posDetermination) after the preliminagsamption

testing wth no serious violations noted. The results are given in Table 4.37. It was
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found that there was a statistically significant difference between the experimental and
traditional groups on the dependent wvari.
partal eta squared=0.234). When the follpANCOVAs considered separately, the
differences to reach statistical significance using a Bonferroni adjusted alpha level of .01,
were postGoals (F(1,69)=7.603, p=0.007, partial eta squared=.099) and post
Determiration (F(1.69)=12.137, p=0.001, partial eta squared=.150). Theufollow
ANCOVA results are given in Table 4.38 for each dependent variable.

The main effect for gender (Wi | ksd k=
interaction (Wi |l ksd k=0.894, F(5,65)=1."
significance. An inspection of the mean scores indicated that the students in the
experimentagroup reported higher levels of relevance of personal goals (M=25.30)
than the students in the traditional group (22.72). In addition, the students in the
experimental group reported higher levels ofissdfmination (M=20.59) than the
students in theraditional group (M=18.47). The estimated marginal means regarding
teaching method for each dependent variable are given in Tabléhd.8stimated
marginal means regarding gender (Ta#® dnd interaction (Table44) for each

dependent variable ay@en at the following.

Table 437 Multivariate Tests results in MANCOVA

Effect Wi | k¢ Hypothesis  Error Sig. E?:al Observed
Lambda df df Power
Squared
Intercept .828 2.701 5.000 65.000 .028 .172 .785
PreEfficacy .789 3.485 5.000 65.000 .007 .211 .890
PreAnxiety .682 6.059 5.000 65.000 .000 .318 .992
PreGoals .562 10.137 5.000 65.000 .000 .438 1.000
Prelntrinsic .588 9.127 5.000 65.000 .000 .412 1.000
PreDetermin. 778 3.709 5.000 65.000 .005 .222 911
Method .766 3.969 5.000 65.000 .003 .234 .930
Gender .903 1.401 5.000 65.000 .236 .097 463

Method* Gender  .894 1.536 5.00 65.000 .191 .106 .505
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Dependent Mean . Eta Observec
Variable Source df Square F Sig. Squarec Power
CorrectertModel 8 158.011 11.516 .000 .572 1.000
Intercept 1 129.439 9.433 .003 .120 .857
PreEfficacy 1 157.009 11.443 .001 .142 915
PreAnxiety 1 6.287 .458 .501 .007 102
PreGoals 1 125.834 9.171 .003 .117 .848
Post Prelntrinsic 1 3.033 221 .640 .003 .075
Efficacy PreDeterminat. 1 5.021 .366 .545 .005 .092
Method 1 60.034 4.375 .040 .060 541
Gender 1 24.276 1.769 .188 .025 .259
Method*Gender 1  9.840 .717 .400 .010 .133
Error 69 13.721
Corrected Total 77
CorrectertModel 8 68.045 5.097 .000 .371 .998
Intercept 1 43.004 3.221 .077 .045 425
PreEfficacy 1 .000 .000 .996 .000 .050
Pog- PreAnxiety 1 361.270 27.062 .000 .282 999
Anxiety PreGoaIs_ 1 27.608 2.068 .155 .029 294
Prelntrinsic 1 49.422 3.702 .058 .051 475
Pre Determinat. 1 1.863 .140 .710 .002 .066
Method 1 38.810 2.907 .093 .040 .390
Gender 1 5.989 449 505 .006 101
Method*Gender 1 .525 .039 .843 .001 .054
Error 69 13.350
Corrected Total 77
CorrectertModel 8 203.143 12.631 .000 .594 1.000
Intercept 1 67.526 4.199 .044 .057 .524
PreEfficacy 1 .750 .047 .830 .001 .055
PostGoals PreAnxiety 1 1.180 .073 .787 .001 .058
PreGoals 1 644.732 40.087 .000 .367 1.000
Prelntrinsic 1 59.306 3.687 .059 .051 474
Pre Determinat. 1  9.890 .615 .436 .009 121
Method 1 122.278 7.603 .007 .099 776
Gender 1 6.943 432 .513 .006 .099
Method*Gender 1 22.712 1.412 .239 .020 .216
Error 69 16.083

Corrected Total 77
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Table 4.8 Followrup ANCOVA for each dependent variable (continued)

Dependent Source df Mean Sig. Eta Observed
Variable Square Squared Power
CorrectertModel 8 74.305 11.826 .000 .578 1.000
Intercept 1 17.787 2.831 .097 .039 .382
PreEfficacy 1 16.969 2.701 .105 .038 .367
PreAnxiety 1 6.359 1.012 .318 .014 .168
PreGoals 1 5.835 .929 .339 .013 .158
Postintrinsic Prelntrinsic_ 1 105.745 16.830 .000 .196 .981
PreDeterminat. 1 .242 .039 .845 .001 .054
Method 1 23.788 3.786 .056 .052 .484
Gender 1 31.636 5.035 .028 .068 .600
Method*Gender 1 38.169 6.075 .016 .081 .681
Error 69 6.283
Corrected Total 77
CorrectertModel 8 69.205 10.170 .000 .541 1.000
Intercept 1 32.943 4.841 .031 .066 .583
PreEfficacy 1 7.081 1.041 .311 .015 172
PreAnxiety 1 .260 .038 .845 .001 .054
Post PreGoals 1 46.395 6.818 .011 .090 731
Determination Prelntrinsic 1 6.171 .907 344 .013 .156
PreDeterminat. 1 77.221 11.348 .001 .141 913
Method 1 82594 12.137 .001 .150 .930
Gender 1 1979 .291 591 .004 .083
Method*Gender 1 .178 .026 .872 .000 .053
Error 69 6.805

Corrected Total 77

Table 4.9 Estimated Marginal Means in terms of Method

95% Confidence

Dependent Variable Method Mean Std. Error Lower  Upper
Bound Bound

PostEfficacy EX 30.619 .595 29.432 31.806
TR 28.811 .610 27.594 30.028

PostAnxiety EX 16.534 .587 15.363 17.704
TR 15.080 .602 13.880 16.281

PostGoals EX 25.302 .644 24.017 26.587
TR 22.722 .660 21.405 24.040

PostIntrinsic EX 17.441 .403 16.638 18.244
TR 16.303 .413 15.480 17.127

PostDetermination EX 20.591 419 19.756 21.427
TR 18.471 .430 17.614 19.328
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Table 440Estimated Marginal Means in terms of Gender

95% Confidence
Dependent Variable Gender Mean Std. Error Lower  Upper
Bound Bound

PostEfficacy Girls 30.305 .604 29.101 31.509
Boys 29.125 .618 27.892 30.358
PostAnxiety Girls 15.514 595 14.326 16.702
Boys 16.100 .610 14.884 17.316
PostGoals Girls 24.328 .653 23.024 25.631
Boys 23.697 .669 22.362 25032
Postintrinsic Girls 17.546 .408 16.731 18.361
Boys 16.199 .418 15.364 17.033
PostDetermination Girls 19.700 .425 18.852 20.548
Boys 19.373 .435 18.495 20.231

Table 441 Estimated Marginal Means in terms of Method and Gender Interaction

95% Confidence
Dependent Method Gender M Std. L U
Variable etho ender Mean Error ower pper
Bound Bound
EX Girls 30.824 .828 29.173 32.475
Boys 30.414 .869 28.680 32.147

PostEfficacy o Girls  29.786 .904 27.982 31.590
Boys 27.836 .898 26.044 29.628

EX  Gils 16.330 .816 14.701 17.958

PostAnxiety Boys 16.738 .857 15.028 18.448
TR Girls  14.698 .892 12.919 16.478

Boys 15.462 .886  13.695 17.230
EX Girls 25.033 .896 23.246 26.821

PostGoals Boys 25.571 .941  23.694 27.448
TR Girls 23.622 979 21.669 25.576

Boys 21.822 .972 19.882 23.762

EX Girls 17.357 .560 16.240 18.474

PostlIntrinsic Boys 17.525 .588 16.352 18.698
TR Girls 17.735 .612 16.514 18.956

Boys 14.872 .608 13.659 16.084

EX Girls 20.812 .583 19649 21.974

Post Boys 20.371 .612 19.150 21.592
Determination TR Girls 18.588 .637 17.317 19.859

Boys 18.354 .633 17.092 19.616
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When the estimated marginal mean in terms of method (Table 4.39) were
investigated, it is inspected that not only the statisticaflgangmependent variables,
but also there were differences in other dependent variables in terms of method
although they were not statistically significant. Preliminary scores in motivational
components all increased after the implementation in therexgaftigroup students;
considering seé#fficacy in learning chemistry, anxiety about chemistry assessment,
relevance of learning chemistry to personal goals, intrinsically motivated chemistry
learning, and selietermination for learning chemistry. Ondther hand, preliminary
scores in motivational components all decreased after the implementation in the
traditional group students; considering the aforementioned motivation components.
There were slightly differences in terms of gender in student imotivatearn

chemistry, but these differences were not found statistically significant.

4.5.1 Student interviews on motivation to learn chemistry

Besides the statistical differences, the differences between the experimental and
traditional group studeswvere also detected in the student interviews. There were eight
interviewees and they were interviewed both before and after the implementation. Four
interviewees were from the experimental group (INtEX1, INtEX2, INtEX3, and INtEX4)
and the other four werfrom the traditional group (IntTR1, IntTR2, IntTR3, and
INtTR4). IntEX1, INtEX3, IntTR3, and IntTR4 were female and IntEX2, IntEX4,
INtTR1, and IntTR2 were male students. All the interviewees stated that they took extra
private courses; except IntEX2 gaeled that he was not willingly to take extra courses

since what he learned at school was enough for him when he studied regularly.

During the interviews, the studemstgpressed their thoughts about learning
chemistry and based on their responses cauengonstructed considering both pre
and posinterviews. None of the interviewee mentioned any thought about learning
chemistry intrinsically during the -preerviews though some of them said that they
enjoy learning chemistry putting conditions saaghyetting high grades or doing
experimentsAfter the implementation, the interviewees from the experimental group
revealedntrinsic motivation to learn chemistry such as relating chemistry learning to
their real life and finding chemistry learningfgnt.All interviewees were aware of

the university extrance examination and expressed that they had to learn chemistry to be



successful in the exam, which shows that the students are somehow extrinsically to

learn chemistry because of the educatidensysth during the preand post
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interviews Some students also explained that learning chemistry was related to their

goals such as becoming a doctor or an occupation related to chemistry requires
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codings we e

i nt

erpreted

both pre and posi nt er vi ews

ol ess o, or

0samebd

motivation to learn chemistiy.a b | e

from

wer e

4 . 42

bot h
cons

summartr i

groups;
i dered

Zes

chemistryThe patternaused for the categorization were given as below

Intrinsically motivated chemist@arningIntrinsic)

Seltfefficacyin learning chemist(§fficacy)

Selfdetermination for learnirmdpe mistryDetermination)

Anxiety about chemistry assessr&nxiety)

Relevance of leang chemistry to personal goals (Goals)

Tabl e 4. 4 2 viewbkcensideting pkeand postidterviews

Intrinsic Efficacy Determinatior Anxiety Goals
IntEX1 More Same More Same More
IntEX2 More More More Less More
INtEX3 More Same Same Same More
IntEX4 Same Same More Same More
IntTR1 Same Less Same More Same
IntTR2 Same Same Same Same Same
INtTR3 Less Same More Same More
IntTR4 Less Less Less More Less

and

t er ms nwesréandoposvewsot o di

t he

Thes t u d @etaited éxplaination on motivation to learn chemistry and some

interviewexcerptvere given at the following parhere were six questions in orader t

deter mi ne

student so

mot i

vat.i

on

t o

earn

students like to learn about chemistry. In thenpeeviews, five students (IntEX1,
INtEX2, INtEX3, IntTR3, and IntTR2) stated that learning chemistry was engyble

stud
t hr

b
f

S

(



169

pleasant. On the other hand, the students put some conditions for liking chemistry. For
instance, IntEX1 and IntTR3 stated that they liked learning chemistry when they were
able to do it and IntTR2 expressed that he liked the chemistry when he graidieig
in chemistry. One of the interviewees, INtEX3, said that she liked learning chemistry
when she was in laboratory doing experiments. INtEX3 expressed as the following:

I: When the chemistry course is in laboratory, | enjoy learning chemistry more.

R: You mean, when you do experiments in laboratory?

| No, we dondét do experiments. Our teac

and observing the teacher doing experiments is interesting.

R: How often do you go to laboratory to do expesfie

Il Not much and when we are in class, |
Other three interviewees (IntTR1, IntTR4, and IntEX4) stated that learning chemistry
was boring since they were not learning useful things. One of them, IntEX#e®xpla
as the following:

I dondt know why we | earn chemistry. I

my mother and father using chemistry in their everyday life. It is not like mathematics,

math is useful for calculations. But chemistry issefdl. When | go to a market, | say

give me a water, not give m@®H
When the posinterviews were investigated an interviewee, IntTR2, from the traditional
group held his opinion about learning chemistry. He stated that he liked chemistry when
he got gh grades and during the acids and bases unit he was successful in doing
algorithmic problems, but added that he did not like conceptual questions and during
the acids and bases unit since there were not many conceptual questions, he liked to
learn aboutcids and bases. Another interviewee, IntTR3, from the traditional group
said similar thoughts to herjiméerview such as she liked chemistry when the subject
was not too hard and she understood it; additionally, she explained from subject to
subject th@nswer of this question could change. The acids and bases unit was not too
tough for her and expressed that she liked learning about them. The other interviewee,
IntTR4, for the experimental group also stated the similar thoughts that she usually got
bored in chemistry classes but had to learn about it since she were supposed to answer
some chemistry questions in the university exam. An interviewee, IntEX1, from the
experimental groups stated some different thoughts for the first question such as she

expressed that she enjoyed the classes lately more than before since they were at
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chemistry lab during all the chemistry classes and stated her learning was more concrete
than being abstract by explaining:
Of course, we were learning new subjects but theyustembstract and we forgot
easily if we donot repeat our notes. We
guestions. But, in this unit we both observed many substances and made inferences to
learn the subjects and | think the courses were moreeefia and | still
what | have learned.

Another interviewee, IntEX4, from the experimental group had also some changes in

his thoughts about learning chemistry and he explained as the following:
| thought that chemistry was useless for fayrblut there was a handout about a day
of a university girl at the beginning of the acids and bases unit. Before that, | thought
that | just learn about scientific things about chemistry to succeed in exams. But, |
understand from that handout that evamgt that we drink and eat in our dalily life is
somehow related to chemistry and even the soap we used every day is a subject of
chemistry. Therefore, I didnodt get bor e
about chemistry during the day; for edamwhen | eat something, | think now
whether that is acidic or basic.

The second question was about the importance of learning chemistry. During
their preinterviews, all interviewees stated that learning chemistry was important for
them since they wesapposed to answer chemistry questions in the university entrance
examination and having a good grade at the end of the semester. Three students
(INtTR2, IntTR3, and IntEX2) added that the chemistry was related to their life;
therefore, learning about afistry made them understood more easily about the life.
INtTR2 also included that he wanted to be a doctor and for this reason learning biology
and chemistry was more important for him; how better he learnt about chemistry, the
more successful he wouldthe university exam. During their pogerviews, all
interviewees stated their similar thoughts for the importance of learning chemistry. For
instance, an interviewee, IntTR4, from the traditional group stated that chemistry out of
school would not be aful for her except the university exam and she did not want any
department related to chemistry. In addition, IntTR1 stated that he never understood
the logic of chemistry and chemistry was not related to everyday life like biology or
physics. On the othénand, interviews from the experimental groups put in extra

thoughts for this question. IntEX4 added that the chemistry course enhance him to
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explain some cases occurred in daily life such as when he added a piece of lemon to his
tea, t he tgedani ke stated tlmat he knbvathe reason of it since he learned
about indicators. Another interviewee, IntEX2, from the experimental group included
that:

Chemistry is important for our lives since it enhance us to understand the life itself. But

it was ot easy for me to understand many things because some of them were very

complicated. But | can say that although | am not a scientist, | can understand some

events for example why an onion makes us cry or why some acids are dangerous some
are not.

The third question was about whether chemistry knowledge they learned would
be useful for the students. During theipterviews, four students (IntTR1, IntTR4,
INtEX3, and IntEX4) stated that they would not need any chemistry knowledge after
they graduate fno the high school, learning chemistry was just important for passing
the university examination. The other three students (IntTR2, IntTR3, and IntEX2)
stated that learning chemistry made the life simpler since they understand the life when
they learnt abaut. For instance IntTR2 explained as the following:

During the rate of reaction unit, | have learnt why we put our foods in refrigerators.

The chemical reactions that occur in food get slower and food do not get spoiled. This

kind of knowledge makes dives more practical.

The other student, I nt EX1, stated as the
important and useful, but nothing comes to mind now how chemistry could be useful
for me in the futured. Aft estionwdsaskedtopl e me
the students, the responses of the experimental and traditional group interviewees
differed. For instance, IntTR4 still Hthd sane thoughts that the chemistry she had
learned was not useful for her; she explained that the knowlelégergteat school

was just useful at school for exams and during daily life she did not use that knowledge
since she did not have to think about that knowledge. IntEX3 and IntEX4 had
expressed that they would not need any chemistry knowledge afteadhatray;

however, after the implementation, they stated that they could use the chemistry they
learned for their daily lives. For instance, IntEX4 explained that he liked the handout
about the girl who went to university and realized that chemistryevasywhere in

his life, giving an example the color change of a tea when adding lemon juice and felt
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pleased when he knows the answers of daily life events. Another interviewee, IntEX1,
was unable to explain how chemistry knowledge could be useful iiorpne
interview; however, afterwards the implementation she stated that chemistry enabled
her different point of view and explained as the following:
I n our daily |I|ife, we do many things bu
events. | someties have stomach sour and use antacid to relief the pain. In acids and
bases unit, | learned this process is a neutralization reaction as excess acid is neutralized
with the help of antacid. Also, | know that carbonate does the same. If | had stomach
sour,| know that | should take something a base like carbonate. By means of chemistry

| am aware of this.

The fourth question was related to significance of learning chemistry for
studentsdo real l i ves. For this agam it w
individual who learnt chemistry and the one who did not. During thegueéews,
this was the most difficult question for the students to answer. Similar to the third
question the same four students (IntTR1, IntTR4, IntEX3, and IntEX4) stated that
nothing would be different in terms of living. IntEX4 also added that the individual
who did not learn chemistry could start a business life earlier and starts to make money.
In addition, IntEX3 express as the following:

Learning chemistry is difficultdathat person should be happier for not learning

chemistry. Not hing wil/l differ among eac

in my future life. | want to be a doctor and | will choose medicine in the university

exam. | wondt n ¢heakamaljugt neecte learnakout hiologyf ahde r

organs. That'sd why | just need chemistr
The other two interviewees, IntTR2 and IntEX2, stated that they themselves would
have better job opportunities since they would able to finisheasitgivThe rest two
students (IntEX1 and IntTR3) said that there should be differences among two
individuals but they could not give any explanation about what they could be. IntEX1
just stated as the following:

The chemistry | have learned is praaitélmakes us understand the life itself. But |

dondt know what to say about the differe

course.

During the postnterview, the interviewees in the experimental group could make more
explanation for this questiolntEX2 stated in his first interview that there would be
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occupation differences, but in his later interview he also explained that he could explain
and understand the events more scientifically when they came across the same cases in
theirreal life.lmddi ti on, there were also differer
thought was that chemistry would not be useful for her even that she wanted to be a
doctor; however, she explained in her-jppstview that she would need chemistry
even though sh&as not become a doctor. The similarideas were also stated by IntEX4
as the following:
I I thought that we dondt use chemistry
used in daily life more than | think.
R: What changed your ideas?
I: Thee was an activity related to a university girl and mentioned about what she did
during her day and there were explanations. | read that there are many events related to
chemistry.
R: So? What difference there would be for you?
I: As | said, knowing chestry would make my life more understandable and practical.
| can make explanations for the event.
R: Can you give examples?
I I gave tea example for exampl e, Squee
why this happens érandkchangesits @lorinaatids ana bases.n d i ¢
But the person who does not know anyt hi
explanation to this situation, but | can.
The interviewees from the traolial group nearly gave the simi#aponses.
The fifth question was about the properties of chemistry course that the
students like and dislike. During theipterviews, the students mainly focused on they
liked chemistry of being enjoyable, related to their everyday life, and doing experiments
in chemistry andlisliked chemistry of being boring, difficult to learn, and hard to
understand some topics. After the implementation, the interviewees from the traditional
group stated the similar likes and dislikes; on the other hand, the ideas of the
experimental grougtudents emerged such as they expressed that doing activities on
their own and stating the facts were so enjoyable for them. In addition, they expressed
that they enjoyed learning the logic of the concepts and how those concepts were
related to their ewaday life.
The sixth question was about how the students would like to learn about

chemistry. During the pieterviews, the students mainly focus on the idea that
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chemistry should be learned by doing experiments since they did not forget easily when
doing and they wished to learn chemistry by doing experiments. The students also
addressed that they want to learn about why chemistry was important for their life, how
it was related to their everyday life, and what to learn more interesting and daily life
examples in their chemistry courses. After the interviews, the experimental group
interviewees added that they liked the simulations and activities they had conducted
related to acids and bases and they would like to learn the other topic in the similar way.
In terms of motivation t o |-ietarviews ¢ he mi
did not differ either they were in the e
learning chemistry was very similar to each other; all of them were focus on the
university entrance examination which was not possible for them to ignore. Instead of
learning chemistry they generally were focus on having a good performance in
chemistry course. However, after the implementation the different ideas between the
experimentaand traditional group students mentioned. The interviewees from the
traditional group still held the similar performance based ideas, however, the
interviewees from the experimental group made emphasize on the relevance of

chemistry to their real life.

4.6 Resultsof the Teacher Interview

Afterwards the implementation, a couple of questions were asked to the teacher;
the focus of this interview was to get
experimental group and what she thought about thectieffiness of the
i mpl ement ati on. The first guestion was ¢
learning cycle model and she replied that conducting activities with the students were
enjoyabldédut also difficult in managing the whole classroom. &hadaled that during
the implementation the students had opportunities to make connections with real world
context; in her previous lectures she tried to solve as many as questions possible with
the students since they wanted her to do. On the otherdhmenelxpressed that the
most frequent question that the students asked was why they needed to learn chemistry
concepts and how they were going to use that knowledge in their future. She clarified
t hat the i mplemented met hodstiogsaancchowa ns we r

chemistry was related to their real waihed next question was about the differences
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and similarities between the previmssructions The teacher mentioned that she

rarely had opportunities to demonstrate experiments to the studanteh#dack of

time since she had to complete the curriculum tnaationainstructionsnd tried to

give daily life examples related to conc8ptsadded that in order to teach chemistry
concepts to the studentBere should not be always compuleamistry experiments,
materials or events from daily life could also be very explicable for students to learn
chemistry concepts though there needed to be done much preparation before the
instruction in terms of materials or lesson plans. On the otfigrshe included that

less arithmetical questions were solved with the students related to acids and bases
concepts in the experi ment al group, whi c
experimental groupThe third question was related to student \betwin the
classroom whether she had observed any differences in student motivation. The teacher
explained that the students were very enthusiastic to be in chemistry laboratory and
conducting activities in the experimental group, some students canmantbéxpress

that whether the following concepts would be implemented by the similar way in the
chemistry laboratory since they enjoyed learning by doing. In addition, she gave details
about a student who was not really interested in chemistry clasgedletd much
progress and desire in doing activiéileded to acids and basHse next question was

asking about whether learning cycle model developed any student skills. The teacher
said that the students were more anxious at the beginning gbldmentation but
meanwhile they got used to doing activities and expressing theirideas in group and class
discussions and their anxiety decre&sedalso stated that hatodsactivities revealed

positive impact on students since they were studyingiagdtee activities together

and comprehended more understanding while learning with peers. The teacher
explained her statement that although she tried to create friendly environment in the
class, some students could be very shpanalillingly to ask estions to her; but,

they could be more relaxed to ask questions to theirsfiidnadfifth question was

about the difficulties the teacher experienced during the implementation and the teacher
said that she had to be more prepared for the class sisteldms were asking more
conceptual questions and had to study on related lessofoplemsducting the
instruction properly. The following question was about whether the students declared
any opinion on the instruction; the teacher mentioned that Sochents made

complains about not solving many arithmetical questions on acids and bases and some
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of them stated that they did not want to do activities; on the other hand some students
asked her that whether the following chemistry units would be tegtmche
chemistry laboratory by doing activities as well, some of them told her that they were
pleased to learn that how chemistry was related to their life even they did not choose a
career related to chemistihe last question was about whetherntelaeher would

prefer to use the 5E learning cycle model in the future instructions and she replied that
she was glaand enjoyetb implementhe 5E learning cycle of instructaomd would

like to use this method in her following intructions but she tted ghat the
developing lesson plans based on learning cycle and developing or findimy hands
activities were not easy tasks and needed time to coAstditbtbnally she expressed

that the classes were very crowded and it was not much conveiamtiaties with

40 students in the same time since it was difficult to manage them and answer their

guestions at the same time.

4.7 Results of the Classroom Observation Checklist

The classroom observation checklif®0C) completed both for the
experinental and traditional group by the researcher for 49 class hours, 26 for the
experimental class and 23 for the traditional class. They were examined whether they
revealed evidence for implementatbBE learning cycle model of instruction in the
experimatal group and traditional teachentered instruction in theaditional group.

As stated in the limitations section, it would be more reliable to have at least one more
observer during the implementation but it was not convenient or possible for any

observer to sit in any class sections.

There were 32 items in this checklist, covering the main properties of the
implemented chemistry instructions both for learning cycle and traditional instructions
considering the following aspedise physical condmmns of a classroom and a
chemistry | aboratory, student ds bothh e i n
groups Some itemsrelated to activities in the CO®@ere onlyapplicableto the
experimental group (tem 5, 6, 7, 8, 9, 12, 23, 27, 28))aanad coded as NA in the

traditional grougSee Table 434or checklist resulsts)
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Experimental Group

Traditional Group

ltem# #of Yes Partially No {#of Yes Partially No NA
Obsv. (%) (%) (%) i Obsv. (%) (%) (%) (%)
lteml 26 100 - - 23 100 - - -
ltem?2 26 100 - - 23 100 - - -
ltem3 26 81 19 - 23 - 70 30 -
ltem4 26 73 27 - 23 - 70 30 -
ltem5 26 85 15 - 23 - - - 100
ltem6 26 61 39 - 23 - - - 100
ltem?7 26 69 31 - 23 - - - 100
ltem8 26 73 27 - 23 - - - 100
ltem9 26 69 31 - 23 - - - 100
ltem 10 26 35 65 - 23 69 31 - -
Item 11 26 - 27 73 123 100 - - -
ltem 12 26 69 31 - 23 - - - 100
ltem 13 26 85 15 - 23 - - 100 -
ltem 14 26 88 12 - 23 - 65 35 -
ltem 15 26 65 35 - 23 22 39 39 -
ltem 16 26 77 23 - 23 30 39 31 -
ltem 17 26 100 - - 23 100 - - -
ltem 18 26 85 15 - 23 26 39 35 -
Item 19 26 77 23 - 23 22 - 78 -
Item 20 26 77 23 - 23 30 - 70 -
ltem 21 26 88 12 - 23 - 39 61 -
ltem 22 26 81 19 - 23 56 44 - -
Item 23 26 73 27 - 23 - - - 100
Item 24 26 85 15 - 23 30 39 31 -
ltem 25 26 - 27 73 123 87 13 - -
ltem 26 26 100 - - 23 100 - - -
ltem 27 26 81 19 - 23 - - - 100
Item 28 26 - 19 81 23 100 - - -
ltem 29 26 100 - - 23 - - - 100
ltem 30 26 100 - - 23 - - - 100
ltem 31 26 73 27 - 23 39 30 31 -
Item 32 26 85 - 15 23 48 - 52 -
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The COCwas used to support treatment verificadioth get evidence for the
implementationsT herefore, théreatment verification ensured with the descriptive

statistics obtained feachgroup.

48 Summary of the Results

The simmary of the result®uld be summarized as the follwoing

e The mean scores of the students in the experimental group (M=1.10) was
lower than the students in the traditional group (M=1.32) pnetffeABT.

e The mean scores of the students in the experimental group (M=102.78) was
lower than the students in the tramhél group (M=105.03) in the Q.

e The mean scores of the students in the experimental group (M=8.90) was
higher than the students in the tti@dal group (M=4.95) in the peBABT.

e The mean scores of the students in the experimental group (M=109.35) was
higher than the students in the traditional group (M=102.58) in the post
CMQ.

e The normal distribution was found for variablehe descrifive statistics.

e PreTABT and preCMQ were determined as covariates since these variables
were continuous variables, significantly correlated with dependent variables,
and revealed moderate correlation among each other.

e The assumptions of MANCOVAndep@&dence of observations, normality,
outliers, homogeneity of variances, multicollinearity, and homogeneity of
regressio, were met.

e There was a statistically significant difference between 5E learning cycle
oriented chemistry instruction and traditiortlsigned chemistry instruction
on the coll ective dependent vari abl
p=0.000)in favor of the experimental group

e There was not found any statistically significant difference in terms of gender
and girls did not differ witboys on theollective dependent variables of the
postTABTandposCMQ scores (Wil ksé k=0.984,
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Therewasnot any statistically significamteraction between timeethods of

teaching chemistry and gender on the-paB{T and @stCMQ scores

(Wil ksé k=0.991, F(2,71)=0.339, p=0.
There was a statistically significant difference on student understanding of
acids and bases concepts depending on which method they were taught
(F(1,72)=30.938, p=0.00@)favor of the experimentgroup

Therewasno statistically significant difference on the-fgs$tmean scores

bet ween girls and boys on student sbd
concepts when the prest scores of thraeer acids and bases concepts, the
pretest scores of ativation to learn science, and previous semester
chemistry grades are controlle@dL,72)=.063, p=0.802).

There was not found any interaction between methods of teaching and gender
on studentsd® understanding of aci ds
p=0.524).

There wa s a statistically signific
experimental and traditional group on fp@st scores in motivation to learn
chemistry (F(1.72)=14.175, p=0.0@0avor of the experimental group

There was not found anwgsstically significant difference in the mean scores

of postCMQ in terms of gender (F(1,72)=1.173, p=0.282).

There was not found any interaction between methods of teaching and gender
on student motivation to learn chemistry (F(1,72)=0.421, p=0.518).

The student posthterviews revealed that the interviewees from the
experimental group showed more conceptual understanding of acids and
bases concepts and higher motivation to learn chemistry than the interviewees
from the traditional group.

The teachemtierview revealed that the teacher enjoyed implementing 5E
model of instruction and found the instruction effective on student learning

and motivation.

The results of classroom observation checklist revealed evidence 5E learning
cycle model of instructiofor the experimental and traditional teacher

centered instruction for the traditional group.
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4.9 Conclusions of the Study

The conclusions of the present study are as the following:

e 5E model of instruction is more effective compared to the traditional
teachecentered instruction in conceptual understanding of acids and
bases concepts and practically signifigz.215.

e 5E model of instruction is more effective compared to the traditional
teachecentered instruction in increasing student motivatidearn
chemistry and practically significafitQ.1632.

e 5E model of instruction or traditional teaetemtered instruction has no
statistically significant effect on gender in conceptual understanding of
acids and bases concepts.

e 5E model of instruain or traditional teacheentered instruction has no
statistically significant effect on gender in increasing student motivation to
learn chemistry.

e Students enjoyed learning by doing on their own and expressed to learn

the following concepts by the ganinstruction.
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CHAPTER V

DISCUSSION AND IMPLICATIONS

There are five sections in this chapter; these sections begin with a discussion and
interpretations of the results. Secondly, the generalization of the study will be presented.
Afterwards, conctiion and implications of the results will be given. Finally, suggestions

of this study for future research will follow.

5.1 Discussion of the Results

The purpose of this study was twofold: (1) to investigate the effect of 5E learning
cycle oriented insiction and gender on lfrade high school student conceptual
understanding of acids and bases concepts compared to traditionat¢aseteel
instruction and (2) to investigate the effect of 5E learning cycle oriented instruction and
gender on 1 grade high school student motivation to learn chemistry compared to
traditional teacherentered instruction. In other words, the focus was to improve
student sd conceptual understanding 1in
c hemi st r y 0 Hcatiorg @ant motivate studlents fo fearn chemistry by using 5E
model of instruction which allowed the students to engage in moreomaartts
mindson activities embedded with real world application instead of the traditional
teachecentered method. Thaudents in the experimental group spent their classes in
the chemistry laboratory doing guided inquiry based activities during the
implementation process and the students in the traditional group solved more

mathematical problems on acids and bases thatutlents in the experimental group.

The resul indicate that the students in the experimental group scored
significantly higher than the students in titalitional groupwith respect to
understanding of acids and bases concepts. There was animncoe@st answers for
both groups, but the traditional group could not gain as many scores as the

experimental grouft seems evident ththest udent sd conceptual
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acids and bases concepts was improved with the 5E model of instrootjmarirg
results from the experimental and tradit
understanding of the concepts tte propertiesof acids and basegH, the
representations of acids and baes strength of acids and basegjthe use of

indicators The most significant difference was on the representation of particles in a
strong acid solutioninpeStABT (1l tem 6 in the concept t e
of what occurs at the particle level as related to solution of strong acidsstigates

in the pre and pos{TABT. The question was about the particles in aqueous solutions

of strong acids with the same molar concentration and the students from the
experimental group answered correctly in a very high rate (75%) while the students
from the traditional group answered correctly in a low rate (29%). Similar results were
found to be for the representation of aqueous solutions of weak acids with the same
molar concentration (Item 18 in the concept test) in favor of the experimental group
students. From these results it can be illustrated that the SE model of instruction was
more effective in the implementation of strength concepts of acids and bases than the
traditionally designed chemistry instruction. Another remarkable point was on the
properties of acids related to dissociation concept (ltem 11 in the concept test), in
which there was a big gap in response rate in terms of the groups; the traditional group
students were in contradiction wacidh t he
conduct electricityd or oO0the conducti vit
atoms increaseso6; therefore the correct
(32%) as compared to the exper iThaeford, al gr
the effectiveness of 5SE model of instructadso provides further empirical support for

the Biological Sciences Curriculum S&HEynstructional modeind 21st century skills

prepared by Bybee (2009) and request to encourage teachers tungeyek to

help in the understanding of chemistry concepts. From a theoretical perspective, these
findings are consistent with literature that the use of 5E model of instruction enhances
conceptual understanding (e.g. Akar, 2005; Bektas, 2010; CakvaR0@3; Ceylan,

2008; Guzzetti et al., 1993; Lawson, 1995; Pabuccu, 2008). Therefore, the 5E model of

i nstruction ma y i ncrease student s conc
concepts because of engaging students in observation, investigstiagaityzing the

data, interpreting the results as conducting inquiry baseébhauls/ities enriched

with real world context. In addition, the findings of the current study are consistent
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with the constructivist view of science learning descriligrivby and Scott (1996),
Duit and Confrey (1996), and Yager (1991). Constructivism suggest to use inquiry based
activities since inquiry based activities enhance students to construct understanding of
nature (Chiappetta & Adams, 2004). In order to cohstcientific knowledge and
create meaningful learning for students, it is efficient for students to engage in learning

process. Therefore, this present study is compatible with the studies in the literature.

The quantitative results of the present studye valso supported by the
qualitative results. Similarly, the interview results also showed the students in the
experimental group were able to identify more substances which are acidic or basic and
revealed more conceptual understanding on acids anddrasgss. The interview
sampling group was comprised of equal numbers of students based on their academic
achievement in chemistry during the previous semester and equaimemissvees
wereselected in terms of gendEhne students from both groupsed the Arrhenius
definition in defining acids and bases in thénpeeview, similar with the findings of
Cros etal., (1988)andmeroute t a |l . (2004). After the i
responses on defining acids and bases revealed diffeyetieegeaching method
instructed; as Cros et al., (1988) concluded the students made progress in defining acids
and bases but the experimental group interviewees were much aware of the various
definitions and the differentiation between them. Schmidd)(i®8posed that
students have difficulties in understandsngnsteedLowry aciebase model and
Demeroutiet al., (2004) reported that students prefer to use Arrhentbaseitodel
in defining acids and bases though they are aviBxrenstee_owry aciebase model.
Furthermore, Cros et al., (1986) reported that students are likely to use pH concepts in
defining acids and bases; similarly, in the current study the students used this descriptive
definition as pH is below 7 a substance is an acid orabose 7a base. The
understanding of what occurs at the particle level as related to solution of strong and
weak acids were asked to them in gmé pos{TABT and interview questions; the
similar results were found in picture depicting the paitickpieous solutions of
strong acids and weak acids as found in the concept test. The interviewees from the
experimental group stated dissociation difference in strong and weak acids; however,
the interviewees from the traditional group still had difésuin explaining and

drawing the differences between strong and weak acids. During the implementation in
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the experi ment al group, the studentsd pr
strong acids and weak acids were investigated and the¢ionstfuhese concepts

were given on the discrepancies among the concepts; since Nakhleh (1994) reported
that students had difficulties in understanding of the particular nature of matter. Hence,

as found in the present study, the students revealedttffiou understanding the
concepts which were highly related to conceptual understanding of particular nature of
matter such as acids and bases concepts; particularly, these difficulties were found in the
students in the traditional group in which prioovikedge and representation of
particles did not much taken into consideradimmng the implementation process
Furthermore,thinking about the acids and bases concepts to atlwegsior
knowledge, conduang interestingactivitieswhich were relevamb real life finding

coherent generalizations for conceptsapptying theinderstandings to new contexts

may al so develop studentsd conceipthas al un
experimental grouprlherefore, as the qualitative resulistitite, the 5E model of
instruction was effective in improving in the conceptual understanding of acids and
bases concepts than the traditional teaamered instruction.

Furthermore, followaup ANCOVAresults, which conducted to test the effect of
teaching methods on the pd@3MQ, indicated that the students in the experimental
group scored significantly higher than the students irathtonal groun terms of
student motivation to learn chemistry. There was not any statistically significant
difference on the mean of the-Q®IQ scores for the experimental and the traditional
group (the traditional group students scored a less higher than the experimental group
students); however after implementation the mean of th€Mgstscores for the
experinental group was significantly higher than the one in the traditional group. There
was an increase in the total mean scores of the CMQ in the experimental group while
there was a decrease in the total mean score of the CMQ in the traditional group. While
mativational components were taken into account, it was found that there were
statistically significant differences on the components of relevance of learning chemistry
to personal goals and sddtermination for learning chemistry, in favor of the
experimatal group for both components. On the other hand, although there was not
found any statistical significance between thamiepost components, which were

selfefficacy in learning chemistry, anxiety about chemistry assessment, and intrinsically
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motivatd chemistry learning, there was an increase after the implementation for all the
aforementioned components in the experimental group. Conversely, although there was
not found any statistical significance between tharmatgpost components, there was

a cecrease after the implementation for all the aforementioned components in the
traditional groupTherefore, ti seems evident th#éte student motivation to learn
chemistryasincreasewith the S5SE model of instructi@s the current stugyovides

further empirical support for the study of Schunk (1991) and Pintrich and Schunk
(2002) who requested that students are more motivated to learn when they engage in
activities and work in groups (Meece & Jones, 1996). It has been found in the studies
(Ames, 199Black& Deci, 2000 DeBackek Nelson,200Q Guvercin, Tekkaya, &
Sungur, 2010eece, 199Pintrich2003 Pintrich, & De Groot, 1990; Schunk, 1991)

that motivation influence learnigjntrich et aJ.(2003)made contributions to the
literature on congéual change which takes an important role in science education
literature. They argued that the conceptual change procesgiss oold process;

instead therocess is haindis influenced by factors such as the choice to engage in
the task, the levef engagement in the task, and the willingness to persist at the task
which are all components of motivatidie present study gives an evidence for
Pintrich et al .0s study that students ¢

influence their undstanding of concepts.

The quantitative results of the present study were also supported by the
qualitative results. Similarly, the interview results also showed the students in the
experimental group were more motivated to learn cheniis¢ryesultof a study
conducted bylowardandBoone (1997) revealthat when students were aware of the
class science is connected tos@ahcethey were more motivated to learn scidnce.
addition, Ames (1992Zuggested that classroom tasks should be meamindful
rel evant t dormeaningfd nntesstanding. Therefore, the findings of the
present study are consistent with the studies sAches61992) HowardandBoone
(1997)the interviews of the students revealed that the students exhilbigad hig
motivation since they stated that they enjoyed learning while doirgrhaciigities
and using real world context. Developing activities on real life events were time
consuming, but it was challenging and enjoyable for students to scan thedacidic an

basic substances and addressing them. Some students were anxious because of being in
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charge of the activities and felt anxiety while doing the activities at the beginning of the
implementation since the activities were inquiry based and the quesgons wer
conceptual and asked for explanations. However, meanwhile the students got used to
doing the activities and their role, and felt more relaxed and comfortable through the
implementation. In addition, the teacher was very helpful and encouraging during the

i mpl ement ati on. The studentsd anxi ety at
because of not being experienced of doing any activities in chemistry laboratory or they
were usually told what and how to do not only in high school but also in elementar
school and they feltinconvenience, which was expected. The interviewed students also
indicated that the implementation was enjoyable and effective since they learned by
doing and related the concepts to their everyday life, which made the concepts more
relevant and interesting for them. Furthermore, theiniestiews revealed that the
students were satisfied with the implementation of 5E model of instruction and stated
that while answering questions related to acids and bases concepts remembering the
activities helped them to answer the gquestions. In addition, the students in their post
interviews showed enthusiasm in doing handsctivities for the following unit. The
activities conducted by the students motivated them to explore and explaitdreal wor
events related with acidic and basic concepts; during the interviews the students stated
that they started to be curious about the acidity of basicity of many substances in their
houses. When students conduct an activity and perform the task cibregatbally
understand the concepts and are not just memorizing the facts or using memorized
algorithms though they struggled with the activities. It was also illustrated from the
st ud e n-interGiewsp thed working in groups (Brunning, Schraw, andngonn

1999) supported the students affectively and conceptually by scaffolding as described by
Pintrich, Marx, and Boyle (1993). According to Bandura (1986), the development of
selfefficacy beliefs directly affects achievement. Being successful andieffiae
activities had an ef fi-efficaeynbeliefs; thp iactceasedo n t
postCMQ scores for the experimental group students alsceevident for this

finding. Ame s and Archer (1988) stated t hat
characteristics of the learning environment. The students in the experimental group
conducted activities which were meaningful, challenging and have apparent relevance to
their lives, which made significant effect on student goals. In addition, Anderman and

Young (1994) reported that learning goals affects meaningful cognitive engagement; the
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current studyods findings revealed a sigrt
learning chemistry to personal goals regardless gender. Pintrich and Schunk (2002)
explained that motivation is a process involving goals in requirement of physical and
mental activities; during the development of the implementation these effects were
taken into consideratiohhe students in the experimental group comprehend that they

need to learn chemistry not only the school exams or the University Entrance
Examination, but they also learn chemistry for their daily life since they got aware of the
need of chemistry in their real life such as when they have a stomach sour, they should
take something basic like baking sotthfelt the joy of explaining the real life events.
Therefore, this study suggests 5E model of instruction can be used to increase student
motivation to learnThis method of using 5E modelinstruction is also amnsring

Koballad s1998 request tausing planned efforisn i mpr ovi ng hi gh sc
motivation to learn chemistAwccordingly, since the conducted instructional activities
enhance the students to explicit their ideas and involved them to {racgisg, the

students became aware of their own learning, used their learning in daily context, and
made interpretations from daily events. Encouraging the students to express their ideas
in group or class discussion improved their confidence and inudlvittg learning

process motivated students to learn chemistry.

Brophy (1998) emphasized that student willingness to learn is based on their
expectancy and values. One of the activities implemented in the current study was
investigating student expeciasi about the chemistry course aiming to understand
their interests and values, and provide their expectations about the course. During the
present study, it was though strategically about how each activity would effect on
student motivation to learn; thére, the teacher made emphasize to students why
they need to learn chemistry and concepts related to acids and bases since students are
more motivated to learn when they find something worthwhile to learn. Furthermore,
students are more motivated to riesgientific concepts when the concepts include
familiar situations to them, which also promote their interest in chemistry learning. The
findings of this study also support the previous researches on student motivation (Ben
Ari, 2003; Brophy, 1998; Fosnd®96; Marzano, 2001; Pintrich & Schunk, 1996).
Furthermore, the students conducted activities on their own or in groups in the current
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study promoting to use higkarder thinking skills which focused the improvement in

motivation to learn.

The traditioal group students were less successful and less motivated to learn
chemistry may be due to the fact that the traditional tessttered instruction did
not provide | earning environment to couni
facilitate coceptual change and the studéats difficulties in relating the conceptual
concepts to their real world and had questions on why they need to learn chemistry.
Conversely, the experimental group students exhibited higher motivation since they
enjoyed leamg concepts and had realized that the chemistry concepts were not only
needed for the examinations, but also the facts they |eastbdolwasalsouseful
for their daily livesStudents usually seek the reason of why they learn chemistry
conceptsaapat from examinations and whether scientific concept would be useful for
them in their daily lives. In this study, the experimental group students conducted
activities embedded with real world context and they realized that chemistry and science
gave explamians for real world eventsrresponding also to the engagement phase of
the learning cyclevhich increasestudentmotivation for learning chemist@n the
other handthe studentén the experimental groupthe current study spontaneously
wrote abotwhat they had learnt about the acids and bases concepts two times on their
own throughout the implementation; therefore, they evaluated their learning though it
was planned to be each week such as a learning diary in order to take their reflections
on their learning on acids and bases concepts and bring to their mind their learning to
promote meaningful chemistry learning supporting the evaluag@ofsh& learning
cycle.Throughout the learning cycle process, teachers have opportunities to evaluate
students anytime formally or informally; however, indhehecenterednethods
teachers usually evaluate students at the end of the unit, which is disadvantage
considering meaningful student leardmghe presentstudy (considering peSMQ
scores), th studentsn the experimental groupvealed more motivation on personal
relevance of learning science after the implementation as supporting studies such as Ben
Ari (2003), which found that as students having more mastery goal structure have more
motivaional beliefs.The students in the traditional group did not reveal much

illumination of why they need to learn chemistry or how chemistry learning would be
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helpfulin future to them; consequently, the teackatered instruction did not create

much diffeence irstudentmotivation to learn chemistry

In terms of gender differences, there have been inconsistent results in gender
literature regarding cognitively and affectivelysttigies which found significant
gender differencesported thaboysperformed better thagirlsin science courses
particularly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn & Hyde, 1989;
Steinkamp & Maehr, 198htowever, there are also studies which reported that the
gender dferences are in favor of gif&nderman & Young, 199#8ritner, 2008;
Britner & Pajares, 20p&Valding, Fogliani, Over & Bain (1994) made a research on
how high school students gave response to chemistry question and they found that in
some question, especially in computational bogs, gave more correct answers.
Whenmotivationto learn science is taken into account, some saldosported
gender differences favoribgys(Meece, Glienke, & Burg, 2006) and particularly, in
favor of boys inphysical sciences and in favor of girlbiological science and
chemistry (Steinkamp & Maehr, 198Pgken together, the research on gender
differences issues in science education reveals no clear pattern in student motivation to
learn; therefore, these contradictory gender differencegdimdimotivation need
further examination. Findings from the present study illustrate that girls and boys did
not differ in terms of conceptual understanding of acids and bases concepts and
motivation to learn chemistry similar to the studies of Anderméougg (1994),
Bektas (2011), Ceylan (2008), DeBacker and Nelson (2001), Eccleset al. (1993), Pajares
(1996) which found no gender differences. The results related to gender imply that the
5E model of instruction had no bias on gender; in other wordsgaldeffect on girls
and boysd conceptual understanding of ac
chemistry. This study is also evidence for improving student motivation to learn and
devel oping student sd conc erms$ Wigfield (1984) er st &
reported.

The current study on acids and bases concepsbiasitations. One of which
was the experimental group students took the instruction in chemistry laboratory and
the traditional group students took in their traditioledsroom environment. The
experimental group students conducted activities and these activities required everyday

materials as well as chemical ones; therefore, a chemistry laboratory was more
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convenient for the students and the teacher to implemegideeand bases concepts.

In addition, the students in the experimental group conducted an activity based on what
they have learned about acids and bases; this activity was considered to be done each
week to monitor student learning on acids and basegptsdmowever because of the

lack of time the activity was done less than planned. It had been better to conduct this
activity at the end of the week or at the end of the each concept learning to monitor
student learning on every concepts; therefore, hisois limitation of this current
study.The other limitation was that the experimental group students studies on more
real life context because of the nature of the study; however, after the implementation
and the postests all materials distributeth® experimental groups students were also

given to the traditional group students.

The medium effect size was set at the beginning of the study and based on the
data analyses a large effect size was found as the observed effect size. This implies that
the present study both had practical and statistical significance in terms of conceptual
understanding and student motivation to learn. Furthermore, the observed power was
found to 1.000 for the conceptual test and 0.960 for the motivation questionnaire,

which were both higher than the calculated power.

5.2 External Validity

The findings of the study indicated that there were significant differences on
overallthe effect ofteaching methodsking into accourBE learning cycle model
orientedeachingndtraditionally designed chemigagchingn thepopulatiormean
oft he collective dependent Vv atestsxdidsefs of
acids and basesnceptsand motivation to learn chemisimyfavor of 5E model of
instruction. The numbef students participated in the study (n=78) exceeds the 10%
of the accessible population. Therefore, the findings of this present study can be

generalized to the accessible population of the study.
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5.3 Implications

In terms of practical appltoans, the present findings have clear implications for
chemistry teaching and learning. The suggestions of the present study are as the
following:

e Constructivist teaching strategies (such as 5E model of instruction, inquiry
based activities) shouldbews i n order to develop
understanding of acids and bases concepts.

o Constructivist teaching strategies (such as 5E model of instruction, inquiry
based activities) should be used in order to increase student motivation to
learn chemistry.

e Studenc ent ered activities should be wus
skills to use equipments in a chemistry laboratory for testing scientific
concepts.

e St ud e nctoscéptionsrskould be taken into account before the
instruction.

e Students have fticulties in understanding various acids and bases
definitions, teachers should emphasize the differences of the various
definitions and discuss the strength and limitations of each definition.

e Students have difficulties in understanding the particatate of matter
and consequently have difficulties in understamdismgds and bases
concepts, teachers should make emphasis on the representations of acidic
and basic solutions, specifically during instruction of strength concept.

e Real world contextheuld be used in instruction to facilitate deep
approaches to learning.

e The instructions enriched with rea
curiosity which in turn increases student motivation to learn chemistry.

e Threetier test should be used to assessdst nt s 0 concejf
understanding and can also be generalized across the country.

e An importance should be given in the representation of particle level of

the substances for understanding of acids and bases concepts.
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Teachers may hold alternative concegtend their view can narrow
studentsd view as wel | ; teachers s
development.

Teachestudent interaction is essential on student motivation to learn,
teachers should take nt o consideration stude]

experiences, and their needs

54 Recommendations for Further Researas

The following recommendations can be stated from the result of the present

study:

The effectiveness of constructivist teaching strategies can also be tested
with different chemistrppics

Beforehand the main instruction, prior units should also be implemented
with the focused instruction in order to eliminate the novelty effect
Smaller groups should be constructed during the implementation
Retention test should be given to tesalkility of the concepts; in the
present study no retention test was distributed because of lack of time
Longitudinal studies should be conducted in order to observe the effect
of constructivist teaching strategies on student motivation to learn

In order ncrease the generalization of the current study, the study should
be replicated in various school types, grade levels and environmental
conditions

Teacher motivation to teach should be investigated and the studies related

to increase their motivation stdbbe conducted
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

Students will able to

1. to define acids and bases according to Arrheniu®As&Theory.

to define acids and bases according to Brehetey AcidBase Theory.
to define acids and basesatiog to Lewis AciBase Theory.

> wn

to compare the Arrhenius, Bronstexvry, and Lewis definitions of acids
and bases

to recognize acids and bases from names and formulas.

to explain the properties of acids and bases.

to distinguish the properties ofdscand bases.

© N o O

to describe the similarities and differences in physical and chemical properties

of acids and bases

9. to give examples for acidic and basic substances in everyday life.

10.to define pH and pOH terms.

11.to describe the pH scale.

12.to state the relatn between acids and bases.

13.to distinguish acids and bases according to pH values.

14.to explain that solutions with a pH less than 7 are acids and a solution with a
pH more than 7 are bases.

15.to explain the relationship between pH and pOH.

16.to explain thaa solution with pH=7 is a neutral solution at the particle level.

17.to define an indicator.

18.to clarify the importance of indicators.

19.to identify indicators from everyday life such as tea, red cabbage, red onion,
etc.

20.to read the color of litmus, red cabb, and universal pH papers in acidic and
basic solutions.

21.to apply acids change blue litmus paper to pink and bases change pink litmus

paper to blue.
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22.to apply red cabbage juice turns into reddish color in acidic solution and
greenish color in basic sobn.

23.to solve problems related to aloéke reactions.

24 .to explain the strength concept of acids and bases.

25.to describe the dissolution of strong acids and bases in water at the particle
level

26.to clarify the strength of acid solutions increases wittmbunt of KD*
ions in the solutions.

27.to clarify the strength of base solutions increases with the amount of OH
ions in the solutions.

28.to give examples for strong acids and bases.

29.to describe the dissolution of weak acids and bases in waterréittbe pa
level

30.to distinguish concentration and strength concepts for acids and bases.

31.to describe what concentrated and diluted acids are in the particle level.

32.to define neutralization reactions.

33.to show how to write equations for neutralization mecti

34.to describe neutralization reactions at the particle level.

35.to describe an aclmhse titration.

36.to explain how indicators are used in titrations and how they are chosen.

37.to explain the purpose and the process of arbasédltitration.
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APPENDIX B

THE DEVELOPMENT OF THREE -TIER ACIDS AND BASES TEST

B-1.INTERVIEW QUESTIONS FOR THE DEVELOPMENT OF THREE -
TIER ACIDS AND BASES TEST

ASKTLER VE -BIALAKALX BORULARI

1. Hi- asidik bir madde ile temasEn ol du
1.1. Asit ddyoince akl Ena ne ge
1.2. Asidik maddeler tehlikeli midir? Gunluk hayatta asidik maddelerle
karsElaLEyor muyuz?

2. Hi - bazik bir madde ile temasEn ol du 1
2.1. Baz denince akl Ena ne geliyor?
2.2. Bazik maddeler tehlikeli midir? Giinliik hayatta bazik maddelede &drsE y o r
muyuz?

3. Gor¢lLe¢e -0k kuvvetli bir aletin olsayd

g°rebil seydin, asidik ve bazik -°zeltile

bazik -°9zeltiler arasEnda nasEIl bir fark

3.1.Nedenbbr maddeye asit derken di Ker bir
3.2. Bir maddeyi asit yapan ozellikler nelerdir?
3.3. Birmaddeyi baz yapan 6zellikler nelerdir?

4. Kimya | aboratuarEnda °Kretmenin sana |
cozeltininasidikmhia zi k mi ol duikteseaws itdd skp inti eétamd rki m
nasEl karar verirsin?
4.1. kndikato°or veya turnusol kaKEdE k-
ol duKunu nasEl tespit ederiz?

4.2. kndikatorl er asiktklEnrdian bvidyga braezli
4.3. BildiKin indikat°rler var mE? Gg¢
muyuz?

5. ALaKEda verilen asitleri kuvvetlilikl
a)0.1 MHCl  b)0.01MHCl ¢)0.001 MHCI
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5.1.Birasidinvay bazEn kuvvetli ol masE ne deme

5.2. Kuvvetli bir asit demek aynE zam

6. G°r¢lL¢ -ok kuvvetli bir alyetiandan ol sayd

g°rebi | s eweridenHGlve &iC\NacEzElilesinibeal | € nasEIl g°r ¢r d
e =

6.1. ZayEf asit veya zayEf baz deninc
6.2. ZayEf bir baz ile kuvvetli bir b
7. AlLaKEda verilen kuvvetli ve zdyEf asi

cozeltilerdir? (HX ve HY asidik ¢ozeltileri temsil etmektedir)

8. AlLaKEdaki asidik -°zeltilerden hangi s
aynE hacme sahiptirler ve HX, HY ve HZ a:
HX 7 HY HZ
+ +

o9 5% e @

+ =) +

: 99 @ ° @ @°

S= - jcece > ©

Q@ " ] 9+@+ o » @
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8 1. pH dedi Kimiz kavram nedir?

8. 2. Sadece asidik -°zeltilerin mi pH
8.3. Yukar Edaki .- asitten hangisi en
8. 4. Bir asidin veya bazEn kuvvetlil:
8. 5. pOH dedi Kimiz kavram nedir?

86 pH ile pOH arasEnda bir ililLki var
8. 7. pH veya pOH kavramlarEnE neden k.

9. Elindea L a KE d a hacémieri it i&i beheyin disa ve verilen bu beherler
balka daha b¢ye¢k bir beherde ikkar ELt Er EI
(HA asidik ¢ozeltiyi ve BOH da bazik ¢ozeltiyi temsil ediyor).

¥Krencirakzbhimr olLay karzEMmEmES et, e mdialKk Eeddae n
g°sterilerek ©°Kr esemebiisten: Lekill erden bir

9.1.Bilmasit ve bir baz reaksiyona girdi Ki |

9. 2. Asitlerin bazlarla olan reaksiyo
9.3. OlulLan tuzun pH deKeri nedir? (vy:
ortamEn pH deKeri nedir?)

10. Elinde delii mi n i bil medi Kin bir asit -°9zelti s
bul man gerekiyor. Bunun i-in sana alLaKEd:
o fenolftalein indikatoru

e 0.1 M sodyum hidroksit ¢cozeltisi
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e pH kaKEdE

e bir adet pil

e Dbirkac beher, erlen, dereceiindit

e kati sodyum hidradit NeOH

e KErmEzZzE ve mavi turnusol kaKEdE
e 2 adetbiret

e bir termometre

Bu bilinmeyen asit -°zeltisinin deriLi mi
faydal anarak deri Limi bil i nnteeresni m>siBu -i°L
nasEl yapacaKEnE detayl E bir Lekilde a-E
duymayabilirsin, deney d¢zeneKini resmed
10.1. Titrasyonlarda reaksiyonun ol ma
10. 2. Titrasyonlarda indikat®°r¢ ne i -

10ALaKEdaki bi r i,@00OHvellW KGlicedea L 1 M iKer@td ml i
gorilmektedir. Ikibalondlsa y N E mi kt arda magnezyum met
kkinci Lekilde isé,n madmezydgm met algiK ar
Li LtiKi g°r¢l mektedir. Bu olayE a-EkI ay

11.1. Neden balonlarda LiLkinlik ge°rg¢
11.2. Bir balonun daha LilLkin diKerini
olabilir?
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B-2. OPEN-ENDED QUESTIONS FOR THE DEVELOPMENT OF
THREE -TIER ACIDS AND BASES TEST

ASKTLER VE OBEIKUARSORULAR

1Asit ve baz denince akl EnEza gelenl eri
bazl arEn yapEmEndEg kamiElkalhByart muyuz, h

bul unabilirler, metall erl e veya ametal |
pH deKerlerini, turnusol kaKEdEnEn rengi
d¢lLenebilirsini zbalAkéd EnEelal gkl eni hdehbatk
Asit denince.... Bazdenince...

2ALaKEda tabloda verilen maddelerin asit

a- Ekl ayEnEz.

Madde Asit? Baz? Neden?

Ca(OH)

CH,NH,

H,SO,

BF;

CO,

CH,COOH
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B3Hayal i bir mikroskobunun ol duKunu d¢Lle¢n
ol duKundan maddel eri t aBomikraskoplabmagdeldriu nd a ¢
taneci k boyut unzdaay EgfootdeiHiFicdzelsisiheikaveel bir° r e

asitol an HCI -°zeltisine baktEKEnda bu -°z
Her i ki -°zeltiyi alLaKEdavwetillemasaltaml
farkl EIl Ekl arE a-EkI|l ayEnEzdg¢g ¢gfzreelcteiKienriez it
hat Erl ayEnEz ve -iziminizde su molekg¢l | e

HF q.sag0Zeltisi HCl o aagOzeltisi

Ci zimini zi a-Ek|[{¢ci zi mini zi a- EkIl ¢

4ALaKEda ver i |lkaveetliliklaring gk’ r-e° zsefrEkmirhaaeyrEin E z .
nedeninizi a-EklayEnEz.

. 0.1 M NaOH

II. 0.01 MNaOH

ill. 0.001 M NaOH

a)Z ay Ef olaniHF vdausveétlibir asiblan HCl maddelerindenl i t vea c i m

elit H-erzelitm | er ol ulLturuluyor. Bu i ki
(pH deXenl &kt ma "iyysozndue smo,l aH deri Li mi, el
n°trleltirmeikkyonu nmigler akE] ®@¢lt al |l erl e
mi ktarE gibi ©°zellikleri d¢lenebilirsio
ozellikler delrioiz)2abi |l ir, onlarE da b

50H denince ne anl Eyorsun? Asidik ve baz
-%zeltilerin pH deKeri vardEr? A-EkIl ayEr

a)ALaKEdaki asi dieéhyukstkpEd ¢ Kd reirdee ns enkainmti isn
-%zeltiler aynE hac mhasidikgreltiptenmsit | er ve F
etmektedir)? Nedenini a-EklayEnEz.
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b) HX, HY ve HZ -°zeltilerinin pOH deKe
c) HX, HY ve HZ -°zeltilerinden hangi si
cozeltisi olabilir? Yomunuz nedir? Nedeninizi belirtinizve kuvweth y Ef  asi t | i
durumuna nasEIl karar verirsiniz a-EkI ay

Cozelt Kuvvetli a s i { Neden?

HX

HY

HZ

d) Kimya °Kretmeni reilg itn heairerindeetkatideer k | E i

ol mayan i ki -°2zelti bul unmaktzadBrf. b¥Kr e
asitol an HF - ° z e kutvetlsbir gsitodliakne rHO1li n °dzee | t i si
belirtiyor ve sizden hangisinin kuvvet/
sou sormanEzE istiyor.

Bu ama-la °Kretmeninize hangi sorul areE
hangi -%zeltinin kuvvetli asit -°zeltis
anl ayabilesiniz? Sorul ar Eizbilgiilethavveti ma c En E

veya zayEf asidi nasEIl tespit edersiniz
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6AL aKEda asidikluebamk-cPizbeil ti i -eren i ki ayr
EKer bu kaplar balka bir kapta karELt
edeicreiKz kabE vecgiterelan & |l mylEmikan #8AEasi di k
da bazik ¢ozeltiyi temsil ediyor).

OrtamEn pH deKeri ile ilgili yorum yapeEr

]
™7™, | epe—

7¥ Kr e t meelnderizednderetiketi olmayan bilinme

bir -°zelti bulunmaktadE eni ni zi
¢Ozeltinin asidik bir ¢cozelti mi yoksa bazik bir ¢ozelti mi
bel irl emesi gerekiyor. Da da bu

tayin etmesi gerekiyor.
Si zet®Keni ni zin yerinde odssiatnlEzk bvieyian nbeayze
vedahasonradhe r i [tianyiinn et mek i -in nasEIl bir vy
t¢r maddel ere veya mal zemel ere i htiyacEr

Asitik-Ba z | Ek Tes Deri Lim Tes
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8ALaKEda verilen resi mheghatimdevebi ri nci res
d e r i [Xivendgézeltileri olan iki erlen goriilmektedir. Her balonaayda E

miktarda magnezyum metalb u | u n ma k t a ddise, magnkzyumaenetali L e k i |
erlenlerin i-ine de¢leregldeKende i ki bal c
di Kerine g°re biraz daha fazla LilLtiKi ¢
Balonlardaki LiLkinlik farkl ElI EKE neden
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B-3., ¢ AKAMALI ASITLER VE BAZLAR TESTI

ASITLER VE BAZLAR
! - alamal &8 test

Okul ;
Ad Soye:
Séneéf
Lube

Cinsiyet

1. d 6nem
kimya dersi
karne notu

Yonerge:

1. Sénava bailamadan ©°nce yukar &d:
doldurunuz.

2. OAsitl er ve Bazlaro6 ile il gild@i
se-meli soru bulunmaktadeér.

3. ' . alamal & -oktan se-mel i sosuounu l
cevabé, i ki nci al amada o soruy:
i-¢nce alamada ise verdikiniz |
emin oldukunuz ile ilgili ilar:¢
bul unmaktadér .

4. Kkinci al amada verilen sebeple
yvans &t méyorsa bol bérakél an se-
belirtiniz.

5. Letfen sorulareée dikkatle okuyul
veriniz.

7

Bal ar él ar !

Prof. Dr. Omer GEBAN Aras. Gor. Ayla CETIN -DINDAR
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2w © , +(w3$23

1.1 1 E Aké tEpkimede verilenlerden hangisi Bronsted-Lowry asit-E E4 wWUEO¢ O¢ OE w
HCOOH + CN- <« HCOO-+ HCN

() HCOOH
(b) CNL

1.2 8UOEUCEEwWYI UEDAPOWEIT YEEcOQuwUI EI
(a) Proton (H*) alan maddeler baziktir.
(b) Proton (H*) veren maddeler baziktir.
©)8Ex¢U¢cOEEwW. ' wbil Ul OWOEEEI Ol UWEEaAaBPOUDUSG
(8Exc¢cU¢cOEEwW' whbil UOI al OWOEEEI Ol UWEE&aABPOUDU
(=) I T PSPPSR

EDpOuw

138UOEUCEEOPWPOPWUOUUAEWYI UEPAPOWET YEXUEOOuW
(&) Eminim.
L)$OPOWETI ADODPOBS w

21 1 EACEEwWYI UPOI OwEE&aAPOwrgal OUPOI UbwOUYYI UOB
.0.1 M NaOH
II.0.01 M NaOH
IIl.0.001 M NaOH
@) I>11>111
(b) 1=l1=11]
) N>11>1

228UOEUCEEwWYI UEPAPOWEITI YEE¢OwUI EIl EPOw
M1 gal OUPOPOwx"' wEIl defcl BMaEUUUC OAEWEE&AOC Ow
()l gal OUPEI OPwO OO wWerarcadat. uEUUUC OR EWEE&OCE Ow
(d) Cozeltide iyOOOEI EQwOOOI OLOOI UbOwa L &8 1A0 blupEéa O ¢ w
EAOCECUB wuw
@#1 UPb1 POwY!l wOUYYI UOPOPOWEaAOEc WOEYUEOOEU WO
deAeri artar.

238UOEUCEEOPWPDODPWUOUUAEWYTI UEDPAPOWET YEXxUEOOuW
(&) Eminim.
L)$OPOWETI ADODPOBS w
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31&gULI LwiA OOwOUYYI UOPWEPUWOPOUOUOOXx OEWOEEEIT C
Tgul EPOI El ADPOPabPwi EAEOwWI EPOwY! wLi A wUOEOT wi EU
OPOUOUOOXxOEWEEOQU¢cAcOcAacwWELI LOLOBwdaOOOE! OF
EI EACDEWPOEDPAPW]I PEPwI gULaAaOUUUOUA&ABushDAET OwE
aLouUl Owx"' uséhiptkd (obiébbsterilen o ve @ ile gosterilen X Y-
veyaZb a OOC’&&}/&S.MI wli guUUIT UPOIT Ow' 7wYl AaEw 9 wEL
molekilerini temsil etmekieD U6 w& g UUT UDOOI UET wi 1 OPOOI UPOwE
0001 OLOOI UPwHhT OEOwI EDOODI UDUG A

HX cézeltisi HY ¢ézeltisi HZ cézeltisi

() HX (b) HY (c)HZ

328UOEUCEEwWYI UEPAPOWE] YEEc¢ OwUI ET EPOw
@9Eaci wEPUHLBGUWBUDEDQGOOYAT OUDODPOwWx" wEI Al Ubu
* UYYI UOPWEDUWEUDPUUI OwOOUI EOWEUDEDPOwWAgAl (

338UOEUCEEOPWPDOPWUOUUAEWYI UEPAPOWET YEXxUEOOuW
(@) Eminim.
$OPOWEI ADOPOS w
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41"1 AEEWODPOAEWOEEOUEUUEUC OEEWEUPUOI UwYl wWEEAO

yapmakUEE¢ U8 w- OUOEOwI EUUOEUWEOQOUCc OEEQuwI 1 POwT E

olan hidroflorik asit (HF) ¢ozeltisi ile kuvvetli bir baz olan sodyum hidroksit

P-E. Awigal OUPUPOPWOEUE 0eUEUUEOWOOUI EOwA §
(a) Asidik (b) Bazik (c) Notr

428 U0EUCEEwWY!I UEPAPOWE] YEE¢OwUI E1 EPOw

(@ UPUOI UPOWEEAOEUOEwWUI xOPOI UPaodi wbgUOUOI 1 (
UOOUEUOBGEEWI 1T UWAEQOEQwWOgUUwWOUawAngal OUPUDPwWOO
(b) Asitler her zaman bazlardan daha kuvvetlive teh OPO1 OPEDPUS w# OOEa ¢ U
Ul xOPOIl wWUOOUEUBEEWOOUI EQwiAgal OUPwI 1 UwaEOE
)51 UPOI OwbObPwigal OUPOPOWET UDPI POOI Ubwi 1 DO
figal OUPE] Owi i O O wHebazkgizdltided delerbek DyOKRIE U w o'

iyonlar (OH-)daet PUWOOEEEACOEEQwWOIl UwalLOwUe¢i ¢cUwdOU
(d) UPDUOPAPWUI OUPOwI EXK GOD ibE B BANDO OAuDW OIOOE D O wul
DaOOOERwEBUT EPUWUI xOPOIT al wl PUT UwYT wUET wUU
(e)TepkimesonucundasodyumfIUorUUw\?i LUUULUOOUI 005 uJ2 OE&UOLU[

438UOEUCEEOPwWDODPuevaptahy a EwYl UEDADOw
(a) Eminim.
$OPOWEI ADPOPOS w

51 1 EACEEwWYI UPOI OWwOEEEI Ol UPOwl EOCT PUPWEE&ADPO WG
(a)CHsCOOH (b) CH:NH:» (c)BR

52800EU¢EEinUEDADOwEiYEEééinEiEDéw
(@, 001 OLOwi OUOLOLOET w. " wYEUEc¢UB w
(b) Sulu ¢ozeltilerine OH -iyonu verir .
(c) Elektron cifti alabilen bir maddedir.
2 UEEwWAgal OELALOE] wi PEVUORNI GwYi UPUS w
()2 UEE wh g a L O EdlaAmaddedirw’
() . 1 OEOPOWEDOI 1 POOI UWEE&POwgal 60POwl g UOI Ut

538 U0EUCEEOPWPOPWUOUUAEWY]I UEPAPOWET YEXxUEOOuW
(a) Eminim.
b)$ OPOWEI ADODPOS w
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61&9gULI LwAOOwOUYVYI UODLUEDUUJODWQ,UOUOOX OEWOEEEI C
UEOI EPOWEOaUUUOEEWI guUli EDOI Ei ADOPAaAPWI EaEOWI
AEOEEODPwI | OPOEI OPbuwl DEDwEDUWULXSOanI UububOlI
EL1 LOLOG w! UwU kewiedhirpdgi oD UDOE T 4u
ve tuz ruhu olarak da b ilinen 0.1 M hidroklorik asit .
@ " OAwigal OUPUPWEUOUOOEOUEEC Ubw! UwoOHPOUOUDE
OUOOEOEUEOwTDEUOOOOUDOwEUDUmﬁg'iOUDUDO]wEE

ngal OUPaPwOEUCcOwl gULUELOY wp. UUEOCEEOPWUU WO

(b) ()

628 UOEUCBEBRADOWE] YEEc¢OwUI ETl EPOw

@* UYYI UOPWEPUWEUDPUWOOEOwW' " Owingal OUPUPOET u
1 UOPOI | POwWi EAOEECUOWEOOEacUcaOEWO¢cUOl OQwha
0)* UYYI OOPWEDPUWEUDPUWOOEQW' " Qwingal OUPUDPwWUE
molekuler olarak bulunur.

C)Kuwl UOPWEDPUWEUDPUWOOEQwW' " Owigal OUpPUDPODPOwWU
EaU¢i EUEOQWUUEEWEUUEcwWY! wi OUPwaLOOL whbaddbOEU
(d* UYY!I OOPWEDPUWEUDPUWOOEQW' " Qwingal OUPUDOEI
iOOwl LAOLwWOOEUAUOEEOWUUEEW! PAwbadbOEI OEAO
(e)Kuweti EDPUWEUDUWOOEOW' " OQwiigal OUPUPwWO¢cUOT Ouwi

PDAaOOOEUWOOEUEOWEUOUBUUOWOOOI OLOOI UPOwWPhabdb
Eil ADI PUB w

638UOEUCEEOPWPOPWUOUUAEWY]I UEPADOWET YEXxUEOOuW
(a) Eminim.
(b) EmMindeADODP OB w
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71$ U1 OwODPOAEWEI UUDPOEI OPwxUONI UPwPiDOwWEUE! U¢ U
OEEOUEUUEUCOEEwWgAUI UO1I OPOPOwWOOUOwWPADOWI E4c
Birinin izerinde IMCH 2" . . ' wiigal OUPUPwWaEAOEOUEOQWEDAI UD
* ' wh gal OUbPUD wxhmaiddde oldn BICiKUgdzealtiyadaha biyik
EPDUWEIT T1T UEI wOEUC¢1 UCUEQws$UI 6zDPOwi OETl wi CUPAPD
EOAUUEUUyw

(b) CozeltiOH-Pa OO OEUcauDEBEOHUC O¢c wbAl UPUBS
(c)Cozeltine H:0*Da OOOEU¢ OOalbOEUwOc wbil UPDUG
(@QM&WM}D&OOOEUCGEmb@OEWCOCwEETEwﬁOOwDﬁiUE

s o~ 2 N~

728UOEUCEEwWY]I UEDAPOWET YEE¢ OwUI E1 EPOw
(a) Cozeltideki (+) ve (-) iyonlar bir birlerini ceker ve ¢tzeltide hig yukli iyon
bulunmaz.
B)* UYY]I 0OPOPO W BODaOBDE WE GG DY W Uidhual ET Owd
bulunmaz.

H:O*ba OOOEUc wEUOUOOEAS

(d) Molaritel ] UPwWEa O0¢c wOOEUAUwWD A B O wOURBEEFRW ¢ ull U udul
deOH-PaOOOEUCWEUOUOUUG

edOoOPwigal OUPWET WEE&APOwWA gaObd»DGOOEUAWLWDA D
bulunur.

(1) vt e ettt ettt ettt et ereer e eeeee et ettt et

738U0EUCEEOPWPDOPDPWUOUUAEWYTI UEPADPOWET YEXxUEOOuW
(a) Eminim.
b)$ OPOWEI ADODPOS w
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81* POAEwWgAUI UO1 O6POPaADPOwWI OPOE]I wbOPWEET OwET T 1 C
11 PUWOOEOwWPOPwWigal OUPWEGQAO OEODOEDEU DwEAUPCL
EPUWEUPUWOOCEQwW7wigal OUPUPOWEDPATI UBDOPOWET woCl
El OPUUPaOUBwW EOT PWEITTT UPOWOUYYI UOPWEUDU WA g
@l gal OUPOI UPOWET UP1 BPOOI UD
1 gal OUPOI UPOwx"' wEI Al UOI UDP
C)8Ex¢cUc OEEOPwWI PEUONI OwUEacU¢
(d) Cozinennba OOOEI OEwalLaElI Ol UD

e 3UUOUUOOWOEACECOcOwUl Ol DODPwWET ADI UDUOT wl ¢

828UOEUCEEWYI UEPAPDOWET YEEc¢OwUI Ei EPOw
by UPEDPOwWDPaOOOEI OEwalL4aElI UDPWEUUUECOAEWOUYYI I
)l gal OUPE]l OPWEUPEPOWE]T UPI POPWEUUUEOAEWOUY
dI gal OUPOPOwx' wEl AT UPWEUUU¢OAEWEUPUOPADOL
@* UYYI 0OPWEUPUOIT UwU U U I GGuak Al EABD c0ducp U3
! PUWEUPEDPOwWaEx¢cUCOEEOPwWI PEUONT OQwUEac¢ Uc¢ wE

838UOEUCEEOPWPOPWUOUUAEWYI UEDAPOWET YEXUEOOW
(a) Eminim.

$OPOWEI ADOPOS w
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91x O1 UwOOUOEEwW? UDU ®OBWNY Iguw!Of s00H WeYu @AW WO1 O
EO¢1 U¢cUOEwWUOUUOEUCECOcwngadl OUI EPUS w2 OUUOEUE
P2 U00VWEDVwigabDO0O®0DDMZEDPDOBWNE QUDODOwx "' wE
Ol EPUY 2 w
2PDaEl Owx Ol Uwigal OUPOPOwx' wel Al UDODPwWOERA W 1 U

(a) pH=2 (b) pH = 12 c)8OUUOwaExc OEOEA

92 8UOEUCEEwWYI UEPAPOWET YEE¢OwUI E1l EPOuw
@l gal OUPOPOwx"' wWEI Al UPOPwha OGEuwBEOBOBROEDODO MY
OOT EUPUOEUCWEOEcOCUB www
b)2 UaUOwWOUODaA OODP a4 Eavak B0 RaEPOuER WibwBABAUE UOU O
EUOUOGEQwWPhaOOwETI UPI PODOPOwWI OUPwWOOT EUPUOEUE
(c)Sulu cozeltidle OH-Da OOOEU¢c wY]l UPOEPAPwWHDADOwWx" wEIT Al
AiLOOL wx' w&PAIDOET UDI DODPwWPOI wi il UEMEOE¢AC O
gecerlidir.
) NS

938UOEUCEEOPWPOPWUOUUAEWYI UEDAPOWEIT YEXUEOOuwW
(a) Eminim.

b)$ OPOWETI ADODPOBS w
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10.1Yanda verilen resim icerisinde E a Gacimde
YI wETl UPOP@ERal OUPWEUOU
e (WOUOEUEOCcwWI UOI OEI
4 E a ¢ | alénbddtik Bsli) @reltisi
e ((WOUOEUEOGE W UOI O
6zsuyunda bulunan ve kuvvetli bir asit

UOEQuwYI

EOEEWEEOOOOEUEEWEUOUOEOQWOET Ol 4aU0wlO1 UEOD w
AEUI ¢ OEEWEI EACEEODOI UEI OQwi EOT PUDwI gaoi 601 O
@d OPWEEOOOEEWEEwWEaAOc wOPOUEUEE W D1 O wi gaol
(b)! EOOOOEUVUEEwWI 1 UT EQOT PWEDUWET ADI POODPOWI gaol
()2 EET El wil PEUOOOOUPOWEUPUWEUOUOEOQuwWI UGl OEIT L
(d' PEUOOOOUPOWEUPUWEUOQUOEOWI UOT OET wop( ( AWEE

1028 UOEUC¢EEwWY!I UEDADPOWEITI YEEc¢OwUI El EPOuw
(@)Metallerasitli UDOwHAT UPUDPOET wi UPBUOI UwYIl wi Eawid ¢ C
dOPwigal OUPwWET wEaOc¢c wEI UDI POET wOOEUAU WD |
TEaA&wiAcOcr ¢cwbOOUUB
©* UYYI UOPWEUPEDOWOET 01 4aU0Owlhi UEOPWHOIT wlI x
| EAOEWEEOOOEUO WA ¢ OBDAQuERIDEDOADIOE WIADEEEOOOE
I D1 Ol wl gaol OPUG
(d) Metaller sadece kuvvetli asitlerle tepkimeye girdiklerinden sadece hidroklorik
EUPEPOWOOEUAUWEEOOOEEwW D1 Ol wi gaol ObpUS
@*UYYI UOPwWEUPUwWigal OUPUDwWOET Ol aalOwdi UEOL
hidrokbc UPOWEUPEDOWOOEUAUWEEOOOEEWEET Ewi EAOEW
() Kuvvetli asit ¢ozeltisinde magnezyum metaliile tepkimeye girecek daha
AOOWPAaOOWEUOUOBEUAUGEEOWI EawiAcOcr ¢cwl PEUOOO

1038 UOEUCEEODWPOPwWUOUUaAEwWYI UEPAPOWET YExUEOOuw

(a) Eminim.
b)$ OPOWETI ADODPOS w
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1112 T 01l OwiAgal OUpOIl UPOwl &ZF— == =20 20 =g
PEES A A~ PEES N PR P L 'J__h\#"\'i?'
POl UO1 01 UPaol wboil POt 1

w

¢
w
OEDBOEUEO!
hangi tiir cozeltilerin 1T O1 O dhkaByA B w
pOi UUPADwHG e GJ 86axen
El Ol awELA&l Ol Abwi EA¢UOEO¢ UcUBw! 1T 1 UI wi EVUOC

AEAEEEOUCcUGwW 1T 01 UzPOwl OPDOEI wEI EACEEwWYI UDOI
cozeltlerden T EOT DPUDwI Ol OUUPOWEO¢c O¢c O0¢c wEET Ewbabuwb(
OOOEUcOEwWUI El xwbOUUy w

(a) 100 ml 1 M HCl ¢ozeltisi

(b) 100 mI 1 M HS c¢ozeltisi

(c)100 ml 1 M NH3 ¢ozeltisi

(d) 100 ml 1 M CHsCOOH c¢ozeltisi

(e) Hepsi

1128 UOEUCEEwWYI!I UEPDADPOWEIT YEEcOwUI ET1 EPO
(@2 EEI El wEE&ADOwWAgal OUDOI Uwl Ol OUUDPOWEOC¢ O¢ Oc
()2 EET El wOUYYI UOPWEUPEDPOwWRAgal OUDOI Uwi O 00
(c) UPUOI UPOQwaExcUcCOEEODPwWI PEUONIT OwUEacUc¢c wEL
1 Ol OUUDPOWEO¢c¢O¢cO¢cwWEET EwbabwhbOl UPUOI UGB
(d)Cozeltbwb il UDUDPOET wEET Ewli EACEWPaOdOwdOUI UUUE
daha lyi iletirler.
(e) Hem asidik hem de bazik ¢ozeltiler, iyon tanecikleri icerdiklerinden asit
YI aEWEE&4c¢ OwoUYYI UPOI WEEOEcOOEOU¢cacOwi i xUbuw
iletirler.

(D) e ettt ettt ettt ettt ettt e
11.38UOEUCEEOPWPOPWUOUUAEWYI UEPAPOWET YExUEOOuW
(a) Eminim.
b)$ OPOWEI ADODPOS w
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12.1x AUT UO1 O6Pw, 1 Ul zal wl'ikEUﬁﬁﬁmﬁﬁﬁ?l OOPOT Dwbdil Ul «
EEIT OwWETTT UwYI UODI UPUOU DUDPOEIT u
EUPEPOWEPUwWAgal OUPWEDA 1PDOWE DL
OOEUAUQOUWEI OPUUODI UDUG w = « - buw

ﬁgéiOUDODGwEEéDOwﬁgéiOODwOOEUAUéUwEiODUOiC
2 DaEl wkeriléhrddd Bangisi Ul OWEE T €0 g ObgddzeliyE 4 DO w
El OPUOI O1 UPDOI WAaEUE¢OE¢ wOOUUY w

(a) Zn metali ile tepkimesini test etmesi

bdadOOEI OEwalLaEIl UPOPOWEDPOOT UPwwuw

©x. "' wEl Al UPOPWEDOOI Ubuw

(d) Hicbiri

1228UOEUGCEEWYI UEPADPOWET YEE¢OwUI EIl EPOW

(b)Asitler daha kuvvetli ol duklarE i-in

d¢Léek olan -°9zelti bazik -°zeltidir

(c) Sadece asitler metallerle tepkime verdikleri icin, Zn metalini ¢dze ltilerin

(@}

PADOI WEUUCACOEEWUIl xOPOT wYl UOI al OQwrgal OUPw
A1 gal OUPOI UPOwx. ' wEl Al UDPOPOWEDODPOOTI UPOwU I
faydalanarak, ¢ozeltierin H+ve OH-Da OO OEU¢ O¢c wUIl UxPUOwl ET Ul O
UEaAaPOwi UO1I aPwUEAOEUGS

() TR RUPSTTR

1238 UOEUCEEOPWPOPWUOUUAEWYI UEPAPOWET YExUEOOuwW
(a) Eminim.
b)$ OPOWETI ADODPOBS w
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13.1Kenan laboratuarda bir deney igin
gAUI 001 6POWY] UEDPADU.
x'" WET AT UDPOPwg Ol Ul C
E1T Al UDPODPWNGt wYIl w! wh

El Al UDODPWET whil 8 A wdC

o . " N . o A cozeltisi B ¢ozeltisi L _
ngal OUBPUPODPOWEUDPUOBbuUwWY! acweetavucuvwgal OObDADuW

[ EOO¢OEEwWOl wUgaol al EPOPUUDPODPAY w
@9Eaci w UPUw
M9 Eaci w! E4auw
(c) Kuvvetli Asit
(d) Kuvvetli Baz
132YUOEUC¢EEwY! UEPAPOWEI YEE¢ OwUI El EPOuw
(@x' WEUUU¢OREWEEaAaPOwigal OUPOPOwWOUYYI UPwWEUL
byx" WEUUUCORAEWEEaADPOwWAgal OUPOPOwWOUYYI UPWEAE
() wigal OUPUDOEI Ow wigal OUD Vigodd buidara EUOE wOL
(d)! wigal OUPUDOEIT O wortanfdagdaia GiabOHByoriuw O ¢ a EUOE w
bulunur.
(e)x" WUEEI El wEUDUOPAPOWIOALULELUOWEEADPOWOEE
# OOEacUcaOEwx' wEUUU¢c¢OREWEUDEDPOwWgal OOPOWEU
Hx' WUEE]I E1l wuEUPUOPAPOWgOALULELUOWEEaADOWOEE
#OOEacUcaOEWUDPEDPORYEADOOPBOWEAEOCUS
13.38UOEUCEEOPwWPOPwWUOUUAEwWYI UEPAPOWEIT YExUEOOQuwW
(a) Eminim.

b)$ OPOWEI ADODPOS w
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L TGN

1418EQCEEOD W IPUDIOE IO O1 UEI Piston
magnezyum (Mg) metalinin
EUOUOEUAUW?PEWOEE¢ > wY
olarak bilinen kalsiyum karbonat X
(CaCOsK wWOEUcUec Oc OwWwEUO
OEEC?wXDUUOOOUwEwO'
EwYl wEwWOExOEU¢ OEOwWL
Xve 'Y ¢oOzeltilerinden yeterli

~ . _ O . a kabi, b]-;abu
miktardaekle OEDADOE] wli | UWEPUWOEx UE w

OOUI EOQwUI xOPOl El wi EadwiaecOc1 ¢O0c OwOOEUAUwWYIT wE
aLoOUl OCEPAPwl gaol 600PI UPUB w7wYl w8wiAgal OUPOI U
(a)d Qéreltide bazik

(b)d OPwirgal OUPEI wWEUDPEDO

(c) X asidik ve Y bazik ¢ozelti
(d) X bazik ve Y asidik ¢ozelti
e gal OUPOI UPOWEUPUOPAPwWYI AaEWEE4AOcA¢cwl EOQOO«

1428 UOEUCEEwWYI UEPADOWET YEE¢ OwUI E1 EPOuw
(@ UPUOI UBDOwOI UEOwWY! wOEUE CDE&#OEHBOEAEWO D OEL
(b)! EAOEUC¢OwOIl UEOwWY | wesiEdikedHOIEBIEOEWEE aA BOmOD E (
(c) UPUOI UPOwOI UEOOI U H&A ¢l Gd O B BIPQUEIOMENEQ .
1 00DPOI 1 O] UBDuHIOQUETEWRE Wi ¢ OEUS
(! EAOEUC¢OwOIl UEOOI U G4l utlalt uerd 1w O UEBD B FR O
1 UODObon@UIADDIUE & ¢ WERA ¢ AEwWRA ¢ OEUGS
(e) UPUOI UBOwOI UEOOI UG Eual cluovdl Qu B EA Qa0 U E U L
OEUEOOEUOEUOE Wl UopEd a i AUBAEIUDROIE B
M!' EAOEUCcOwOIl UEOOI U Ol wak auerd lw EQIDWENL WEWEOFEW
1 00DPOI 1 O] UbluBJEOQWBHREWME WA ¢ OEUG
(g) Hem asitler hem de bazlar metaller ve karbonatlarla tepkimeye girerler
YI wi DPUI OWOEEEI Ol UPOwgal OOPOOI UPOI wi guUI wEAR
(h)660006000000000000000006000000000000
1438UOEUCEEOPwWPOPwWUOUUaEwWYI UEDAPOWEI YExUEOOuw
(&) Eminim.
$OPOWEI ADPODPOS
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OPOwYl UEPADPwWOE
1 7OPOWEIT Ol a wEE
w

EcecOPOAEWOEEOUEUUEUE OEEwWgAUI UOI
w$ E
OWWEEUEOEOOEL

EECOEEw#1 Ol aw zwacwaEx¢caduUs

@)
$
EDOOEUI wEOEUEQAWBVEIAUDHWOE UDOE

Deney A
Ec( di 01 O Gozlem
$E1 70POwI OPOET wi *¢c¢UOcacwlULUDBUU
OOCEOQwWEDPUwRngal OUt ET AP1 Ol wOOOEEC.
igal OUPOPOwWAEac| tunusot OEAcEC O¢ Ouw
I EEOPOPOwWhYYwOOI 0¢cUO¢cacwbOOEUAU
belirtiliyor. Ece bu ¢ozeltiye
UUUOUUOOWOEAGCECL
Bilinmeyen bu ¢ozeltiye birkag Il gal ouUpOPOwUIl O
damla uygun bir indikator anda harcanan Y ¢ozeltisinin
EEOOEUEUEOOQwWOUY OPOUEUCE O¢ Owhik Y
bilinen 0.1 M Y c¢o6zeltisini bret tespit ediyor.
AEUEc¢O¢caOEwWaEYE!
ederek titre ediyor.
I DPODPOOIT al Ow7wigé *ecUOcacwlUUOUU
Y ¢ozeltisi ilave etmeye devam Ul 01T bOPOWOEYDuw
ediyor ve bu ¢ézeltiye turnusol turOUUOOWOEACEC O
OEA¢CE¢O¢cwEEUcUCc: EI ADI Ol EDPAPODuW

151$El 7 OpOaud @k U¢ BE QR EEIOM( BWEE:¢ OEEODWEDODPOOI a
nedir?
(a) Asidik ¢ozelti (b) Bazik ¢ozelti (c) Notr ¢cozelti
1528 UOEUC¢EEwWYI UEPAPOWET YEE¢OwUI ET1 ED
@*¢cUO0cacwUOUUOUUOOWOEACECOEEWEDUWET AD1 O1 wl
¢cozeltidir.
*cUO0cacwlUOUUOUUOOWOEACEC OEEWEDPUWE]T AD1 O1 wl
¢cozeltidir.
(c), EYDPwWUUUOUUOOWOEAGCECcOcOwUI O1l pOPwOcUOcacs
¢Ozeltidir.
(d, EYDPwOUUOUUOOWOEACEECOcOwUI 01 pOPwWOEC
cozeltidir.
e, EYDPwWwOUUOUUOOWOEACEECOc OwUI O1 pOPwOC
1538 UOEUCEEOPWPOPWUOUUAEWYI UEDADPOWET YEX
(&) Eminim.
b)$ OPOwWEI ADPODPOS

(et
O

a2 V]

cac

O
o
(et
O
o
D
o
0).

(an)
m/
(@}
O
£




241

16.1 EE1 7 O O @aO-EWe AcEuD B BHEIOMI( { & WEE¢ OEEOPWUDPUUEUA

EI EACEEwWYI UPOI OQwbi EEI OldoMibudaul EOT PUPwa EwWEE

(dwll OOwWEI AP DPOPOPOWOOEUAUWEOEEWAgaAl OUDPO
(@8EOO¢caw( w (c)d OPwbi EEIl wEl wedOAUU
MB8EOOcawW( (w (dd OPwbi EET wETl waEOOC |

1628 UOEUC¢EEwWYI UEPADPOWET YEE¢OwUI ET1 ED
(a) chdikatorler, asit-E EA wWUDUUEUA QO0OBU O®®RuL T UAT OO01 1 O1 U
YI wUl xOPOI al wi UI OQwE U U wVi Bl EAU EUEGE: GunGDAIOrOrE Uk
EI AbDI DUJ
(b)d DEPOEUgUOI UBOwWO! OEPOT wgal LwUl OOwWET AD1 Ut
asit-baztiUUEUa OOOEUEc OEEWOUOOEOEc OEQWEUDU WY aEwE
(c)d OEPOEU¢EAIWIBEDWEWa OOwUIl xOPOI 01 UPOET wll x
UEAOEUOGEUWYI w@légribde 8sidik veyla beik oo z8liednin
OUYYI UOPOPAPwWg Ol OOPWET ADOEDPUOWUT xOPOI wudod
olur.
(dDEPOEUgUOI UwOl OEPOI UPOT wgal Lwul OOwWET AD)
gal 00POOI UPaOl wi i1 ET AT UOPOWOOO U UL QUWIE X U
Ul xOPOI Ol UPOET wEUDPUwWYT AaEWEE&4¢OwOUYYI UOPOD
UOOUEUBEEwWOOUI EQwigal OUPwi 1 UWAEOEQwWOgUU WO
(=) ISP

1638 UOEUCEEOPWPOPDWUOUUAEWYI UEPAPOWEIT YExUEOOuwW
(&) Eminim.

b)$OPOwWETI ADODPOS
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1713 El z OpOaud @k U¢c BE @R EHAEIOQ( { Wb wEl EOEO¢ OwUOOUOE!
TUEI PADOPwiDalOl OwbUUI UUI Owl OET wl EPOI ETl OwU ¢t

olur? (E ile ifade ediOT Qwli 1 ET AT UOPOWOOOUEUCECUB A

pH

eklenen Y _ aq) eklenen Y __ g

(a) hacmi (C) hacmi

APH , pH

—

eklenen Y aq) eklenen Y aa)

(b) hacmi (d) hacmi

1728 UOEUCEEwWYI UEPADPOWET YEE¢OwUI EI EPOw
(@%ﬁEEéinXODOIOIUDOEIwEUDEDOinaEwEEéCOw(

kadarH*Da OO OEU¢ WEUOUOOEEC¢AC OEEQWA zZ EI OuJELaLOu
(c)9Eac¢ QBB W OPWEEAWUDPUUEUAOOOEUCOEEWI 1+ ET A
kadar H*Da OO OEU¢ wE UOU Orkadakcolic OEEQwA z E
(d9Eaci-QUEYEYdA UOPWEUPUWUPUUEUAOOOEUC OEEWI 1 El
kadarOH-Da OOOEU¢ WEUOUOOEECACOEEQwWAZEI OwELaALO
()9 Eac FQUEYEYd UOPWEUDPUWUPUUEUAOOOEUCOEEWI 1 EI
kadar OH-Da OO0 O E U ¢ wAECUAAIRDUEAEZCET OwOL AL OwOOU UGS w

(f) Kuwetliasit-OUY Y1 UOPWEE&AwWUDPUUEUaOOOEUEC OEEWOg UU

OOOUEUC wA wOOUUB w

1738 UOEUCEEOPWPOPWUOUUAEWYI UEPAPOWET YExUEOOuW
(&) Eminim.
b)$ OPOwWEI ADPODPOS
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181& g UL I LwAa OOwoOUYYI UOPWEPUwWEGBOUOUOOx OEWOEEET |
UEOTI EPOWEOaUUUOEEwW! gUI EPOI El ADOPabwi EAEOQuw

EEOUCAC OC 4 ¢ tighhigefisBde @ & O w E DU L

asit olan 0.1 M hidroflorik asit (HF) ¢ozeltisi

2 v £ e oA~ A N N A N e

EUOUOOEOUEEc U w! UWwOPOUOUOOEUWOUOOEDBEUEO OWI
UEL

EEOQOUCACOEEWEVUwWAgal OUpabwbOEUec Owl gUL L Oy wa
ediniz.)
HF HF g
wr HF
HF . HF H'
HF  HF HF gy
HF H™
(@) (b) (c)

1828 UOEUCEEwWY]I UEPAPOWEIT YEE¢OwUI El EPOw
@9Eaci WEPUWEUPUWOOEOW' %wigal OUPUDOI WEEOCC
tamamen molekdler olarak gortndr.
b)9Eaci WEPUWEUPUWOOEOW' %wigal OUPUDPOET wEUUC
AEacCl wEGEBWABOD O OwbaOOOEI ¢cUOwi EOEQwWOOOI OLC
UEacUcOcOwaEOcOEEWOOEUOREWEAECUS
C9Eaci WEPUWEUDPUWOOEOW' %wiigal OUPUDPOET wOOOI
(9Eaci WEPUWEUDU wO OE@WO BawH RO ubEIBIIBWN ¢ui 00 10R
OOEUEOQWEUOUOUUOWI EOCEUwWwPaOO0EUEC OQwUEacUecwOOo
EAECUS w
e)060006000000000000000000000000000600

1838 UOEUCEEOPWPOPWUOUUAEWY]I UEPAPOWEIT YEXxUEOOuwW
(a) Eminim.

b)$ OPOWEI APODO
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APPENDIX C

KkMYA MABNON ANKETK
Sevgili ¥Krenciler,

ALaKEdaki ankette kimya dersine y©°nel
i fadeler yer almaktadEr. Her c¢mleyi  di kK
yvanEtE i Laretl eyiniz. Ycakduramukwsurgkeleneile e n s
yuvarlayarak i-1ini dol durmanEzdEr . Ver c
kull anEl acak ol up kesinlikle gi zl i t ut
cevaplarEnEzEn doKru ve exsikbshnzL(Lioimdiad &

telLekke¢r ederiz.Kimya derslerini hakkEn:«
anlamak i-in, | ¢tfen alaKEdaki ifadeleri
» Qg
— £
Kimya dersinde olduKusg§e § T &
cE - ¥ 3 5
ITN< o O I
1. KimyayE °Krenmekten (1) (2 @) @ (O
2.¥Krendi Kim kimya bi (1) (2) Q3 @) (®)
hedefl erimle il i Lki
3.Ki mya sEnavlarEnda (1) @) (3 4 (5
balarEIE ol mak iste

4. Ki mya sEnavlarEnEn (1) 2 3 4 (5
beni endi Lel endirir

5. EKer kimya °Krenirk @ 2) 3) @) (O
nedenini bul maya - a

6. Ki mya sEnavE zamanE(@) (2 @) @) ()
7. Kimya dersindeiyi bir not almak benimicin (1) (2) (3) ((4) (5)

onemlidir.
8. Kimya dersinde °Kre (1) (2 3 4 (5
gerekli -abayE g°st
9. KimyayE iyi °Krenme (1) (2 () 4 (5
kul |l anEr Em.
100Ki myayE © iﬂ)ifiébulq\adabana @ @ @B @ OB
nasEl yardEmcE ol ac
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» Q3

X S

Kimya dersinde olduKus5gaos § T J

O“Eh N c —_

=" © (B} (0]

IN m O =T

11¥Krendi Kim kimya bi (1) (2 @ @) (®)
ol acaKEnE d¢Legnegr¢gm

12Ki mya dersi balLarEm@) 2 @ @) )
veya daha iyi ol aca

13.Ki mya sEnavlarEnda (1) (2 @3 @) (5

endi Lel eniri m,.

14Ki myada di Ker °Krenc(l) (2) 3 @ ()
ol duKunu d¢gLeéegnmek b

15Ki mya ders notumun ¢(1) (2 @3 @ )
et kil eyeceKini dg¢lLyg

16Benim i -in kimya hal@ 2 @ @) (5
al dEKEm nottan daha

17.Ki my a hakkEnQa biimgi(l) (2) 3) &) (5
naskEl faydasE ol aca

18Ki mya sEnavlarEna gi(l) (2 @) @) (5

19¥Krendi Kim kimya bil() (2 @ @ 6
déeLeéeneér ém.

20Ki mya ile ilgili bil( (2 @ @ ®
benimlat amdEr .

21.Ki my a IvaboratuarEnda(l) 2 @3) @ ()
ol acaKEmdan emini m.

22Ki mya °Krenmeyi il gi@ 2 @B @ (B
23¥ Krendi Kim kimya bil@) (2 @) @& (5

24 .Kimya dersideki bilgi ve becerileritamolara (1) (2) (3) ((4) (5)
°Krenebil eceKi me i n:

25¥Krendi Kim kimya bil(@) (2 @ (@ ()
deKeri vardEr.

26Ki mya sEnavlarE ve I(1) 2 3 & (5
hazErl|l anEr Em.

27.Benipr |l ayan ki mya holL (1) (2 @ &) (5

28Ki mya sEnavlarEnda (1) (2 @3 &) (5

29.Ki mya dersinden en y(1) (2 3 @) (5
i nanEr Em.

30Ki mya ile ilgili bil@® 2 @ @ O
hi ssiyatE veri




246

APPENDIX D

Interview Questions

¥Krenci G°r ¢ ¢Lme SorulareE
Asitler ve Bazlar

1. Asit ve baz denince akl Ena ne geliyor"
U0 ¥Krenci tanEm yapmazsa:
Asitleri tanEmla desem nasEIl bir t
BazIl arE tanEml a adpeasresnE m?2as EIl bir t &
- tane asit °rneKi verebilir misin?
- tane baz °rneKi verebilir misin?
Asitlerin ve bazlarEn ©°zellikleri h ak
U ¥Krenci cevap veremezse.:

Asitleringenel 6zellikleri nelerdé¥? n e Kiilenn,pHoaellikleri

nelerdi 2, Turnusol kaKEdEnda nasEIl bi
maddel erl e tepki meye girerler mi?,
Bazl arEn genel¥ronze«linipidpadikdér ar éElne r d |
nel erdir?, Turnusol kaKEMdKamda nast
maddel erl e tepki meye girerler mi?

Ne biliyorsun balLka asitler ve ba:

2. Sencegnl ¢k hayat EmEzda asidi k veya bazi

Bu maddel erin asidik veya bazik ol duK
0 ¥ Kr edmek veremezse:

Sence bulalLEk deterjanE, sirke, ki

Bunl arEn asidik veya bazik ol duKul

3. ( ¥Krenci ye HEOOH,BRIHNHQ¥WNaCEHR zel t i Lekille
ornekleri gosterilir)
Buradakied nl e r i d¢lLendegKende -°zeltilerin

d¢lLenegyorsun@asBdi k°zeltwnibari h oPduKun,
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YA WEWEN
i\ [mon) Ly () () (e

4. ( ¥ Kr elneckiiyled &k i t qinei y aerldigs®Esntae erlandéarr. dkoK it

renksiz ¢ozaltcermektediiCizimicin HA ve BOH 6rnekleri verilebilir.

ANA

Bu beherl erden birinde
ol an bi r BufadakiLkorzeitienica neds@yleyebifirsin

pH deKeri 4 ol a

pH deKeri 4 olantetzeimtngsEtebpityel me
bir mal zemeye ihtiyacEn olabilir mi?
U ¥Krenci cevap veremezse:

kndi kat°r denince akl Enda bir Ley
Turnusol kaKEdE hakkEnda bir fikri

Gor¢lLe¢ -0k kuvvetli b inecik boyutureda ol sa el i

gerebil di Kiunicidhialzgdna bu -°zeltilere bak

misin?

pH=4 pOH=4

pH veya pOH denince akl Ena ne geliyor?

U0 ¥Krenci cevap veremezse.:
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Sadece asidi k -°zeltiler i-in mi fj
Bazik -°zedrii lvar nmBpHEM?2 K
pH ile pOH arasEnda bir ililLki val

Bu iki erlendelgozeltierba Lk a bir erl ende kar ELt Er sa
Tepkime olulLur mu?
5. ( ¥ Kr elnecki iyl eikieeiten gogterilir,ibirign kuvvetli bir asit cozeltisi
di Ker iykfn klier zaasi t -.H@leelHCN Gsnekleo | duKu be

verilerek °Krenciler bu)maddeleri kul
Kuvvet | iasiigéeeitisad eznaiynkcfe a k|l Ena ne geliyor
Ne fark vardEr sence bu -°zeltiler ar.
Gor ¢ L¢ - dkcihizwlsawelnde) maddeleri tanecik boyutunda

gerebildi Kini d¢len, kuvvetli ve zayeE

bakt EKEnda ne g°r¢rden?

Kuvvetli asit : ZayEf ¢
¢Ozeltisi ¢Ozeltisi
ALaKEda verilen asit -°zeltilerini ku
0.mM 0.01M 0.003M
HCI HCI HCI

a) 0.1 M HCI b) 0.01 M HCI c) 0.001 M HCI
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6. (¥Krenciye kabaca n°trlelme etkinliKi
gesterilir, birisinin i-erisinde bir |
di KerininbirelreywimldmadBKE g°sterilir.
elLit mi kerleneildwe ediiuDahaksotwag zi k -°zel tiden d
mi ktarda al Enarak i-erisinde asidik -
indikatérolane| ende r egoklemieelsii L ismiKnh anEr . Di Ke
aynE iLlem tekrarlanEr, fakat burada |
AynE maddel eri ilave etmemi ze raKmen,
farkl E durum i-in ne d¢legngyorsun?

Neden fenolftaleinindikatébiu | unan erl ende renk deKil

kki -°zeltiyi kaepgkt hedeK&E&miEeramb@r han
U ¥Krenci cevap veremezse:
NetrlelLme denince akl Ena ne gel iy«

Tepkimeyegrn ve olulLan ¢regnler nelerdi
kndi k a®\ears Enle chiirr Eobfdksiyonu vard
Kar ELt EKEmMEz bu asit -°zeltisinin 100
100ml O0.1M NaOH -°2zeltisi ol duKunu g?°:

nasEl tamamlarsEn?

Elde etti Kimiz bu son -°zeltiyi alLaKE

Busongéel tinin pH deKeri hakkEnda ne s°.\
HCI + NaOH ¢
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Bu °rnekte, kuvvetli bir asit ve kuvy

birisi zayEf Dbir -°zel tdieKdILd &y d &Kk a-l Bk

¥rneKin, elinde zayEf bir asit -°zelt

sen bunlarE balLka bir beherde karELtE
U ¥Krenci cevap veremezse:

Bu durumda yine n°trlelLme olayE olu
Tepki me sonucunda olulLan ¢renler nel

¢°zeltinin pH deKeri i -in ne s°yl ey

KimyayE ¥Krenmeye y°nelik Motivasyonla il
1.Ki mya hakkEnda bir Leyler °Krenmek holu

Neden b°yle d¢lengyorsun?

2.Ki my a ° Krnagmaremlims?e n i

Ki mya hakkEnda Dbilgi sahibi ol mak sana
3.Kimya dersinde °Krendi Kin bilgilerin se
4.Ki mya dersine hi- girmemiL biri il e ken
ol d u K umiyor nigun?e

Bug¢ne kadar °Krendi Kin kimya bilgisi s
5 Ki mya dersiyle ilgili holLuna giden veya
6.Ki mya dersini nasEIl °Krenmek isterdin?
Uygul ama sonrasE g°r¢lLme sorularEna il av.
1. Asitlerv e bazl ar ¢nitesini °Krenirken °nceki
benzerlikler veya farkl EI Eklar hissett]i
2Asitl er ve bazlar ¢nitesini °Krenirken

yapt EnEz. Bu Leki | dmikoisun?Krenme hakkEnda

B.Etkinliklerin kontroll ¢¢négn sizin ¢zerin
4.Zorl andEKEn veya holLlanmadEKEn bir et ki
5Yapt EKEnEz etkinliklerle ilgili s°yl eme

6.Sence bu y°nt eml e ° ddueuhenkivegadolumsuzi v eya
belirtmek istediKin d¢lL¢e¢nceler var mE?

7Ki mya dersine y°nelik d¢lLe¢ncelerinde de
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.Butarz® Kr e n meb & (ekka ielmgik! i st edi kl erin var mE

Kretmen G°r ¢ ,Lme Sorular€E

. Asitlerve bazlariinitesini ©° Kr et umgnbdadEKENREz ©°Kr enme ¢
icin neler sdylemek istersiniz?

.¥nceki konu anlatEmlarEnEz ile kEyasl ar
tr benzerlikler ve farkl El ar ger-ekl elLt
.Uygul ama esnasEndan sdEemrEBfe iy-°inred d k° Kdraevnrcain
g6zlemlediniz mi? Gozlemlediyseniz bunlar nelerdir?

.¥Krenme d°ng¢s¢ yaklaLEmEna g°re hazEr|

°Krencilerin hangi y°nlerini gelilLtirdi

5. Asitler ve Bzlar tinitesin® Kr e t herhangezdoer | uk | ar |l a karsEIl alL

6.¥Krenciler, size uygulama esnasEnda der

olumsuz g°r¢l ilettiler mi?
.Daha sonraki anlatEmlarEnEz ilanl aKEakm

uygul amayE d¢lenegr megsengz?
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CLASSROOM OBSERVATION CHECKLIST
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Evet

KEs m

Hay

NA

SEnEf G°zlem For
1. SEnlBdoratuamr t amE der s vy a
2. SEn Bdbbratuad a ° Krenci l er
SsErm{ davar mE?
3. ¥Krenciler derse katk
4. ¥Krenciler yeni bil gi
5. ¥Krenciler SsEnEf i -i
kat EIl Eyorl ar mE?
6. ¥ Krenciler grup i -1 @
kat El Eyorl ar mE?
7. ¥ Kr ien etkinlikleri grup halinde beraber
ger-eklelLtiriyorlar
8. ¥Krenciler, etkinlik
anl amaya -al ELEyor m
9. ¥Krenciler gruplar ha
-al ELEyorl ar mE?
10¥ Krenci |l er, ©°Kr e tvareean
not tutuyorlar mE?
11¥Krenciler, s¢rekl i |
12¥Krencil er, °Krenmek
ger-eklelLtiriyorlar
13¥ Krenci ler, aktif ol j
14¥ Krencil er, baytetgedyorar |
mE ?
15¥ Krenciler, ders sony
deKerl endirdiler mi?
16¥Kret men, °Krencileri
17¥Kret men, °Krencil eri
ortam saKIl Eyor mu?
18¥ Kr et men, ©° Kderstedgilil er i
°Krenmel erini sorgul
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SEnEf G°zl em ForEvetiKEs mHay! NA

19¥ Kret men, °Krencil er d
mu?
20¥ Kret men, °Krencil er d

soruyor mu?
21 ¥ Kret men, °Kreti mi g d
Lekillendiriyor mu?
22¥Kr et men, °Krencileri
sorguluyor mu?

23¥ Kret men, °Krencil eri
tahminlerini sorguluyor mu?

24¥ Kret men, °Krencil er g
sorular soruyor mu?

25 ¥ Kmeetn, kavram °Kretd.i
°Krencilere veriyor un
26 ¥ Kret men, ders esnas:t
sormasEna izin veriy
27KavramlarEn °Kreni | mé
yapEl Eyor mu?

28¥Kretmen, s¢rekl i bil
29¥ Kret men, grup i -1 VvV
°Krencileri cesaret]!l ¢
30¥ Kretmen, grup i-1i V¢
°Krencilere rehberl ik
31l¥ Kret men, konu °Kret.i
yanEl gEl arE gi der mey ¢
32¥Kr et men, ders sonunoda
°Krenmel eri ni sorgul u
SEnEf: ¢é&&&&d

Tari h: ¢ééééeeé.

Ders s¢reseéééeéeéeé

DeKerl endirea: éeééeéeée
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APPENDIX F

STUDENT HANDOUTS

Fol. ACIDS AND BASES

Asitler ve Bazlar

Ne biliyorum? Ne ¥rKmek kst

Ne ¥Krendi m?
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F-2A.ADAYWITHMELIS(MELKkS3KkN BEKR G! N!

Asitler ve Bazlar

Meis ¢ ni versite birinci sEnEf
m¢hendi sl i Ki nde okuyor. Me |
dersten sEnavE var ve sEnavl
erkenden kal ktE. KahvaltEsEr
okumal arEnE tekr amrmaykEr rtkemc il

etti, kahve ve -ikolata sevdi Ki bir ikil
de, -ikolatanEn tadE -ok hoLuna gidiyord
kahvesinden bol bir yudum deVvamrethi.kDersler s |
notl arEnEn tekrarEnE Dbitirdikten sonra b

Mel i sé6in sEnav yaklalLtEk-a stresi daha
birka- kalLEk yemek sodasEnE su hialz€rK amkna
balladE. !'!zerini deKilLtirdi, dersleri i-
Di Ll erini fEr-alamak i-in banyoya gitt:
-amalLEr suyu kull andEKE ii- ikne stkda my o naunma LiE
kokuyordu. DiLlerini fEr-alarken banyoda
Di L fEr-asEna fEndEK be¢yekl ¢Kende di L me
fEr-aladE. Artik ¢niversiatceye ¢giltmeyet laa

el ma attE.

Evden dELarE -EktEKEnda hafiften vyak
duraKEnda gitti ve onu okula g°t¢recek
bekl erken duraKE karLEsEIhe@a@g? z gneirlmiek dien

aLEnmal ar daha °nce dikkatini -ekmemiLt:i
hemen otobg¢se bindi. Bekl erken montu ve
geliyordu.

SEnavE iyi ge-en Mel iwe rs&matvideamE s omirsa

-antasEna koyduKu el mayE zevkle yedi. S
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arkadall arE bir yerlere gitmeye karar V¢
Mek©na gittiklerinde yemke&rnei bséabamaada:
ArkadalLl arE ne yiyeceklerine karar ver mi
kahvalt Edan sonra hamburger ve kEzart EI
istemiyordu. Tavuklu salata yiyerek onu dengelemek istediekeolgeak da kola

yerine ayran siparilLi verdi . SipariLlLle
al EkoyamadEl ar kendilerini. SalatasE gel

salatasEnE yerken bir vyandanonraMelisavg r anEn

arkadallarE -imlerin ¢zerine oturup -ay I
de al dEl ar, Meliséin akl Ena annesinin ye
haftasE biter bitmez ail ésisni-n mfanErea ug
-im ere d¢lLen kek KErEntESEnE sErtEna vyg¢

Mel is arkadalLlarEyla vakit ge-irmekte
sEnavlarEna hazErl anmasE gerekiyordu. Ar

dond¢ K¢nde ev arkadalLEnE aKlarken bul du,

ona g¢l ¢yordu -¢nke g°zyallarEnEn nedeni
Melis de salata yaparak ev arkadalLEna
Maydanozj o mat es, yelLil biber, salatal Ek ve KkE
hazErl adE ve beraber keyifli bir yemek vy
da odal arEna ders -al ELmaya gittuzdmger . Kkl
Leftali gibi meyvelerden hazErl adEKE bir
meyve yediler.

G¢nen temposundan mE bilinmez Melis b
sEklI Ekla ila- i-memeye - al HfleehilirdidBirazbi r a |
daha ders -alELtE. Al dEKE aKrE kesici y.
hafifliyordu. Saat epey ilerlemilLti arte6E

yapt EKE gibi bir bar-dakadE&EEkYattaking bi it a:
sonra uykuya dal dE.

x OkuduKunuz metinde, Melisdin g¢
maddel eri tahmin ediniz. Neden
x Grup arkadall arEnEzIl a asi addeler ve

arasEnda benzer maddel er var mE
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F-2B. AN ACID OR ABASE ?

ASIT Mi? BAZ MI?

Evden getirdi Kiniz veyadmalemeyttumesoli ni z d
kaKEdE ile test ederek asidik mi yoksa
tartELarak karar veriniz?

Elde ettiKiniz sonu-larE tahtadaki poste

Tahmin Tur nus ol

Kull andEKEn .
Asit ? Baz? KEr mE Mavi

Sonug
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F-2C. ADAY WITH MELIS

MELKS6kKkN BkKR G! N!

Asitler ve Bazlar

| Melis ¢ni versite birinci
,3‘ m¢hendi sl i Ki nde o0k uybio dersten

|

o \

sEnavE var ve sEnavEna bi
Kahvalt EsSEnE yapmayar ak

\:"
“L ederken bir Leyler atELt

sevdi Ki bir i kiliydi maMe&
bilse de, -ikol at anTEnk ¢gra¢dkE k-aorkmahLoEku nbai
yakEn olup 7,4 <civarEndadEr. Melis 'y
aKzEndaki bakteriler i-in de kahv E
ckol ata, Lekerleme gibi tatlE y“«
minesini -%zer . Di L minesi %9 8 01
(Ca(PO)OH) ol ulLup dilLin en dEL tabakasE «
sert maddedir. Her iyorkkat E gi bi sulu ortamda hidi
-%kelir. ¢t°z¢nme ve -°kelme dengesi
kal siyum, fosfat ve hidroksit iyonlart

C&(P04)3OH(k) = 5C32(suda)+ 3P04'3(suda)+ OH'(suda)

Bu dengeden dolayE, diL minemizde bir
bozarlar. AKzEmEzdaki bakteriler vyedi
Leker mi ktlaarkBnidka asit ve asetik asi:t

iyonlarEnE n°trler ve s(PO)OHedozireneyd eepakni ea
dolayEsEyla dilLlerin koruyucu kaplaea
macunumuzdaki flor bu bahsetti Kimiz h
tepkimesindeki hidroksit iyonunun (PH y er i ni al Er ve ori|j
Ca(POy)sF, cokelir. Cokelme ve ¢oziinme denge tepkimeménklea L a KE d a Kk i

50 az(su da)+ 3 P04'3(su da)+ F'(sud a) = C &(POA)SF( k)

Fl orapatit, hidroksiapatite g°re 100 |
az etkilenir. Bu nedenle dilLleri mKE e
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onemlidir.

Melis di Ker yandan, uyanEk

yudum alarak ders not |Kan& haif
asidik bir i-ecekfiirPDepbs det
bitirdikten sona bar daKEnE Db ul Bdtefdolar
genelde bazik maddeler icerir. Fakat tuvalet temizleyiciler gibi fosforikP@sjt \(elya

hidrojen sulfat (HS9 gi b i asitleri i -eren temizl
-amalBada Ekal |l anEl an -amalLEr suyu sod:
iyonu (OC) bazi k bir -%zeltinin klor gaz

olulLur. Denge tepkime denk

Chg+ 20H-(suda) = OCksudayt Clsudat H20(s)

Buteki mede kloHdandywdadEv L

birbirine d°en¢glegr. Bazik b d
kl or gazEnEn b¢y¢k b-ifarmurkldE

tutacak kadar hEzI|I EdEr. Fakat -amaLEr
ediire, bazik -amalLEr suyundaglinl bt &r o k ®i
tepki meye girer. Ortamdaki hivel Old & s @ & |

tepkime yavalLlarken ters y©°nd e k.iBuduremp Koi
gazEnEn tehlikeli d¢zeye gelmesine ne
etiketlerinin Gzerine tuvalet temizleyiciler gibi asidik maddeler icerikli temizlik malze
birlikte kullanmayEbuukamks Blax&E£BIdBd En

Meliséin sEnav yal ’ i
artEyordu ve mide
birka- kaLEk karbo
snhiversiteye gitm
*bal’.lamélisa[in acybark‘*’—-‘/

i
kahvalEtnBBsvE °vnecesi stresi mi de ssiun dkeanitieaicki

fazla asidi n°trlelLtirmeye yardEmcE o
sodyum bikarbonat (NaHGPigerir] Mel i s szerini d deKerldri
-antasEna yerlelLtirdi. DilLlerini fEr-;
ev arkadalE -amalLEr suyu kullandEKE |
DiL fEr-asEna fEndEk be;ydikH k&telnid eb idri L

[Di L macunlarE genellikle bazik maddel
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i -erisinde biriken Leker ve yemek

edi |l mesi nd e ] Artk iinivétsiteyeEgitery le u rhlaa rE r

ar

vde

-Ekmadan acel e il eMalkasitteis Enceikli e
ol mak ¢zer e, bir-ok meyve ve de
1785 yElIEnda ilk kez Carl Wilhelm Sc

edilmiLtibu he8deddntséene Lavoisier L

adENE Jvermi Ltir.

Mel i s, evden dELarE -EktE
adEmlarla otob¢s duraKEnda
bekl|l emey Asitlebnasilu g d Et i[| er i sud:

kyonlalLmEL sEvElara elektrol
Asitlerin suya verdi Ki bu ©°
yapEI Er . Ak¢ler kimyasal pililleer di kF gi l
verilecektir . Mel i sdin otob¢s¢ beklerken dur
g°z¢ ililLti. Heykeldeki alLEaknall ay a kKknmthi
5,6 civarEndadEr; rwr lderkea dieth yakmau ralza
yaKmur atmosferdeki karbondioksiti, a:
Kekert di oksit de vol kani k patlamal ar

dioksitle etk | e L me s i sonucu kgke¢egrt trioksite
SOAg) + NOA(g)A SO4(g) + NO(9)

DoKal yol |l ar danxg)ove 8dgg n sreavi ayckd lkeir i NO ay
yé¢kseltiyoruz ve byl ece yaKmur un oldukca
yé¢ksek oranda kegkegrt i-erir; 2Kkgmed©wyal
di oksit de havada ke¢kert trioksite

Yo A

¢bziinmesiyle sulfurik asit,S@( s ud a) olulur.
asit yaKmulnas BEnaEnk at K ESE ol uls

arabanEn silindirlerinde EsEngs i
NO(g) olulLur; bu gaz da .
don¢gler. Azot dioksit ‘
HNOs( sud a) ol ulLturur. Yzell i EEe y

bel gelerde y¢ksek miktarlard
yaKmur suyunda - ° zS@)mérk asi (HEQ) =
ve hidroklorik asit gaddce obliutlkuirl.erAm
yalLaml arEnE etkilemekle (g°llerdeki p
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karbonat (CaC bul unan heykell eri bile zaman
asit kalsiyum karboramatl t e p ki meye girerek mer mer h

olur:

CaCQ(k) + 2HNOs(suda)y CalNOgs)(suda) + CAg) + HO(s)
Evlierimizde -aydanl Eklarda, su borul:
kire-lenmiLiknad Zeelet ielrerasiilde temi zI|l eni

ve kalsiyum kar]b.ontaKm®rzagz nmgKkmen uot ob
otob¢se bindi. Bekl erken montu ve -lsah
giysilerve kirli spor giysilerinin karakteristik kokusu monoprotik bir asit olan hekzanoil
kaynakl:GHCBLHCHCEH.SEnavE iyi ge-en Meli

ve rahatlamEL hissetti. Sabah -antaseE
SEnawvessini czerinden atmak i-in Mel i's

gitmeye karar verdiler. ¥ncelikle bir

0@ i) o
— :,p“,’

[Klasik sabunlar icerdikleri bazik maddelerden (skbwwetli bir &

|

bazEn hayvansal yaKlarEn tepki mesi S

gittiklerinde yemeKine balLl

deride kayganl Ek hissi &eriadasEnwea p
Cildimizin nodm&l apldsEedar ide&| & iErk;a deElt
cildimizin pH deKeri yé¢kselir. Kurul u
nem ve pH delngeArikhad&@alvarlBrne yiyecek
g°z attE. Sabahki sarKgetrk s\vEe kKEazhavratl B IEmE
yemek istemiyordu. Tavuklu salata yiyerek onu deng
istedi ve icecek olarak da kdfao[l anEn t am
bilinmese de i-erisinde

karamel, vanilya 6z{igiu gibi maddeleri :

ol duKu Dbilinmekte

civar]l]EndyadiEme ayr

Sipari Ll eri bekl er ken sEnav soruflar
kendilerini. Sal at as E Sigke asdik dgéliknghsie rt uvze
2403,4 arasEnda olabilir. Beten asitl
CHCOOH sirkeye ekLi tadEnE ve keskidB
oranEnda asetik asit i-nersirr kaemaertdwer Lb
Sirkenin olulLturduKu asitli ortam gEd
b¢yeéemesini engell er. Bu yézden tur Lt

yontemdif. . Mel is afiyeMellei s$alnatnaisdeensE , y etre
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sindirime balLlamak i-in bir mi ktar as
ile 2 arasEnda deKiLebildiKj

hidroklorik asit yet, akeadi a 1
del ebil ecek g¢-te bir asitt k
tabakaseE, asidin mide epitel a
mukus tabakasE -ok ince qur a
sahipse, bunun sonucunda the ek Li mesi , ¢ |

rahat szI|l Ekl §r Bbbig?° ry@alnabainl ndeak

[Ayr an, yoKur dun i-ine su katElarak e
(laktozun), vyoKurt inasi bhain&€ gefnesinden meaydanaygele
nevi pEhtEl alLmEL s¢tter. Baksa bir if
farkl EIl Ek g°sterir) yoKurt ¢retiminde
4,65 cEvar&@ndafB artmaktadEr. Laktik a

kelLfedil enGCHOH-©6OOM plan.bir @dnik hidroksiasittir. 1881'de ticari o
be¢yek ©°1-¢de eklLimiL s¢gtten elde eé&ib

yoKurt, ayran, kefir ve bazBH peynirler

Yemekten sonra Melis
& oturup cay icmeye karar verdieraly d o Kal
(indikat°or)dir. ¢taydwpapr
kErmEzE soKan kabuKu, -i
belirte-1eri de -°zeltir

e . . . j
deKiLtirme ©°zelliKine sahiptirler. Tur

ilerideki LHledgsddtraltireE nt g an En . é
al dEI ar , Mel i s6in "E
nasEl kabarEr? Neden bazeE 5

karbonat kullanEI Er? Bu ik

Ozellikleriv e t epki mel er] L.
kabar mEL kek yapabilmenin Jzs

Annesini °zlemilti sEnav hai
kar ar verdi . Mel i s -imlerde
sErt Emial yk&r Enc &pEms &y Asi tal
asittir (6Formicad keli mesi Latincede

sal gEl arEnda rastlanmEL ve buradan -
yaprattbeRuiEdaKunuzda eliniz bir s¢re sl

asittir].
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Melis arkadalLlarEyla vakit ge-irmel
hazErl anmasE gerekiyordu. Ar kadahd gK E
arkadalLEnE aKlarken buldu, ona neden
g°zyallarEnEn nedeni ¢z¢ntSokkaKi HoKea
olulLturan h¢gcreler par-alab&r; &blKiama 2
enzimler.i ve s¢ol fit bilelLiklerinden ¢
s¢l fenik aside doenglterer. Selfenik a
kekert dolineelligrKi neu gaz, havada hEzl a \y
ve bu madde g°z¢megze ulaltEKEnda g°z¢
yakan bu gazEn kendisi deKi! Nnnun o qo0
sonucu am sulfigkaasitir. EBzimizi nemli tutan |
g°zyalE sEvEsEnda olulLan kg
olan g°z sinirlerini uyarEr.\_}

g°ze ka-an yabancE maddel e

Siifirik asi de g°z¢ tahril eden,
g°z¢megzdeki sinirlerin aldEKE wuyar EI
sal gEl ayarak vyabancE maddeleri wuzakl a

temizler. Goézimizé,0 z ya da balLka bir yabanckE

-Ekar . SoKan doKrarken g%z¢m¢gzeén yan
YapEl acak Ley, tahrilL e
olabil di Kince ° nl e nrarken ondan
olabildi Kince uzak dur mak

| veya havadar bir yerde d

No buzdol abEnda soKutmak ve)
al EfabiMelri.s

Maydanoz, domates, yeLilbiber, havu-,

de salata yaparz&k | ama st

hazErladE ve berabéaykeawnwoizli dbimat § & me
lahana, taze fasulye, karnabahar \sepagibi sebzelerdekorbik asiimondasitrik asjt
alabal Ek, Espanak, maydanoz, pili- eti

folik asibulunuf . Yemek sonrasE bul alLEklarE yEI

kl er | ey gve |d aa tel vebesdbeielea] @zinE
Leftali gibi bmeyvnedyewel etna bo:
birlikte sohbet ederek yedilEinja ve kavundaalik asitimonda
. sitrik asjtizimdeartarik asiportakal, greyfuste mandalina git

turun-gillerde ve Leftali,
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meyvelerde C vitamini olarak da bilagkorbik asiulunur].

Gé¢nen temposundan mE bili
her ne kadar yseEk-l &lkElasa |da
balL aKrEsEnBsaaifli $aleitibliilkre

etken maddesi dir, genel l i kle
ve atel d¢leregce bir il aert Brel i As pHiorfifmr
asetilsalisilik asit cretmesiyle m¢gmk,
aKacEdEr. SoKut aKacEnEn yaprak ve Kk
-aKlarda da gKpEckgsbtiarak BubladEI Ey
olan il k hekimlerden biridir. BazE r a
saKlanan suyu ila- olarak vazmELtEr .
hafifleten maiddiez btuagndErmE b i |
Maddenin adE ile k°keni ar
Latincede s°K¢tMeahiamBhaag .
devam etti. AldEKE akKrE kbl
ball adE, alk daKr Bsaalat h aefpiefyl ,us_‘i
gerekiyordu, yatmadan ©°nce “&m‘:&)
Ss¢teneg i -ti vkenedki Lsl¢etreingin fpEH -dad KaedrEi [ 6

Laktik asit daha -tokn easiitmiilKisngtnt earbtu
artmasE demek e&iembeidiay 8at sigteamdi Ki
hastal EKE ©°nler, hatta tedavi eder .

tuketiimesini 6ngrior | ar . S¢t, balta protein ol m
di Ker bilelikl eri daengelkemekiediMeliskiraznkisap okudakta

sonra uykuya dal dE.

Siz g¢n i -erisinde hangalByords kn waA

Mel i sdin bir ge¢neg etkinli Kinde 1| g

Etkinlik hakkEnda balLka belirt mek
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F-3A. THE HISTORY OF ACID -BASE DEFINITIONS

ASKBAZTANI MLARI NI NEBARKHEC¢

Kim ¥ner mi Lt Asit-Baz Ta n EmE

Arrhenius AsitBazT a n EmE

188706de Svante Arr
i yonun uw ak u rod nEKE
cozeltilerinn i yonl ar E, b
deOH i y on | a Kilektmlti.- e
Bu teoriye gore:

Svante August Arrhenius(1858$1927),

ksve-1li kimyacE v :
' LMy .. ASIT: Suya H iyonu veren maddeler.
Kur ucudl Br E nEektrolitlerin ; .
. . . BAZ: Suya OH iyonu veren maddeler.
il etkenli kIl eri ¢ Z
doktora derecesi i¢in sundu. Profesd . )
tatminemeyen ve en d Omekler:
neyen, | HCl.,—> H' + CI
-al ELmasEyl a dah Suva Hivonu verir
¥del ¢ ng¢ al acakt y y
yanE, saf tuzl arl . ]
..o H — H" + ClI
ol madEKENE, oysa Su azlfiaq)onuverir
Il et ken ol dukl a y y

Arrhenius' un auzl&)
-%zel titur doulkular E
par-acEklara par
bunlara iyon adE
elektroliz  prosesi sonucu orte
- Ek a ¢ a k |immeSineE #mea,,
Arrhenius, el ektr
¢oOzeltilerinin iyon erebileckini
Oneriyordu. Bu nedenle, c¢ozeltilerc

NaOH 4 — Na" + OH"
Suya OHiyonu verir

NH,,g—> NH,” + OH'
Suya OHiyonu verir

ki myasal reaksiyo
reaksiyonlar oldunu ileri sirtiyordu. B
teori, zayEf el el

gecerlidir, fakat kuvvetli elektrolitle
davdanEnE da abmE
almak icin Peter J. W. Debye ve Er
H¢eckel ' in t eibiklikled
yapmasEtrger ek mi L
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Arrhenius AsitBazT an Bffie t er si z Kal dEKE Durum

Uc Asit-Bazt an Emtl ar Esinde en sEnErl E ol ar
ger - ekl e L mewyaOd ayons veymeelerHyjerekmektedir.

Hidroklorik asit hem sodyum hidroksit ¢cozeltisi (NaOH) ile hem de amonygk
-%zeltisi ile notrlelme tepkimesi v
ve iki -°9zeltiden dezbiktuzotan sodylnekioreve
amonyum klorur elde edilir. Bu iki tepkime de benzer tepkimelerdir:

NaOH(aq)'l' HCl(aq)" NaClaq)+ Hzo(D

NH;,,+ HCly" NH.Cl.,
A Sodyum hidroksit (NaOH) ile olan tepkimede, hidroklorik asitten gelen h
iyoner E ile sodyum hidroksitten ge
Arrheniusdun teorisini doKrul ar.
A Fakat amonyak (NH il e ger-eklelen tepki
bul unmamaktadEr ! Bu dur umda amon
iyon ar EnE veya hidroksit iyonlarEn

_NHyeq+ HOn NH/ g +OH g N
Bu tersinir (¢ift yonlt) bir tepkimedir ve tipik bir amonyak ¢ozeltisinde, an

%99 oranEnda amonyak mol ek ¢l | déulunan
hi droksit i3yondoaraEynkd akr r(hGHhi us t e
Fakat aynE tepkime, amonyak gazeE

ger-eklelir:

o NHsq + HCly " NH.Cly,

ALB&aki resimde b¢gretin sol ucund
daml at EIl mEL pamuk g°r¢yorsunuz. S
NHCI di kd°rtgen i-ine al EnmELtEr

Bu tepki mede, ort amttea miedrha kdgiotj ein
tepkime -°zelti 1 -erisinde ger-ek
0baz tepkimesi deKildir. Fakat i ki
olulLturduKunu biliyoruz.

AynE yEI innesi Sromdstddhae Thomas
ol arak bu i htiyaca bir ©°neri sunm
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Kim ¥ner miLt Asit-BazTan EmE

Bronsted/Lowry Asit-Baz T a n EmE

Arrheniusdun teori
Bronst ed vV e L o wr-had
tanEmE sadece sulu
sulu cozeltilere ilaveten proton iceren bi
sisteml eri kapsamak
Bu teoriye gore:

1923 yEIl EndhanbBes  ASIT: Proton (H*) veren maddedir.

Bronsted (18791 9 4 7)) Vo BAZ: Proton alan maddedir.
Thomas Lowry (18741936)

birbirlerinden haberleri cbmd an Asi t | er -%zel tide
konu ¢czerinde  Ecunki verdikleri protonlar su molekiilleri
yayEeEmlhadEl ar . / tepkimeye girer.

davranELI ar Ena i

tanEm °nerdil er. HOg + HClay " HiO g+ Clg
Bronted 8 Lowry, Ar baz asit

teorisine karlLE (protononaérir) (prot
onun tanEmEna i |
Proton vericinin o]
proton al Eclik etmelidir. Bir
asit pr ot on u kanjuge kag, (
bir baz pr ot okonugeasid

olur.

Arrhenius abiaz tepkimelderde hidrojen iy
transfer. ol duKu-baz
tepki mel eri aynkE -baz

tepkimeleridir.
Cozelti otatmda ger -ekl e

amonyak sudaki prot
NHyeq + HOp N NH/ g + OH'g

baz asit konjuge konjuge
asit baz

Yukar Eda veril edg)ilel
ger-eklelLmiLtir, st
baz NH; ile olan tepkimesinde iasitolarak
davr & & nBbylelikle, asit 8 baz
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tepkimel erinde madd
gere farkIl E davrant
hem asit hem de baz olarak davrs
maddelere anfoter denir.

Fakat tepkimeler susuz ortan
ger - ek l(eyLuikyaorrEsdaa rye
°rneKi nde AagIrd e Kasitbgzi
teorisi yerine Bronsted/Lowry a8iiaz
teorisiyle a-EkIl ant
¥rneKin, hi drokl or
tepki mesinin gaz

amonyak hidrojen ki

HCl, + NHy,—> NH, + CI

asit baz konjuge  konjucg
asit baz
Beylelikle, Bronst
asitb a z t a n E mE)rranhsfaui olaral
geni Ll etmiLCtir ( BL

geektirmemektedir).

Bronsted/Lowry Asit-BazT an Bfffiet er si z Kal dEKE Du
Arr henu-bagtearsiasha szt ar En susuz ortamda
gibi, Bronsted. o wr y 0 nbaz teoass idg¢ortamda proton transferinde
bulunmayansst eml eri a- Ekl ayamamaktadEr .
¥rneKin, anbortmifiorarKBE)( NiHI e t ep ki meye gi
Ar r heni ez dearisi neade Bronstecbo wr vy 6-ham &ebDti si
tepkimeyi a-Eklayabilmektedir:

T Lol
F—I|; + N—H > F-B—N—H

I | |

F H F H

Gilbert Lewis bu intiyatea (bkiaxr °neri sunmultur.
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Kim ¥ner mi L Asit-BazTan EmE

Lewis AsitBazTa n EmE

Lewis daha Onceki abita z teori
-EkmamEL destekl!| emi

olan Arrhenis ve Bronsted/Lowry teorileri
daha da geni Ll etmi Lt
batin  Arrhenius asiiaz tepkimeleri v

Bronsted/Lowry asib a z tepki
zamanda Lewis abdz teorisiyle d
a-Eklanabil mektedir,
Gl T Bu teoriye gore:
Gilbert ~ Lewis  (18751946), ASIT:Yenibir baK ol ultur
Ameri kal E K i my bir atomdan elektrongifti alan maddedir.
baKIl ar hakkEn Bazzyeni bir bakK ol ul
bul unmaktadEr. atoma elektron cifti veren maddedir.
be¢yék bir KEst
yapEskmhmyasalkidelAl aKEda verilen amor
enerji deKi Lmelne de Bronstetowry asitbaz teorileri ile
harcamELt Er. Zag. EkImaktedirb iFakat Lewis aiaz
d¢Lence tarzEneét gnEmEnE genilleter
bi limine derin omasa bile birgok maddenin tepkimesini
Kimyasal baKlarpaz tepkimesi ol aral
d¢lLenceleri, bu  EB + :NH, —> FBNH,
beyek °1 - ¢ddewis asit baz
enerji deKi Li m (gcifialan) (gifti vere)
tepki menin ol UDi Ker ©°rnekl er:
°nceden bil meye H*+ :0H —> H-O-H
anlayanlardandE asit  baz
SnCJ + CI' —» SnC}J?
asit baz
Lewis AsitBazT an Bz e | | i Ki >
Lewis AsitBazT a n E |
En kaps aazk B n&siEd Er
Lewis asibaz teorisihem Arhenius asitaz BronstedLowry
ta n E indind€& Bronstedowry asibaz AsitBazT an Er
t antknbBnsEa makt adEr .

Bulcastbaz teorilerini
yandakgibi olabilir:

Arrhenius
AsitBazT a n E
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F-3B. THE GAME OF THE HISTORY OF ACID -BASE DEFINITIONS

AsitdBazT a n Em| BarihEasiByunu

AsitBa z t a n EarnhcesinigntatBrme t in il e i1 gil i alack
bul unmak k a d Bllerindeki Betinlere géz atmadanins o r d sokilara

cevap vereceklerdir. Belirli bir diizende otmank a dea L a&d aKikE d a k i S (
y°neltecek ve sbenk 8dkusuBuebllemeyensgmpr k adal EnEr
sorusunu di Kers ErrauspE yalr& asdaarld bairlEinrabli¢ n, s o
ki mse o sorunun yanEt En Boruldrobiimindegrog r L e k
ar kadalLll arefneéekimangbzrgdzdi cevabEdbKt may a

e Ker keie viadogdaproblemalLar sanEz ©° Kmesteyingni ni zde

Sor dwsdfuywnbileherar kadalLEnEza bir puan veriniz

ar k ada L EamBlemli Birkdlewe bir notdefterik a zanacakt Er .

KolaygelsilBa Lar EI ar !

Sorulacak Sorular Cevapl ayAl dEKH

A Asit o Ba z Teorilerir

sErasE nasEIdEr?

A Arrhenius Asitd Baz Teorisini kin

°nermi Ltir?

A BronstedLowry Ast 6 Baz Teorisini Kin

°nermi Ltir?

A Lewis AcidBase Teorisini Asid Baz

Teori sini kim °ne




AArrheniusda g°°re

Bronstedc owr yde g°re

Lewi sde g°re asit

Arrhenius Asit 8 Baz Terisinin
dest e bil asithaz Kepkimesi 6rne

vererek misii?k| ayab

BronstedLowry Asit 8 Baz Teorisinir
d e st e bil asitthaz Kepkimesi 6rne

vererek misii?k| ayab

Lewis Asitd Baz Teorisinird e st e
bir asitbaz tepkirasi o6rnek verere
a- EkKI| misibi | ir

Arrhenius Asib Baz Teorisi neden biti

asitbaz tepkimelerini kapsarflaz

BronstedLowry Ast 0 Baz Teorisi nede

butlin asHbaz tepkimelerini kapsarfiaz

Toplam

272
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F-3C. WHICH ACID -BASE DEFINITION ?

HANGK MWBATANIMI?

AL a KE d atepkimetei haegnaditaz t anEmE/ tanEmlarE il ¢

arkadall arEnEzIla tartELarak nedenleriyle

Tepkime A - E k | TaaynaEnm Neden?

HI+H,0 ¢ ,OH+1I

HI+NH.0 NH+T

HO ¢ "++OH"

H +NH,0 NAH

LL+NH;¢ NMH+I
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F-4. THE MAGIC OF RED CABBAGE

Kérmézé Lahananén Sihri

Evinizden getirdi Kiniz ve istediKiniz en
bazi kli Kini tesni 2it meldeWEd?alcie ttahlmiya vy a
turnusol , KErmEzE | ahana ve indikat®or k
mal zemeni zin asidik veya bazikliKini t a
kaKEdEnEn renkl ErmBztEylbabmhampKk skahakEn
skal asEnE dikkatlice inceleyiniz.

B¢t en mal zemel erinizi test ettikten sonr

yazmayE unutmayEn ve sizinle aynBHa mal ze
sonu-|larEnEzE karsEl alLtErEn.

Turnusol | KEr mEz B kndi k| Asidik?

Madde Tahmin . . . _
KaKE KaKEd Ka KEd Bazik?
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F-5. THE STRENGHT OF ACIDS

Asitlerin Kuvveti

EtkinliKin Ama

AynE dsahiip meki far
kuvvetliliklerini incelemek.
AynE deri Limdeki ik

miktar magnezyum metali ile tepkin

sonucunda olulLan ¢r

goOzlenir mi?
EtkinliKin ger-eklelLtiril mesi
Eliniz d e k i mal zemel erl e asidi k -°zeltilerir
deneyi grup arkadallarEnEzla ger-eklelti
g°®zlem ve sonu-I|larEnEzE yazEnEz.

A Magnezyum metalindenkielldet bnailkonalralraar dyae

A Elinizde iki adet erlen bulunmaktadEr
farkIl E -°zel ti bul unmaktadEr: -°zel ti

asit ¢cozeltisidir. Balonlardan birini asetik asydOBH)- ¢ zel t i si ni n

de hidroklorik asit (HCI) -°zeltisini
A ALaKEdakivaportuabl osuna tepkimel eri b a
maddel er i g°z °n¢ne alarak deney ©°nce
A AynE ameéaywmagmetal inin -°zeltinin i-

tepkimeyi balLlatEnEz ve g°zlemleyiniz



Sorular

Cevaplar

Tepkimevi ball atn

Bal onl arda bir d €
d¢Léengyor musunuz

Ger-eklelLecek tefj
aasEnda bir fark
musunuz? Nedenini

1. Erlenicin:

Kull andEKEnEz - ¢
de Ker i

Kull andE

OlulLan tepl

2. Erlenigin:

Kull andEKEnEz - 9
deKer i

Kull andE

OlulLan tepH

Tepki mey.i ger - ekl

Ger-eklelLen bu ik
fark g°zlemledini

AynE derilLim ve h
-%zeltilere, aynekE
met al i nekbgendj Kba
LiLkinlik oranE b
mu?

Aseti k asit ve hi
fark nedir? Grup
ve a-Ekl ayEnEz
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F-6. WHAT IS THE DIFFERENCE BETWEEN A STRONG ACID AND A
WEAK ACID?

Kuweti AstdZay Ef Asit arasEnda ne

ALaKEda d°rt farkIl E dur @noebizeyskl dahaEsbnma
grup arkadall g-rEmelztlial @riKetrd reendii k i n
resmediniz. Kutkhad&llaadBkEzIsaruaatrE

[. durum: [l. durum:
Bu beherde kuvvetli bir asit olan 11 Kuv v et | i bir asi't
hidroklorik asit (HCI) ¢Ozeltisinden 10 ¢ozeltisine 100 mL saf su ila
mL bul unmaktadEr. edi |l mektedir. Ol u
kesit al EndEKEndane olur? ¢°zeltid
taneci kl erini n a s c¢ozeltiigerisindei HClI tane
icine resmediniZDaha sade bir gizim igir gorirdunuz? Dairenin igine resmedi
su molekdillerini resmetmeyiniz) (Daha sade bir ¢izim icin su moleklle
resmetmeyiniz)
1M HCI 1M HCI SafSu ?M

<

IHIHIHI
RN

Son-°zeltinin deril

ﬁukarEdaki -iz}ﬁukarlﬁdaki Sizir

Yukar Edaki =-izir
benzerl i Kini/ far

\_ AN /
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[ll. durum: V. durum:
Bu beherde zayEf ZayEf bir asit ol
hidroflorik asit (HF) cozeltisinden 10" ¢ozeltisine 100 mL saf su ilave
mL bulunmaktadEr. edil mektedir. OIlu
kesit atotel itdfidhdeki dia kac olur? Cozeltiden bir  kesit
tanecikleina s EI  g°r ¢r d al En d EcBzBtin dcarisindeki HF
icine resmedinigDaha sade bir ¢izim icir taneciklerin a s E | gere¢rd,

su molé&dllerini resmetmeyiniz)

1M HF

<

o)

NI AE&PhkFER

icine resmedini¢Daha sade bir cizim igin
su molekdllerini resmetmeyiniz)

1M HF

Saf Su ?M

RN

. dz]
oSy

-

NPRFE{A oAl AY)
S NiE MIERVWRR Kl FoeP |

/
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F-7. WHAT IS NEUTRALISATION ?

notrleSme nedir?

Etkinl DPADOwWE OEE ¢

-gUUOl 1 Ol wOi xODPOI

EOQaUUUOEEwWUEUL

$UODOOPADPOWI 1 URT OO 1 UDPUDPOOI Ubo
UPEPOwWEDPUwW OEEETI OPOWYI WEEAPOWEDUWO

@ " OKAw igal OUPUDPw EPAI UPOEI w DUI w Ul aul
EUOUOOEOUEEWUES whi n0w®Olclh ¢ OET EOEwUUaU

$UOPOOPADPwW T 1 UAT OO1I 1 UBUOI EIl Ow gOET w E\
AaEOcUOEacOcaduw
o HCI ¢ozeltisi asidik mi bazik mi dir ?
Neden?
e NaOH c¢ozeltisi asidik mibazik mi dir ?
Neden?
e *cUOc&acOET EOE wldda U
YEUOcA¢OEEwWT EOT Pwu
e *cUOc&cOET EOEwWUUAU
YEUO¢A¢OEEwWT EOT PwU

&LYI OOPADOBEBROMERNWEUEEW OUOOEOECACc OC¢
EEOOE atcs0xBOOPOUI wOUOOEOEcAcOcawngal ¢
kuwv etli asit ve baz ¢ozeltileridir. Gozlerinizi koruyunuz!



280

Elinizdke EUOUOEOwO¢cUO¢cac OETl EOEwUUVUaAaUWEUOUC
EPUOEAwW EEOOEw | PEUOOOOUDPOwW EUPUwW fAga
&gaol 001l EPAPOPAwWUI Ol PwEI EACEEOPWUEE O¢
Dal Ew UOOUEwWEaAOC¢wWEITITUI waEYEI waEYE: w!
*cUOcacOETI EOEwUVUAUOEEODPWET AP DOOI Ubu
EIl EACEEOPWUEEOOAaEwWOOUwWI EPOPAG w
e *¢UOcacOETI EOEWUU
I EOT PwUI O1 PwEOOC
e *¢UOC &c¢ OF I+ BoliE gkl
bulunan behere:
U frrfrfr WEEOOEWI OOI
U frrfrfr WEEOOEWI OOI
U frrfrfr WEEOOEWI OOI
U frrfrfr WEEOOEWI OOI
e *¢UOc4acOEI EOEw U
bazik madde eklendikgce renk
El ADI DODbuw T gaol
UEUU¢I ¢Ocadw 3EUI
belirtiniz.

"PEUOOOOUPOWEUPUWYI wUOEaAUOwWI PEUOOUDU!
HCI + NaOH ¢
*¢cUOc4acOET EQOEwWUUVUAUBEEwWT T UAT OOI Ul BwUOlI

Ei EACEEODwW EVUUUOOEHIELEO WwgGIWwW O udita B OOl

UEOI EPOOI UPwi gawgOL Ol weOOEacOecaOwUEE
OEEEI Ol UPwWEL I LOT Ul OwrapabpObOl UPOPAaAwWI 1 Ui
Salece HCI ¢ozeltisi durumu: ficO0OEacOcaouw

<
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Birkag damla NaOH ilave edilmesi icOOEacOcaouw

durumu:

-gUUOI 1 Ol WEUUUOUO w AfcOOEacOcaouw

Daha fazla bazik madde ilave edilmesi icOO0OEacOecaouw
durumu:

<
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F-8. HOW A CAKE RISE?

Kek nasél kabar ér ?

$UO0ODOOPDAPOWEOD

*EUEOOEQPEWAI 1 01 wU

gozlemlemek.

$00OPOOPADOWI 1 UAT OO1T 1 UPUDPOOI UPo w
'"TUWEDPUwWI UUxwEOUDYDUI aPwl il UATl 001 1 UPUOI OuwE
tozu, bir paket karbonat (a 1 O1 O wUNAHEOE) &e miktar sirke (CHsCOOH)
EUOEEEOUC UGB w
oUPYDPUI abwi i unl 0011 UPUOI El OwgOET wEI EACEE
e *EUEOOEUwWxEOI UPODPOWE(
OcUO¢cOEE WOl waE&acaduUy
e Karbonat asidik bir madde mi yoksa baz ik
bir madde midir? Emin olmak igin mor
OET EOEwx' WOEACEcwYIl w(
yapabilirsiniz.
DPADOEI OPOI UwOcUOe OEE Y
e Kabartmatozu asidikbir madde mi yoksa
bazik bir madde midir? Emin olmak igin
moUwOET EQEwx' wOEAc¢cE¢ w

test yapabilirsiniz.

'DUWET T T Ul wbOPwWOEI ¢ OWOEUEOOEUOWEEI OEwWEDUU
DOPWEIT T 1 Ul wEl wEaO¢c wOPOUEUWUUWDPOEYT UDwaExC
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e Karbonaticeren beherde herhangi bir

E1l AP POOPOwl gaoi 001 EF

e Kabartmatozuiceren beherde herhangibir

EIl AP POOPOwl gaoi 001 EF

e 'UwiEUOc¢OwWUI EIl EDPODPWUE

buraya belirtiniz.

' E1 OEWEDUWET T 1 UT wadpOi wbOb wOE iirke aveetikicn €odrg U v
Tgaoi 00l uUbpOPabwakEacOcaduw
e *EUEOOEUWDOI wUDUOI abuy
ITTUTEOT PWUEPUWEI AD1 DOC

e .OUI EOwUI xODPOI UbwaEa4(
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APPENDIX G

TEACHER HANDOUTS

G-1A ACIDS AND BASES IN DAILY LIFE

HAYATI MI ZBRAKKLER VE BAZLAR

Etkinlik : AsidkveBa zi k Maddel er i TanEyor Muyuz?

Konuu Asitler ve Bazlar ¢nitesine girilL
1.G¢nl ¢k hayatEmEzda asitler veya bazl
2Asit denince akl EmEza ne gelivyor?
3.Bazdenincak | EmEza ne geliyor?

Kazan Eml ar

BililLsel :KazanEml ar

U0 G¢gnl ¢k hayatta bir-ok asidi k maddel er
U0 G¢gnl ¢k hayatta bir-ok bazi k maddel er |

Sire: 1 ders saati

Dersin:kLIleniLi

U ¥Krencilere asitler vevebee® Karre nfmekk En
istediklerini sorgulayan firmd a KEt EI Er ve gerekl i bil
(20 dk).

o Bu et kinlikte ama- , °Krencil erin
kaydettiklerini farkEna varmal ar E
asitterved z | ar cnitesindeki konul arE ©°
ki mya dersdaha°moenmeyeoel acakt Er . B
g°re bir ©°nceki OKimyasal Dengeodo ¢
sonunda uygul anabilir akKesinnik akdi rd

dersinde uygulanacaktEr.
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U0 ¥Kret men, °Krencilere g¢nl ¢k hayatt a

karsEl alLmadEKI|I arEna dair sorular sor a

belirten °Krencil ere anlet Btk¢lra raks istolreurl uvr
o Burada ama-|, asitler ve bazl ar én
sonunda °Krencilerin ne °Krenece
saKlamakt Er. Bunun yanEnda, °Kretm

konusunda ©° Kreernicnil edre ns &rng wlid rg.i | ¥ K

bilgilerinden molekul formillerinde hidrojen iceren maddelerin asidik

vV e hi droksit i'yonu I -eren ma dd e |
maddel erin turnusol kaKEdEnE kEr mE
kaKEdEnk imaviKyei-déilir.
U ¥Krenciler gruplara ayrEIEr ve her d
belirtilir (5 dk).
0 Mel iBsiori nG¢gne¢gd etkinli k bel gesi her b i

giden bir KkEzEn g¢n¢g hakkiEckuhal @i E gi
istenir (5dk).

o Bu etkinlikte ama-, °Krencilerin g
veya bazi k maddel erin g¢nl ¢k hayat
durmak ve °Krencilerin bu maddel e
Byl eme, |eKrie °Krendi kleri ki myant

faydasE ol acaKEnEn farkEna varmal a

°Krencilerin ilgilerini ve motivas
U Etkinlik kaKEdEnE ok u mgglehingitmaddeleni ay a n
asidik veya bazi k olabileceklerine
yazarl ar. Daha sonra da, grup arkadalL
(10dk).
U ¥Kretmen metin i-erisinde aeidakREpey
zorl anmadEk|l arEnE sorar. Maddelerin :
vereceklerini ¢nite boyunca °Krenecek

insanl arEnEn da sEnEfl ama yapmakta zo

yapmaya ihtya var dEr sorusunu °Krencilere vy
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0 ¥Krencilere yapeEkmadEno nmak akEil h ak
sorul ur. o¥Kkleearciin eYze&l I i kl eri ni be
asit veya baz denince akEIlIlarEnd
SEnEfl amanEn getirdi Ki kol ayl EkI a

dersl erde, asitler ve bazl ar hakk

belirtilerek ©°Krenciler motive edi
U0 ¥Kret men, der s sonunda °Krencil ere
maddelerdn mer ak et t i Ki en az ¢-éhén eve
tanEmlarE incelemelerini ve i-erdiKi
hakkEnda karar vermelerini belirtt:i

sonraki derse getirebile@¥kdi soyledi.
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G 0 1B. ACIDS AND BASES IN DAILY LIFE

HAYATI MI ZDAKk ASKTLER VE BAZLAR

Etkinlik : AsidikveBa zi k Maddel er i TanEyor Muyuz?

Konuu Asitler ve Bazlar ¢nitesine girilclL
1.G¢nl ¢k hayat EmEzda asitler veya bazl
2.Asidkmaddel eri nasEl tanEyabiliriz
3.Batzkmaddel eri nasEl tanEyabiliriz

KazangEml ar

BililLsel :KazanEml ar

U0 G¢nl ¢k hayatta bir-ok asidi k maddel er

Turnusol kaKEdEnEn renk deKiLikl i Kini

U Asidkmadel eri turnusol kaKEdE yardEmEy]l

U Bazi k maddel eri turnusol kaKEdE yardE

c:

U0 G¢gnl ¢k hayatta bir-ok bazi k maddel er |
DuyulKsaialanEml ar
e Bir-ok asidik ve bazi k maddenin -evre

Cevresindalbirgok asidik ve bazik maddeye ile ilgilenme

e ArkadalLl arEyla birlikte °Krenme etkin
Psi komotor KazanEml ar :
e Cevresindk ar LEl alLt EKE Dbir-ok maddenin asi
kaKEdE ile test eder.
e Deney sonu-larEnE rapor eder.
Sire: 1 ders saati
Dersin:kLIeniLi
U0 ¥Kret men, bir °naoarecGknio ed &n )] | BKMeIl I & &imn
° Krielner e onl ar Esidik geya baiik- nreaddelerlelkad a [ E p
kar LEI al madEe | °akiEennEt iskoerrdk)earki al EnEr (
0 ¥Kert men, yanl EL da ol sa ©°Krencil
bulunmaz. Uniteboyunca ® Krenci | er yapacakl ar
fikirlerinin doKru olup ol madEkI ar
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0 oMel iisQinine tBk i m|I s Bhomcunda °Krencilerin
doKnwsunda °Krencilerin hangi maddel ¢
bu mal zemel er hazErl anacakt Er .

0 Bu se-imde di kkat edi | mesi ger eke
veya hatalE de¢lendekl eri mal z e me |
Dol ay EsrElyilka, scenwkcdundan vyararl anar ¢
d¢lLt ¢kl eri veya kararsEz kal dEkI ar
(¥Krencilerin test edmdnisitke koK i ma d
gazoz, zim suyu, maden suyu, elma, portakal, sabun, ekngisiim
kull anEl an deterj an, sukayrhraaspirma t o0z
mide ilacE, vb).

U ¥Kretmen, evlierindeki aralLtErma sonu-
s°yl emeye telLvik ederek arkadall ar Eyl

0 Buradaamac ° Krencilerin -evresindeki r
arttErmak ve ev i-erisinde karLEI a
hakkEnda merak uyandErmal arEnE sak

U ¥Kretmen, °Krencilerin etkinlis€zsonu-
kal dEkl arE mal zemel er i belirtir. ¥Kr
kull anacaklarEnE ve ©°Krencilere test
bazl EKEna karar verebileceklerini s°y

o Burada ama-|, °Krencilerdor hmlt ad E
kendil eri test ederek °Krenmelerin

U0 ¥Kret men, maddel erin asi di k mi bazi
edil ebil eceKini sorarak °Krencilerin

o ¥Krencil er, i | k © Kfeneve iekmoloji #ersinden k adeé
asidi k maddel erin turnusol kaKEdEn
maviye -evirdi Kini bilirler. Turn
al maya -alELarak bir maddenin asi

vermede turmnEdlabk dKEdE fladlelsi ne s a
sorgul anEr Kr eBrPeyilledriek | édoKroydahkt E urr
belirtil mez, onlarEn fikirleri al

durumunda °Kretmen bu bil giyi vere
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edeekve maddel erin asidik veya bazik
kaKEdE gibi maddelerin kullanEIl dEEK

ama-la kullanElan balka maddel eri
sonraki derslerde det &yWIEE . biTugihuyw
kaKEdE cevabE gelmez ise sEnEftan

turnusol kaKEtlarE daKEtEI Er fakat
a-Eklama yapEIl maz.

U0 ¥Kretmen, ©°Krencilere gruplar halinde
kulanarak test edebil ecekl erini bel irt
mal zemel er i t est edebil ecekl eri gi bi

kullanarak test edebileceklerini sdylenir (10 dk).

o Bir grup en azEndan 4 rthalrz @ieaeinci
turnusol kaKEdEnE kullanmEL ol sun.
veya kararsEz kal dEkl arE duruml ar E

daha kal EcCE ol mal arEnE saKlamakt Er

Her grup farkIl E mal zemel eri lanest e d
mal zemel erden ve sonu-I|larEndan haberd
b¢gtéen gruplara yetecek bir sonu- post

bu postere rapor eder (5 dk).

o EKer ©°Krenciler, etkinlik kalLEnda
ortamdaki davranELE hakRuihosdla doKr
kaKEdEnEn bazE maddel erde kKErmEzE
mavi renk al dEKE ayrEmMEnE °Krenci
Turnusol kaKEdEnE kEr mEzBtakrenge
ozellikleri ve turnusol kaKEdEnE
ortak ©°zellikleri olup ol madEKE ©°
ma v i turnusol kaKEdEnEn rengini K

turnusol kaKEdEnNEn rrenbgiilngi sisrei nfaku
kendilerideey sel ol arak test etmiLlL ol url
o Bu sonu- poster.i aynE zamanda, ay.l

test sonu-larEnE da doKrul amaya ol
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U0 ¥Kret men daha sonr a, Mel i sdinnEbir g ¢
°Krencilere daKEttE ve ©°Krencilerin b
maddeyl e veya onlarEn ©°zelliklerinden
bel irtti. Met ni okuyarak Dbirinci et ki
veya bazik olark d¢Le¢ndekl eri maddel erin dokK

etmelerini istedi. Metin sonunda yer alan soruyu da dikkatle cevap vermelerini
belirtti (5dk).

o0 Metni okumak ve soruyu cevaplamak icin yeterli sire kalmazsa
°Krencil ere i nc eimelgribelirtily.iMetin nten r a k i
s¢resinde °Krencilerin yanEnda bul
sorunun cevaplandEKE kEsEm topl ankE
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G 0 2. DEFINITIONS OF ACIDS AND BASES

ASkT VE BAZ TANI MLARI

Etkinlik : AsitdBa z T annEEnmlTaarrE h - e s i
Konu:Asi tl er ve Bazlar TanEmlarE
1. Artheniusasiaz t am®EmME nedir
2.Bronstedowryasdb az t a®EmME nedir
3.lewisasibaz tanEmE nedir?
4. Bu tanEmlar arasEndaki farkl EI EkI a
KazanfEml ar
BililLsel :KazanEml ar
U Arrheniusasitbaz t anEmEnE tanEml ar
U Brosntedlowryasibaz t anEmMEnE tanEmlar.
U Lewisasitbaz tanEmEnE tanEmlar.
U Arrheniusve Bronstddowry t anEml ar EnEn SEnErl| EI E
U Asitbaz tanEmlarE arasEndaki farkl EI EkI
U Asidik ve bazik maddelesitb az t anEml ar EnE kul |l anar a
DuyulKsaialanEml ar
e Asitbaz tanEmlarEnE °Krenmek i-in arkad
e Asitbaz teorilerinin tarih-esini °Krenm
Psikomotor KazanEmlar :
e Etkinlik s®teu-1arEnE rapor
Sire: 3 ders saati
Dersin:kLIeniLi
Asit ve bazlarEn bir-ok tanEmE ol maseE
kavramasEnda zorluk -ekmelerine neden ol
Arrhenius, Johannes Bronste@homas Lowry ve Gilbette wi s 8i n t anEml a
verdi Ki i-in bu tanEmlar -er-evesinde as
Bu konunun anlatEIl masEnda °nemli ol an,
fakat bazE tanEmlar En dtiekresriizn ek agl°d K Ee ke
°Krencilere vermektir. Asi t ve baz tan



t an
baz
Arr
yer
t an
dur
gel
Kon

i
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EmEndan balLlayarak bu tanEmEnEn kul |

|l arEn sulu -°zel til erinmui ykagpps akEKE oin-r
heni tbaa&unt asnsEiMENENn getirdi Ki yetersiz
| erde I kamet eden Bronsted ve Lowryd¢c
Ema ul alLmal arE, daha s onryaestEenrdsai za yknaEl
umda Lewiséin asit ve balzaz atnaEnnd nag nEEn B
i Ltirdi Kini tarihsel gelilLim -er-eves
unun aktarEmE sErasEnda izlenecek bas
¥ K tmen, bir dnceki ddrse k i °Krenmel eri mciteregul ama

asit ve baz denince ne d¢lendegkl erini
o ¥Kret men birka- °Krenci den cevap
yanEtl arEn doKruluKu veya vyanl ELI I

ama-, °KreinciéyaimaanlsatfEetranEml ama
kul |l andEK!| arNancEd ebleelriirnl eareikdiik . ve b
tayin et mek i -1n bilim insanl arE
belirtilerek, asidi k ve bazi k madc
zamanda onl arEn molek¢ler °2zelli kl

a-Ekl anEr .
¥ Kr et me nHCI, H380), tHHG, &HBr, HI gibi birkag Arrhenius asit

°rneKi yazar. Mide °zsuyunda hidrokl o
hidroklorik asit, ar@bl ar da kul |l anEl an akg¢l erde s
asit bul unduKunu belirtir ve ©°Krencil

sdylemesini ister (3 dk).

0 ¥Krenciler asit olduklarEnE belirt
bu karar aarmBamsEIls ovraarrd EKMKr et men, hery
i -ermesi yanEtEnE °Krencilerden al

¥Kret men, bNa@H, KOH, MggaH), Al@H), Ca(OH) gibi

Arrhenius baz 6rneklerigazarK a |l Ep e | sabununda sody

sabundauarel dradnp potasyum hidroksit, r

hidroksit veya aliminyum hidroksit ve kire¢ suyunda kalsiyum hidroksit
bul unduKunu belirtir. ¥Krencil erden

sdylemesini ister (3 dk).
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0 ¥Krencil er batzecelkdueklddrrEnP Kbeltine n

bu karara nasEIl vardEkl arEnE sor al

OH i -ermesi yanEtEnE °Krencil erden

U0 ¥Kret men, °Krencil erden, bir ©°nceki a

dair al Edabe¢ yame&k | @Aakr hteann EUnsE naas iuty a n
kull anar ak) Arrheniusdoun da asit vV e
tanEml adEKE belirtilir. B°ylelikle,
hi drojen ve hidr ok sdiaty ainyaonn It aarnEEnmEEm B ny ca
yapEI Er. Tahtaya yazEl ani 9onkEhBal &ul
°Krencil erden g°stermel eri i stenir (4
U0 ¥Kr et mgnNH;Cud CH;COOH 0rneklerini tahtayayazar ve
oKrencilerden bu magdealiser(Eth¥Ek k Enda yor
0 Bu orneklerle amag, Arrthenius-asé z t anEmMEnEn yet e
duruml arE H°ister me&AmrehemikKimhun as
tanEmEnamaolyak¢lICHnen asi di k bir ©ze
NH, cozeltisinin baz gibi dawal EKE f a k a tb a&r rt menrEimEs
kapsamEnda OH grubu i-ermedi Ki -
CH,COOHi se mol ek ¢ | form¢gl ¢nde OH gru
as|l Enda iyonlalmasEnEn beklenil diK
U ¥Kret men, bilbi mpami-lat pra md la, di Ker bir
miktar NH, daml at ar ak ki ucu a- Ek bir bo
yerlelLtirir (10 dk, ders ©°ncesi bu ma

o ¥Krencilerden gazlarEn di amayani k
istenir. Asidik bir ¢ozelti olan HCI ile bazik bir ¢ozelti olap NH
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asEnda susuz bir ortamda ger - ek

Q
—

| emel eri saKlanEr. ¥Krencilerin,
a yakEn tarafta lbéwuiiasnnakesgaBEr bup
pki me sonucunda ,Cd!| udladchu Kma dtdeepnki in
zmal arE istenir.

U ¥Kr cilerdemaz ArahEmEukubhbanharak bu
bazi olaylarE a-EklamalarE istenir (
radaki a ma - Arrhenfu rasibnaczi | € rainfE mEn d a
tersizIliKin farkEna var-mal ar EnE

anEmEnE °Krencilere hatErl atarak

O <€ X S 95 @® O N

tepkimeyi asidik ve bazik maddelerin sulu ¢ozeltilerine dayanan bu
tanEm -erkkbapmasBrEm-Mdsgmken ol madE
saKl amakt Er .

U Dani markal E ki myacE Johannes Bronsted
birbirinden habersiz olarak Arrheni u
onerdikleri proton transferine dayanantesit an EmE a- Ekl anEr (

0 Burada, Arrtheniusatitaz t anEmEnEn yanl EL veya
bu tanEmEn asidik ve bazik karakte

Bronsted ve Lowry tarafEndan daha

yapEIl Er . buBiedilenmdeeseklekina zamanla ihtiyaclar
doKrultusunda deKi LebileceKi veya
yapEI Er .

U ¥Kr et men,-Lowdyr asibsatze dt anEmMEnEn asit Ve
davranELI ar’Bnybo nau- Ekelea d BKE ,mdHHijotua n d EKE
al an maddel er ol arak-baanBEmin&EmEmak uAn
bir-ok bazik maddeyi kapsadEKE a-EkI a

o Burada ama-, °Krema&d | eanBmBRAriheniB
Lowry asib a z tanEmE arasEndakiini fark]I |
saKl amakt Er .

U Bronstedowry astbaz tanEmE birka- ©°rnek ¢zer
asitbaz -iftleri hakkEnda da bilgi veri.l
bu tanEmE kavramlarE saKIlanEr (15 dk)
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Konjuge asib az - i f t | esuyumhem asit hErk de daz gild n
davrandEKE °rnekler ¢zerinde durul
g°®stermeyen suyun, kimyasal tepkim
bazi k davranabil eceKi gesterilir.
HCl+H,O0 ¢ ,OH+ Clve NH,+H,O0¢ NH+ OH"

ornekleri verilerek Bronstédwry asib az t anEmiyona g°r e
veren maddel er asit, alanlarEn da
bazlarEn di Ker °zelliklerine sahifg
asit bazE tepkii nkedwrrardEKeE bdauz uguk
tart ELEI Er. Bu Lekilde duruma g°re
amfoteri k madde denil di Ki bel irtil
asitbaz -iftlerinin biri °Krencil ere

ciftini tahmin etmeleri istenir:

Konjugeastbaz ~-i ftl erini

Asit Baz

HCI Cr

H, SO, HSO,

H.,O" H* verir H.,O

HSO, ) g SO/

HCH.0, H'al Er CH.O,

NH, NH,

HCO; CO;”

H,O OH"
et men, °Krencilere LewliOsk).deni nce n
Bur ada a ma - , °Krencilerin °nceki
elektomnokt a Lewis form¢gl ¢n¢ég kull anar
dizilimini hatErl amalarE ama-1|ankEr

elektronrnokt a formegl ¢nie. hat Erl amal ar E i

0 Lewi s 0 i wmokta foremlllitnimeasiiaz t epki mel eri ne ba
a- EsE ekl edi Ki -ciNtivatag maddeteanr Lavkis asidi eek t r o n
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elektror- i fti veren maddel erin Lewis bazE
dk).

0 Buradavurgulama s E ger ek en, Altowrl &sitbazu s v e
tanEml arEnEn hatabBzot maBmEhEBENE@Ee
alE@er me yorumu ile geni Ll ebazl di Ki d
tanEmEna g°re OH glawuy it ®edemEwvae ¢
proton alarak baz ol arak kabul edi
Lewis bazE tanEmEna uydukl arE ©°rne
elektron- i f t-viermesiheEdpyanandsia z t anEmE Dbir - ok

icine alarak asidik veya bazik olardklamn maddel eri n k

geni Ll et,meiBEar asEN#laki tepkime ©°rne
I -ermemesi Wwa nr &aKm&knt rbm -0 f t i al ar e
a-Ekl anEr.
U ¥Kr enciblaezr et aansEml ar EnEn tarih-esi etKki
et kinl i Ki ger-eklelLtirmel eri saKIlanEr
U Etkinlik sonunda hangiasita z t anEmE et kinli Ki de ya
o ZamankEn yet memes.i durumunda bu e
°Krenci-dezimamBmlitarE ile ilgili ©°K
icnde kull anEIl abilir. Bu etkinlikt
tepkime Arrhenius adibz
tanEmE ile a- Bronsted Lowry a aynkE

zamanda o tepkime Bronste
Lowry ve Lewis asiiaz M%

tanEmlarEyl a | A I
) | HG O HGl® | Ha0H - |MHg |
fakat tersi durum gegeri 1,0 ENOy . | MEOH g [E0 i
deKildir. d&ke,l] HgPO4 (EOE '32112302‘:
) ] J HolDy |Cai0HE [dogs- !
Lewis asib a z tan; 4 4. Serod i
a-Eklanabil en i daha
- B - Aeids EBazes )
SEnErl E ol dukK 11 us
veya Bronstedowry asHbaz &
tanEmE ile a-Eklanamaz. Yandaki Le

asidik ve bazik ol arak dEIKEEKENdIl e
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iliLkilidirbaArthegdmiEsdahaasiatr kar
(veya Lemsiyesi daha k¢-¢k ol duKkK
deKerl endirilen maddel erin daha az

Lowrydnin proton baandfaemrEimEe day &«

asit ve baz ol arak kabul et ti Ki m
kapsamdak.i maddel er (veya daha by¢y
veya bazik ol arak deKerlendirilir.
ALaKEda verilen tablo °Krencilerle
Arrhenius BronstedLowry Lewis
Asit Suya Hveren | Proton veren Elektrongifti
alan
Baz Suya OHveren| Proton alan Elektrongifti
veren
o Su ol ulProton transferi | Koordine
N trl koval e

ol ulLum
Denklem |H" + OH ¢ |[HA + B "$|A+B ¢ /

HOH A
_ Sadece sul Sadece proto Genel teori
Eksik cozeltiler transferin olar

tepkimeler
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GO3 LET6S DO!MAGI C

HAYDKk SkHKR YAPALI M!

Etkinlk: Haydi Si hir Yapal Em!

Konuukndi kato°orl er
1. Asi di k maddeldar kiamdikk aetr rsitd rk warnlkE
2Bazi k maddel er indikatorler varl EKEn
3.G¢nl ¢k hayat EmEzda indikato°orlerle ka

KazanEml ar

BililLsel :KazanEml ar

U Asidi k maddel eri tanEmafkkeder.i n i ndi kat
0 Bazi k maddel eri tanEmak i-in indikat?©
U kndi kat°re¢n renk aral EKEnE bilirse a:

yorum yapar.

DuyulKsaialanEml ar

e kndi kat°orl er hakkEnda billigki °¥a eamek
e kndi kat®rl erin asit ve bazi k maddel er
kat EI Er .

Psi komotor KazanEml ar :

e Etkinlik sonu-IlarEnE rapor eder.

Sire: 10 dakika

Dersin:kLIleniLi

¥ Kr enci | elerkomusunandikkateant cekmekidie r s i n buletkifliE n d a

uygul anacakt Er . kndi kat°rl erin asidik o

g°stermek amacEyla bu etkinlik hazErl ar

°Krencilere daKEtEl acak bolL dosya kaKEdE

SEnEfgrapl106!l duKu d¢lenegl ¢rse her grup i -
bir kelime el de edeceKi i-in 10 kel i mel
oBuglunkid dersimizind konusud asidik ve bazik maddelerd belirlememizd

s a K | dandikabrleridy a k EdtdaannE ma k t Er
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Her bir kel i me, fenol ftalein indikat?©Or g
hem asidi k hem de bazi k -°9zeltiyi test e
i ki adet olarak hsEEsakKh&nEr KaKEkIl arFr Ek Kk
ve bazik -°zeltileri hazErl anEr.
Etkinlik uygulamasEnda izl enecek adEml ar
0 ¥Kret men, °ncelikle © Kr ebnaczi | et lei ngl el cKe

hat Erl atarak onlawyaelBwisasteizus anBEmbas Ee
temel farkl ElI Ekl arEnE sorar.

o0 EKer °nceki -Ble@z sTamBEmgodo @A&skinl i Kin
kal madEysa bu ders bu etkinlik ile
bir °nceki ders tamamlandEysa, etk
yanEtlarE tartELEI Er .

Ogretmen, disn baLEnda her gruba aynE kelim
kaKEtl arE °Krencilere daKEtEr (1 dk)
¥Krencil erier kiaeWE tylaazrEdpa ybaz madEKENE s o1
¥Krencilere asidik veakBauz(ik dR)zel ti i

o SeyreltilmilL asit ve baz -°zelti |

c:

c:

c:

kull anErken uyarEIlI Er.

c:

Her bir grubun ikiye bolunerekibaoi grupasidik ¢cozelid i Krapda bazik
-%zel tivyl kr Uzerinde test edebilecdkiarkbitid dia)

0 Burada bazik ¢oOzelti iceren her grup bir kelime elde edecektir, grup
numaral arEnE sErayla tahtaya vyaza
grubunun tahtaya, grup numarasEnEn
istenir.

U ¢Ekan sonucu @i u@Enmumaarzaalrd ragnEn

0 ¥Kret men, indi kat°rl erin asidik ve be
asit ve bazlarE tanEmak i-in kull anEl
o Bu etkinlikte fenolftalein indikat
asidik ortamda renkz ve bazik ortamda i se
bel i rtilir. Bazi k -°zelti I -eren s
renksiz olan bazik -°zeltinin indi

belirtilir.
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G 0 4. THE MAGIC OF RED CABBAGE

KIRMIZI LAHANANIN S KHRKk

Etkinlk: KEr mEzEl ahananEn si hri

Konuukndi kateo°orl er
1. Asidik maddel er indikato°orler varlE
2Bazi k maddel er indikatorler varl EKEn
3.G¢nl ¢k hayat EmEzda indikat°orlerle ka

KazanfEml ar

BililLsel :KazanEml ar

U Asidi k maddel eri tanEmak i-in indikat
U0 Bazi k maddel eri tanEmak i-in indikat?©
U kndi kat°r¢n renk aral EKEnE Dbilirse a:
yorum yapar.

U KErmEzE | ahananEn renk aral EKEnE ince

DuyulKsaialanEml ar

e kndi kat°orl er hakkEnda bilgi ©°Krenmek
e kndi kat®°rl erin asit ve bazik maddel er
kat EI Er .

PsikomotorKa z an Eml ar :

e Maddel erin asitlik veya bazikliKini
kull anarak bir-ok maddenin asitliKini
e Etkinlik sonu-larEnE rapor eder.

Sire: 30 dakika

Dersin:kLIeniLi

OHaydi Sihir K¥gpal bralr@bet kiger¥Kdlaendaiil emi
i ndi kat ©°rdaehra hdaektkaBynldEa bi | gi Lahdham&gk 8 mhart

et kinliKini ger -%kKkrleenictiilremmeed eknE rormEczeE | a h a
karsEIl alt EKbbmhBHzu Kwinu ibrediikateTrek kEr mEzE
ortamda hangi renkleri aldEKEnE g°zIl eml

belirtiniz.
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Bu etkinlik i-in, kErmEzEl ahana suyu dah
i - i n k Er mifmikadr kebesek tantereye koyarak lizerine yeteri miktarda su

ilave ediniz. YarEm saat kadar kaynamaya
KErmEzEl ahana suyunu s¢zeégnegz. Keritler

filtred&aKbBilamBbilirsiniz) genil bir |
emmesini saKlayEnEz. Lahana suyunu ivyic
saKlayEnEz. B°ylelikle, kKkErmEzEl ahana s
kaKEt|l ar EnrE- elKlrebtcidecé i get kinlikler |-
zarfa koyarsanEz daha uzun vadede kull an
etkinlikte kullanmak ¢zere buzdol abEnda

AdEm 1: AdEm 2:

AdEm 5:

L~ - = =
pH=1 pH=2 H=3 vH=4 pH=5 pH=6 =7 pH=8 pH=9 pH=10 pPH=11 H=12
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Ders esnasEnda izl enecek adEml ar:

i

¥Krenciler kendi mal zemel erini test e
ve bazik ortamda dnbutEpiEcersieebk kagtane g° st
t ¢p koy ariarenkelpazesmicgozied rer i. sa K|l anEr

Kul | anEl ac ak asilik @lamad rmal azzeime | ®lra.Ba do Kr u
malzemeleseyreltik HCI, limon suyu, sirke, herhangi bir meyve susudau,

- ° z d ¢ r katbonat,L sabun, temizlik malzemelerintierhangi biri,
seyrelttkNaOH. e k | i nde ol abilir. Bu mal zemel €
ma d d e y es Ed @HKtiglera icerikine bir miktar konur ve sonrada her

bir t¢pe birka- damla kKErmEzEl ahanan
deKi Li mi ni gAdE ra ks birtresk yefphze i deitilir (5

dk).

Sadece kBEIMEKIEIl ahkaintaaz, ¢z¢m, kEr mEzE
-ayE, g¢l . ortanca -i-eKiindessidkdeunya g
bazi k ortamlarda f azbklitdei olaraknukl | aal nakrl adkE K
belirtilir (5 dk).

¥Krenciler OKErmEzE LahananEn Sihrio
edi |l ir, etkinlik gruplar halinde ger -
o0 Bu ders ©°ncesi OKrencil ermerak evl! er i
ettikleri i stedi kl eri mal eemel er
getirebil ecekl eri belirtilir. ¥ Kr
etkinliKinde ©°Krencilerin yanEIdE
mal zemel eri SEnEf ort amBnea gkeErinrEnzek
| ahana kaKEdEndaki sonucu yoruml a:
et kinliKinden el de edi |l en renk y

s°ylenir. kndikat°or kaKEdEnE naseEI

edilen renkten maddenin asidik veyaib&k ol duKuna karar

telvik edilir.,
¥Krenciler, etkinlik sonu-IlarEnE sEnE
poster asarak onlarEn bu sonu-1larEgE ra

test edilen maddeleri inceleyerek benzer maddelezer sonuc verip

vermedi Kini incelerler (5 dk).
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O ¥Krencilere test edilen maddel er a
sonu- var mE diye °Kretmen °Krenci
Lekilde d¢lendekl erini a-6Ekl amal ar
etkinliKindeki °Krencilerin d¢legnc
sonu-lardaki -elilLkili olanlargEn ¢
maddel eri asit veya baz gibi d¢len

sonu-larEnda farkl E sonu- bulunduk
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G 6 5.DILUTED AND CONCENTRATED SOLUTIONS

DERKKISEYRELTKK C¢¥ZELTKLER

Li mon, =zayEf bir asit olan si tdrziakk Edsi t
kavramlarEnE g¢nl ¢k hayattalkizllul laa B fina
farkl E anlamlar y¢kleyebiliyorlar. Bu g¢
°Krencil er bazen deri Lik asit dendi Ki nd
dendi Kinde zayEf bir asit d¢lenmektedir.

Ger-eklelLtinekeRKnienchu eatini Weri Li k ve s
ve zayEf kavramlarEyla karELtErmamasE a
ol ayEnE v ur gdditlaimKuvvethemakciEnylliaKi nden °nce t

gosterdi et kinliKidir.

Etkinlik icin:

Bir | imonun suyunu bir behere sEkKkEnEz.
iletiniz:

U Sizce limon asidik midir yoksa bazik midir?
0 Limoruni - erdi Ki bu asidin kagsvethmi bi du&

de¢lLenegyorsundie® nefKerentyllerdeglendekl e

isteyiniz.)
¥Krencilere | imonun zayEf bir asit ol an
etkinlikte, kuvvetli ve zayEf asitler

belirterelonsBhiyBEKENBEXKrenmi |l ere g°sterini

ilave edil mesi nas E|I bir et ki yaratacal
suyunun g°r¢negm ve tadE ile ilgili ©°Kre
-0 zeltiyi fiabdligtiniz Susilavesizdian tsuywun su ilaveli limon

suyuna kEyasla daha derilLik ol duKunun vu
Daha sonra, behere yine 10 ml su ilave ediniz, bu kez tG¢tinct durumun ikinci duruma

kEyasla daha seyrel ti k doulrduunkau nkuE ywaes li & i chect
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ol duKunu vurgulayEnEz. Deriklik ol ayEnEr
vurgusunu vyapEnEz. AynE Lekil de, bir ki
duruml ar arasE derilLik HWreEmkEzyyreltik -°ze
¥Krencilerden tahtaya bu d°rt durum ar as
resmetmel erini isteyiniz. Tahtaya alLaKEc
taneci k sayEsEnda nasEIl bir azal ma ol du
model |l emesi ni yaparken, su mol ek¢l I erir
-1 zmedi Kini zi belirterek, l i monun i -erdi
da yuvarlak -i1izdi Kinizi belirtmeyi unut n
¥Krencilerle berabeunyapgcaKEnEmesi mmadse
gi bi ol acaktEr:

= = e =
B hs) i) s

I i I v

Li mon °rneKinde ol duKu gi bi zayEf asit/|l
ol arak da bulunabilirler. Asitlerin veya
adl andEr manEm dladkKuwEn b, rkudwvet!l i veya
de seyrelti k halde bulunabil eceklerini
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G 8 6.pH ve pOH CONCEPTS

pH ve pOH KAVRAMLARI

Etkinlik : pH ve pOH

Konu: pH ve pOH
1. Asidik maddelerin pH ve pOH o6zellikler
2.Bazik maddelerin pH ve pOH o6zellikleri.
3. pH ve pOH dkerinin detiimle ilgisi.
4. pH ve pOH ardsdakii | i L ki

KazanEml ar

BililLsel :KazanEml ar
O Asitlerin pH ve pOH ©°zelliklerini tan
U BazlarEn pH ve pOH ©°zelliklerini tanek

0 pHveyagpOHdeker | eri ne gore maddel er i birbir
O pH veya pOH degerl erini etkileyen etn
0 Kuvvetl: asi tl er vkeriletinayariméar. En pH veya
DuyulKsialanEml ar

pH ve pOH kavramlari ilgisini ceker.

e Etkinli Kimagleri--eikn eilLltbi rl i Ki yapar.
Psi komotor KazanEml ar :

e Bircok asidik ve bazik maddenin pH ve pOKedairapor eder.

Sire: 1 ders saati

Dersin:kLIeniLi
¥grenciler genellikle pH kavramEnE asit/|

deKeri aygigttislek bir maddenin zayeEf bir ma C

bul unmaktadEr. ¥nceki -ztm°IEdf mdaes i°tKrbeanzc ikl aevr
-%zeltideki iyonlalLma y¢zdesi ifadesini
i se pH kawrdarkkEnEmi darotteen i yonu deri Li mi
yapEl acakt Er. ¥Krenciler aynE zamanda b

yanl EL bilgilere sahip olabilmektedirler
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sadece asidik ¢cozeltiler idie Ki | aynE zamanda bazik -°ze
vurgusu yapEl acaktEr. BunlarEn yanEnda,
i -in n°tr cevabE verebil mekte fakat a-EKk

yapmal ar E oirs aendéi kKiindei yon bul unmayacakKE

cizimler yapabilmektedirler.

U Ders balLEnda °Kretmen, °Krencilere de

-%zeltinin pH deKeri hakkEnda yorum vy
o ¥Krencilere iHCh°®st®zelbiilsirsini z.
tahminlerini nasElI ve neye dayanar
o KErmEzE | ahana veya indikator kak
deKer i i le il gili ©°Krencilerin yor

U Elinizdeki c¢ozeltiye bir miktar sa ¥ e ederek seyreklelt

°Krencilerden -°zeltinin pH deKer.i h

(5dk)

o ¥Krencilere bu tahminleri nasEl vya
o KErmEzE | ahana veya indikator kak
deKeri Kirleamciill @irliin YorumlarEnE tart
o Bir °nceki -°zeltiyi de¢lendeerek,
Sorusu uzerinde yogunlasiniz. ¥ Kr

yoruml adEkl arEnE di kkate al EnEz,

°Krenmplermad BEKEnE sorgul ayEnEz.

U0 ¥Kretmen, °Krencilere az da ol sa suyu
ol sa iyonlalLabil mesinden kaynakl andEK
o Asit ve bazlarEn iletkenlik ©°zelli
belitinizv e sadece suyun kendi i yonl ali

Suyun iyonlasma tepkimesini gostererek bunun ({zerinden
a-Ekl amal arEnEzE yapEnEz.
0 Suyun otoiyonizasyonunu taneci k boyut
hakkEnda bil gi verir. (15 dk)
0o ¥Krencifl senulyaansdem hidronyum hem d

I -ermesine raKmen neden asidik vey
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o Safsuyun?66de 1 | itre sudaki i yon deKe

vV e

hidroksit iyon derilLimlerinin

ol arak ifade edildi Kini a-EkIlayEnE

o Bi

r

°nceki ki myasal denge konusu

beraber hidronyum ve hi droksit ar

saKlayEnEz.

U0 Asidi k -°zeltilerde hidronyudmwksity on de
iyon deriLiminin daha fazla ol duKu if
o ¥Krencilerin, iyon dengesini kavr
gesterebilirsiniz. Be°ylelikle, iy o

bil gi verdi Kini a-EklayEnEz.

Asidik Cozti Bazik Cozelti
[H;O*]>10'M>[OH ] Notr Cozelti D ]<10'M<[OH]

U ¥Kr et me
-ok k¢ -
o Dani
hidr

°ner

U Der si

n

[HO0*]=10'M=[OH]

n, °Krencilerden deriilliimlemrien d
ck deKerl er ol duKunu °Krencil e
markal E bir biyokimyacE ol an
onyum iyon derilLimlerini daha
me sunmuditvonl|l pdiEakar BaKl ant E a
balLEndaki, -°zeltiler hakEnda

isteyiniz. (10 dk)
0 kki
ol madEKENRE belirtmelerini isteyini

o KErmEzE | ahanarEaediakdi kenar tloaKETf h

o AynE

cozel ti aoaskFodharmpH areagsaEnHa

t¢rden fakat deKiLik derilim

farkl E ol abileceKinin °Krencilerin
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ve pOH arasEndaki baKEntEYyE °Krenc
Indikatérler n kabaca pH hakkEnda bil gi v
Ge¢nl ¢k hayat EmEzda karLEl aLt EKEmE:

°Krencilerle beraber tespit et me:
etkinliklerde kErmEzE | ahana il e
skael asEnNE kullanarak ge¢nl ¢k hayatt a
bazi kli Ke doKru sEralamal arEnE i s
olulturabilirsiniz:
Cazelti pH deKe

Ak asidi 0

Mide asidi 1.451.8

Limon suyu 2.1

Sirke 2.9

Karap 3.5

Domates suyu 4

kekersiz ke 5

EkLi mi]l S ¢t 6

YaKmur suylt 6.5

Safsu (Z&) 7

Kan 7.397.4

Deniz suyu ) 8

Sabun, Lamg 89

Deterjan 9-10

¢amaLEr suy 12

¢tamalLEr sod 14
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G d7.STRONG AND WEAK ACIDS

KUVVETLK VE ZIERVEBBAABSK T

Etkinlik : Kuvvetli ve zayEf asitler

KonuuAsit ve bazlarEn kuvvet.i

1. Kuvvetli ve zayEf asit arasEnda ne
2Kuvvetli ve zayEf baz arasEnda ne f a
3.G¢nl ¢k hayat EmEzda kuvvetli ve zayEf
KazanEml ar
BililLsel :KazanEml ar
e Kuvvetli ve zaylkHklasri.t arasEndaki far
e Kuvvetli ve zayEHkIbarz. arasEndaki fark

e kyomé akavramEnE ifade eder.
DuyullskkazanEml ar
e Asi t v e uvbedliile ilgilr dgrenmdlerini grup arkBdile ibirligi
yapar.
e Kuvvetli ve zayEf asit veya bazlar En
Psi komotor KazanEml ar :
e Asitlerin veya bazlarEn kuvvetli vey:
gosterimini resmeder.
e Etkinlik sonu-larEnE rapor eder.
Sure 120 dakika
Dersin:kLIeniLi

¥Krenciler genellikle kuvvet]l. ve zayeEf
Tam olarak kavrayamadEklarE i-in de doK
¥zellikle bu kavramlargE, ayBf ¢lanlkahll am
ililLkilendirmektedirler:; °rneKin kuvvetl
kuvvetli veya zayEf asitlerde taneci kIl er

savunmaktadErl ar.
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¥Krencilerin bu idkaihaduiryuim aarrlaasyEanidialkme If earri

et kinli kIl erdi vV e sim¢gl asyon kull anEl aca

°Krencilerle tartELarak ilerleyecektir.
U ¥Krencilerin aynE derilLim ve ha
sonucunda farl EI Ekl ar g°zl enmesi ni s a
°Krencilerin oO0Asitlerin Kuvveti
o Burada ama-, °Krencilerin aynt
tepki mede sonucunda, foaruklaEn E
g%zl emel erini saKl amakt Er . As
daha sonra detayl E bilgi ver:i

U Si m¢gl asyonun?© kraelncainlgeErceEndaden b
bazEl arEna zayEf asifti kdenielrdinKi
i ncelemek i -in sim¢glasy¥KHdanct hyg
HCI ve HF olmak uzefie k i  nfiaddebkul | Eu n dbalikarek bu maddele
teker teker su dolu bir behele®na
bekl edi kl eri ni sorgul ayarak onl ¢

Hydrochloric Acid Hydrofluoric Acid

Hydrochloric Acid Hydrofluoric Acid

U Taneci k boyutunda HCI mol ek¢l I er
(G°r¢ntegnegn daha basit ve kolnmy

taneci k boyutunda g°steril medi Ki
ifade ediniz.)

Kuvvet|li bir asit ol an HCI 6ni §O;
i yonl arEnE olulLturduKunu ve %1
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Kuwweg | i 1 i k kavramEnEn iyonl alLma 'y
Kuvvetli asitlerde, HCI dde ol dukK
baskEn "geaCyiEydoban H aneci kl erinin bu
HCl molekdllerininbulua bi | eceKini belirtini
1 litre suya 1 mol HCI mol ek¢l D'

velMCli yonl arEnEn olulLacaKEnE bel

Kuvvetl.i bazl arEn da aynE Leki
Kuvvetli asitler ve balr En t amamEna yakEn iy
kuvvetl.i elektrolitler ol dukIl ar/

Hydrochloric Acid Hydrofluoric Acid
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U ZayEf Dbir asit olan HF maddesin

°Krencilere scraraknonlaaEBikzd,¢ 2,
baKlara sahip olmasEyla a-EkI a\)
d°nerek, aynE d¢lLe¢egnceyi koruyup

HF Ht F~
© (/ ¢
HF = H
© (.« ¢
Hydrofluoric Acid
HF 7 H+

Hydrochloric Acid Hydrofluoric Acid

HF taneciklerinin, HCI gibi,us i | e etkilelLmeder
ol dukl arEnE g°steriniz. Fakat k
yapEIl atiBrmodd kair EHE suya kEsmen ak
¥Krencil erden ge-en d° ne mk e rkdaev
hat Erl amal ar EnE isteyiniz ve ne

ve ClI el ementl erinin vy edF)H8Q, HBr, HOlt
baKl arEnEn pol arl EKEnE kar LEI aflikt
deKerlerini veriniz). EdFe btaKEmal g
ve en zayEf asit olduKunun tesp
mol ek¢ll eriyle hidrojGQnybaKHeyahp

gerekende daha az ol duKunu, fakat h
sonraki d°nemde °Krenecekl erini
1 litre suya 1 mol HF il ave ed

yararl anarak iyonl alLan nyaodnd ea Lrmal
de sEcakl|l Ekla d€R&idEet iHKE] cie Kietnei | mT
ol duKunu vV e hesapfaman sdeutc Uit
bul unarak ©°Krencilere bu deKerin
dikkatetmelemii s aKl ayEnEz.
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HF HY F™

® © c

HF F H-

Hydrochloric Acid Hydrofluoric Acid

kyonl alma sabiti b¢gye¢k ol an asit
yorum yapmasEnE saKIlayEnEz.

Etkinlik sonunda, asidik maddelerde hidrojenini daha kolay veren ma

daha kuvvetl!l il aasdiat iweontdallLapEgE"
ol duKunun vurgunu yapEnEz.

Bazi k maddel er i-in de kuvvetl il
sonucunu °Krencilerin tespit etn
ZayEf asit veya ba znediktednve lBuhua ketlen
°Krencilere sorunuz. El ektri k ak

daha zayEf elektrolit oldukl arEt
¥Krencil eri ndZakEVv eatsliit aasriats Emd 4

ger-eklelLtirmelerini saKlayEnEz.
o Bu etkinlikte ©°Krenciler, K u\
d¢lLendekl erini resmetmeye -al 'l
model |l er incelenerek, daha ngihirl

kavram yanEl gEsSEnEn ol ul mama
onemlidir.
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U ¢°z¢negrl ¢k ve iyonlalma aynE Ley

o Bu soruda ama-, °Krencilerin -

birbirinmieelnerayBr ts aeKtl amakt Er .
ile farkEnE ayErt edebil mesi
aseti k asit i-erdi Kini belirti
i -in zayEf asit oltdwKiu beapEm

sirkenin az -°z¢nd¢K¢g syl ene
ger-eklelLebil mesi i -in madden
de vererek Lekerin iyonlalLmac
belirtilir. Bunu sonucunda, °Krencil e

kavramlarEnE birbirinden ayEr!H
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G 0 8. THE PROPERTIES OF ACIDS AND BASES

ASKTLER VE BAZLARI N ¥ZELLKKLERK

Etkinlik : Asi t ve BazlarEn ¥zellikleri
Konu: AsitvebazleEn ©°zel | i kl er i
1. Asitler ve bazlarEn genel ©°zell ikl

2. Asitlerin metallerle tepkimeleri.
3. Asitlerin karbonatlarla tepkimeleri.

KazanEml ar

BililLsel :KazanEml ar

U Asitlerin ve bazlarEn fiziksel ve Kkin
U Asitlervebal arE fizi ksel ve kimyasal ©°zell
eder.

U Asitlerin aktif metallerle olan tepki

U0 Asitlerin karbonatl arl a ol an tepki mel
U Bazl arEhegemréehlierle tepkime vermedik
U Asitler ve bazlarEn elektrik iletkenl
U Asitler ve bazlarEn birbirleriyle te]
yorumlar.

DuyulKsialanEml ar

Asitlerin metallerle olan tepkimeleri itgigeker.

e Asitlerin ve bazlarEn elektrik iletke
e EtkinliKi ger-ekleltirmek i-in iLbirl
Psi komotor KazanEml ar :

e Asitler ve bazlar arasEndaki benzer v
Sire: 4 ders saati

Dersin:kLIleniLi

U Ders balLEnda °Kretmen, °Krencilere i/

birinin asidik bir -°zelti di Kerinin
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-%zeltilerden hangisinin asidik ve ha
edeceklerini sorés dk).

o ¥Kret men, en SKnendceirlselrei ni Ingeilleir f
sorgul ar . Asi di k vV e bazi k maddel e
indi kat°or kaKEtlarEnda farkIlE rer
maddel erin belirl eneebsitl neetstiinkil e°rKirnei

Fizi ksel olarak bakEIdEKEna asidik Ve

m¢emken ol madEKEnRE fakat asitleri bazl
ifade edilir. Asitler ve deazlbamiarias b
-%zeltiler 1 -in g°r¢negmlerinin benzer
¥Krencilere |imon yediklerinde naseEl
al EnEr. Asit kelimesinin Latinceden (
ol duKwedilrAsidtel er suda -°z¢nd¢kl erinde

Hergine di Ky imiecekl|l erden bu tadE tattEKE

greyfurt gi bi meyvelerin sitrik asit
iceceklerin karbonik asit, sitkenias et i k asit i -erdi Ki b
O OMel i sdi n Bir Gé¢ng o etkinliKinin

ge¢nl ¢k hayat EmEzdaki balka hangi

°Krencilerden aralLtErmal arE isteni
ol deklenir, s¢tun normal koLull ar
eklLime olayE balLladEk-a i-erisinde
bunun i-in s¢t ve eklLimilL s¢gt test

o

Krencilere | abor atemam ¢ mratd&mBn da khn
urgul ankEr . BazE kimyasallar zara

| duk-a tehli kel:/| ve zehirli ol duk

v
0
seyrel tik asit ol duKu vV e derivyi
ortamEnda -bul wmrsdandi bhi ol duk-a deri L
temasEnda -ok ciddi yanEkl ara nede
Asitlerden farkl E olarak bazlarEn ise
nu tatmEL ol anl ar En b lerinteyemék al mE L
SE suda -°z¢ndererek i-ildi Ki bel
cE tadE olduKu belirtilir. ¥Kren

sabu
soda
a

vV e
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yEkarken kolayca g°zlemledikleri baLk
kayg nl Ek hi ssi verdi kIl er i ekl enir (5 d
0 ¥Krencilere | aboratuar ortamEnda h

veya dokunmamal arE tekrar hatErl at

Asitl eri bazlardan ayEran temel °©ze
davranELI ar E  orendiler& umetdlerih iasidiki Vei bazik ¥ K
-%zeltilerdeki farkIl E davranELI arEnE
o Bu adEmda, °Krencilerin gruplar ha
i -in °Krencilerle tartELmmeleort amE
tart ELEI Er . Laboratuar ortamEnEn

ol madEKEndan bazE deneylerin video

kki erlen al Enarak aynE ml i ol
-%zel tisi ve di Kerine d -%zel
erl enEmaaKutturmak ¢zere i bal on

mi ktarl arda magnezyum Le arak er

VvV e bal onl ar erl enl erin Ena t u:
an erl e
de Ki Li k

g°zI|l enmez. Erl ende meyda “e en tepk

resi mdeki gi bi HCI asit

#3 -

gozlemlenir. NaOH ¢ozeftisnde her hang

S

)

A

her °Krencinin g°rmesi saKlanEr (5 dk
Kal si yum karbonat i-in de aynE i LI eml
-%zeltisine ghonupni kd ralr @mla eClaicCtOoa K E o it &
HCI asit -°zeltisinin bulunduKu erl en

meydana gelen bu tepkimenin her °©°Krer

-%zeltisinde herhangi bir deKiLikI ik
o ¥Krencil er eGgonM&! iest&iim | B iKri hat Erl a
Mel i sé6in heykellerdeki alLEnmal ar a
i kinci formatE °Krencilerle I ncel
asitlerin hangi °zelliklerinden C
karbonatl E bilelLiklere etki eder e

belirtilir.
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U0 ¥Krencilerin asitlerin magnezyum ve K
yazmal aB& eshadar °Kretmen, ba(@®nl ar En
dk).

o Bal onl alreEnhiirmijren gazE ve di Kerin
bul unur . BalLka bir balon da bir ©°
Her ki tepki me sonucunda farkl E

amacEyla balonlar aynE noktalard:
bEdanaeBE Eyl a g°zIl enen deKiLikl ik ©°K;
a ma - , °Krencilerin iki tepki me soi
kavramal arEnE saKlamaktEr. Ol ulan
U Na metali ilehttp://www.youtube.com/watch?v=p8pZz@IOWE) ve K
metalinin fittp://www.youtube.com/watch?v=gQagFoHQhDI4CI asit ile

tepkimelerinin videolarE °Krencilere
ile de Liddetlibeleipkt imeilrer Bwermekall
°Krencilere sorulur (10 dk).
o ¥Krencilerden 1A grubduaial keaelvia pmeatra
Bir sonraki konu ol an el ektroki mya
g | daha detayl E bilgiler ©°Kren
0 Cu metalinin HCI asit -%zeltisine a

g°ermesi sakKIlamnBi.ndki tartiEK aas ibta k-Eo z anlett a
video fttp://www.youtube.com/watch?v=1stvwo4x3LE g° st er i | i r .
neden hidrokl ori k asit -%zeltisinde

-%zeltisinde tepkime verdi Kiindgeorul ur .

ge-er |l i ol duKu belirtilir, HCI veya F

ver medi Ki ;vée B¥Oa-t° zHeNQ i | eri nde tepki me

(15 dk).

0 ¥Krencilerin bu metallerin yarEso)
saKl anEr etallevim HNQsve yHSOngibi oksijen iceren
asitlerle tepkime verdikleri i fad

videol arla bu tepkimeler destekl el
tepki mel eri Izl emel er i saKlanEr . N

gz En hangi gaz ol duKunu °Krenci l


http://www.youtube.com/watch?v=gQagFoHQhOg
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bul mal arE saKIlanEr ve -°zeltinin m
durumu a-EkIl agdgr 3 CBJCNING + 8HO) O
Oksijenl:i metall erl e tepkime sonu
asidh i - eri KjiNOg &Orgi 80 gazl arEn a-E
edilir.

U Bazi k -%zeltiler de¢Lenegl deKende met a

belirtilir. ¥Krencilere bu durumda as
etmezler genellemesi Fapa b i | i r mi diye sorulur.
NaOH -°zeltilerine Al metali atEI Er.
de tepkime ol duKunu g°zl emel eri saKl a
di Ker metall er i -1 rumdtallerigeeded hemiasidk|l d u Ku
hem de bazik -°zeltilerde tepki me ver
o ¥Krencilerin bu metallerin amfoter
saKlanEr. Zn, Sn, Cr, Pb, Al gibi
bazik c¢oOzeltilerden tlelenirler. Amfoter metalleri daha iyi
hat Erl ayabilmeleri i-in °Krenciler
cumlesini syleyiniz. Boylece, bazik ¢dzeltilerin genel olarak metallere
et ki etmedi Ki fakat NaOH veya KOH
gibi amf ot er metall ere et ki eder ek
vurgul anEr .
Asit ve bazlarEn balLka bir ortak °zel

vermek amacEyl a Dbi rhttp:Awivw.yoaubekam! | anE| ¢

watch?v=4WillWjxRWw&feature=relgted EI| ekt ri k i |l et i mi i
ne de¢lendekl erini sorarak, asidi k ve
kurul duKunda el ektrik akEmphcedklranBhid E
dk).

o Bur ada a ma- , i'yon hareketiyl e e
belirtil mesidir. Vi deoda hem Kkuv:
kull anEl mELt Er . Neden bazE -°9zel't
°Krencilere soyelnuP Kr¥acumeget kuem
asit olup ol mamalarE sorulur, bu d

yoruml arE al EnEr .


http://www.youtube.com/%20watch?v=4WillWjxRWw&feature=related
http://www.youtube.com/%20watch?v=4WillWjxRWw&feature=related
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U Son °zel l ik ol ar ak, asit ve bazl ar En

tepkimesi vermesi ve tepkime sonucundadagerellikt uz ve su ol ul
n

deKinilecektir. Bunun i -1in aynE der
yararl anEl acakt Er . NetrlelLme tepki me
kull anEl acaktEr. Bir behere Dbir mikte

HCI ¢ozltisi koyunuz. HCI ¢oOzeltisine birkag damla metiloranj damlatarak

°Krencilerin pembe rengi al dEKEnE g°©°:
bul unan behere Na OH bul unan beherde
¥Krencilerin bu deKi Lkicizeltiden ®klendkoee | e r i

neden renk deKiLimi g°zlendi Ki tartEL

U ¥Krenciler ON°trlelLme Nedir?6 etkinli
o ¥Krencil er, etkinlik esnasEnda tar
ortaya koymaya -baolyEltaucnadkal anred Eerr. oT a
bir Lekilde kavrayan °Krencilerin
Bunun i -1in, °Kretmen ©°Krencilerin
onl arEn eksiklerini veya yanl ELI a
ger-eklelLtirecektir

U ¥Krencilerin o0Kek NasEIl KabarEr?2o6 etk

o Burada ama-, karbonatEn n°trl el me
hayattaki durumlarla ililLkilendirm
etkinliKine deKider&hw!| mahd&l pnoblae
bazi k ol duKu vV e mi deyi rahat!l atm
Karbonat En da bazik bir -°zelt]i o]
belirtilir.

U ¥Krencilere, kabartma tozu ve karbona
etkinliklerde kabart ma t ozu vV e karb
edil di Kinde farkIl E sonu-Ilar elde edil
yoruml anabilir °Krencilerle tartELEI E

tozu ve &raadvBHmdhaa EmH farkEnEn ol duKu b
yarar sorusunu sorulur.
O Kabartma tozunun sulu -°2zeltisi n

-%zel tisi i se bazik ol duKu tespit
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kull anEl an mal zkehtdil Karbonat bdzik rbik | EI a L

madde ol duKu i-in aKEzda acE bir
yapEmEnda karbonat kull anEIl acaksa
veya yoKurt gi bi asi di k maddel er
kull anEl acaksa bek Lep&pEOMEN asi di
kull anEl mamal EdETr -¢nke¢e bu asidil
ol masEna neden olurl ar. Kabart ma t
asit d¢zenl eyi ci maddel er ol duKu i

verilir.
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Y ON

¥Krenciler titrasyon olayEnE anl amakta &
kontroll ¢ bir n°trl el me tepki mesi ol ar
titrasyon ol ayEnE daha inyail Ek abvirray ab ki
ger-eklelLtirilecektir. ¥Krencilerin, ti
boyutunda neler ger-eklelLtiKini kavrayab
kull anEl acaktEr. G°steri demeyi. 2i -Mord i tki
sodyum hidroksit -%zel tisi ve deri Li mi
hazErl ayEnEz. G°sterilecek olan simegl a:
kull anEl acak ol an hidrokl ori k a deret -%ze
hidroklorik asit -°zeltisinin deriLimini
Simulasyondaki gibi 60 ml hidroklorik asit ¢ozeltisinden ve 50 ml 0.M sodyum
hi droksit -%zeltisinden kull anar ak d¢ z e
ger-ekleltirdi Kanl E bkear ak EmEmeglsa szyaorm d a
Sim¢glasyon alLamasEnda alLaKEda belirtilen
a0 k1l k dur umda °Krencil erin Si mg |
(sim¢glasyonda belirtil emrtEnrEecidl

ol masE i-in sim¢glasyonda renkl el

daha basit olmasE i-in de su m

belirtiniz).

Taneci k boyutunda verilen bidBEHK
glesteriniz. Hi drokl ori k asidin

mol ek¢l I erinion s u i -erisinde %
°Krendi klerini hatErl atEnEz.

¢°zeltiye NaOH il ave edil di kwturaaki

deKi Limleri g%zl emel eri ni i st eyl

Sim¢gl asyonda, i fade edi |l memi L f
arasEndaki ililLkiyi hatErligtoamla

son ikidurumicindeH yon der i Li mi ndiursuomug ud
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isteyiniz.

10 15 20 25 30 35 40
Volume of NaOH added

U kkinci durum i -1 n, titrasyon d
-%zeltisine ilave ediniz. Na OH
sim¢glasyon yar dEmEyrlean CiKlremdad el
durum arasEnda nasEIl bir fark g

avesiyle alLaKEda belirilen du
HCI + NaOH ({0 tdplant@sine goreH

NaOH cozeltisinden gelen Okorl ar EnEn 61i ty @ md
etkilelLerek su moleke¢ll erinin
Na Cl tuzunun olulLtuKunu fakat
olarak bul unmaseE

Grafikteki pH deKgonhdeEnEdeHE

0.00 13.00

'; Add 5,00 mL) 11.00
L of NaOH
] 9.00

0.200M 4 700
5.00

10 15 20 25 30 35 40
Volume of NaOH added
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Uciinciidurumda, 5 ml daha NaOH ¢ozeltisinin ilavesiyle erlendeki ¢o
nasE|I bir deKilLim g°zlendiKini
¥Krencilerin NaOH ilavesiyle alL
saKlayEnEz:

HCI + Na OH H{O tdplant@sine gore,

NaOH cozeltisinden gelen OHy onl ar EnEfi yonl

etkilelLerek su molek¢ll erinin
mol ek¢l l erindeki artEL
NaCl tuzunun olulLtuKunu fakat

ol arak bulunmasE ve'igionl amEakia
Grafikteki pH OBEKgonhdeEnEdeHeE

10 15 20 25 30 35 40
Volume of NaOH added

D°rde¢nc¢g durumda (BelLinci ve Alt
ml daha NaOH c¢oOzeltisinithiavesi yl e erl endeki
gzl endi Kini sim¢gl asyon¥kgraedEimEe
ilavesiyle alLaKEda belirilen du
HCI + NaOH ({0 tdplant@sine goreH

NaOH cozeltisiden gelen OHi yonl ar EnEfi yonl

etkilelLerek su molek¢ll erinin
mol ek¢l |l eri'ndekil aarEtnEla kv e altal r
NaCl tuzunun olulLtuKunu fakat

olarakbubmas E ve bir ©°rdicyed&nl aluk udna
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Grafikteki pH OHFEKgonhdeEnEdeHeE

(1.40)

10 15 20 25 30 35 40
Volume of NaOH added

75.0 mL

HCI solution

10 15 20 25 30 35 40
Volume of NaOH added

80.0 mL
HCI solution

10 15 20 25 30 35 40
Volume of NaOH added

85.0 mL
HCI solution
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U Yedinci durumda, 5 ml daha NaOH c¢o6zeltisinin ilavesiyle erlendeki ¢t
nasE|I bir deKilLim g°zlendiKini
¥Krencilerin NaOH ilavesiyle alL
saKlayEnEz:

Bu durumda, cozeltide bulunariv® OHi yonl ar EnEn
ol duKunui niifzadeSiem, | asyonda bel

derslerden suyun iyonlalmasE k
dol ayE bu andaki -%zeltiye no
elLdeKerlik noktasE deni kledou gurumi

pozitif ve negatif i yodwelOHIr ¥anlk
bul unmamasE olarak yorumlarl a
vermemek i -in °Krencilerin bu
Kuvvetli asit ve kuvvetlibaze p k i me sonucunda o
asidi k veya bazik bir tuz olulL
fakat daha s ondkawetl asiteve Isak epkichelerir
ortamEn pH deKerinin 7 ol gz EK

13.00

‘ Add 5.00 mL) 11.00
I of NaOH
| i | 9.00
2 0.200M T 7.00
5.00

3.00

1.00

(1] 10 15 20 25 30 35 40
Volume of NaOH added

Ger-eklelLtiri°lzen tt i thrad say onednak si z ¢
tespitinin zor ol duKunu °Krencil e
ilave ederek renk deKi Li minoktaya isgddni
noktasE denildi Kini belirtiniz.

yardEmcE ol dukl arEnE ifade ediniz
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elLit ol duKunu, fakat pratikte &gE|

g%zl eml edi Kini belirtiniz.

D°n¢gm noktasEnEn belirl enmesi i

deriLiminin tespitd.i burada el de e

noktada, harcanan baz minkktaEEi ¢l

0 Sekizinci durumda (son durumu da
sonrasE 5 ml daha NaOH -°zeltis
deKiLim go°zlendi Kini si mg¢l ¥l§ncaenn
NaOH ilavesiyle alaKEda beliril
NaOH cozeltisinden gelen OHy onl ar E i I'ey onl a
art EL
NaOH cozeltisinin ilavesiyle, Nay on| ar Endak i ar

ortamda tacek Clolyobtar Enda deKi |
olulLumunda artEL g°zIlenmemekt e
Grafi kteki pH ,ddKeornil nadreEkniE nd edkeir

NaOH -°9zeltisinin il avesinin deva
artmaktadEr.i ydmtEamdgast QHI| ¢ K¢ ol du
-ozeltidir; fakat ortamda eser mi

H* i yonl arEnEn varl EKE devam et me

bul mal arEnE isteyiniz.
13.00

‘ Add 5.00 mL) 11.00
i of NaOH
. 9.00

(12.02)

10 15 20 25 30 35 40
Volume of NaOH added

'95.0 mL Y

solution
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10 15 20 25 30 35 40
Volume of NaOH added

100.0 mL
solution

Titrasyonun sadece kimya bilimi kapsamEn
i fade edini z. Di Ker bilim alanlarEnda da
belirtiniz. Titrasyoni L1 emi ni n | abor at uaméyanrmhdde k an v
deri Limini tespit etmek amacEyl a sEkI EkI
¢cretiminde de titrasyon iLIemine balLvurd
ki myasallarEn miktarEnE héldiuKlueamek bamaa
yiyeceklerin yaK i-eriKini, su i-eriKini
edi |l di Kini i fade ediniz. Bunun yanEnda,

LarabEn yeterince yEIlanEBEdgtiwy&syammadEiLHk
kull anEl dEKEnE belirtiniz.
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APPENDIX H

AN EXAMPLE OF TRADITIONAL GROUP LESSON PLAN
GELENEKSEL GRUP DERS PLANI ¥ RN EJ k

KonuAsitler ve Bazlar ¢nitesine girilL
KazangEml ar

U Gulnlik hayatta bircok asidik maddelerleEkaranii BKag k eder .

U Gunluk hayatta bircdbazikma ddel erl e kar LEIl alt EKEnE
U Asitvebazarikavrar
U Degisik astbaz tanimlarini kullanarak asit ve bazlari tanimlar.
0 Farkli asHbaz tanimlarinin ayrimini yapar.
U Asidik ve bazik maddelerle ilgiliekter verir.

Sure 3 ders saati

Dersin:kLIeniLi
U ¥ Kr e t°nKer re,nasit vé bmzikenaddelermtik hayatta k&t pE
kail l&madklafbEsorar(5dk)
U ¥ Kencilerirg © r ¢ [alar@ Ketmen, asidik ve bazik maddelgiinliik
hayattas E k k & & L B E belirtir.(5dkn E
o ¥ Kr e nlanon, edmagesirke, alkeya meyve gibi asidik madde
orneklerve sabun, karbonat[diacunu ve deterjan gibi bazik madde
orneklerwerilir.
U ¥ Ketmen? #encilere ikingurimo Me | i s 8 i n EBkinikk Gunud6 ad|l
okuma s & a E@0dBD r
o Okumae t k i n | renkilierimgdrdiikn@yiittk ar LEl alLabi | ec el
asidik ve bazik maddeleru | maviea -r EE ko IE aonkaul naar | EanrEE n E

isteyiniz.
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U ¥ Ketmen daha sonra asitleritove z It am Eiilg#i bilgi verir.
OncelikleArrhenius asibazt a naE-mEk (RQak) E r

o Hangi maddelere asit ve hangi maddeleck baz d,ibuQunla ilgili
° Kr gfc i lall &ErmiEmi

0 Arrhenius asibazt a n Eam EEnkH AsiyeBairt#Ct, H,SO,,

HNO,, HBr ve HI ve bazlagindeNaOH, KOH, Mg OH),, ve
Ca(OH)orneklerinverebilirsiniz.

o Daha sonrdsda? tencilere CEH NH, ve CHCOOH bu maddelerin
asitligivd a z H &K Kate sydegebileceklerini sorunuz.

o Tahtaya NHve HCla r a s Eepkimekyiazarak, bu tepkite
amonyako6ikdha b aan ddhsedirmzdAarimenuis dstz
t a n E méksikdikkel® #encilere - Ek | ay En E z

U ¥ KetmenBronstedLowry asibazt a nile igffiaciklamalar yapa@0 dk)

0 Bronsted.owry asibazt a n P nighailéte - E k icia ma k
° Kr e elcoklagtbaz tepkimé r ngéskerilir.

0 ¥ Kencilere, konjuge asizciftleri ile ilgili giklamalay a p @rhek r
tepkimelerdeki konjuge alsézgiftlerini® #encilerim ul mal ar En E
isteyiniz.

0 BrinstedLowry asibazt a n E ekBikieEnuebhahsedinize
a- EklLayEnEz

U ¥ Ketmen, Lewis aditazt a nilé itgiia - E k | yaparélb aky

0 Lewist a n EvemfBeddn once #encilere, Lewis elektrookta
y a p B s E & Eitingahtaya birkgbrmeky a z & #mcilerin bu
y a phEayt EEln & ta ly Elp aEsoruE Kk | ar En

0 ¥ Kencilere, Lewis elektrooktay a p B 8 E it Ei¢inditkaga k
ornekiizerinde - E kyl aapnfan E z

o Dahas o nr g s E e dva-tmdtepkimemndetelektigifti
°© z e | Kelfederekealektrogifti alan ve vereiizerindemsitbaz
t an Egrebhn B | ebahseditiz. n d e n

U ¥ Kencilere, asbaz tepkimeleri yaZdrak, bir maddeniict a n E m
cercevesindide asitolarak d | a n d E oraeklexilyarimizeArieeKius asit
bazt a n Eveyk Bréhstetowry asibazt a n EyaBEdE rma d Ek | ar En E
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saleceb a asikbaz tepkimeleriete! E n deEsklErinin oddkundan
bahsedinizZ15 dk)

U 0OAsi t Tae@ EBdTain ersBEmd i si ml it &n il li &kr @ k L
da KE@GK E z
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APPENDIX |

SOME EXAMPLES OF STUDS$NFGRACRATESON

ACTIVITY 0 ACIDS AND BASES
1) What do | know?

Example 1
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Example 3
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2) What I want to know?

Example 1

o Bldillorie sl oreWildecian

Example 2
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Example 3

Asit .U‘-G. by hakloonds \l"ef‘ff%j: f’},i];*isfr;ﬁig';?_t:_ .

\"3*("}51' U

3) What | have learned?

Example 1
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Example 2

P A e j"[““l nGile Namadsminde s ielacday
&‘:\f_;tfﬂy-\ ey T ‘?-t_;ii?.i' feay, \/{-\1 Ecele }e . Cf \JGiv o e~ ) @ W“!ﬁ_‘"‘_fg‘“ ;

NF A {6y gy ) PULY. S T b - AT - s F
{oq el Ofmendes Kela ¢ I Yo Sivke , Mg ferde

Trozio }” et i Cdda 1‘_;’;:’)5{ . %” ok SO o F4 ond
il bar  cedy borr frastoml mde  LCanilil  10n leedlohdonto
[

Stottde b .

I R 4 e N & \ - ) 5
Farvmgzs 1S WS yu  tuvnoiolon e cesicld, Asb

hO2 der denimik, ree krer oaled

E o £ 3 & e o 3
0 el € 1] 3 £, ; e AR 3 e 4R Bmm B i e
FavE L = ve D Yeod ¥ o t i,.*’"‘- LK BB CHZ
s A £, B ) A ) L
lV r{,‘ Ve ‘fC{" e (-.i:"f'%f ;fa'i"'!'f‘f{ﬁi/i S g il
A ¥ Pyt 4 by €359
i W "
P : bl r PG
= s . o,
Lo ’L.“fﬁf‘if"f-f:-.r"’. Cuige  Jana ¥ ! 4
TEL P e .
_ £

Example 3
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Example 5
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ACTIVITY 0 A DAY WITH MELIS
Step 10 Student Prior Individual Ideas for Substances

Example 1

e\ma—4a ok kole, 45‘.'1’\‘ o A

sike sasit  Soda = ez deledyan Ada .
Qspyfin => &t Nec ¢ O 02 «
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bocer ver dimn

Example 2
¥ elna asr gpieinyastt  siebe DosiF

dﬂ“‘c’jm/batﬂ— Salyu(-rﬂsuz_
Soda Yz bola = asts .



Example 3

AﬁHa’ w benler. Bﬂthm bir yﬁn—"ﬁMlﬂ_ dotanndus Ok adila kil
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futy s Deteryrt - fan
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Example 4
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Example 5

—— Tavizil aoqlenn  aerelinde
Sﬂbﬂl‘Ll-dip mcum;h)log\'t da‘ﬁ':'ﬂﬂ ( Mbnt 'n:b"':‘ktpr &
_Bsk

Kold, Grke, Seda

Example 6
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Example 7
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Student Prior Group Ideas for Substances

Example 1
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Example 2
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Example 5
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Example 7
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Step D Student Posters
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Stepd 3

Student responses for the acidic and basic substances in their everyday lives (the first
guestion)

Example 1



