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ABSTRACT

THE EFFECT OF 5E LEARNING CYCLE AND MULTIPLE
| NTELLI GENCE APPROACH ON 9t h GRADE SI1
ACHIEVEMENT ON UNIT OF CHEMICAL PROPERTIES, ATTITUDE ,
AND MOTIVATION TOWARD CHEMISTRY

T ¢ y sMugtafa
Ph. D, Department of Secondary School Science and Mathematics Education
Supervisor: Prof . Dr. ¥mer Geb
October 2015420pages

The current study aimed to explore the effectiveness of based on 5E learning cycle
mo d e | and Gardner's multiple intelligen
achievement and their retention level in unit of chemical properties concepts, attitude
towards chemistry, andonstructs ofnotivationto learn chemistry when compared

with traditional instruction method on ninth grade public Anatolian high school

students in Kecioren District of Ankara.

The current study was intended in approximately eighke/gethe 20132014 spring
semester at one public Anatolian High Schoahimth grade students in 6 classéhe
sample of the study contains 151 nugtlade student®69 males and 82emales)The
research design for conducting this study was adopteddhequivalent control
group design as a type of quasiperimental design. It was utilizeldree different
types of instruction methods that were based on the 5E learningecycld Gar dner 6
multiple intelligence theorgnd the traditional instructi@hmethodin the study The
5E learning cycle instructionere applied to thene of the experimental grouphile
the other experimental groupere instructed with theébased on the multiple
intelligence theory instructionAlso, the control group wasmplemented with
traditioanal instructional method@he students were given as the-f@sts that were



Chemical Properties Achievement Test to check the students prior knowledge on the

unit of the chemistry properties and the possible differences among the tpefope

the treatment. At the end of the study, Chemical Properties Achievement Test, which

was prepared according to the ninth grade chemistry curriculum, was applied all

groups as a posest to seek the effect of treatmentonshe udent sd omc hi evemen
the current chemistry topi&urthermore, this test was again given three and a half

months after the end date of the study to measure students' retention levels. Moreover,

Attitude Scale Toward Chemistnyas applied to all of the groups for comparing

s udent sdéd attitudes dalterée mhpleenbneation.Finallyy bef or e
Chemistry Motivation Questionnairewhich includes intrinsic motivation, goal

orientation selfdeterminaion, selfefficacy, and anxietgomponentsvere given to

before and fter treatment o eval uat e s tof cativatios  learmo mponens
chemistry.After gathering all instruments data, they were analyzed by &H®S

22.0 It was utilizeddescriptiveand inferential statistics analySiIANCOVA) to

interpret the datdn addition to these analyzes. Also, ANCOVA was performed to set

out to doublecheck with additional analysi$he finding of the study indicated that

the based on the 5E learning cycle and multiple intelligence theory instructions were
effectivethantradt i onal |y designed instruction in ter
retention level on unit of chemical properties concepts, their attitude toward chemistry

and some constructs of motivation to learn chemi€rythe contrary, there were no
differencegegarding h e p a r averageaeff-efficacysadd anxiety scores among

the groups.

Keywords: 5E learning cycle, multiple intelligence theory, attitude toward chemistry,
motivation to learn chemistry, physical and chemical properties

Vi



¥Z

5E ¥JRENME DWHEEGIKBY ZE K KURAMININ 9. SINIF
¥IJRENCKLERKNKNSAL ¥ZELLKKLER ! NKTESK ! ZI

BAKARI LARKNMXA RERSKMWEJTWILARINA VE

MOTKVASYONLARI NA ETKKSK

Téyséz, Mustafa
DoktoraOr t a®jJretim Fen ve MLtlemat i k Al an

Tez Y°nePiagf siDr. ¥mer Geban

Ekim 2015, 42Gayfa

Bu- al ekmanén ana amacé, 5E °Z erke@ ma medrf enng ¢
Ankara Ke-i °r9e ms/Ambellbsest | ndekkil myasnaln °zel l
cnitesini gz &nvbnadkedkraérléar én a, hat éerl ama dy¢:
karkée tutumlaréna Kmoki mgay®dphrbnmeyenly®eni

gel eneksel °jJretim metoduyla karkeél akt éer

Bu - al ék2mlal 4 2W0alBar bidPe ndmvhde Anadol u |
sénef éndaki dokuzuncu sénef °Jrencileriy
etk k 82 kéez dl dakugonece E8néfBu®j-rad Eximaiy-€e
i -in yaré deneysel yd68nmayas kontrol grop desen alapie d i o]
edi | miEKtifmr.enme d°ng¢se¢, Gardnerdééen ¢okl u
°Jretim metad Ew nml araa K3 ofdaur kkluél 1°aj nréeltménx tneert.
d°ng¢s¢ deneysel grubunaek @itre oirei suiy gtue rmaen
dijer deney grubunda kull aneéel de. Kontr ol
°Jretim vyapéel de. Uygul amadan °nce, °Jr
czerindeki °n bilgilerinirole el msk ig+rumplk
¥zelli kl er Bakaré Test.]i Il k test ol ar ak
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ki mya

me¢fredat é nddmyagaP ¥ ze |l h a k& relranBaank ar & Testi

°Jrencilerin ge-erli kimya komudygmigemnuiphdelai
son test ol arak wuygul andéeé. Ayr éca, bu test
sonra °jJrencilerin hateérlama seviyelerini o
bakénda ve sonunda °jJrencilerin kiimyaya kar
Ki myaya Y°%°nelik Tutum ¥I -ejJi uygut ande. Son
belirl eme, hedef y°neli mi, i - sel moti vasyon
Testi -al ekmaneén bakeénda Ve sonunda °J renc
motivasyoinnibi tekenl endi rmek i-in verildi. T¢
topl andéktan sonr a, SPSS 22.0 programé kull
-ékar emsal istatistiksel analizler (MANCOVA)
kull anél dé. -¢alr@k ngad®nsétnerdonuki , 5E °Jrenme df
t eor emi temel | i °Jretim °Jrencilerin Kkimyas:
bakar éna, hatérl ama d¢gzeyl erine, kendil erir
°Jrenmeye y°nelik bané makiéwmasyam il eneklse
met oduna kéeyasla daha etkil-ydierl|l AkseknekoW#]e¢
bakéménda grupl ar araséenda herhangi bir fark
Anahtar Kelimeler: 5E °jJ renme d°ng¢se¢, -okluwmzeka teor
ki myaya y°neli k motivasyon, fiziksel ve kimy
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CHAPTER 1

INTRODUCTION

All researchers have been studying to find answers to our problems and to make our
lives easier since the beginning lmimanity One of theseeriousinvestigations is
science being everywhere in daily life. Scierxdefinedas the information acquired
during study or activity Similarly, Information connecting general facts tbfe
applying of basic laws, especially as gained and analyzed withigrgic method

and related to the physical worloreover science identified as a system of obtaining
information considers observation and experimentation to determine and clarify
natural eventdn other words, thdefinitiono f s ¢ i e knovdedgeds thefnaturee

of thinking, understanding the current knowledge and keewledgegeneration
process, in general o (Hussain, 2010, p .
and explain beings and events in the area and make generalizations aboanth
inferences about future (Kaptan, 1998b, p.lt33.seerthat the contribution of science

to the development of societies not to count are many. Hence, the critical of science
and its education is increasing every day owing to affecting the dewetdpof

scientifically, economically, and socially literate citizens.

Recent studies concluded that there are many crucial goals of science teaching
(DeBoer, 20000The science education focus on
understanding and utilizbis knowledge in daily life (Bybee, Powell, & Trowbridge,
2008; Caliskan, 2014)eBoer, 2000; Parakash, 2011l.addition, students should
become literate in science (AAAS, 1993; Abdi, Laei & Ahmadyan, 2013; Bybee, 1997;
Bybee, Powell, & Trowbridge2008; Caliskan, 2014; DeBoer, 2000; NRC, 1996
Another goal of science education, taking into consideration all the students' individual

learning differences.



In literature, the definition of scientific literacy can be varied from person to person

and phce to place because there is no consensus on the definition of scientific literacy

among the scientistslowever, many authors, national or international communities

have attempted to define what one of the migipicof s ci ence education i ¢
literacy (Bybee, McCrae, & Laurie, 2009; DeBoer, 2000, MEB, 2048} general

description ofi ndi v i d u altedcy was meénBonedegarding fourrelevant

characteristicin PISA 2006 Science:

T AScientiyc knowledge andyquesionsptb t hat kn
acquire new knowledge, to explain tsec i e phenomenon, to draw
evidencebased conclusions about sciemekated issues.

1 Understanding of the characteristic features of science as a form of human
knowledge and inquiry.

1 Awareness of howcience and technology shape our material, intellectual,
and cultural environments.

1 Willingness to engage in scienoglated issues, and with the ideas of
science, as a constructive, concerned, a
cited in Bybee, McCrae, & lar i e, 2009, p. 2) .0

Anot her definiti on -questioning,ariticalithinkingwrolbema |l s6 i nqu
solving, interpretation, improving lifelong learning for the individuals, scieeted

skills, attitudes, values, understanding, is a combinatfanformation (MEB, 2013).

Furthermore, science literacy can be defined as to know the nature of science, to

understand how information obtained and to depend on the information on the known

facts of scienceAlso, they may change as new evidence gath&r understand basic

concepts, theories, and hypotheses in science, and to know to detect the difference

between the scientific evidence and opinfoty ¥ K/ D¢ ny a Badtrskseen € |, 1998

t hat there i s a consensus orry ambng the mpr ovi ng
scientists and communities. Thus, science education is on a mission to help people see

and underst.acnd the nAworl d

On the contrary, the majority of students do not possess these competencies as
mentioned earlier in the world (OECD, 200The results of the science education
research showed that there are maigyificantreasons why students are unable to

gain these qualities. One of them is that the students understand the concepts of science
are not at a desired level of success (Beat@mtiM Mullis, Gonzalez, Smith, & Kelly,
1996).Even though students can easily attain to their necessity knowledge from the

schools, teachers, the internet, books, and other sources, the most of them have
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difficulty in making relations between what theyealearning and how that
information/concepts will be utilizedBrigham, Scruggs, & Astropieri, 2Q)L

Therefore, they cannot use their knowledge in a meaningful way and keep in mind the
knowledge The reason for the problem might be that while the teactearch the

science concepts at the school, they use only the traditional teaching method/strategies,

in general (De Jong & Taber, 2007; Duit & Treagust, 1998; Ebenezer & Haggerty,
1999; Ak kus, K a deabyaénf,c €2 0 0A3t;a sko&;lThoc8OnN&G Y al c
1999; Wandersee, Mintzes, & Novak, 1994).

Traditional instruction method (TIM), @n instructionamethod of scienceeaching

have still conducted in most of teeiencecourses from primary to high school levels.
Students listen to classes, watch representations, and learn scientific concepts and
explanations by rote in the traditional teaching method (TTM) (Bybee & Landes,
1990). Moreoverthe teacher taught conceptsanteachecentered way and skills
directly to the whole class (Hancock, Bary, & Nason, 2003; Mascolo, 2839).the

only interaction between students and teacher occurred when students asked questions
or vice versa. Therefore, there is a minimum irdéoa between the learners and
teacher while learning the science concepts. In TTM, the tehelserallysays how

to occur events in the worlahd this statement might not allow students to relate to
their daily lives, in detail (Baser & Geban, 200@grerally speaking, the teachers do

not think about how the students can learn according to their different personalities
and learning styles. They also focus on #tadenté mat hemati cs anct
intelligence while teaching the science concept in the TiiMgeneral This situation

is causing hardship for students to use their real potential skillsaatithencethey

have against the problems and change brought by modern Eoréisermore, they

often assess the students to measure at the erstrattions. This methaapplication

couldbe cheapeandeducators could also spend much less time to transfer mmoreh
information for the crowdedroups. However; th&lM does not encourage students

an active role in the classroom and consider learder i ndi vi dual needs
cannot learn the science concepts in a meaningful way. No doubt, the-before
mentioned scientific competencies can be achieved if students may gain conceptual
understanding in science knowled@mn the other handn the edication policies of
developed or developing countries, students are expected to investigate methods of

reaching knowledge by using resources inside or outside classroom, to deduce
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according to cause and effect by interpreting the information they obtaithed than

memorizing it and to structure their own information by associating this information

with daily life. To meet these expectations, teaching methods and techrittptes
appreciate studentsd individual atlyf f er ences
which would maintain the continuity of concepts and behaviors gameedesperately

needed

The science educators developed many approaches for students understand the

concepts in science. One of thamcalledas fAConsdrQGoenswvigmtivism
learning theory providest h e opportunity for i mprovement
understandingnd highsuccessfuin the science concepts froafl levels. Thanks to

this approach, studentsonnect their prexisting knowledgeto new knowledge

through experiencédr i scol | |, 2005; Turk & Caleéek, 2008;
Bektas, 2010)Moreover, teachers should take into consideration the students type of

learning, teaching strategies, and orientations to studying (i.e. surface, deep or strategic

approach), anchentally improvement (i.e. attitudes toward nature of information and

how to be gained and evaluated it) in the constructivism (Felder & Brent, 2005).

The educational researchers have applied different strategies to teach somrce

the constructivist approackne of them, which are the most popular in terms of

utilizing of science courses, is the based on the learning cycle (LC) instructional model

under constructivist approach. The LC, which is an inquiased teaching mobef

the constructivist theory, is functional to educators in integrating into curriculum and
instructional models in science education. The learning cycle model is firstly utilized

in an elementary curriculum project financed by the National Science &taman

the 196006s (Karplus and T hretihetearring 6yce . There
i nvol ving fiexplorationo, Afconcept introduct.i
was invented firstly. The exploration phase which is the first part of the ngacycle

model includes students in concrete practices giving them a chance to built their
information. In the introduction concept stage, the concepts encountered in the first

part are formally presented and named. It is provided students appropriateadt

integrate this information during the concept application step. Most of the
investigations have declared the impact of this instruction model (Beisenherz &

Dantonio, 1996; Colburn & Clough, 1997; Marek & Cavallo, 1997; Musheno &
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Lawson, 1999). Tis model is a suitable way to seek how students learn (Odom &
Kelly, 1998). Also, science educatgsinted out that the learning cycle is a crucial
way to Iimprove studentsodéli king science, t
scientific processeand concepts into concrete events (Colburn and Clough, 1997).
This model has been conducted, investigated, and improved in the last years; science
educators have extended from the three to five parts which are the engagement,
exploration, explanation,&boration, and evaluation. In other words, a popular version

of the learning cycle was defined as the 5E instructional model (Trowbridge, Bybee,

& Powell, 2000; Bybee et al., 2006). Trowbridge, Bybee, and Powell (2000) stated
that the engagement phase emducted to motivate students by consisting of some
mental disequilibrium or integrating into their dalife events. During the exploration

stage, students are provided the concrete situation to write hypotheses, make
observations, gather evidence, cohtanticipations, interpret their results. Through

this stage, students begin to find the responses to the questions or activities. Next, the
teacher should act as a guide and support inquiry activities and questioning during the
exploration phase. Thustuslents might not be aware of their misconceptions
regarding the topic. In the explanation stage, the teacher should encourage the students
to make a scientific interpretation of their outcomes while explaining the science
concepts. In this part, the topis scientifically presented with incorporating the
student sé experiences. The el aboration st
to apply their new knowledge theadditional concrete situations, explain problems,
make interpretations and dissusppropriate conclusions. This stage should be a new
inquiry exercise or extension of the exploration stage activity. Finally, it is necessary
to assess whether or not students understood a science concept, correctly and if they

could generalize to othéopics in the evaluation part.

Many researchers have sought the influence of the LC various science topics and
studentsd | evels of science educdahei on d
science educators have proposed that the 5E LC instructimu®l have improved

t he st ude ntandunderstindirg wfsaerce ¢concepts (Arslan, 2014; Abdi,

2014; Abraham & Renner, 1986; Renner, Abraham, & Birnie, 1985; Akar, 2005;
Bektas, 2011; Bybee, 1997; Campbell, 2006; Ceylan & Geban, 2009; Eletiay

2012; Ekici, 2007; Lawson, 1988; Pabuccu, 2008; Raghubir, 1979; Trowbridge,
Bybee, & Powell, 2000; Qarareh, 2012; Supasorn, 2015), level of retention of science
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concepts (Ajaja& Eravwoke 2012; Aydemir, 2012; Sunar, 2013), improved logical

thinking (Ekci, 2007), mental model (Supasorn, 2015), science process skills (Akar,

2005; Ceyl an & Geban, 20009; Kel avuz, 2005;
Blanke, & Mecca, 2007) than traditional instructional methods. In addition to these

positive contribution the 5E |l earning cycle instructio
attitudes towards science (Akar, 2005; Ergi
Sunar, 2013) and motivation to learn science (Aydemir, 2012; Diodan, 2012;

Cigdemoglu, 2012).Therefore,all of these benefits by conducting the 5E LC

instruction is more likely to achieve the goals of science educatidghdarducation

policies of developed or developing countries

The Multiple Intelligence Theory (MIT) of consistent with the construcipproach

offered by Howard Gardner in 1983he growing of popularity in the educational

communities of the theory is mentioned the multiple types of intellig&exener has

put forward a new definition of intelligence as different from the traditional
intelligence. Therefore, i ntelligence is de:¢
problems or fashion products that are of <cor
(Gardner, 1993, p.15). Moreover, GCGsmsrdner 6s s
of intelligence, which consist of the linguistic, logitahthematical, spatial, musical,

naturalist, bodibk i nest het i c, interpersonal, intrap
Intelligencess defined as:

ALIinguistic intelligence: An ability to a
involving oral and written language such as speeches.

Logicakmathematical intelligencéin ability to develop equations and proofs,

make calculations, and solve abstract fgots.

Spatial intelligence: An ability to recognize and manipulate taagde and fine

grained spatial images.

Musical Intelligence: An ability to produce, remember, and make meaning of

different patterns of sound.

Naturalist Intelligence: An ability tadentify and distinguish among different

types of plants, animals, and weather formations that are found in the natural

world.

Bodily-k i nest heti c I ntelligence: An ability t
products or solve problems.

Interpersonal Intelignce: An ability to recognize and

moods, desires, motivations, and intentions.

Intrapersonal Intelligence: An ability to recognize and understand his or her own

moods, desires, mo t Dawig, Christodgulou, Seidelr, i nt ent i c
Gardner, 2011, pp. 48503).



According to Gardner (1999%ach person possesses the eight types of intelligence in
varying proportions since birth. Also, types of intelligence are situated in the various
locations of the mind and able to operate eitbgether or separately. However, one

or more of the intelligence profile of every human can dominantly utfiaeinstance,

some of the personb6s verbal and soci al [
can be used to their social and intrapersamalligence dominantlyAlthough one

could have different intellectual superiority or weakness, the human mind can be
improved education. Despite the fact that people have eight kinds of intelligence,
mostly verbal and mathematical intelligence have hde&an into consideration in

classes taught by traditional methods in the schools today. In other words, most of the
teachers focus on the verbal and mathematiatdlligence while teachingthe
necessary concepts and skilis the courses (Levin & Nolan,0B7); therefore,
studentsodo current individual skills, 1nt
neglected. This situation is causing hardship for students to use their real potential
skills and intelligence they have against the problems antgeharought by modern

times. For example, if people feed on the same kinds of food every day, this situation
would create health problems for them. Similarly, if classes covering only one type
intelligence aspects are taught in schools, it is inevitable fost udent s 0 [
intelligence aspects to become blunt. However, students are expected to investigate
methods of reaching knowledge by using resources inside or outside the classroom, to
deduce according to the cause and effect by interpreting the inionma the

education policies of developed or developing countries. Also, the students should
structure their information by associating this information with daily life rather than
memori zing it. To meet t hese expmdacstbat i o
individual differences and requirements and most importantly which would maintain

the continuity of concepts and behaviors gained are desperately necessary. This means
that each student could have intellectual superiority or weakness. That is vdgsclas
focusing equally on all intelligence aspects should be taught in education. These
intelligence types define how hard or how easy a student can learn with an education
method and this creates learning to the style of the student. Thus, studentsazauld le

the science concepts the various ways and develop their scientific literacy.

Many experimental studies of the based on multiple intelligence theory in different

areas and at different education levels were investigated to see whether there were a
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sign fi cant advantage for applying science ed
Azar, Presley & Balkaya, 200&@okdere& Ba k, 200 4 ; Bal & m, 2006 ; Bal
Bellflower, 2008; Campbe& Campbell, 1999; Demirel, Tuncel, Demir,Bemirhan

2004; DouglasBurton, & Rees®ur ham, 2008; Kayéeran & | flazoj
1995, O6Connel I, 20009; Ongoren & Sahin, 200 ¢
201 3; Yél maz & Fer, 2003) . These studies sho
MIT were more successfuian students who receive an education based on traditional

methods. The researchers noted that the students developed their retention level of

science concepts when they instructed the based on the MIT (Akamca, 2003; Azar,

Presley, & Balkaya, 2006; Can, tAlu n , & Har mandar, 2011; K° k s a
¥zdemir, G¢neysu, & Tekkaya, 2006; most of t
presented the based on the MIT practices p
towards science ( Bal é&mBrdem,200Q;&podnBugh, 2001, Pe k me z
Kayéran and Kflazojl u, 2007) i n spite of th
Bat man, 2002; G¢grcay, 200 3; ¥zdemir, 2002;
Tasezen, 2005; Ucak, Bag, & Usak, 2006; Uslu, 2005) indicatedvtifapractices

did not create a difference in student attitudes when comparing the TIM. Another

crucial factor is that studentsod ment al deve
MIT in the science course (Gracious & Shyla, 2012). Also, this theand doe

i ntegrated into science classroom to increas
Therefore, because of the theoryds contri bu

individual intelligence development, it has been implemented in the all level school

for the last ten years.

Considerable other factors the influencing s
affective domain, which receives less attention than have the cognitive dimensions

(Gardner, 1993, Cavas, 2011, Cdbmdar & Geban, 2012)In other words,

researchers should take equally into account both the cognitive dimensions and
affective variables to enhance shndadent sdé und
2012; Morgan, 2006; Nieswandt, 2007). After the researchers have retized

importance of affective domain in science education, they have conducted some
investigations regarding this area. Therefore, they declared that a suitable learning for

the teachers must consider by studentso6 aff e
(Akbak & Kan, 2007; Bruinsma, 2004; Hsieh, 2
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Athe emotional side of human behavior. o
variables are composed of the two most important factors such as attitude and
motivation. The motivationstands out asne of theprimaryaffectivef act or s ( Ak b
& Kan, 2006). There are many different definitions of motivation, which have many
components and construc@n e of them i s descr¢rdirebtedd as 7
activity thatisi nsti gated and sust ai nebhwestidabn nt r i c
of motivation to learn indicated thahen participants become motivated, they focused

on the learning the related science concepts (Sanfeliz & Stalzer, G0@8ycin,

Tekkaya, & Sung r 2 0 XDindar & @eban 201]). However, Some of the

science educators stated that if students possessed a low level of learning motivation,
they would be likely to have the low academic achievement (Arroyo, Rhoad, & Drew,

1999; Atta and Jarhi2012) Also, the motivation to learn science could improve
students to scientifiiteracy (Bryan, Glynn, & Kittleson, 2011 On the other hand,

another crucial variable influencing students science successful, as well as students
'motivation, is the attitudeotvards science. Osborne, Simon, and Colli (2003)
described a definition fedingsabeliefs faideauesi ve f
held about the enterprise of school science, school science and the impact of the
science on 9 0heientegdocat¢rithin iarbGsdesearch areas have
examined on st ud seciemncslurvegst hiave tshownethatt saudeats d
‘attitude toward sciences a direct impact on their students' achievement (Kozcu,
Caker, & @sboreerSsmon, £dli6,2003)Ther ef ore, student
science concepts meaningfully have a cr.

attitude and motivation towards science

Nowadays, as mentioned before, students caamptopriately integratenemorized
facts and relatto daily life applicationinto their understanding sciencenceptsOne

of theproblematicand important science concepts is the chemistry subject. Chemistry
includes many topics influencintpeir everyday liveslt was showed hat many
students have the difficulty in the understanding of chemistry concepts
(Chittleboraugh, Treagust, & Mocorino, 20D2According to the studies; it svident

that although thehemistryconceptsareall partsof our lives theypossesslifficulty

in integrating them into their learningince nature of chemistry is complex and
abstractFor example, studentgvenever seean atomatomic unions, a compound

or a chemicateaction at the microscopic ley@chlenker, Blanke, & Mecca, 2007).
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It is seen that conditions stated above are also present in current chemistry teaching

programs and curriculums just like they are in all disciplines. Chemistry because of its

nature, is an area which is hard to grasp because it involves abstract concepts that are

not visible. According to the studies in this field, students have misconceptions on

many important subjects of chemistry. One of these topics is physical and chemical
changes (Atasoy, Gen -, Kadayéef-e&, Akkuk, 200
transformation. These changes may occur through the reorganization of particles of

matters that go in to create new matters while it may take place through different

interaction types happening between the particles of the same kind. All these

interactions ad transformations are explained with physical and chemical changes of

matters. Also, physical and chemical properties becomeeprasite knowledge in

learning other chemistry subjects (for instance chemical reactions, chemical

equilibrium, acidity-basicty, solubility, etc). That is why it is necessary for students

to learn the subject of physical and chemical changes and their properties completely

and meaningfully in order not to gain misconceptions while learning the following

chemistry topics (Lehmam 1996).In this study, thesubjectof chemical and physical

changes, kind of chemicakactions wadnvestigatedas being one of the most
problematictopicsof chemistry. The reason thissueneeds more effort for students

to learn is owing to its absict natureln addition,instructional methods playaucial

role in learning chemistryconcept. The traditional instructional methods utilized in

chemistry curriculum daot also improve studest6 atti tude and moti vat
subject matter Furthermore,they do not givestudents a chance seek new

investigations solve complex problemd herefore,this study might provide some

information about the instruction based on 5E learning ayated e | and Gardner

multiple intelligencetheory.

1.1. Purpose of the Study
The current study aimed to explore the effectiveness of based on 5E learning cycle

mo d e | and Gardner ' s mul tiple intelligence
achievement and their retention level in unit of chemical pregsecbncepts, attitude

towards chemistry, and motivation to learn chemistry when compared with traditional

instruction method on ninth grade public Anatolian high school students in Kecioren

District of Ankara.
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1.2. Significance of the study

In light of many studies, scientists consider the constructivist approach, which enables
students to create theswn information by using their prior knowledge in learning
concepts in their minds meaningfully and which emphasize individual differences, as
one of themost effective learnings That iswhy, starting from primary education
curriculums based on constructive approactbagrinto be implementedtep by step

in our current schoolat different educationevels.However even if it is stated that

s t u d eanoussirtelligence areas and different teaching methods are considered in
new teaching programs, it is presented in the light of studies that in fact teaching in
class is creating a perception which is monotone and focused only on exams and that
studentswith different learning methods are ignored to a large ex2espite the
changes in curricul ums, the reasons why
not as expectedrhe fact that teachers who have been instruatiiily traditional
methods fordng years had difficulties in adopting the constructivist appredsbh

was started to be used with renewed curriculums since it came into force vaithout
serious preparatioperiodcanbe givenas an example of this situation. That is#y,
in-servicetraining endeavors could not prepare teachers mentally or information wise.
Therefore, because teachers do not have sufficient information, equipment or
experience, classes cannotibeorporatedaccording to the constructivist approach.

The other importareason is that books designed for new curriculums dentotly

reflect the requirements of thisethod The light of giving the reasons stated above,
the based on the 5E |l earning cycle inst.i
instructions mightresult in higher achievement in chemistry, better retention of
concepts, enhanced attitude toward chemistry and motivation to learn chemistry than

traditional instructional methods

The primary aim of the current investigation is to complaeeimpact othe basean
the 5E | earning cycl e modteeoryins@utiomande r 6 s m
their applicationto the classroom situation. Moreover, whemnwds surveyeabout
based orthe MIT, it was found few studies regarding txaminingthe motvation of
students while learning chemistiyith this study, this gap in field literature wide

filled. Also, it wasnot seen both MIT and 5E learning cycle, which popularin
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education, together. This study will give some information regardingstilents

attitudes toward chemistry and construct of

1.3. Definitions
1.3.1. Constructivist approach

The view that learning occurs through activity that allows the learner to discover and

build their own understanding bgteracting with the environment and by making

sense of these experiences by integrating new knowledge with prior experience is

called constructivism (Padilla, 1991Jhis constructivistview of filearning has

become the dominant theoretical position imneadion the driving force in science

e d u c a(fTreagustet al., 1996, p . 4) . AConstructivism h
psychology Cognitive psychology has influenced learning theory in several

significant ways, one of which is the change from the hiehiav conception that

|l earning is the acquisition of knowledge str
(Shuell, 1986, p. 418)he focus is on the mental activities of the learner including

metacognitive process and attention to stimuli. Royer@198 st at ed t hat A
constructivist interpretation of learning and memory is at the coreoghitive

explanationoinder st(pB8@i ng. 0O

1.3.2. 5E learning cycle model

5Elearningcyclemodel, the under the constructivist theangludes engage, expke,

explain,elaborateand evaluate stages (Bybee & Landes, 1990).

1.3.3. Multiple intelligence theory

Mul tiple Intelligence theory is defined as
fashion products that are of consequence in a particular dultura et t i ngo ( Gar dn¢
1993, p.15). Multiple Intelligence theory involves, at least, eight types of intelligence

which are musicarhythmic, visuai spatial, verballinguistic, logical mathematical,

bodilyi kinesthetic, interpersonal, intrapersonal, and nastia(Gardner, 1993).
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1.3.4. Traditional instructional method

In the based on the traditional instruction method, the classeabrectly taught by the
teacher, whds in the center as the source of information. According to Jonassen
(1991), it is aninstructional method in which students are passively learthiag

knowledgefrom the educator and the textbook.

1.3.5. Chemistrachievement

It refers to an outcome measure for some performance (Johnson, Johnson, & Stanne,
2002). In this study, means gaining skills and knowledge, accomplishing tasks related
to chemical properties.

1.3.6. Attitude

|t I s d efeetings, lelef$, armdsvalugs held about the enterprise of school
science and the impact of the sciencesam ¢ i 8irhop & Cqli, 2003 p. 1050.

1.3.7. Motivation

Motivation coul d be i diectadactivitydhadtisanstigaied pr o ¢
and sustainedo (Pintrich & Shunk, 2002, |

1.4. Problems and Hypotheses
It was mentione@bout the maiproblem subproblemsand hypotheses of the study
in this part.

1.4.1. The Main Problem and Splboblems
1.4.2. The Main Problem

The main problem of this study is: What are the effects of based on 5E learning cycle
model and Gardner's ht i pl e i ntelligence theory or
achievement and their retention level in unit of chemical properties concepts, attitude
towards chemistry, and motivation to learn chemistry when compared with traditional
instruction method on nih grade public Anatolian high school students in Kecioren

District of Ankara?
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1.4.3.The Subproblems

1. Is there a significant mean difference among the based on 5E learning cycle
model, Gardner's multiple intelligence theory, and traditionally designed
chani stry instruction on studentsd achi evel
concepts wh e-existing af Enewledge ®@f clpemieal properties
concepts, attitude, and constructs of motivation {E#ltacy (SE), Anxiety
(ANX), Goal Orientation (GO),Intrinsic motivation (IM) and Self

Determination (SD)) scores are controlled as a covariate?

2. Is there a significant mean difference among through instruction the based on
5E learning cycle model, Gardner's multiple intelligence theory, and
traditionallyde si gned chemi stry instruction on st
of chemical propert i e-sxistngafknewetdge ofwhen st ud
chemical properties concepts, attitude, and constructs of motivation (SE, ANX,

GO, IM, and SD) scores are contenl as a covariate?

3. Is there a significant mean difference among students taught through
instruction the based on 5E learning cycle modggrdner's multiple
intelligence theory and traditionally designed chemistry instruction with
respecttotheiat t it udes toward chemistry as a scl
pre-existing of knowledge of chemical properties concepts, attitude, and
constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as

a covariate?

4. Is there a significant mean fifence among students taught through
instruction the based on 5E learning cycle model, Gardner's multiple
intelligence theory and traditionally designed chemistry instruction with
respect to their intrinsic motivation construct of motivation to learn @tgm
when st u-dxestng of &nowdedge of chemical properties concepts,
attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate?

5. Is there a significant mean difference among students taught through

instruction the based on 5E learning cycle model, Gardner's multiple
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intelligence theory and traditionally designed chemistry instruction with
respect to their goal orientation constre¢tmotivation to learn chemistry
when st u-dxestng of &nowdedge of chemical properties concepts,
attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate?

6. Is there a significant mean difference amosigidents taught through
instruction the based on 5E learning cycle model, Gardner's multiple
intelligence theory and traditionally designed chemistry instruction with
respect to their setietermination construct of motivation to learn chemistry
when stude t s Gexigting f knowledge of chemical properties concepts,
attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate?

7. Is there a significant mean difference among students taught through
instruction the basd on 5E learning cycle model, Gardner's multiple
intelligence theory and traditionally designed chemistry instruction with
respect to their sekéfficacy construct of motivation to learn chemistry when
st ud e rekidtiriy offkmowledge of chemical pragies concepts, attitude,
and constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled

as a covariate?

8. Is there a significant mean difference among students taught through
instruction the based on 5E learning cycle model, Gardner's rmaultipl
intelligence theory and traditionally designed chemistry instruction with
respect to their anxiety construct of motivation to learn chemistry when
st ud e rekidtirig offkmowledge of chemical properties concepts, attitude,
and constructs of motivatiqSE, ANX, GO, IM, and SD) scores are controlled

as a covariate?

1.4.4.Hypothesis

The problemsvere analyzedith the followinghypothesesHypothesisl is relatedo

themainproblemand the rest othdrypothesesoverthe subproblems:
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1. Hox There isno a statistically significant main effect of teaching methods
taking the based on 5E learning cycle model, Gardner's multiple intelligence
theory and traditionally designed chemistry instructiothepopulation mean
of the collective dependent variablef the ninth grade students potst
scores of achievement, their retention level on the unit of chemical properties
concepts, attitude towards chemistry, and construct of motivation to learn
chemi stry when student sopriegsaconcetsp owl edge
attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate.

2. Ho2: There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning aydeéel, Gardner's
multiple intelligence theory and traditionally designed chemistry instruction on
the population mean of the pdstt achievement scores in chemical properties
concepts when studentsodéprior knowl edge ¢
attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate.

3. Hoaz: There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligence theory and traditionally designed chemistry instruction on
the population mean of the retention level scores in unit of chemical properties
concepts when studentsodéprior knowl edge ¢
attitude, and constructs ofotivation (SE, ANX, GO, IM, and SD) scores are

controlled as a covariate.

4. Ho4 There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligenceheory and traditionally designed chemistry instruction on
the population mean of the pdsst attitude towards chemistry scores when
studentsoprior knowl edge of uni t of c he
constructs of motivation (SE, ANX, GO, IM, and S&&pres are controlled as

a covariate.
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. Hos: There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligence theory and traditionally designed clstimiinstructioron

the population means of the passt scores of the sedfficacy construct of

motivation to learn chemisttrywhen studentsodprior knov
chemical properties, attitude, and constructs of motivation (SE, ANX, GO, IM,

and SD)scores are controlled as a covariate.

. Hoe: There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligence theory and traditionally designed chémiastructionon

the population means of thgosttest scores othe anxiety construct of
motivation to learn chemistry questionnavédh e n st udent sdépri or
unit of chemical properties, attitude, and constructs of motivation (SE, ANX,

GO, IM, and SD) scores are controlled as a covariate.

. Hoz There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligence theory and traditionally desigraemistry instructioon

the population means of thmsttest scores afhe goalorientationconstruct

of motivation to learn chemistry questionnandn e n st udent sdépri or
of unit of chemical properties, attitude, and constructs of motivatienA8X,

GO, IM, and SD) scores are controlled as a covariate.

. Hos: There is no statistically significant mean difference between the students
taught through instruction the based on 5E learning cycle model, Gardner's
multiple intelligence theory and traminally designed chemistry instruction

the population means of thgosttest scores othe intrinsic motivation

construct of motivation to learn chemistry questionnaile e n st udent s 6
knowledge of unit of chemical properties, attitude, and coctstrof

motivation (SE, ANX, GO, IM, and SD) scores are controlled as a covariate.

. Hoo: There is no statistically significant mean difference between the students

taught through instruction the based on 5E learning cycle model, Gardner's
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multiple intelligence theory and traditionally designed chemistry instruaiion

the population means of tipesttest scores dhe selfdeterminatiorconstruct

of motivation to learn chemistry questionnakdh e n st udent soépri or
of unit of chemical properties, dttde, and constructs of motivation (SE, ANX,

GO, IM, and SD) scores are controlled as a covariate.
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CHAPTER 2

REVIEW OF LITERATURE

Research on meaningful |l earningds ways ¢
concepts has becomaery crucialttopics among the researchers in the past few decades

since it is clearly seen that the students still come face to face with difficulties in
science learning (Vicent, 2007; NICHCY's News Digest, 1996d e cr eas e st ud ¢
di fficulties, researchers focus on devel
utilizing of suitable teaching strategies, providing the active role of the learner, and
erhancing the facilitativéunction of the teacher in their investigations. Researchers
examined that the students are not empty boxes when they comelast@nd they

give importance to what the students already know since they live experiences. These
experiencesnake them construct some structures and ideas should be correct,
corrector misconceptions. Also, theyust connectheir already improved ideas and
structures with the new knowledge to enhance meaningful learfiamgyco, Geller,

Medina, D06; Hassard, 2003 Science educators begin to think that memorizing is

not the way of meaningful learning since the students might not remember what they

have learned in a shoperiod Therefore, they should actively construct new
knowledge and information onto thedwn mentalschema to learn meaningfully

(Novak & Gowan, 1984; Hanley, 199lichael, 2001).Thus, the science educators

have been examining the basedtba constructivisttheory instructions in various

education level for a long time.

In the present study, it was startediscussiorwith theconstructivistapproacho the

l i ght wunder t heviewAfter,ntovasexplainada tedcling snédel

based on constetivist approach, 5E LGBybee,et al, 1 9 8 9) and then G;
Multiple Intelligencetheory., respectivelyFinally, it was mentioned as affective
variables, which are motivation to learn chemistry and attitude towheasistry as a

school subject.
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2.1. Construdivist Approach

Constructivism coulde defineda s sdi @ beliefs about knowledge that begins with

the assumption that reality exists but cannot be known as atsetoft hs oal( Tobi n et
1994, p.47). According to this theory, everybquyssessetheir own truth and no

objective knowledge caexist (Boghossian, 2006). Therefore, the constructivism

considerghe individuals to construct or create th@vn newknowledgeby relating

them to their prior knowledge (Hein, 2007). In othverds the learners by themselves

createthe new knowledge rather than the knowledgectly givento them.

In Constructivism, the source of knowing is the world (Von Glasersfeld, 1993). There
is the worldthat full of unknown things that the individuals Walike to learn even if
nobody fully knows reality. For students to understand the reality, they need to make
organizations and reflect upon it by theiwn knowledge. Also, the interaction and

being social becomesgnificantto learn reality better.

Constructivism shouldoe thoughtas t he combinati on of Pi aget
Vygot skyods theories because ofisekpeotede t heori e
For example, Ausubel 6s t heneaniygfuledrningasar ni ng i s
it is important in constructivism. Ausubel (1968) s#tyatnew information should be

associatedot h e st u dexpetieacébopt the tpic to eventuate meaningful

learning in their cognitive structure. According to Piaget (1977), the child brings this

interest and needs to the classroom so that he is the first one who mentions regarding

the existing and the new knowledge relation aimstructivist knowledgeAccording

to Vygotsky (1980), it is firstlgaidthat social interaction and the culture igpontant

as in constructivist theory. According to constructivist theory, the teadssesses

differentrole from the traditional teaching methods. The teacher is the one who helps

the students to builtheir own knowledge. The teacher should assistshelent to

make theiownlearning meaningful to themselves amhductheirowninformation.

Teachers should intend different activities to engage the students actively to the

courses. According to Yager (1991), the following procedure is advised to the

constructivist teachers should:

1 Search out and utilize student questions and ideas to guide lessons and whole
instructional unit.
1 Take intoconsideringand support student initiation of ideas.
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1 Enhance student leadership, collaboration, and locationfafmation and
taking actions as a result of the learning process.

f Take i nto accouneaxperiereesand iaterestd duting the ki n g,
lesson (this means often altering theean intentions.).

1 Allow the use of various sources of knowledge both fraitten materials and
experts.

1 Gives learners a chance to suggest leads to events and exoperiences and help
them to estimate consequences.

1 Examine student ideas before introducing he/her ideas or before studying
conceptdrom textbooks or other sources.

1 Provide learners to take into account each thought of others

T Give adequate time for evalwuation and

1 Encourage selénalysis, obtaining actual data to advocate ideas and
reorganization of thinkings in terms of new topic.

1 Utilize learn definition of problems with local interest aeftectas organizers
for the course.

1 Engage dailfife resources as primary sources of knowledge that can be used
in problem resolution.

7 Include learners in investigating knowledge that can be conducted to solve
everyday lives problems.

71 Integrate learning into the class period and environment

1 Avoid viewing science content as something that only existstudentgo
master on tests.

1 Emphage their career awareness

1 Give students opportunities to act in citizenship roles as they try to analyze
problems they have described.

1 Indicate that science and technology are leading factors that will influence the
future.

As it is seenfrom the procedurethe constructivist educator gives problems and

provides them a chance to investigate and promotes new patterns of thirkkiagl a v u z
2005).

From the overall view, the students cannot be thought as the empty boxes when they
come to thelesson. They bring theiown experiences with them and waiting to
restructure them by the help of the teachdrese can be done by their active
involvementto the lecturesand they interact with their environmentgacher,and

peers. It cannobe thoughtas there is an exadghti n t he t e arctieer 6 s n
textbooks. Instead, what the students will structure by developing their prior
knowledge makesenseand that will be theiown truth. This processs under the

control of a teacher that have thelidpito engage students in ideas, questioning,

checking,clarifying, and interpreting them. Constructivist learning theory proposes
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that students slowly improwbeir mentauinderstanding through multiple experiences
that have same or similar componen&hlenker, Blanke, and Mecca, 2007)

Most of the philosophical and psychological hypothesis related to human learning

which forms the constructivism are not new. Most of these are parallel with the ideas

of the famous and ancient philosophers like Vicd Barkheimand theyare gained

to the literature by the representatives who used to be against them. donteist,

there are ones who see the originality of constructivism consisting ciiitisaduction

with the old concepts and new comments. Frois plint ofview, constructivism is
criticized for being Aol d wi ndundamentalew bott |l e
concepts of social constructivism is accordance. As there is a possibility that the ideas

of students with more ability to make themss listen will predominate, especially

social constructivisms criticizedfor beingt he #Atyranny of athe major
frequently reported situation that occurs in the classes where constructivist learning
activitiesare appliedSimsek, 2004).

There are many strategies developed according to Constructivist theory. These

strategies are mainly inquiry, cooperative learning, prokdesed learning, learning

cycle, conceptual change, based on the Gardn
literature, it has been showed that constructivist theory is effi@entthan the other

ones. For exampl&aprio (1994), Akkus (2003) and Hand et. Al (1997) all showed

that constructivism ia usefultechnique to be used instead of others. oeg, there

are also many strategies under constructivism that we have mentioned above that gave
moreeffectiveresults compared to otheroceduresgspecially theéraditionalmethod.

To give an example, Arslan (2014), Abraham and Renner (1986),(8kRaAK), Bishop

(1980), Saunders and Shepardson (1987), Bektas (2011), Bybee (1997), Campbell

(2006), Ceylan and Geban (2009) Colburn and Clough (1997), D@etar (2012),

Lawson (1995), Trowbridge, Bybee, and Powell (2000), and Qarareh (2012),
Supasorn,(2015) found that 5E LC is an effective method when compared to

traditional method. Against udi es t he based on the Gar dne
constructivist approach instruction is ma#icient than theconventionalmethod.

(Ascé & DemircPopgsluey280Bal Rapwna, 2003; Bak,
Baragona, 2009; Bellflower, 2008; Campbell & Campbell, 1999; Douglas, Burton, &

ReeseDur ham, 2008; Kayéran & I flazojl u, 2007;
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Ongoren & Sahin, 2008; Shearer, 2004; War84_32. Therefore, it was focused on
the 5E | earning cycle model and Gardner €

ConstructivistApproach.

2.1.1. Information of 5E Learning Cycle

The learning cycle is a model of the under constructivism that is deddbyg€arplus
and Their (1967). Sinceig developedby taking constructivism into attention, it seeks
to indicate what the learner already knows and what experiencbsitchon that base
(McCormick, 2000) . | n Ka rapinstustionalmethodl hei r 6.
which there wereexploration, concept introduction and concept applicatiotinze
stagesAccording to them, in the firgthase by the guide of the teacher, the students
find new ideas The students use their previous experiences aed #xisting
knowledge in thistage Next, students are met éonew conceph the second phase
Furthermore, the teachers should utilize textbotikss, daily-life questionsgtc to
presentheconcepiThestudents are also encouraged to state atioms between the
concepts in this part when the neancepts introduced Finally, thestudentapplies

their new concepb new situations in the concept applicatjmariod

In years,Bybee, et al. (1989)xtended this learning cycle instructional method into
five stages inthe new BSCS science programse given name of the 5E LC model
forms five stageswhich are engagement, exploration, explanateaborationand
evaluationTrowbridge, Bybee, & Powell, 2000; Bybee et al., 200®)ese stageme

mentionedas follows:

EngagementAccording toBybee, et al. (1989), Engagement phase is utilized to
motivate learners by increasing interest and generation curasitye topic of the

study, producing some mental disequilibrium or integrating into familiar everyday
lives events. The interest generated causes learners into the exploration part in which
they meet the concrete experiences to consider hypotheses, collect data, check their
predidions. This knowledge permit them to start responding questions initiated in the
engagement stagAccording to Lacy (2005), the following procedure was advised to
apply for the engagement stégarning activities which are a demonstration, reading,

brairstorming, analyze a graphic, can be integrating into the engagement stage to the
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entrance and relate to prior knowledge and experiences, attieaer ner 6 s i nt er est
enhance motivation to learloreover,learnersshould take into accounh the topic
by asking and/or responding questianshis stagesuch as:

T AWhat do you observe about this?0

1 "Why did it occur?"

1 "What do you have information regarding this?"

1

"What can you detect regarding this

Exploration: According to Bybee and hisolleagueg2006), the teacher should be
helpful safe, guided or open inquiry experiences duringeitpdorationstage. They

also ask questions about the activities to expose their misconception or prior
knowledge whileobserving them. They should give enough tihentto complete the
experiment or activities. Furthermoresiktould be conductesh investigationsolved

a problem, read a text as the learning activities. Moreover, stustemitdcomplete
experimentgo connect between their pexisting knowledge and the new concept.
Moreover, it was predicted that studenshould propose dypothesis about the
experiment and check it within the limits of the activity. Students also should take note

of observationsrad interpret them according to their prior knowledge (Lacy, 2005)

Explanation: According toBybee, et al. (1989) during theexplanationphase, the

teacher should encourage learners to make a scientific explanation for their findings.

At this time, suitable scieni f i ¢ t er ms, which is related to
should be explained, in detail. According to Lacy (2005), Terms are introduced and

defined amnecessaryabels for concepts and phenomenthis stage. Moreover, the

teachers should give the statkea chance tdarify concepts and definitions by using

their findings and previous experiences. The students bethisunderstandingf the

concepts and can correctly discuss responds
problems by supportingleas with evidencél hey also think their prior knowledge,

correct/error analysis interpretations whiéxplaining and discussing the new

concepts.

Elaboration: According toBybee, et al. (1989) the elaborationphase is provided
learners additional problems octwities, which help them to examine their new
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knowledge, offer solutions, make decisioasd/or draw reasonable conclusions.
According to Lacy (2005), the following procedure is advised to clarify elaboration
step:It was expectethe students to use thaowledge learned in the previous stage.
Thereforeteachershould conduct new situations (an experiment, activity, or, cases,
questions) for the students to make the connection between the current concepts and
other concepts/topics and/or with other teor areasThey alscask guiding questions

to facilitate students understand associations with concept/topic and other content
areaguring this phase. In the stage, students focus on the related the concepts or other
content areas the new situation taifyewhat they have learned. Hence, thdilize
previous information to ask questions, do experiment or activity, take notes
observations, make explanations, interpret results, propose reasonable conclusions.
They should also check whether they connetih¢ooriginal concept/topic and daily

life situations.

Evaluation: According toBybee, et al. (1989) the evaluation phase is crucial to
indicate whether learners gained a scientifically right comprehension of the concept
and they were able to integrate intoetlcontextsSummative assessment should be
administered 0 e v a | u aunderstanting dfecontept® and skitsthe end of

the lesson such as asking ofarded questions, preparing a test. On the other hand,
formative assessment should tigsendicae their understanding of the concept/topic

and skills during phase such pseparinga portfolio, asking probing questions.
Students should also receive feedback about whether they have changed their thinking

or behaviors.
2.1.1.1. International andational Studies with éarningCycle

As mentioned abovenany science educators have investigated to gain evidence in
term of the effectiveness of the | earnin
levels of science educationo begin with, Ward &erron (1980) found that utilizing

the LCmodel; formaloperational participants learn both concretefanthal concepts

better than those who wep®ncreteoperational. According to them, faoncrete
operationaktudents, the LC model is efficient toM regardingp ar t i ci pant s 6
achievementFormal operational participants should be taught with either LC or TI

since the effect of the instructional method were equal for the stu@ntsted in

Francis, 2006)Moereover,Arslan (2014), Abdi (2014)Bybee (1997), Campbell
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(2006), Trowbridge, Bybee, and Powell, (2000), and Qarareh (2@l2ed out that

the 5E LC instructional mod ardumdlerstanding p e d

of science concepts when compared the TA¥otherpreviouslymade the study is
supported literature by Balé , C a dneé Tekkgyh (2QQahat both the based on

the 5E LC and the conceptual change text method provided a significantly better
acquisition of scientific conceptions than TIMchneider andRenner (1980) also
learning cycle approach is superior to traditionapproachesin intellectual
development gains. Abraham (1982) also concluded that the learning cycle is more
efficientthan the traditional instruction methdgevenino, Dengel and Adams (1999)
declared that 5E LCrpvided learners change to improve their own frames of thought.
Similar results can be indicated in the investigation of Colburn and Clough)(1997
Pavelich & Abraham (1979) stated that students who instructed with the LC model
displays their scientific iuiry skills more than ones who taught with TIMoreover,
Schlenker, Blanke, & Mecca (2007) supported that 5E learning cycle model provided

extra motivation for students to utilize their information accurately. They also

t he

concluded that 5E LC might be pbsi vel y af f decet of cetensianwfd e nt s 6

science concepts. Aydemir (2012) and Sadi and Cakiroglu (2010) also supported this
finding. In addition to these positive contributions, the 5E LC instructional model

mi ght be 1increasevwlarsdtsu dsemitesmc eat (tAk aurd,e s2 & 5 ;

Unsal, 2008)

Kaynar (2007) intendednotherstudy related to 5E LC instruction. The aim of the

investigation was to seek the impact of 5E LC asixthgradep ar t i ci pant s 6

understanding of cell concepts, thaititude toward science and their scientific
epistemological beliefd8oth experimental group (80) and control group (8&j)h-
gradestudents in the fouintact classes of the secondary school participated in the
investigation. The studwas examinednh Kocaeli,and the instrumentsere applied

to studentsboth at the beginning and end of tearvey Treatment group (80)
instructed with 5E LC instruction while control groups (n = B8}ructedwith TIM.

After the analysis of the data, the 5E LC was fotmbe moreefficient on collective
dependent variables; however, there was not any significant difference regarding
participantsd attitude The fimdingddepced that c e
participants in the treatment gromgho were implementeavith 5E LC instruction

indicated significantl\betterperformance over the control group students who taken
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with TIM in terms of st udent s o understanding of (

epistemological beliefs.

Campbell (2006) conducted another stutty seek thefifth-grade st udent s 0
understanding of force and motion concepts as they participated in hhqsied

science examinations during the application of th&.6EA pretest was provided the
participantsto assess theiachievemenbf force and motion concept During 14

weeks (four times per week), students attended in examinations for thisiattity.

end, the students were givenapost st f or measuring the stud
their understandingsiAccording to the outcomes of conducted stuthe 5E LC

instruction found to be mowfficientwhen compared to TIMBy the outcomes of the

research performed by Bozdogan and Altuncekic (2007), the educators demonstrated
that science teacher candidates might experience a lack of equipment ingapplyin

LC instruction. Moreover, 5E LC might not be suitable for every subject, and there
might be problems in keeping the authority and order of the class especially when the
teachers do not know the method well and when the classes are crowded. The class
time might not also be enough as it is a course based on activities and there might be
problems with the students during group activitiegs.addition to these findings

Marek, Eubanks and Gallaher (1990) found that as well as being an effective method
forstudents to increase achievement, | earn

behaviors.

2.1.1.2. International and National Studies witkeatning Cycle in Chemistry
Education

Studies in chemistry education revealed that the science educators conducted the
various students6 | evel and chemistry tor
The based on the 5E LC in chemistry educatias showrin Table2.1.
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Table 2.1.Investigations related to 5E LC on Chemistry Education

Author and Period Outcome Subject Level of Main results
Year Variables Students
Ceylan & Six-week Understanding State oMatter 119 10th grade The based on 5E LC model positive
Geban period Science process Solubility students caused student s
(2009) (two 40 skills scientific conceptions and removing «
5E&TI minutesper misconception orstateof matter and
week) solubility concepts and their critice
thinking than TIM
Kél avu Fourweek Achievement, Acid-Base 60 10th grade The outcomes depicted that 5E L
(2005) period Attitude Toward students instruction under the constructivis
5E & TI (three times Chemistry approach influenced significantly
40 minute  Science Process better gaining of scientific conceptior
per week) Skill on the topic of acidbases in
chemistry. Moreover, participants i
both treatment and control grou
indicated statistically similar
development in attitude towan
chemistry.
Ekici (2007) Six-week Achievement, Redox Reactions 49 11th grade The based on the 5E LC instructic
5E&TI period Attict:uhtiem'li';)t\:\;ard Electrochemistry students. was positively
(three times | ogical thinking achievement on the redox reactio
40 minute Sciené:lt(ail:f’rocess and electrochemistry when compart
per week) to TIM. Furthermore, there is n
significant mean difference betwee
experimental and control groups i
t er ms of student
chemistry.
Akar (2005)  Fourweek Achievement, Acid-Base 56 10th grade The 5E LC instruction was enhance
5E & TI period Attitude Toward students student sdé achi-lmsec

(three times
40 minute

per week)

Chemistry
Science Process
Skill

concepts more than TIM did. Studen
instructedwith the 5E LC positively
influenced their attitudes towar
chemistry more than ones taught TIM
Also, science process skill should t
considered the topic of aciisses in

chemistry for students to understand
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(Table 2.1 continued)

Kurey Sevenweek Cognitive Gas expansion, 110 tenth, The 5E LC instructionvas better in
(1991) period (three  development Immiscible liquids 11th, twelfth, t er ms of develo
S5E&T 40-minute Concrete and density, grade students formal, transitional, and concrete the
sessions per  development Molecular TIM. The utilizing of models for
week) geometry, Gas Laws stuents to manipulate provide
concrete and transitional level
students their highest score when us
with the 5E LC
Dindar Eightweek Understanding Acid-Base 78 11th grade The based on the 5E LC instructic
tet il p‘firirr?éjs(z%ee Motivation to students supported int er ms of I
S5E&TI min.) per learn chemistry understanding of the topic of acid:
week) for bases in chemistry when compared
experimental o o )
groups and TIM. Similarly, the participants in the
Severweek 5E LC group have a higher motivatig
period for .
traditional to learn chemistry than ones wt
groups taught with the TIM.
Pabuccu Sevenrweek  Understanding Acid-Base 130 11th grade The outcomes depicted that 5E L
(2008) pjroi-c;c]iirgtuht;ee Attitude students instruction was better regardin
S5E&TI sessions per Nature of student sd und ebase
week science views of conceptsthan TIM. These models o
students instruction also developed the simil:
studentsdé attitu
Science process skill should be tak
into considerat.i
understanding chemistry concepi
There was also no significant influenc
of gender difference on their
understanding the acidmses The
findings of Views on Scienee
TechnologySociety provide some
information abou
on nature of science.
Sup&sorn Atotal of 10  Understanding Electiochemistry 34 12th grade The  outcomes indicated  the
(2015) hours. Mental model and the galvanic students participantsd col
S5E&TI cell of electrochemistry and mental mode
of galvanic cells could be improve
when the using 5E LC instruction.
Sunar (2013)  Six-week Achievement, The state of matter 150 11th grade The CBA integrated into 5E LC wa
Context period Retention, students more efficient in terms of increasin
based Attitude studentsdé achiev
approach retention on the topic of states
(CBA) matter when compared to TIM. Alsc
through 5E participant who attended in th
over Tl treatment group have more positi\

attitude towards chemistry.
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(Table 2.1 continued)

The Solubility

Equilibrium

109 11th grade

students

5E LC instruction was more efficien
regarding studen-
retention of the solubility equilibriurr
concepts than TIM. The utilizing 5E
LC teaching was increae d st
attitudes towards chemistry an
constructs of motivation to lear
chemistry. Females have more positi
towards chemistry and bette

organization and help to seek.

Aydemir Seven Understanding,

(2012 Wegks Retention,
period

SE&TI Attitude,

Motivation

Bektas Five-week Understanding

(2011) pig‘ﬂiéﬂfe Epistemological

SE&TI sessions per Beliefs, Views
week) of nature of

science (NOS)

The particulate
nature of matter
(PNM)

113 10th grade

students

The obtained findings showed that £
LC instruction was better on tentt
grade studentsd 1
concepts tha TIM and 5E LC also
improved their epistemological beliet
toward chemistry

The average scores of participants
the group on the treatmer
understanding of the NOS were grea
than ones who instructed wit

traditional instruction.

Supasorn &  Five weeks  Understanding

Chemical reaction

44 11th grade

This finding depicted that 5E LC

Promarak (thprggohdosurs rate students instruction was more &ective
(2014) per week) participants®o u
Analogy retention level of chemical reactio
learning rate concepts than TIM.

integrated

into 5E LC

&TI

Aggul- Fourweeks Achievement Acids-bases 43 science  The based on 5E LC instructio
Yal cén period undergraduates positively developed the student
Bayrakceke learning of acidbase concepts ir
n (2010 comparison with traditional teaching.
SE&TI

Cigdemoglu six-week Understanding, Chemical Reactions 187 11th grade The findings demonstrated that CB
(2012) period Ac(r:‘:]zvrﬁin;;m’ and Energy students through 5E LC model was superior
CBA literacy, traditional instruction on eleventh
through 5E Motivation grade particiopar
over Tl achievement, and chemical literacy

the topic of chemical reactions ar
energy Al t hough

motivaion scores did not chang
across the groups, experiment
groups?®o intrinsi
relevance of learning chemistry t
personal goals were better than or

who instructed with TIM
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(Table 2. 1 continued)

Ajaja & 6-week Biology and Biology and 42 biology and This finding of the study thadtudents
Eravwoke period chemlst_ry chemistry concept chemistry who instructed with the 5E LC wer
teachers with the
(2012) knowledge that teacher more successful in terms of learnir
5E & TI learning cycle is 112 biology ~ biology and chemistry concepts the
an instructional ) ) o
method and chemistry those who taught with TI. The findin(
Achievement students of higher retention of biology ant
Retention

chemistry knowledge by studen
taught with learning cycle thandke
taught with lecture method can &
likened to the findings of othe
researchers in the past

Most of the investigations were performed with the elewgnéde students, the while

the acidshases concepts were chosen as chemistry topics. Moreover, science educator
decl ared that 5E LC instruction was bet
achievement, and retention level of the chemistry concepts when compared TIM. In
addition, the some of the researchers have proposed that the 5E learning cycle

i nstruct i o fogicalhhaking and thentaltmodel. Moreover, Some of the
science educators ound t hat the 5E LC instructi ol
towards chemistry; however, some of them saidttteae was no statistical differences

bet ween the 5E LC and TI group on stude
Aydemir (2012), CetirDindar(2012), and Cigdemoglu (2012) pointed out that 5E LC

i nstruction positively i nfnlotwva&ioncte tkarnt he s
chemistry more than TIM.

Klavuz (2005) aimed to examine the impact of 5E LC instruction over Tl on ninth

gr ade sundedtendingsob acidase conceptsThere were 60 tenth grade
students from twantactclasses of a chemistry course instructed by the same teacher

in Ankara in the20042005spring semesteil.he participants in the treatment group

were instructed with 5 LC modelwhile the control group was taught by TINBoth
groupswere given the AcilBase Concepts Achievement Test as a@seand posttest

for assessing their understanding of dzéde concepts. Botroupalso administered

Attitude Scale toward Chesiry as a pre and pestst to determine their attitudes. In

addition to them, Science Process Skill Test was distributed to both groups at the
beginning of the studylhe results depicted that based on the 5E LC instruction under

the constructivist appech was significantly better in term of understanding of-acid
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base concepts than TIM. There were no statistical differences between the 5E LC and

TI group on students6 attitude toward chem
student so6 sci whletachmg the tepmcsof asidssds |concepts.

Therefore, although there are some of ¢he i dence of the effect on
development cognitive and affective variable with utilizing the 5E LC instructional

model in chemistry education, chemisagucator should conduct studies to see the

I mpact of its i mplementation other students

they should focus on the influencing of 5E LC instruction on affective variables such

as constructs of motivation to learn chstmy since there is few empirical evidence

about it. The present study might provide evidence regarding whether the based on 5E

LC instruction under constructivist approach
concepts, attitudes toward chemistry aghool subject, constructs of motivation to

learn chemistry such as intrinsic motivation (IM), goal orientation (GO); self

determination (SD), sekfficacy (SE), and anxiety (ANX).

2.1.2. Information about Intelligence and Multiple Intelligence

The Muliple Intelligence Theory (MIT) of consistent with the constructivist approach

was theorized by Howard Gardner in 1983 (Orey, 2010). The popularity of MIT has

increased in the educational communities nowad@gsdner has identified a new

definition of intelligence as different from the traditional intelligence. According to

him, the identificationof an intelligence was "a biopsychological potential to process

information that can be activated in a cultural setting to solve problems or create

products hat are of value in a culture” (Gardner, 1999, {8383 Moreover, Gardner

declaredthata si ngl e oneds intelligence coul d n o
psychometric instruments. Therefore, Gardner and his friends at Project Zero have

been searching on thdesign of performanebased assessments, education for

understanding, and the utilize of multiple intelligence to prepare more personalized

curriculum, instruction, and evaluation in the pasttwentyy&@esr dner 6 s i ntel | i ge
has defined in two ways wth werefiT he Tr adi ti onal I ntelligenc:¢
I nt el | AcopmlingdoeGardner (1993), when it was looked at the definition of the
traditional understanding of intelligence, i
persontolearnanddbt ngs comes out of a wuniform cogni

researchers conducted to treatment with the possibility that such intelligence would be
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easily measured and thus be very useful for assessing students to place them at an
appropriate academic. &learly 1800s, Alfred Binet, a French psychologist, created a
AThe I ntelligence Quotient, or | Q test toc
weaknesse®inet's 1Q test was also initially utilized to measure a student's intellectual
shortcoming, and then the IQ soon made its way to the United States, where it enjoyed

a modest success until World War I. Next, it was administered to control over one
million American recruits. The fornthat day on, the 1Q test has looked like
psychologygyadscbdsggasgenui nely useful sci e
cited in Levitin, 2002, p753). After that, tteommplicatedversion of the 1Q tesis

developed the Scholastic Aptitude Test (SATneasures a student's mathematic and
linguistic abilities aswell as reading comprehension and vocabulary, is utilized by

nearly every college in America to facilitate describe whether a student is sufficient to

pl ace that institution since the SAT. Th
successful withutilizing the SAT; individual scores could also automatically indicate

if one was in or out of a possible program.

Gardner (1993) does not deny the general intelligence exists; instead, he questioned
generalintelligenc® <ritical outside the relativelysmall environment of formal
schooling;
T AGener al testsewllateiskjlaguistie or logical that are valuable
in the performance of school relatetks they give the information about a
reliableprediction of success and failure in schddie tests are not nearly as
reliable in predicting success outsi dt
T Aalf reliable instruments could be desi
tests did not rely solely on short answésich relevant to school success),
often through pencil and paperesentations, but instead used the materials of
the domain being measuretthe correlations that yield general intelligence

would greatly diminish 0

Gardner (1993) pointed out that from gener al perspective, i
intelligence is biased and often unproductive as a result we should get away altogether
from tests and correlations among tests, and look instead at more natural sources of
information about how peoples around warld develop skills important to their way
of |'ifeo (p. 7).
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2.1.2.1. TheMultiple Intelligence

An alternative viewof the traditional conception of intelligence Haesen theorizebtly

the neuropsychologistHoward GardnerHis theory was supported by teidence
obtainedfrom several varied sources, including neuropsychology, experimental and
developmental psychology, in his study (Gardner, 1993). These sources could be listed
as;

T AKnowl edge about nor mal devel opment an
individuals

fTAlnformation about the breakdown of cog!l
brain damagé¢brain damaged patients),

1 Studies of exceptional populations; prodigies, idiot savants, autistic

children, children with learning disabilities, al of whom exhibit v@agged

cognitive profiles that areextremely difficult to explainin terms of

intelligence,

Data about the evaluatiai cognition over the millennia

Crosscultural accounts of cognition

Psychometric studies including examinations of correlations anesitg) t

Psychological training studies, particularly measures of transfer and

generalization across taskso. (Gardner,

Conti, 2008)

= =4 =4 A

AOnl y t ho sirgelligerecettaht sdtigfieceall or a majority of criteriaere
selecté as bona fidentelligenc& ( Levi t i n ,Mor@o0e® Gardngoffers 7 6 3 )
eight kind criteria to define the candidate ability if it dake into considerations
intelligence

APotenti al i solation by brain damage
The existence of savants, prodigiasd other exceptional individuals

A distinctive devel opmental -Hhistory an
stateo performances

An Evolutionary history and evolutionary plausibility

Support from psychometric findings

Support from experimentahdpsychologial tasks

An identifiable core operation or set of operations

Susceptibility to encodinfr om a sy mbol systemo ( Ar ms

p.8)

W

© N O A

Gardner (1993) pointed out that one cognitive proficiency is bd#atifiedregarding
a set of abilities. Also, it was mentioned tkeaerybodyhas each of these abilities to
some extent; ones vary in the degrealofity and the nature aheir combination.

Gardner maintains that MIT is more hunard more veridical than alternative view
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of intelligence and that it more adequately reflects the data of human intelligent
behavior (Chrmglobal, 2016MHe stated that this theory is also crucial for its
educational i mp | i loo&stat tlerpsople pGtantiadiin its bréaslestM | T
sense.lt was described ‘intelligence' as a "biopsychological potential to process
information that can be activated in a cultural setting to solve problems or create
products that are of value in a culture". Hence, he expands the scope of ‘intelligence’
by pluralizing it. He believes that it shoul takerinto separate accoufdculties for
considering various types of symbol systems (Gardner, 1993).
Theessentiatharacteristics of MIT coulte seerbelow:

1T AEach per son p mtellgenses Ehat is averybody bag e n
capacities in all eighintelligences Furthermore, MIT is a theory of
cognitive functioning. Also, the eighitelligencesvork together in ways
unique foreachperson.

1 Most people can develop each intelligence tsatisfactory legl of
competencyGardner suggests that almost everyone has the potiential
develop all eight intelligences to a reasonably high level of performance
if given the appropriate encouragement, enrichment, and instruction.

1 Intelligences usually work togethigr complex waysGardner points out
that each intelligence as described above is a "fiction"; that is no
intelligence exists by itself in life (except perhaps in very rare instances
in savants and braimjured individuals). Intelligences are always
interacting with each other.

1 There are many ways to be intelligent within each categdgre is no
standard set of attributes that one must have to be considered intelligent
in a specific arealm. (Armstrong, 200

Table 2.2.Differences between traditional and multipi¢elligence

Traditionhht gl kiwvg fi Mu | tlrtefideeced Vi ew
Intelligence can be measured by shc Evaluation of an individual's multiple intelligences can encour
answer tests: Stanfoinet Intelligence learning andi g siyles. Short answer tests are not utilized si
Quotient Wechsler Intelligence Scale f they do not assess disciplinary mastenhoraugh understanding
Children (WISCIV) WoodcockJohnson They solely evaluate rote memorization skills and one's abilit
Test of Cognitive Ability do well on short answer tests. Some states have impr
Scholastic Aptitude Test instruments that value process over the final respond, such as

(Performance Assessment in Math) and PARerformance

Assessment in Language)

People are born with a fixed amount Everyone have all of the intelligence; however, each has a ur
intelligence. combination or profile.

Intelligence level does not change ove We can all develop eadi the intelligences although some peo)
lifetime. can improve more readily in one intelligence area than in othe
Intelligence consists of ability in logic an There are much more kinds of intelligence which reflect differ

language. ways of interacting witlthe world
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(Table 2.2 continued)

In traditional practice, teachers teach t M.l. Pedagogy implies that teachers implement and eval

same material to everyone differently based on individual intellectual strengths ¢
weaknesses.
Teachers teachtapic or "subject.” Teachers intend learning activities around an issue or questio

connect subjects. Teachers develop strategies that give a chai
students to show multiple ways of understanding and value

unigueness.

Source: Concept to Glaroom: Tapping into multiple intelligences (n.d.). Retrieved ft

http://www.thirteen.org/edonline/concept2class/mi/index_subl.html

2.1.2.2. Types of Multiple Intelligence

Howard Gardner (1983)resented his Theory of Multiple Intelligences and initially

formulated a list of seventelligences Irf-rames of Mindook The first two are ones

that havebeen typically valued schools; three of theare usually relatetb the arts;

and the finalwo ar e what Howar d (Bieligehoge(Gardoea | | ed fAper
1999) More recently, He hamddedi Nat ur al i st I ntelligenced as

Verbal/ Linguistic IntelligencefiThis intelligence includes the ability to manipulate

the syntax or structure dhnguage, the phonology or sounds of language, the
semantics opractical uses of language and the pragmsges of language. Some of
these uses include rhetoric (using language to convince others to take a particular
course of action), mnemonics (usirgmguage to remember information), explanation
(using language to inform), and metalanguage (using language to talk aboutadtself
(Armstrong, 2009, p. 6)This isthe most widely shared human competence and is
evident in poets, novelists, journalists, agffective public speakerf2eople with
verbal/ linguisticintelligence demonstrate a facility with words and languages. They
are typically good at reading, writing, telling stories, and memorizing words and dates,
phone numbers. They should use by readiaigng notes, and listening to lectures,

and via discussion and debate while learning the concepts. Moreover, they are expertly
skilled at explaining, teaching, apérsuasive speaking. Those with verbal/ linguistic
intelligence learn foreign languagesyeasily as theypossessigh verbal memory

and bring to mind andn abilityto comprehend and control syntax and structure. (Pal,
2011) Famous peopleWilliam Shakespeare, Je#taul Satre, Franz Kafka, Ernest
Hemingway, L. N. Tolstoy
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Logical/ Mathematial Intelligence:People who developed this type of intelligence
integrates both mathematical and scientific proceduteallows us to interpret
relationships and connection$) utilize abstract, symbolic thoughtfollowing
reasoning skills, and inducevand deductive thinking processkss also expected

that those with this intelligence naturally excel in mathematics, chess, computer
programming, and other logical or numerical activities, a more accurate definition
places emphasis less on traditiomakathematical ability and more reasoning
capabilities, abstract pattern recognition, scientific thinking and investigation, and
capacity to perform complex calculationghese learners consider conceptually in
logical and numerical patterns relating to gmments of informationThey always
takeinto consideratioreverythingin the world; ask many inquiry questions about it
and enjoy conducting experiments to solve theestions Logical intelligence is
usually well developed in mathematicians, scientisdg, accountants, engineers,
computer programmers, and detectives (Armstrong, 2009; Chapman &Freeman,

1996).Famouspeople:Albert Einstein,Bill Gates.

Musical/ Rhythmic Intelligencerhis intelligence is the capacity to indicate pitch,
rhythm, timbre,and tone. They are able to notice, create, reproduce, and reflect on
music, as depicted by composers, conductors, musicians, vocalists, and sensitive
listenersThose who have a high level of musichaythmic intelligence display greater
sensitivity to soads, rhythms, tones, and mugfrmstrong, 2009)They frequently
possess good pitch and may even have absolute pitch (Miyazaki, 2004) and can sing,
play musical instruments, and create music because this intelligence has a strong aural
component. Thus, pple, who are strongest in it, could learn best with the lecture and
oral presentation Moreover, they will often utilize songs or rhythms to learn and
memorize knowledge, and may work best with music playing (Gardner. 1993 as cited
in Kenny, 2008).People,who have aradvancedevel of the musical intelligence,
might be a musicians, singers, conductors, or compoBSamnsous peopleMozart,

Bach, Beethoven, Chopin, Ray Charles,

Visual/ Spatial IntelligenceThis intelligencerelatedto the capacity to peecve in
threedimensional wa y s . (Jing, 2 0 peBple. devélapingt this r mo r €

intelligence are able to perceive external and internal imagery, to recreate, transform,

37



or modify images, to navigate oneself and objects through space, and to produce or

decode graphic informationo (Nath & Cmajdal k:
pilots, sculptors, painters, and architects can be strongly utilized their this intelligence.

Also, one with strong visuapatial intelligence is typically excellent imagimnd

mentally changing objects (Gardner, 1993). Also, Jain (2012) mentioned that They

possess a strong visual memory and tend to art. Their sense of direction is excellent

and their hangtye coordination could be used effectively, in general. They tend to

consider in pictures and need to build vivid mental images to keep in mind the
information.They love searching for maps, charts, photos, videos, and miovies,

designing, drawing, visualizing and doodlifgmous peopleMichelangelo,Van

Gogh, Leonard Da Vinci, Picasso, Steven Spielberg, and Walt Disney.

Bodily/ Kinesthetic Intelligencef hi s i ntel |l i gences can be defir
mani pul ate objects and use a variety of phys

intelligence includea sense of timing, and people developing this intelligence are able

to utilize their skills through the miAdody union, perfectly Athletes, dancers,

surgeons, and craftspeople can skillfullyy e t hei r ki ne(@ampbelt i ¢ i nt el |
2008).Jain (202) also stated that they learned the best by physically doing something

than reading or hearing regarding the concepts or something. Those with high bodily

kinesthetic intelligence look to utilize what might be called muscle memory. For

example,they bringto mind things through their body, rather than through words

(verbal memory) or images (visual memory). These kinds of learners express

themselves through movement. Tiaeg able taitilize between aensef balance and

eyehand coordination, effectivelyFamous peopleNaim Suleymanoglu, Michael

Jordan, Muhammed Ali, Lionel Messi, Usain Bolt.

Interpersonal IntelligenceThis type of intelligence is related to the ability to
understand and interact effectively with others. They take into consideration
distinctions moods intentions, affective variables of other ones (Armstrong, 2009)
They caneffectivelyuse verbal and neverbal communication while connecting the
others. Teachers, social workers, actors, and politicians have a strong interpersonal
intelligence sincéhey interact efficiently and understand easily with others and adjust
to various areas or groupNdth & Cmajdalka, 2010)eachers should consider by

working, discussion with others while they are learning the concepts or something
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(Kenny, 2@8). Famous peopleMu st af a Ke mal At at ¢r k, Abr a
Washington, Martin Luther King, Mamatha Gandhi.

Intrapersonal IntelligenceThis type of intelligence is related to the ability to aware

of themselvegheir thinking and feelings andwdilize this knowledge while intending

and integrating into their lifePeople developing this intelligence are typically
introverts and would rather study alo(i¢ath & Cmajdalka, 2010)it involves not

only an appreciation of the self, but also of thenhn condition they can also be
psychologists spiritual leaders, and philosophers. People who havstrong
interpersonal intelligence intuitivelgwareof their interests, motivations, attitudes,

label them and draw on them as a means of directingaweibehavior (Armstrong,

2009;Nath & Cmajdalka, 2000Some activities/behaviors should be administered to

i ndi cat e -poerressobn al ntirna el | i gence such as
Ametacognition techniqueso, it hii mgad ,n g
Af ocusing/ concentration ski-btdert nenasdnu
compl ex guided i mageryo, Acentering pra:
(Gardners, 1999)Famous People: Neil Armstrong, Columbus, Mevlana, Yunus

Emre SigmundFreud.

Naturalist Intelligence:People who possess strongthis intelligencecan examine
patterns in nature, define and classify objects, amdreof the natural and human
made systems (Campbell, 1997). Thegn recognize, categorize and draw upon
certain features of the environme@ne who effectively use this intelligenbas a
profound love for the outdoors, animals, plants, and almost any natural object They
also take into considering changing leaves inféiiethe sound of the wind, the cold

sun or a snake in their environmeHe hassuch capacities as species discernment,
communion with the natural world and its phenomena, and the ability to recognize and

classify various flora and faurf@ardner, 1999Famous peopleGalileo, Darwin

Al t hough Howar d Gardner 6s MI' T has not
psychology, many science educators have taken into consideration his theory. Many
schools in North America have integrated into curricula according to MIT, and they

intend classroomstreflect the understandings that Howard Gardner develops. The
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theory has started to use within {g&hool, higher, vocational and adult education

initiatives.

The effect of multiple intelligence theory in educational systesnsaken into
consideratiorms fAi n-de nmi duad Thiswillaesdltintodind an answer
to what is acore set of competenciesand a core body of knowledge, which every
individual in the society should mastétt. first appearance, this situation would seem
to be an endoat the formal education since it is difficult to instrectiely one of the
intelligence it should be taken into consideration the eigtelligencein the teaching
since there is the possibility of distinct limits and strong restrictions on human
cognition and learningThat time,lt is difficult enough to instruct even as anything
can be taugh{Gardner, 2011)

Gardner 6s MI T coul d opportunitied educat@scygndustsl u c at i on al
essential principles to any number of educational settingglications for school

reform and classroom application should be integrated into various teaching strategies,

curriculum development, and broaden student evaluation. As a result stulisnts

who were unsuccessful, unmotivateadgiven the chance tenhance their academic

development when they faced to multiway interventions and techniques principled by

MIT (Stanford, 2003)

There are sharp differences between the an i
trainer in a traditional classroom. Thiseans that the teacher directly clarifies the
concepts while standing at the front of the classroom, writes on the board, questions
students about the assigned readings or handouts, and waits as students finish written
work in the traditional classroomn lcomparison, in the MI classroom, the teacher
continually shifts method of presentation from linguistic to spatial to musical, and so

on, often combining intelligence in creative ways (Stanford, 2008 .investigations

have convincingly shown that peopl have differenintelligencefrom each other.
Education should be designed to meet the needs ones whose typtdligénce

Educators should encourage to utilize their all kinds of intelligence in maximum level.
(Gardner , 1993) . b cughbnet éorbe used ko elictdtehaeaursey o f
of study or career, but it constitutes a reasonable basis on which to make suggestions

and to choose elective&.convenient way to sketch an individiatentered school is
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to delineate a set of roles thatwdul be carri ed out within t
(E.t ub ecBudluacéast i on Bl & ghpulddédréssed that rione. of thiese
rolesis designedn any way to minimize or circumvent thiele of the individual
teacherindeedssuch roles shouldebfree teachers to focus on their subject matter and

to present it in a way that is most comfortable in light of tleswn intellectual
strengt ud e cHdicationsBlog, 2000, p.7)Vit an individualcentered
education; studentould feel better regarding themselves and beapgrodmembers

of their community. Moreover, they could achieve their maximum intellectual

potential.

Instructional roles or structures in the school of future are;

he

T To foster st udéemdverabbasicridiscplpesat i on 1 nt o

T To encourage st ude ntdandysigthe pgroblensandt h e
complete the task that they investigate to give the chance the unique blend

of intelligencein each of itstudents

T To assess st ude nantyinteligenpdaimvaye, ment f r eq

T To promote studentsd continuity and

(E.r u b e cEducaian 8log, 2000)

The role of thequality teachershould ensur¢hat the probably individual needs of
students are well served bypexts in the educational fieldhe individual centered
school enhances the probability that students can reach their high intellectual level by

matchingintellectualprofiles with educational possibilities (Standford, 2003).

2.1.2.3.Teaching Strategiasa MIT

The based on the MIT instruction should be conducted with variousaghing
strategiesn the classroom. Moreover, the theory of iives educators a chantae
designmodernteaching strategies. This is not to say that MIT offers that no oé set
strategies will work best foall students at all timedntelligence profile of every
student is different from each othbowever, individuals ar@ominant in terms afne

or moreintelligenceaspects. This mearthat each student could have intefied

superiority or weaknes$hus, while the each teaching strategies can positively impact

to increase one group of student sé6 achi e
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groupso successful. For instance,inpducators,
tool, would possibly see that students who are musical intelligence dominant,
pleasurablyattend to this strategy; however, nonmusical students remain unmoved.

Similarly, the use of pictures and images will indicate studentsandhmore spatially

oriented however, those who are physically or verbdibyninantmight be depicted a

differentinfluence Educators should intend a wide rangésaiching strategiesving

to individual differences among students since if teaching activities focusing equally

on al l i ntelligence aspects are designed, t
intelligence can actively participate in learnif@andford, 2003)Bellamy and Baker

(2005) summarized the application of all types intelligence in the classroom in terms

of teacher centered and student centered activities in Table 2.3.

Table 2.3.Teaching strategies related to types of intelligence

Types of Intelligence Teachercentered Student-centered

A explain topics vAStudent Presents

A Ask questions al A Students read
Verbal/Linguistic feedback presentation for his/her classmates

A Interviews A Students debate

A Provide braienging A Students categ

questions to begin lessons logical sequences for the organization
Logical/ Mathematical A Make | ogi cal co A Students creabt

subject matter and authentic situations explain written info.

answer the questi oA Students parti

associated with the content

A Use props dur i ng AStudents use computers to resea
A Provide tangi bl e subjectmatter.

Bodily/Kinesthetic students to examine A Students creat:
A Revi ew udatedh gxample: explaining topics (shadow boxe
(throw a ballto someone to answer mobiles, etc...)

question) A Students create

A When present i, mge AHave students work individually or i
visuals to explain content: PowerPoi groups to create visuals about t
Visual/Spatial Slides, Charts, Graphs, cartoons, vide information:
overheads, smartboards A Posters; timeli
slides; maps; illustrations, charts;

concept mapping
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(Table. 2.3 continued)

A Play music in A Create a song
reflection periods

content embedded in memory
A Show examples

Musical thythms for students to rememb A Us eknowr dorigs to memoriz
things formulas, skills, or test content
A Be aware of bocA Promote collab
expressions A Group wor k
Interpersonal A Offer assi st an ¢ interpersonal connections
Encourage classom discusion A Peer feedback
A Students prese
A Support group
A Encourage jour A Journaling
outlet for expression A investigati.:
Intrapersonal A Ilntroduce webl o individually
A Make individual A Students conce
A destining a pos theirstudy.
A Take students ¢A Students orga
while in learning concepf Compare natural cycles
Naturalistic authentic subject matter to natur A Student s ma |

occurrences. among content and the natur
A Rel ate topics environment (how has nature hi
nature (plants, weather, etc.) an impact?)

A Students per

service

2.1.2.4. International and National Studies with the MIT

After this theory had been developed, significant studies were conducted in our
country and the world to understaridthere were a great advantage for applying
science education (Ascé & Demircioglu, 2
2004; B &; Ba&ragona, 2009) Bellflower, 2008; Campbell & Campbell, 1999;
Douglas, Burton, & Reeseur ham, 2008; Kayeéeran & Iflazo
O6Connel |, 20009; Ongoren & Sahin, 200 8;
Yél maz & Fer ,ingobtlese)investifaiians irdicated that students who
implemented based on MIT were more effective than students who taught an education
based on traditional methods. The educators declared that the students improved their
retention level of science coepts when they designed with the based on the MIT
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(Akamca, 2003; Azar, Presley, & Balkaya, 2006; Can, Altun, & Harmandar, 2011,

Keksal & Yel, 2007; ¥zdemir, G¢neysu, & Tekk
student attitudes conducted with the basedhenMIT practices positively affected
studentsé interests towards science (Bal ém,
Goodnough, 2001; Kayéran and Il flazojl u, 20
examinations (Akamca, 2003; Batman, 2002; Gurcay, 2003; figd2002; Sahin,

Ongoren & Cokadar, 2010;asezen, 2005; Ucak, Bag, & Usak, 2006; Uslu, 2005)

stated that MIT practices did not create a difference in student attitudes when
comparing the TI M. Another <cruci al factor i
enhanced when it is utilized the MIT in the science course (Gracious & Shyla, 2012).

Al s o, this theory could be integrated into
motivation (Campbell, 1991Recent |l y st udi es about Gardner 6s
Theory are frequent. Campbell (1989) in a chapter about the globe, by designing

education scenarios according to intelligence areas created seven learning center.

Students (3th graddg¢arnedthe same subject, as groups of three or four, by doing
twenty-minuteactivities at learning center every day. dgcomeof thestudy; it was

observed that all students completed learmbgctives,andstudentsnjoyed these

learning activities.

In our country, multiple intelligence practices started with experimental statiésd

out byuniversities for academic research in schools and mostlytheyimplemented

by private school teachers and some teachers working at public schools. B#cause
the theoryds cdeachingofi doncdpis @amd indivadualt iftedigence
development, in oucountry,it has beenimple, implementedn all primary schools

for the last ten yeartately, efforts were being made for the integration of the theo

in secondaryducatiomas well.However,both in primary andhigh schools, teaching
plans prepared according to multiple intelligence theory, which would be examples for
teachers, are not sufficient. Thatwhy it is necessary tareatemuch more sampl
teaching plans about hieeorywhich would enable students to learn by doing and
experiencing and which would also help students devalbpf their intelligence
aspects separatelin studies held in Turkey, Yurt and Polat (2015) examined an
investigd i on t o analyze the i mpact of the based
academic achievement in Turkey. The outcomes of independent investigations

conducted to see the influence of MIT in various education level were obtained from
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the metaanalysis. Dtal of 71 studies (66 dissertations, and seven articles) satisfying

the metaanal ysi s6 cr it er i-amalysisereselts shovmed that thd e d .
based on the MIT instruction have a cruci
achievement. Morer, it was depicted that implementation period is critical to see

the influence of the based on MIT instruction since it appeared that when the teaching
time increases, the effect of multiple intelligence application also increases. In
addition, the effeiiveness of the MIT instruction does not change regarding the type

of the course, the level of the participants and the kind of the investigation. According

to the research outcomes, it was taken into account some offers. It was determined that
curriculumand classroom activities at the first grade of primary school since 1999
2000 school year are in a nature conforming with the MIT (Basbay, 2000), that
intelligence areas of ninth grade students were not identified sufficiently by their

t eacher (EG¢yréc arya raanstd) wWh2rg multiplantelligenceareas of

last grade science teaching and primary scledloicationstudentswere examined
(HamurcuG¢ nawnd ¥zyél maz, 2002) , it was di scc¢
differences in verbdinguistic, logicakmathematical, and visuapatial intelligence
according to the department thexgre in These differences ame favor of Primary

School Teaching students for vediaguistics intelligence aredn favor of Science
Teaching students for logalmathematical and visuapatialintelligenceareas. In a

study examining the intelligence areas covered by biology education in high school
(Ekici, 2002), it was determined that teacher were using many teaching approaches
directed at differenintelligenceareas. Howevethat focus was on verbéhguistic

intelligence.

Another study conducted by Akkus (2007) that the purpose autiveywas to seek

the effect of the based on MIT teaching eleventhigrades t udent sd achi e
attitude and the retention level onmit of alcohols and ethers when compared to TIM.

It was utilized a praest postest control group seraxperimental design for this study

and was administered in 20@D06 academic year ahgh school in Bursa with the
participation of two the grade chemistry students (N = 60) for two hours per week over

a fourweek period.The groupswere randomly choseas control (N = 30) and

treatment (N = 30) groups. The courses were taught with TIMarncontrol group

while the treatment groupas instructedvith the basean MIT. In both groups the

lessons were taught by the researadret completed in eight class hour time. In the
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experimental group, before the stualgs putinto practice, the Multile Intelligences

Theory was introduced in one hodhe data gathered in this survey was performed

by running SPSS statistics software. The ddtthe examinationwas obtainedvith

the Achievement Test, Multiple Intelligenc@siestionnaireand ChemistnAttitude

Scale. In the analysis of the dat@est, ANCOVA and Variance Analysis statistical

techniques were utilized as the inferential statistic. The outcomes of the investigation

indicated that there is a significant effect between MIT and TIM in tefm o
participantsd achievement on alcohols and e

attitude toward chemistry and attitude toward chemistry.

A similarinvestigation was conducted by Koken Bilgin (2006),rttegorobjective of

the study was to compareetteffectiveness of the based on the MIT instruction and

TIM on night grade studentsdé understanding ¢
attitudes toward chemistry. In the study, 50 ninth grade students (25 experimental and

25 control) from two groups adt school in Ankara wereonvenientlyselectedThe

same teacher also taught both groups during May of 2005. The participants who were
implemented with based on the MIT in treatment groups while the students who

instructed with TIM in the control group.haachievement instrument regarding

chemical bonding concept which included 25 multiple choice questions were given

both control and experimental group to examine the impact of the MIT over TIM and

an attitude scale toward chemistry questionnaire was dpphoreover, all
participants were taken SPST to see the rel
process skills and their achievement. ANCOVA atelst were run as the inferential

statistics. The outcomes depicted that students who were instructedeitiT were

more successful on chemical bonding concepts than the ones who were implemented

with TIM. Moreover, it was seen that students taught with the MIT instruction had a

higher positive attitude toward chemistry when to compare the participanésl cart

with TI M. on the attitudes of students towa

skills were not a significant contribution to their achievement.

It appears from the literature thathough there are some of #nadence of the effect
onthesudent sé6 devel opment cognitive and affect
Gardner 6 s MIT instructional model i n chemis

i ntend investigation to examine the I mpact o
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chemisty topics. Especially, they should focus on the effectiveness of MIT on
affective variables such as constructs of motivation to learn chemistry since there is

few empirical evidence about it. The current study might provide evidence about if the
based on M T Il nstruction under constructi vi
achievement chemistry concepts, attitudes toward chemistry constructs of motivation

to learn chemisyr.

2.2. Affective Variables
2.2.1. Motivation

Considerable other factors the influencirt
affective domains, which should be taken into consideration, at least, cognitive
dimensions (Gardner, 1993, Cavas, 20Thg term of motivation, which is the one of

the most crucial affective variables, has taken acdmystience educators for a long

time. After the researchers have realized the importance of affective domain in science
education, they have conducted some s about this domain. Therefore, they declared
that effective learning for the students should be considered by their affective domains

next to cognitive domains (Bruinsma, 2004; Hsieh, 2014). Affective domain is
identi fied as Athe emotional side of h
Moreover,Pa r i er and Nsengi yumva dmesiomignotst at e ¢
just a simple catalyst, but a necessary condition for learning totccyrp . Alst,2 4) .

there are two major factors affective variables, which are motivation and attitude.

Themotivation couldbe taken into account ase of the maimffectivefactors (Akbas

& Kan, 2006; Koballa & Glynn, 2006).he originality of motivation comes from the

Lati nmovea&@ b( Schunk & Pintrich, 2002) . Thert
of motivation,which have many components and constructs. Thus, the scientists have

not reached a consensus regarding the definition of motiv&iwan pf this definition

of motivation <coul d be iddeetadtactivily ¢hdt isas f a
instigated and sst ai nedo ( Pi ntr i c Aher& areSfhun m&in 200
perspectives on motivation, which are behavioral, humanistic, cognitive, and
sociocultural (Erden & Akman, 1995; Woolfolk, 2005). Behaviorist investigators
descri be moti vat ieocate, fraggendy ofadccurrbnaen @ &rmioh t h

behavior (response) as a functHngich&of env
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Shunk, 2002, p.20). In other words, Accordin

be affected by conditionings and modekgrefore, it depends on the reinforcements

or punishments (Kucukahmet, 2003). The perspective of cognitive theorists focuses
on the crucial role of the mental structures while performing the knowledge and belief,
unlike the behavioral approach (Pintrich @hunk, 2002). According to humanist

researcher s, motivation is ¢c¢al-thardensen 0

enco

of competence, sefsteem, autonomy, andselfc t ual i zati onso (Wool kf ol

343) . Finally, i t wa & cotheunities ef gractce. Pdoplee par t i c i f

engage in activities to maintain their identities and their interpersonal relations within

the communityo from the view of sociocul

It was seen that although there are no aensus among the researchienggstigation

of motivation to learn indicated thahen students become motivated, their interest in
learning the related science concepts also increased (Sanfeliz & Stalzer, 2003;
Guvercin, Tekkaya, &ungur, 2010; CetiDindar & Geban 201). However, Some

of the science educators stated that if students possessed a low level of learning
motivation, they would be likely to have the low academic achievement (Arroyo,
Rhoad, & Drew, 1999; Atta and Jar@iQ12). Also,the motivation to learn science
could improve students to scientiflteracy (Bryan, Glynn, & Kittleson, 2010).
Moreover, Schunk and Pajares (2001) asserte@veay people have a sekgulating

system that influences beliefs and aids he enhancing of motivation that gains
behavior cognitively and affectively\schunk (2000) proposed that there are five
crucial constructs within the sekgulatory system which are intrinsic and extrinsic
motivation, seHefficacy, goalorientation selfdetermination,and anxiety. Each
construct of motivation is critical t o increasing students?®o
meaningful learning. The five primary constructs of motivatiwere discussed

following part.

2.2.1.1. Motivational Constructs

tur a

mot i

Selfefficacy It was identifiedcas fAbel i efs in oneds capabilitie

the courses of action required toHeroduce gi

also stated that sedffficacy beliefs aressential factors aof the studentsvill indicate
an effort on a mission and confront in the coming face to face of difficliiy.ones

who have low selefficacy might much effort on a task and will not want to learn it.
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Therefore, the construct of sdfficacy is essential students to learn thedaonce if

t he st ue®oady deélings are Iliigh, they will attend in the contexts that
demonstrate the development of their abilities and capabilities. In contrast, if people

might possess low setffficacy perceptions, they would not like to egg in new

learning situation (Shunk & Pintrich, 2002y, the literature, researchers conducted

some investigations to see whether or not there is the positive relationship between the
construct of selefficacy and achievement. According to them, -sffitacy was

i mportant a key factor to increase stud
Mousavi & Abedini, 2016; Motlagh, Amrai, Yazdani, Abderahim, & Souri, 2011,
Pajares & Schunk, 2001; Zimmerman & Bandura, 1994). For example, Uzuntiryaki

Ko ndak Sénayd201b) conducted a survieyinvestigation the relationships

bet ween At ask val ueo, Afgoal -efoffieatc wd i a

anticipating eleventh grade (totally 578)t udent s6 chemindthrey ac

Motivated Strategies forLear ni ng Questionnaireo, f
Questionnairet¢ef fiCmemni Stcrayf eDel fand A Ch e mi
was administered to obtain data. Finding

that chemistry seHefficacy was takennto consderation to enhance chemistry

achievement.

Anxiety:Thi s cruci al construct of motivation
tension arising from disapproval i nterpel
in Nata, 2007, p.18). Anxiety, whidh cognition and emotion,.consists of two major
components of test anxiety. First, the cognitive elements are related to the mental
activity that turns over in mind the testing situation. For example, one considers about
results of possible failure, deepigncerning regarding exams and lack of sureness in
his/her capabilitied\Next, the emotionality component which is the physiologieat

of thetestthat leads stress and nervousness toward eX8arssgiry, Bhosle, & Dutta,

2005). People sometimes fitllemselves in apprehensjdrowever this might gain

them extra motivation to accomplish a task or problems. In consifraicg students

possess a high level of anxiety, it was found thatgtiationreduce them to success

owing to maskinghe theirreal motivation. (Cassady & Johnson, 2002). In literature,

Seipp (1991) intended with the 12Grveysas a metanalysis studyWhen it was

analyzed 126 studies, itwasseenthiter e i s a negative rel at.i

anxiety and their academiegormanceNadeemAkhtar, Magbool and Zaidi (2012)
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was examine@ study to see if there wése relationbetweenanxietyon theschool

achievement of university students in Bahawalpur, Pakiktaras designed a survey

study to collect the datarhe samle of thesurvey, using by stratified sampling

method,ncluded 97 student# was formedhree groups of all the participanis Ot i s

sefadmi ni stering test of mental abilityo and |
as an instrument. Data was anatyby using SPSS softwarEhe outcomes indicated

that if anxietyincreases, both in male afemales t udent sd academi c achi e
affected negativelyResearchers found similar finding regarding the relation between

anxiety and academic achievemerthialiteraturgCassady & Johnson, 2002; Diseth,

2011; Lucangeli & Scruggs, 2003; Ormod, 2000)

Goal-Orientation: This construct of motivatiorefers to

findividuals may strive for high grades for quite different reasons. They may

seek high grades iorder to prove that they are intelligent or as an index of

learning or mastery of the material. In this approach, these two aims seeking to

prove one's competence versus seeking to improve one's competence represent

two qualitatively different classes gpals (performance goals vs. learning

goals, respectively) and, as such, would be expected to have different patterns

of behaviorcognitiona f f ect attending their pursuito
Christensen, 2009. p.57.)

It is was seen thdhe effectofgoalor i ent ati on on staui@nt sd achi
factor. Mastery goal orientatidakesinto consideration on learning or keensgent

too mucheffort to masteran ability or topic. Forlearningthe task, when people

encountered thdifficulties, theywould strive very hard to overcome tbleallenges

Moreover theytake risks and attempt the new ways if there ismaughinformation

about the situationgnother component is that performamymal orientation is related

to grades and performirthe ability. These students woulke to be better than the

others andavoidstaking therisk, unlike mastery goal orientation. Thus, they would
ratherbeincludedi n t he tasks that they know they col
Sonmez, 2015). In literature, Schunk and Pintrich (2002) pointed out that students

Omast ery g thairl asademit &chievéermeemt positivebhile therewas a

negative correlation betwedheir performance goals and academic achievenient.

addition Chen and Wong (2014) was conductedseek the association among
student sdé goal orientations, their uni ver si

school. A total of 312 university studentgelled in the current investigation in Hong
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Kong. Structural equation modeling was utilized as the analysis of data. The findings
depicted that goal orientation have vari e
and their past achievement in higlhgol. Mastery goals angerformance approach

goal s were positively associated with st
avoidance goals were negatively associated. Moreover, there was a positive correlation
between both performan@pproach and performnceavoidance goals with students

average scores in high school. Finally, mastery goals indicated no association with

high school performance.

Intrinsic and Extrinsic Motivation:The crucial construct should be taken into
consideration student intrinsamd extrinsic motivation. Intrinsic motivatiamould be

describeca s fAimoti vati on t o awns s auadethe extrimsicf or s
motivationis identifiedas fimoti vati on t o doPiniridh&as a 1
Schunk, 2002, p. 235The onewho are intrinsically motivated is laettersense of

duty since they love work on the task. Moreover, taey not mattewhatever you

give prize sincéhe mairprizeis taken part in that mission for them. In contrast, people

who are extrinsic motivatiois crucial to study on the mission since they exgeotd

resultssuch as a prize, promotion, praising celebration whey they complete their
mission. In the literature, Investigations found that when the intrinsic motivation of

the studentsis given importent, their academic achievement is enhanced
(Areepattamannil, Freeman, & Klinger, 2011; Goldberg & Cornell, 1998; Imran,

Khan, & Hamid, 2010). Lepper, Corpus, and lyengar, 2i0®&ndeda survey to
examine the relationship thnsi¢t and acadensic ud e n 1
achievement. Thengasa total of 797 from third to eighthrade children in the study.

The findings of thestudy, the intrinsic motivation indicated a significant linear
decrease from third to eightirade and had positive relationwith par t i ci pant
grades and standardized test scores at all grade levels. Moreover, extrinsic motivation
depicted few differences in terms of students grade levels and had a negative

correlation with their academic achievement.

Seltdeterminationtisdes cr i bed as Athe capacity of
how to satisfy its needso and fAthe proce:c
cited in Pintrich & Schunk, 2002, p. 257). People who aredetéfrmination is aware

of their abilities,weakness, and strengths. The studies also demonstrated that self
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determination is associated with the congtroicintrinsic motivation Deci (1996)

pointed out thastudents would like tthink competent and independent, especially.

Also, Deci (1996) mentioned that the intrinsically motivagedivities allow the

students to feel adequate &nek whileextrinsicallymotivated activities might mask

these feelings. Deci (1996) found that the students who aréetelimined motivation

are likely to be morsuccessfuand to bevell-adjustecemotionally.Different studies

revealed the indirect rel ati edaterrbmationveen st ud:e
(Boiche, et.al, 2008; Field, Ganjie & Soufi, 2015; Erickson, Noonan, Zheng, &

Brussow 2015; Sarver, Shaw, 2003; Sarver, 2000; Zimmerman, 1880example,

Othman and Leng2011) intended a survey tovestigation the correlation between
Aselomcept o0, Aintrinsidet enomii vati om® wintdh A8 &
achi eve me n tparticipants. rAgotalt oh 200 fifth and sixtirade students

from a Chinese elementary school participated in Johor, Malaysia. -esedfoped

set of the questionnaire was administered as an instrument to obtain data for the study.

Research outcomes depibat there was a small correlation between-caticept,

intrinsic motivation and selfletermination of the participants and the academic

achievement

2.2.2. Attitude

An attitude is "a relatively enduring organization of beliefs, feelings,ba@hdvioral
tendencies towards socially significant objects, groups, events or symbols" (Hogg, &
Vaughan 2005, p. 150Yhere are three primary constructs of attitudes, which are
cognitive, affective, and behavioral. The cognitive structure focuses onbetiefs;

the affective component includes feelings and assessments, and the behavioral
construct also related to ways of acting toward the attitude object. The cognitive
construct of attitude is assessed by surveys, interviews, while the affective cotspone
are more easily evaluated by monitoring physiological signs such as heart rate, in
general. Next, Behavior component of attitude may be determined by direct
observation (Attitudes and Attitude Change, n.d). Also, Osborne, Simon, and Colli
(2003) desched a definition of an affective facto
values held about the enterprise of school science, school science and the impact of
t he sci ence o0 nThesscandge educators Within varibus Beeprch areas

have exam n e d on student séb a&Studlias thavel shewn thatwar d s s cC
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students 'attitudes toward science are a direct impact on their students' achievement

(Kozcu, Caker, & ot hers, 2007; Mattern,
2003; Sing, Granvillé& Di ka, 2010) . Mor eover, Kobal |
science learning experiences influence their attitudes, their motivation to learn science,
positively. This situation cause to enhe
learning science coecpt s meaningfully has a <cruci al

positive attitude.

Therefore, the principal aim of the present investigation is to compare the effectiveness

of the based on the 5E |l earning cycle mo
instructions and their application to the classroom situation since it was not seen an
investigation the comparing the based on the MIT instruction with 5E learning cycle

model in literature. Also, this study would give some information regarding the
studen s o6affective vari abl eMoreouec whemigvasat t i t u
surveyedaboutbased orthe MIT, it was found few studies regarding themining

the motivation of stdents while learning chemistiyith this study, this gap in field

literaturewould be filled.
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CHAPTER 3

METHOD

In themethod part, itwas talkedabduh e st udy o0 s risfeatuessnte de s i |
it is allowed readers to assess this study performegamdittedothers to replicate

this study.The methodology of the study, which involves design of the study, the
population and sample of the study, description of variables, instruments, detailed
determination of the treatment both experimental and traditionabgyrpuocedure for

each groups, ethical issues, expression of methods to analyze data, and assumptions

and limitations, was mentioned ten main sections.

3.1. Population and Sample

The targetpopulation of thecurrentstudy was describeall ninth-grade students
attendingsecondary publieducation in Ankara, TurkeY¥he capital city of Turkey is
Ankara andthe country's second largest and populous city. idvis is locatedin
Central Anatolia. Also, it is the center of the Turkish Governmadditionally,
Ankara isa crucialboth commercial and industrial city. The most important feature of
the target population is that the vast majority of the people living in Ankara have
migrated from aather regiorof the Turkey. This variety makesih extremely typial
exampleof the gaeral population in Turkeyzenerallyspeaking, education activities

and opportunities are much more advanced level than other cities in TUnleeg.are

152 public secondary schools (137 Anatolian High Schools, eight Science High
Schools, two Fine Arts and Sports High Schools, and five Social Science High School)
considering 22 regions in Ankara, Turkey. Furthermore, there are 68803 (35281 male
and 33522 female) nimgrade students (Orta Ogretim Genel Mudurlugu, 2014).

As can be seen, the complaining of the data in the target population was very difficult
in reaching all the schools. Therefore, we decided to conduct the current study that the
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accessible populatiowas identified as all nintgrade students at public secondary

schools in Keciorerg crowded district in the northern part of the city of Ankara. There

were two basic reasons for why we choose Kecioren region as the accessible
population. One ofthemame asons was that it might be foul
cultural and et hnic bac k-grbanm migrdtisn fromallKe - i °©r en
regions. In other words, it is almoatsimilar to Turkey populationfherefore, we

could generalize the resultstbie study to target population. Another reason was that

the obtained of data in the target population would be-tiomsuming and very

expensive. Thus, this district was defined as the accessible population to gain time and

money since the researcher hagd the closest to this area. Theme 17 public

Anatolian High SchoolsAlso, there are totally 15625 (7468 male and 8157 female)

ninth-grade students (Orta Ogretim Genel Mudurlugu, 2024).shown, itwas

difficult to reachall the secondary schools this area. Thus, one of tisehoolswas

chosen conveniently for theainsampling of the study and pilot study by assigning a

number to each public secondary school in Kecioren region of Ankara. All permissions

were also taken from The Ministry of Natidrieducation to conduct this study (see

Appendix A). The reason for choosing convenience sampling could not use random

sampling in the study owing to studyitiggintactgroups. Another reason for choosing

convenient sampling procedure was to meet with tdechers botheasily and

frequently. Finally, it wouldbe done observations for treatment in school,
simultaneously (Fraenkel & Wallen, 2003). In the study, we only talked about

Anatolian High Schooinstead of the original name of this schbelcause oftaics

rules.General characteristics of Anatolian High School studenthemainsampling

of the study they have to take the Transition from Primary Education to Secondary

Education System (TOEG) to enroll these schools. In other words, participanis sh

be taken the Central Written Examcording to the curriculum in the 8th grade at the

end of November and April the enroliment of the students in high school for six courses

which are ATurkisho, fAMathematicso, fAScience
and Kemal i smo, adkReé |l Mgralus K@owt edgeo, AFor ei
Moreover, The Anatolian High School conducted this study took place at the sixth

percentile in the results of TEOG exam held on 2BQ3B4. Therefore, the achievement

level of students in this schools could be gaithe similar to each other. Afterward,

the number of ninth grades classes was determined to select the sampling of the study,

and there were totally eigiinth classes in this school, which were six of them were
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taught by a female teacher and two of thveane taught by a male teachdext, female
teacher, who taught six classes, was decided to participate in the current study since
teacher threat would be eliminated to internal validity and she has a sufficient number
of courses in the current implemetida. After that,the aim of the study was clarified

to theteacherand she was willingo join in the current study. The teacher, who was
middleaged, had approximately 15 yearsod teac
On the other hand, she taughstodents with thigaditionalway of teaching chemistry
concepts although the ninth grade chemistry curriculum in Turkey renewed
according to theimplementationof constructivist principles in 2013. Also, she
mentioned that sh&id notuse chemistrydboratory owing to lack of time to fulfill the
Turkish National Chemistry Curriculum Content. Before the implementation, the
teachethad been givethe details information of principles the 5E learning cycle and
Gardner 6s Mul t i pimplemkntatioeahd conduetedsampld lassoosr y
regarding based on this model and thedhe researcher pointed out the instructional

differences in traditional and experimental groups and how to use thenciagbes

Two of the courses in the schaghsassignedo traditional instruction groufr1G),

5E learning cycle groups (5EG), and Multiple Intelligence for the other the
experimental group (MIG)I'he students in the groupsuld notrandomlybe chosen

since the classes had already formed at the biegjrof the studyThe researcher
decided with the teacher that each group took their instruction on different days of the
week during to study since this situation might be minimized the interaction among
groups. However, these days for the groups wergaraly assignedl hereforewhile

the TIGwas taughon Tuesdaythe 5EG was instructed on Thursday. Also, the MIG
took the instruction on Fridays of tiaeek during the study.

The current study was intended in approximately eight weeks in theZBd#3pring
semester at one public Anatolian High Schoolnamth grade students in 6 classes.
Each chemistry lesson was 45 minutes in the Turkish state schools. Finally, the sample
of the study contains 151 nintgrade students from one public secondary schmool
Kecioren region of AnkaraDemographic characteristics of the participants were as
follows: Age rangel4-15, gender distribution: there are 82 female, 69 male in these
schools. Moreover, the socioeconomic statustoflentarticipated in the schod

in averageThe number of participants in the groups was 47 (23 males and 24 females)
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for the 5EG, 50 (23 males and 27 females) for the MIG, and 54 (23 males and
31lfemales) for the TIG, respectively.

Finally, it was also defineds a pilot study all teh-grade students attending the same
school to test data collection instruments before the main stidysample of the
pilot study includes 164enthgrade participants from the same the Anatolian High
School in Kecioren region of AnkarBemographiagnformation of the students were

as follows:Age range: 1816, gender distribution: there are 91 female, 73 male in these

schools.

3.2. Design of the Study

The research design for conducting this study was adopted tregnomlent control

group design s1a type of quasexperimental design, attempting to investigate the
effects of intervention in a particular study. Why did we use a gua@rimental
design in this study? The main reason was that a-gxasirimental design does not
include the use ofandom assignment of participants to treatments groups (Fraenkel
& Wallen, 2009, p. 271). In other words, participants do not have the same chance to
become in the control or the treatment grosause of the difficulty of employed
randomization of grges. Also, it was eliminated possible internal validity threats by

this design.

It was summarizetielow the research design of the current studiaible3.1. This

study was designed to have three different types of instruction methodethdtased

ont he 5E | earning cycle (5E LC) and Gardnerd
and the traditional instruction (TI). The S&re appliedo the one of the experimental
groups (5EGyvhile the other experimental group (MI@gre instructeavith the MIT.

Also, TIG, whichwas taughtith TI, was conducted as the control groipetests

were distributedbefore the implementatioi\fterward the implementation process,
posttests were administered to all of the gradpse students were given gpiests that

were Chemical Properties Achievement Test (CPAT) to check the students prior
knowledge on the unit of the chemistry properties and the possible differences among
the groups before the treatment. Moreover, this test was prepared according to eighth
grade scienceand technology curriculum since students would be learned some

concepts in the unit of chemical properties (e.g. polymerization and hydrolysis) the
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first timeand it was eliminated the testing effect for this study. At the end of the study,
ChemicalProperties Achievement Test (CPAT), which was prepared according to the
ninth grade chemistry curriculum, was applied both experimental groups and control
group as a pogest to seek the effect of treatment on the dependent variables.
Furthermore, this & was again given three and a half months after the end date of the

study to measure students' retention levels.

Attitude Scale Toward Chemistry ( ASTC) was applied to all of the groups for
comparing studentsd attit udtheimpleamematon.d c he
Also, Chemistry Motivation Questionnaire (CMQ) instruments wgivento before

and after treat ment to evaluate student s

Table 3.1Research Design of the Study

Groups Pretest Treatment Posttest Retention
5EG CPAT CPAT
ASTC 5E ASTC CPAT
CMQ CMQ
MIG CPAT CPAT
ASTC MIT ASTC CPAT
CMQ CMQ
TIG CPAT CPAT
ASTC TI ASTC CPAT
CMQ CMQ

All groups were be instructatle same subjects (unit of chemical properties concepts)

in the laboratoryso thatall the treatments finished at the same time. The study

donein one school with theameteacherTherefore, théeacher taught two class with

based on the traditional method, two class with the 5E learning cycle method, and two
casGardnerdéds multiple intelligermiscethed heory
teacher was prepared to the treatment by the researchers. The researcher gave the
information how to apply base on the 5E LC model and MIT, in détihlesson plans

and aadvwities were prepared according to the based on 5E LC model and MIT and
presented to the teacher. Moreover, we talked to the teacher about whether or not all
topicsd objectives include in a part of

chemistry ourse.
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3.3. Variables of the Study

3.3.1. Independent Variables

There were the eight independent variables of the current study. One of them were

instructional methods (Groups) which had three different types of treatment; the based

on Traditionalinstruction Group (TIG), 5E Learning Cycle Model Groups (5EG), and

Multiple Intelligence Instruction Groups (MIG). Another independent variable was

pre-test scores of students on the unit of chemical propertiesCfPAd). Next, pre

t h

const

testscoresofstudedtat t i t ude t owards chemistry wer e

Finally, five of them were pre e s t scores of student sé
Motivation Questionnaire, which were intrinsic motivation (BB, goal orientation
(PreGO), selfdetermiration (PreSD), selfefficacy (PreSE), and anxiety (Pre
ANX). The characteristics of the independent variables utilized in the current study

wererepresented in the Table 3.2., in detalil.

Table 3.2.Thecharacteristicef the independent variables in the study

Name of the . _ .

Variable Variable Continuous/Categorice Scale
Group Independent Categorical Nominal
PreCPAT Independent Continuous Interval
Pre ASTC Independent Continuous Interval
PrelM Independent Continuous Interval
PreGO Independent Continuous Interval
PreSD Independent Continuous Interval
PreSE Independent Continuous Interval
PreANX Independent Continuous Interval

Some of the continues independent variables wesegned to be potential covariates
to control their possible effects on the findingloé current study. This situation was

discussed in Chapter 4, in detalil.
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3.3.2. Dependent Variables

The dependent variables for the current study were ninth ggades dent s pos

achievement scores on the unit of chemical properties conceptsJiPA$Y, retention

level in the same unit concepts (RERAT), post their attitudes scale toward chemistry

as a school subject (PeASTC), and postest scores of studens 0

A

construci

motivation to learn chemistry from Chemistry Motivation Questionnaire (CMQ),

which were post e st

scores of

studen-tM3, &oaH nt rin

orientation (PosGO), selfdetermination (Pos$D), selfefficacy (PostSE), anxiey

(postANX). To sum up, there were totally eight dependent variables for the present

study. Itwas representdad Table3.3 the characteristics of the dependent variables, in

detail.

Table 3.3Thecharacteristicef the dependent variables in the study

Variable Name Variable Continuous/Categorice Scale

PostCPAT Dependent Continuous Interval
RetCPAT Dependent Continuous Interval
PostASTC Dependent Continuous Interval
PostIM Dependent Continuous Interval
PostGO Dependent Continuous Interval
PostSD Dependent Continuous Interval
PostSE Dependent Continuous Interval
PostANX Dependent Continuous Interval

3.4Instruments

For this study four instruments, which were two differenit of chemical properties

Achievement Test (pre and poshe adaptedattitude scale toward chemigtrthe

adapted version of the Science Motivation Questionnaire (CMQyanelutilized to

collect data.
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3.4.1Unit of Chemical Properties Achievement Test
3.4.1.1Preunit of Chemical Properties Achievement Test

The students were given giests that were Chemical Properties Achievement Test

(PreCPAT) to evaluate the students prior knowledge on the unit of the chemistry

properties and the possible differences agnihve groups before the treatment. On the

other hand, this test was developed according to eighth grade science and technology

curriculum by the researcher since students would be learned some concepts in the unit

of chemical properties (e.g. polymerizatiand hydrolysis) the first time and it was

controlled the testing effect for this study. The test consisted of 20 mdtiplee

items, which was only one correct respond to each item and four distracters.-For Pre

CPAT, the correct responds of thepartckant s were coded as fAlo and
bl ank answers were coded A00. Therefore, the
this test was fi200. Participantsd®é high scor
having better prior knowledge about the wfithemical properties. Although each

question was developed by considering the eighnéide science and technology

curriculum, these items were taken similar objectregmrding the topim the ninth

national chemistry curriculum into account

All the items in the testvererelatedchemistry concepghatwasphysical and chemical
changeschemical reaction types, endothermic and exothereaiction, and chemical
properties.While forming the items, it was reviewed teeghth-gradescience and
technoloy textbooks, exercise booK#gerature,and theinternet After the questions

had been writternthe table of thepecificationwas prepared-or content validity and

its format, each item in the test was evaluated by five experts in education domain (two
of the professor majoring in chemistry education, two of them had Ph.D., one of them
has masterdés degree), c hecathessiAfterwardatwal s ci ence
ninth students, who did not attend the main study, were give@PAd with blanks
spaces left after each item Moreover, they were mentioned that they could write any
their notes regarding the grammatical errors or the clarityadf #@am to these blanks,

etc. They also determined the completion of time instrument. Therefore, it was
obtained some information in terms of checking the face validity of th€pAeT and

deciding on the appropriate time for completing the test. Thisumsint lasted for
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around 20 minutes. the p@&PAT was revised once again and its final version was

formed according to the students6 feedba

When the related correction of the test was done, it was also defined as a pilot study
all tenthgradestudents attending the Anatolian High School in Kecioren region of
Ankara to test if the instrument has a high reliability before the main sthdysample

of the pilot study included 164 tengrade students (91 female, 73 male). According

to the pilot sudy resultsthe reliability was found to be 0.64 from this study. This value
could be acceptable for the achievement instruments. #iishing the validity and
reliability studies for this test, the current form of the test was formed and applied to

the student in the real study.

This final version of the test was givamnall studentsn the TIG, 5EG, and MIGvas
given to all participants in the control group and experimental groups asesped

the beginning of the implementatiofhe instrunentwas givenn Appendix C.

3.4.1.2 PostUnit of Chemical Properties Achievement Test

The students were applied possts that were Chemical Properties Achievement Test
(PostCPAT) to seek the effect of the based on instructional methods in terims of
studentsod achievement on the unit of the
the treatment. On the other hand, this test was developed according to the ninth
national chemistry curriculum. The test was included 40 multiple choice items, which

was only one true answer to each item and four distracters. Fe€PASJt, the right
responds of the participants were coded a
coded A0O0. Therefore, the possible maxi m
Sudent sé6 high scores on the instrument

achievement of the unit of chemical properties concepts.

All the items in the testiererelatedchemistry concepghatwasphysical and chemical
changes, chemical propertieBhe kinds of chemical reactions, endothermic and
exothermic reactions, polymerization and hydrolysis. These items were taken
objectives orthe unitof chemical properties in the ninth national chemistry curriculum

into account (Check Table 3.4). While formitheitems it was reviewed the ninth
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grade chemistry textbooks, chemistry exercise bdigture,and thanternet After

the questionsad been writterthe table of thepecificationvas prepared-or content
validity and its format, each item ihd test was controlled by five experts in science
education (two of the professor majoring in chemistry education, two of them had
Ph. D. , one of them has masteros degree), C
teachersNext, twoninth students, who did nparticipate the main study, were given
PostCPAT with blanks spaces left after each item. Furthermore, they were pointed
out that they might feel free to write any comments such as the grammatical errors or
the clarity of each item to these blanks. Néx¢y were asked to measure the time the
test takes to be completed and note it. This instrument lasted approximately 40
minutes. Hence, it was obtained some information regarding checking the face validity
of the preCPAT and deciding on the appropriat@é for completing the test. Based

on the student-ERAT Was eedskdonck ggain amcits fnal gersion

was formed.

Table 3.4ltems relatedo the objective®f night grade chemistry curriculum

Objectives Items

1. Students with regard todescribing chemical reactions

1.1. In a chemical reaction, the changing identity substance propeg@lained by 1-1

associating with Dalton's atomic theory. -2

1.2. Theyrecognizethat the chemical properties are established by the chen 1-3, I-4, I-5, I-6, I-
changes 7,1-8

1.3 They write sample reaction the based on chemical properties such as flamm 1-9, I-10, 11, +
acidity-basicity. 12, 13

1.4. They give examples regarding energy changes during chemical reactions. 1-14, |-15, |16

2. Students on different types of chemical reactions

2.1. They write the chemical equation for precipitation reactions 1-17, I-18, 19, +
20

2.2. They explain the general nature of the neutralization reaction. 1-21, 22, 23,
24, 1-25

2.3. They point out the similarities between precipitation reactions and 1-26 I-27
neutralization reactions.

2.4. Theydeterminedhe reduced and oxidized in a redox reaction 1-28, 29, 30
2.5.They give examples regarding tmenmonoxidizing and reducing agents and the 1-31

applicationto daily life

3. Students regarding polymerization and hydrolysis

3.1. They show monomer, dimeér, polymer types in the polymerization reaction, 1-32, I-33, 34
3.2. They give examples dffferent polymerization reactions. 1-35, I-36 I-37
3.3. They give examplesf the fragmentation of some large molecules with we 1-38 I-39 I-40

molecules.
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When the related correction of the test was done, it was also defined as a pilot study
all tenthhgrade students attending the Anatolian High School in Kecioren region of
Ankara to test if the instrument has a high reliability before the main sthdysample

of the pilot study included 164 tengrade students (91 female, 73 malEhese
studens have already learned the topic of chemical properties concepts. According to
the pilot study results, the latest form of the instrument was composed of and applied
to the student in the real study.

The reliability was found to be 0.89 from this studfter completing the validity and
reliability studies for this instrument, theurrentform of the test wasormed and
applied to the student in tlmeain study. This test wilbe givento all participantsin
the control group and experimentlhis final version of the test was given to all
participant in the control group and experimental groups as dgssit the at end of

the implementation. The instrument was given in Appendix D.

3.4.2. Attitude Scale toward Chemistry

Thisinstrumenwas f or med by Geban, Ertepétoar, Yé
evaluate studentsd attitudes toward chemi
a5 point Likert scale, ranging from 1 (disagree) to 5 (agree). The Cronbach alpha
reliability coefficientwas found.83 which was very high. Also, the maximum score

that couldbe obtainedrom the questionnaire & and the minimum score is 1bhis

instrument was conducted to participantsligroups as a prest and postest. The

testwas givenn Appendix F.

3.4.3 Chemistry Motivation Questionnaire

The Science Motivation Questionnaire (SM@As firstly improvedby the Koballa

and Glynn (2005)o examine studerds mot i v at i dtncongists ofs30i enc e
questionnaires and evaluates six constroétsnotivation, which are intrinsically
motivated science learning, extrinsically motivated science learning; self
determination for learning science, confidence {g#ltacy) in learning science, and

anxiety about science assessmdnincludes 5point Likert scale ranging from 1

(never) to 5 (always). The statemeweye scaledrom 1 to 5 and for the anxiety about
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science, since it includes negative statements, they were scaled from 5 to 1. Thus, the

maximum score that coulzk obtainedrom the quesbnnaire isL50and the minimum

score is 30. This instrument of reliability coefficiemhs found0.93 which was very

high (Glynn and Koballa, 2006According toGlynn, Taasoobshirazi, and Brickman

(2007), a significant correlation, r = 0.56, between watitbn and science achievement

was found It was depictedhat there was a high correlation between motivation and

science GPA.

In this study, it was used the adapted version of science motivation questionnaire

(CMQ) into Turkish and integrated into chistny discipline of science which was

t rans| at eddarb(3010¢ Eldwevar, there are five constructs of the test

labeled asselfefficacy in learning chemistrieight items: 3, 12, 21, 24, 26, 28, 29,

30), anxiety about chemistry assessmive items: 4, 6, 13, 14, 18jelevance of
learning science to personal god&teven items: 2, 10, 11, 17, 19, 23,,25lrinsically
motivated chemistry learnin@ve items: 1, 16, 20, 22, 27andseltdetermination for

learning chemistryfive items:5, 7, 8, 9, 15), respectivel¥he reliability coefficient

of CMQ was estimated by Cronbachos

internal consistency. All items are the saasthe original versiorsince the items
related extrinsically motivate science learning construct was distributed to other

a l

constructs in the adapted versidinerefore, the CMQ was also a reliable instrument.

This test was applied to all studentsaimong groups as a ptest and postest. The

questionnairés attachedn Appendix G.

3.5 Procedure

P

This part was mentioned the procedure followed in the current study from at the

beginning to the end of thetudy. During thestudyprocessthe following steps were

indicated in Table 3.5.
Table 3.5.Scheduleof the study

Determination of the research problems which were investigating the effects of based| February
|l earning cycle model and Gardner's mul't 2012
achievement and their retention level in unit of chemical propertiesepts, attitude toward

chemistry, and motivation to learn chemistry when compared with traditional instruction n

on ninth grade public Anatolian high school students in Kecioren District of Ankara?

Indication of the key terms whictver e A Chemi c al changeso, February
propertieso, AType of chemical reactio 2012

I
fconstructivist teaching strategi eso, fl

i
Theoryo,o, iAfi Atittiutdede toward chemi stryhn
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(Table 3.5 continued)

Literature review was analysis with the all key terms through Educational Res
Information Center (ERIC), Social Scienceafitn Index (SSCI), Ebscohog
Science Direct, JSTOR, Google Scholar, ProQuest Dissertation Abstracts Intern
(DAI), ProQuest (UMI) Dissertations & Theses, METU Library Theses
Dissertations, Turkish Higher Education Council Nationalks&rtation Center
TUBITAK-ULAKBIM Turkish Academic Network and Information Cents
Hacettepe University Journal of Education, Education, and Science Literature
process was done periodically to stay up to date, in detail.

April 2013

All primary and secondary sourcegre collectedn the current study and the readin
were done, in detail. The literature review helped to construct the theoretical knoy
on the research problerithe resultsof research articlesvere examined, ancheir
implications and limitations were taken irdonsideration.

June 2013

Calculated the sample size, Cohen, Cohen, West and Aiken (2@83fpllowedas a
guideline for computing the sample size of this stuthe significance level was set
0.05since it is the most used value in the literature.in the present study, the pow
set as .80, and the effect size of the study was set as a medium effect size (the
Effect size values for f2 were: small= .02, medium= .15, and large=T.B&)dore, the
needed sample size for this study was calculated as 74.

June 2013

To conduct the study on ninth grade public Anatolian high school students in Ke{ November
District of Ankarathe necessary permissions were taken from the Middle East Tec 2013
University and Ministry of National Education
It was obtained the consent forms from the students and teacher to particif December
voluntary. 2013
Instruments used in the study were formed theGRAT and PosCPAT June
by the researcher. Revision of the test according to the review. The pilot study oft December
CPAT and Pos€CPAT was conducteth the20132014fall semesterand TheCMQ and '
The ASTCwerefound in the literature to utilize for the present study. 2013
Instructional materials for students and teacherse preparethy the researcher bas¢ December
on the literature and revised based on the feedbacks from the chemistry ed
. February,
Teache was trained
20132014
The current study was conducted in approximately eight weeks in the2PQ#3spring] March
semester at one public Anatolian High School on ninth grade students in 6 classe June. 2014
chemistry lesson was 45 minutes in the Turkish state schools. Finally, the sathple '
study contains 151 ninthrade students from one public secondary school in Keci
region of Ankara. Two of the courses in the school was assigned to traditional inst
group (TIG), 5E learning cycle groups (5EG), and Multiple Intelligencéhfother the
experimental group (MIG). Application of the instructions and data colle
Application of pretests, PreCPAT, PreASTC, and CMChave conductedll groups on
the same day. These tests were applied a week before the study both byattvhee
and the teacher. Application of pdssts; the POSEPAT, PostASTC, andPostCMQ
were administered to all groups on the same day both by the researcher and the
Finally, it was applied the R&PAT to see the studentstention level on the unit @ September
chemical properties concepts. 2014
Data enteringthe data obtained from the Pend Post and RetCPAT, Preand Post | November
ASTC, and Preand postCMQ and then run ifteman SPSS, June
Analysis of data; descriptive, inferential and confirmatory statistical analysie '
performedby ANOVA, Pearson correlation, MANCOVA, and folleup ANCOVA for | 20142015
the CPAT ,ASTC andconstructof CMQ, respectively.
Writing thedissertation. June
October,
2015
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3.6. Treatments

This study was done in approximately eight weeks in the-2013 spring semester

at an Anatolian High School on night grade students in 6 classes (2 classes from each
group) with the same teachd@here were 82 female, 69 male students with a total of

151 students included in the study.

The study is designed to have three different types of instruction method that are the
5E | earning <cycl e, the based on Meardner 6s
traditionalinstruction The 5E learning cycleas appliedo the experimentajroup

1, t he b as emnultiglenntelBgencealtheeryngirgctionswasimplemented

to the experimentagroup 2, and the traditional instructional method was applied to

the control group. The classe®reintact so that only the selection of experimental
groups and control group days was selected randomly as a wholeBd#ssontrol

and experimental groups were takenghme subjects in the class so that the treatmen
finished at the same time. The teachers would be prepared itwsthectionby the
researchers explanations according to the study for 6 hours in 2 weeks so that, they
learnedhow to apply the 5E LC model and MIT. The researcher gave information
about the things that should cause bias and threats. Byakjshe researcher aimed

to protect the study from different bias and threats. The clagsefour hours in a

week with 6 minutes long in the school and in eaobic under chemistry were
introduced to the students with traditionally, the based on 5E LC m@delr d ner 6 s
MIT.

3.6.1 5E Learning Cycle Instruction

The based on the 5E learning cycle instructivas utilizedwhile preparing lesson

plans onthe unitof chemical properties for the experimertagroup (5EG). The

i nstruction began with the AEngagemento part

A

attract the studentodés att e diiketmengagethet he subj e

learning environmentHere, the role of the teacher was found a way to attract the
students attention so in each class the teacher started to the instruction with a question
or discussion that are related to the daily life eventserapces or problem3he

teacher shoulthe usechnecdotedy showing a picture or a video. For examflee
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Teacher, after greeting each other, asks the class how they are doing to prepare them
forclassAfterwardh e s ays Al i f manpchangesyairjab oan changeyi t h
our home can change, our friends caange or our school can change), we can add

many things to thes&ome changes do not affect us too muttie some of them

might deeply affect us. There amanychanges like this in chentig as well. Like

you have seen in the subject of physical and chemical change® gnr8a dre o .
evaluate their prexisting knowledge and attract their attenti@tass starts with

pictures from daily life as examples of physical and chemical changes and questions.

In your opinion which of the mattemre shownn the photogone through physical

change and which of them gone througthamicalchange. Why2An exarple of the

pictures slicing of watermelon, grounding of beef, molding of cheese, rusting of iron,
burning of acandle freezing of water . At t he st e
questions to provoke them to think are askedlyh 'y di d y o u hysidalion k i t
chemical reaction?06, fAln which picture i
picture particle structures of matters h
matter formed as a result of thkang® 6 fil n whi ch o phothihie ¢ han:¢
easier for the matter to transform back to its dtefere thechang® Wh Hoesda

physical change accompany every chemical chiangavh y ? o . At this st
opinion were got, right answewngere not giventeacher revealed the prior kniedge

of participantsShe stated that we would get back to pictures later. (it shotédown

i f studentsod |l earning difficulties or mi:

As a second phase, wSiudenth who sad fotused dnehep | o r
conceptof the engagement part, created simple connections by making observations,
make questions and note down examples at this staggerfiswere enrolledo the
laboratoryand divided ito six groups consisting of 5 peoptachand they do the
Acivitity -1. In this experimentjt is intended to see how students can distinguish the

differences between physical and chemical changes.

Sample Experimert

PROBLEM: What is the difference between three changes done to sugar?

EQUIPMENT: cube sugar, two 100 ml beakdéws mixers, mortar

PROCESS:
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Pound six cube sugars into powder at mortar and note gowiobservations.

2. Put six cube sugars each in 100 ml beakers. Add 40 ml boiled water to the first
beaker. Add 40 ml sulfuric acid to the second beaker and mix widrmi

3. Note downyourobservations after waiting for2 minutes.

DISCUSSION

1. Classify the change of sugars in thiet beaker and second beaker as physical
and chemical?

2. From which proofgouobservedyoudid thisclassification on itHow didyou
decide that there is a chemical change?

3. From thechangesyou observed in sugars, in which one or oryes can
transform sugar back to cube sugar? Why?

4. If we show the particle sized suges whatwould be the shape of sugar
particles like n mortar and beaker as a result of the change they underwent?

In this section, theeacherhad a role as a mentor, director, facilitator, encouraging
students constantly, listening to students, observing, providing interaction among
participantsvhen necessary, teacher enabled students to reach to knowledge by asking
guestions, instead of giving the answer direcllye teachegave students necessary
time to finish the experiment. In this part, teacherlsofrequently visited thgroups

and got information about theexperiment She guided them to complete the
experiment whenhey have difficulty in theexperimental stage&She encouraged all

students to participate in tlegperiment.

In the Explanation part: thexperimentindings found bygroups should be discussed,

in detail. Students answer the gquestions above to understand diffeireptssical

and chemical changes, whicasewas chemical change and which case wasyaical
change. Definition of physical and chemical change madestutttents Also, these
concepts were discussed by stressingni@eroscopic symbolic and microscopic
nature of chemistry. For instance, Physical change: Changes occurring in the state,
shape, form, appearance of matters without their chemistry changngnidtterare

not formedas aresultof physical changes. Only features like shape, size of matter
change.In other wordsmat t er 6 s i dent i tcpnsequencefthe change
physicalchange Matter gone through physical change could be easily transformed
back to its former state. Example: Chopping of wood, evaporation of naphthalene,
dissolution of sugar intea, etc (examples should be increased by students

(macroscopic levelpPkay how can we shophysical changes on tteymboliclevel?
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How can we show waterdéds change of state

i n water? (At this step studenBysakigl r eady
s t u d epmibrstliey could be asked to writsn theboard Finally, how could we

show physical changdaa microscopiclevel? Do particles change when water was

turning to gas state from liquid state? DBrygen molecules change during the
dissolutionof oxygen in water? (At this step, the changes feskatthe macroscopic

level should be discussaurelation tothe microscopidevel, alsothe drawing of the
microscopic level should be indicated and reviewed by group heatisss.)in light

of the clarifications above, it Bmphasized that mattes c hemi cal f eat ur
formula, total mass, total atom number maichangewith physical events, but only

some physical features can change. (Thisipakerivedby asking students questions)

Chemical Change: A mat thbychamgingtits identisyfwvithr mat i
different effects is called chemical change. In chematelnges observed by the
studentsit can signon achangen color, gas emission, and dispersion of heat or light.

They are changes o0c curlstiuaugeMattargonetreoughu b st a |
chemical change can be transformed back only with a chemical chddageEach

chemical change is accompanied by physical change®x@aanple,cookingof egg,

getting yogurt or cheese from milk, decays in teeth, taenishingof silver, etc

(examples should be increased by studehtsw can we show chemical changes
symboliclevel? How can théormationof water reaction, théormationof table salt

reaction, burning of natural gas reactibe demonstratedn a symbolic level?

(Students should be increased the related examplea tewd students should write

this on the board). What dgou think about how matters change their identity in
chemical changes? To ledfrs, we need to compateh e mat t emwrdéandf i r st
its state after changing omacroscopidevel. In electrolysis of water, tHfermation

of table salt and when methane reacts with oxygen, do particles of these matters
change? (At this step students should be made to scrutinize the changésyvthey

seen on anacroscopidevel, atthe particlelevel (A few students could also be asked

and draw the matterds structure on the
deems necessary. Next, the pictures showstudentsn the introductionare again
discussednd changeare correctly classifieds physical or chemical. In a chemical
change, matterdés physical and chemical f e

do not change; total molecule number could change, molecule formula and electron
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number ofelementchange. (This panvas derivedby asking students questions as

well.)

In the elaboration part, understanding limits of concept were improved with new
experiencest this stage. Ishouldbe connectetb relevant concepre madeavhile
learning continues Studentswere again separatedto six or five groups and
experiments irctivity-2 were done at the stage

Sample Experimer

PROBLEM: Classify the changes in the processes with KMnO
EQUIPMENT Samfe Experimen2

: KMNOg4, NapeSOs, HoSQi, H-O, NaHCQ, one 100 ml beaker, one mixer

1. Take some KMn@wi t h scoopds elsakeradd sothddoPut it i n
and note dowiyour observations.

2. Atthe second step add soMeeSO:st o t he same beaker with sc
note downyour observations

3. At the third step add 10 ml28Osto the same beaker and note doyaur
observations.

4. At the fourth step add 10 ml more${ to the same beaker and note down
your observations.

5. At the last step addlaeSOst o t he same beaker again with
note downyour observations.

In the last part of theELC is calledii e v al uat i o rhe tedcher dinfedte par t ,
support students to evaluate theiwn learning andabilities, andto assesgheir
understandingThe evaluationpart occursat every point of the instruction since the
teacher wanted the students to participate in group activities, make discussions and
answer the asked questions. The teacher asked the students several quesigpns d
the lesson hour. Then, she wanted the group members to discuss the probable
responseto thisquestionsaand observed them while they were making brainstorming

in a social environment and check whether their creativities, abilitikaawledge

were ceveloped She also gave opanded or multiple choice questions at the end of
each lecture for making another type of evaluation. The studemesgiventime to

answer each question and then, the questions that the students had diffendtyer

were dso discussed F or  eRxi ar neglbhmepgdrsight is anexampleto which

c hange? \iihoyoBtdin dankig water from sea watsea water should go
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through different stages. With this purpose; sea water is first boiled and steam obtained
Is gathered in a tanlkfterward,steam in this tanks condensethto liquid and used

as drinking water. Accordingly classify the given steps as physical or chemical
Explain the reasofor this classification by showing at tiparticlelevel. All similar
lessons plans were designed according to this procedure and given in the Appendix
H.

362 The Based on the Gardner s Multiple

All the multiple intelligence instructions was prepared on the unit of chemical

properties objectives integrating +nto ei

Linguistic Nantuealalliigseanderd,etiergencseaal ifat

i L o gnatharh& i ¢ a | intelligelncaeaioyi duidlInt rilamptee Is
AVi sSypalt i al | MusitcalRihgyga mand &, | ntel |l i genceo,
Kinesthetic Intelligenced These procedur

Table 3.6.The details of the process used in MIT

' Multiple Intelligence Teaching Learning Activitids

Verbal 1 Explaining the subject, teaching the concepts, associating
Linguistic concepts related to dailife examples
Intelligence
Naturalist 1 What are physical and chemical changes in nature? (rusted
Intelligence tarnished silver, a bad vegetable or fruit, touching and analy
compounds and elemergge showh
Social 1 The gameelated to physical and chemical chaniggdayedwith the
Interpersonal establishment of the groups. In the gamiéerent examples from
Intelligence daily life to physical and chemical changa® givento students anc
the first group which finds six physical and six chemical changes
the game. (The winner group haged class the reasons of what th
chose them). Group members win chocolate or coffegazea
1 Experimentselated to physical and chemical changesconducted
1 PROBLEM: What is the difference between three changes ma
sugar?
EQUIPMENT: cubesugar, two 100 mL beakers, two mixers, mori
Logical 1 In experiments,studentspropose a hypothesigrite down their
mathematical observations.
intelligence f Distinguish physical and chemical chang€sassify physical anc
chemical characteristics.
1 Write chemical reactions with the equality of constituents |
compound and solves problems in chemical reactions.
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(Table 3.6 continued)

Intrapersonal 1 If youwere a matter, what sort of change wowddi make? Write a
Individual composition and poentt. can be written individually or as a grgup
Intelligence Example:
ldonotdeal with matter6s identit
Becausd amphysical properties
Size, shape, form, appearance,
My business is them for all matters
My particles are not the same wHeappear
Becausd am chemical properties,
Radiating, emitting light, changing color arg signs,
Changes the identity of athattersafter meetingne.
Visual-Spatial 1 Animations, videos, pictures about gigal and chemical changese
Intelligence shown
Musical 1 Songs about physical and chemical changes sung Students are
Rhythmic askedto compose optionallthe poem they wrote.
Intelligence
Bodily- 1 The playis designedor physical andthemical changes
Kinesthetic 1 The experiment relatetd physical and chemical changesconducted
Intelligence f  PROBLEM: Classify the changes in processes with KMnO
EQUIPMENT: KMnQi, N&SQG;, H.SOy, H2O, NaHCQ, one 100 mL
beakerand one mixer
Multiple Intelligence Teachinbearning Activities2
Verbal 1 Explainingthe concepts, telling a story or reading text associating
Linguistic concepts with daily life examples.
Intelligence
Naturalist 1 Observe the chemical reaction types in nature. Observe the che
Intelligence reaction types ineveryday life (acidbase reaction, dissolution
dissolution reactions, oxidationreduction, chemical reactions,
synthesis, analysis, substitution reactions )
Sociat 1 The gameis played covering chemicaeaction types. In the gam
Interpersonal differentexamples from daily life on chemical reaction types are gi
Intelligence to students and the first group which finds six chemical reaction t
wins the gara.(the first group has to explaihe class their reasons fi
each reaction typgsGroup members win chocolate or coffee paze

1 Activity-7, Activity-8, Activity-9, Activity-10, Activity-11, Activity-
12 experiments r-Rrécipithd b nt o efal@H
base reactionRédantdi édOxi eadciio
order.

1 Studentswvere giventhe necessary informati@bout how they shoulc
conduct the experiment, and then groups propdsgothesize and te:
this hypothesisAfter completing experimentgach group defines
spokesman.

1 Togetherthey should discuss thabservationgheir conclusions, anc
interpretations of each of experiments

Logicak 1 In experiments,studentsproposea hypothesizeand classifytheir
mathematical observations.
intelligence

9 Distinguish chemical reaction types and classifies them.

1 Writing the correct chemical equations, balancing the number of at

ions or compounds on both the left and right side of equations, sc
problems related these equations.
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(Table 3.6 continued)

Intrapersonal 1 If youwere a compound or element what kind of reacyion would
Individual like to make?(Composition and poerare written It canbe written
Intelligence individually or as a group)

Example:

Whenl give H" to water
They callmeacid
Whenl see salt and water
Basecomes tany mind
Whenl give electron,| oxidize
They callmereducer
Sodium, potassium, magnesium
They are all oime
Dissolutionprecipitation reaction
Can be heard from Pamukkale
As travertinesare formed
| t abnatural wonder
We are chemical reactions
Various in nature
Analysis, synthesis, burning

Get together under this roof

VisualSpatial 1 Animations, videos, pictures about chemical reactaresshown
Intelligence
Musicat 1 Songs about chemical reacticar® sungStudents can singptionally
Rhythmic the poem they wrote.
Intelligence
Bodily- 1 A playabout chemical reaction typesstaged
Kinesthetic f Experiments related to chemical reaction typesconducted
Intelligence
Multiple Intelligence Teaching Learning Activiti8s
Verbal 1 Explaining the topicReading passages about the concepts.
Linguistic
Intelligence
Naturalist 1 Identifying polymer matters in nature and observing their ty
Intelligence Observing the polymerization types (addition reactions, condens
reactions, hydrolysis reactions) and determining examples hoatée
usedin everydayife
Social 1 Groups conduct concept map giving polymerization concepts
Interpersonal
Intelligence
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(Table 3.6 continued)

Logicaltmathematical I The experimentsvere watchedn thevideg, students proposa

intelligence hypothesize about thenthey are made to distinguish basad
observations.

1 Distinguishes polymerization reaction types and classifies the

1 Writes, balances polymerization reactions and solves problen

them (they designate monomer, dimer, trimer,.. polyn
structures.)

Intrapersonal 1 If youwere a compound or element what kind of polymer wa
Individual Intelligence youlike to form? (Composition and poeare writtenindividually
or as a group

We are called addition, condensation

We polymerize all together

We become a toy and make children happy
We becomdood and feed people with hydrolysis
You see us everywhere

Plate, cup, dress, window,

With the reactions we did

We enrichparticlesand the world.

VisualSpatial 1 Animations, videos, pictures of the subjaot shown
Intelligence

MusicatRhythmic I Songsare sungegarding the subject. Students can siptionally
Intelligence the poem theyvrote.

Bodily-Kinesthetic 1 Students played a theaggdvout the subject.

Intelligence

Note: Studentsvere watchedvideos or animations about physical and chemical
changes to improve their visual intelligence types. While watching the videos, they
should be stopped at necessary points to discuss whether the gtesgml or
chemical. Later, students were made retdeaabout the subject. Chemical properties

in this tale were discovered together with students. This acisvatynedat improving

studentsé verbal/linguistics intelligence.

Sample Story

i On c e tump,there was the country of elements at the o¢inelrof the world. In

this land not rulers, not soldiers, only elements lived. As time passed by elements

started to become acquainted with each other. As tale would have it, elements
increased as they met and became acquainted, and compeened®rmed Many

elementsvere savedrom lonelinesdy different elements. However in thend,there

were unlucky elements too. Gold was one of them. It was an element precious and

rare, but no one would form a compound with him. In thatl,there was oxygen as

we | | whose | ove burnt everyone, but he was

Oxygen was waiting for the right time and conditions to show himseifrtmgenwhile
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passing by the castle they caughtthadach
moment between them. Recently months chased each other. Compound began to look
for new friends. Just then startesin. HCl and NaOH were caught together in this

rain. Rain left no traces of thermhe disappearanad these two compounds caused
sorrowfor everyone and finally two upset detectives code nasheslandred litmus
startedo look for them. Then blue turnsole found HCI and red turnsole found NaOH.
Finding these two compounds made everyone happy. Thus, land of elements was again
happily everafter.

Groupswere formedand the game was played abpbisicaland chemical changes.
Thegameiscalled Tab oo o f InGHe game, s setegted students in the each
group took a card holder and tried to explain to his or her groupmates to geiess th
various concepts about physical and chemical changes in the allotted time. The student
described the concept related physical or chemical change without using the forbidden
wordslisted on the cardOthergroupmembers checked whether the playsedthe

banned worddf the participant utilized a forbidden worotherstold it and went the

game anotheteam. The first group, who knew the most of the concept, won
chocolates. With this game, it is intended to help students develop their

social/interpesonal intelligence and verbal/linguistic intelligence.

PHASE CHANGE
physical property

melting
freezing
boiling

heating

Figure 3.1: Sample of card for taboo of chemistry
Afterward,e ach group was given a blank sheet

o1

a

matter what kind of changeould happery o u ma k e ? 0 reguesdedotwhte y ar e

compositions and poems. Willing students were encouraged to sing the written poems
as songsThe paticipant read poems or compaositions written in the cl4sat were
the chemical and physical changes in poems and compositions, why th@hyscal

or chemical changes discussed by the students? With these activitlassqt was
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intended to helpstudents develop their intrapersonal/individual intelligence and

musical intelligence.

At this step, volunteering students are chosen to stage a play involving concepts about
physical chemical changes. It was discussed by the class what the physical and
chemical changes were in this theater. In this way, it was intended to help students

develop theibodily/kinesthetic, social/interpersonal and verbal/linguistic intelligence

types.

Sample Theater

H2>O: Anymore, | am so cheerful since the weather is a bit warm nowabayss
frozen allduringthe winter. AlsoJ ¢ o u | nibwed started tagetaround when spring
came. When summeomes)6 | | fly into the air with joy.
Ho: | want to move freely as wellhis oxygen got a hold eheanddid not leaveme
Oh, I wish someone would come and save

O2: 1 t ndtso easy to teaneapart and moveneaway fromyou. | gave upmyselfin
order tobe withyou. | became someone else completely. Our connection ywith
gives life to all humanity.

HO:0k stop f i ght iwhichjscamsgP@htwe wilheajoy owgselges r
thanks to him.

H>: Oh maybd will be saved from oxygen by sugar.

Sugar: Hey guys whao s | seeptiayou havea heated argument.

H>: Welcome sweetie, take this oxygen away fromso thatl can have some peace.
Sugar: Oh deald d | o v €have oq intebtiort of burning todalyneed water to
coolme

O2: Sugaryoutoo! Oh how quickyouwere to forget the days we were fueling people
thanks tame, if youd o nmMaritmel d o nwarityou either.

At the evaluation step, a portfolio including all activities completed by studexss

created Developmento f s t inttlkgentesmas steadily observed-ollowing
questions were given as homework and students were asked to research and created a
report. They wereequestedo research the related with the physical and chemical
events imatureand optionally bring one of theas a song, experiment or a problem.

The detailed lesson plamgere givenn Appendixl.
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3.6.3 Traditional Instruction

In the control group, as it was general in all chemistry courses traditional instruction
method is applied to the students. Theerebook and text in front of thsetudents,

and the teacher was thenterof the knowledge that the studetgarnedfrom them
directly. The lecturing wagsedto teach the unit of chemical properties since it was a
teachercentered method. The student in TIG did not do activéages other groups

(5EG and MIG). Students in TIG migHead to this situationregarding their
achievement, attitude and motivatiother in thenegativeor positive mannesince

all groups students might be in interaction with each other in their break time. This
effectis calledas &hn Henry effect (Kocakaya, 2011To removethis effect all

gr oup s Owere conductedh the ldboratory and students in TIG only made some
demonstration experiments about physical and chemical changes by the teacher at the
beginningof the study. During the instruction in the TIG, the teacher continued her
usual ways in which they were directly gigi the related the concepts to the students

by writing them on the boards or asking their students to write down what they say
about the related concepts in their notebooks. Most of the time students passively
listened, take notes. Alsthey were not verwilling to talk about the topics. Multiple
choice tests or homework from ttextbookwas giverto the students after eacburse

about the concepts. (All the questions were the same as those of other groups). Students
wereexpected to answer them for thext lecture. Then theanswersverechecked

in the class by théeacher,and then the teacher explained the questions that the
students could not answer correctly. The detailed lesson plares addedn the
AppendixJ.

3.7.Analysis of Data

After gathering all instruments data, they were analyzed by using Statistical Package
for Social Sciences (SPSS 22.G)was performedand descriptiveand inferential
statistics analysis to examine our data and interpret the findings. Therefore, it can be
madedecisions of the probability that an observed differeace®nggroups is a
dependable one or one that might have occurred by charice study (Struwig &

Stead, 2001). In this present study, it was calculated the mean, median, standard

deviation,skewnes, and kurtosis with the descriptive statistics and determination of
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covariates, assumptions of Multivariate Analysis of Covariance (MANCOVA), results
of MANCOVA, and results of the followedp perform Analysis of Covariance
(ANCOVA) with inferential stastics analysis. The MANCOVA analysiwas
conductedfor this study.The purpose of using MANCOVA is to compare the
effectiveness of the 5E learning cycle instruction method and Multiple Intelligence
instruction with the traditional instruction method aca@egdto achievement on the
chemical properties topic and the treat ment
chemistry and motivation to learn chemistry under the control of the effect of all
parti ci festrstoed as @ rcevariate. addition to heseanalyzes Also,
ANCOVA was performedo set out to doubleheck with additional analysi#f was

run the onavay Analysis of Variance (ANOVA{o decide covariates and the Pearson
correlation for PreCPAT, PreASTC, PrelM, PreGO, PreSD, PreSE and Re-ANX

to seek whether there was a significant differeamoengthe groups.

3.8.Ethical Problems

The necessary permissions were taken from the Middle East Technical University and
Ministry of National Educatioto conduct the study on ninth grade pulficatolian

high school students in Kecioren District of Ankara before the study, both teachers and
participantswere informedabout the study; therefore, they would et deceived

Studentsvere also givethe information regarding the confidentiality.

Confidentiality of the present research dates guaranteeas not stating theameof

the schoolsteachersand students Participants were mentioned to have a right to
withdraw from the study whenever thesantedand the result of the tests would not
beutilized in real their classroom assessment. In addition to these, a consefdrform

both teachers and students were collected.

3.9.Power Analysis

The significance level of the current study was set to 0.05 since it is the most used
value in the literaure. Put differently, the probability of rejecting the true null
hypothesis (probability of making Type | error) was set to 0.05 a priori to hypothesis
testing. Alsothe power was set to .80 which is the probability of failing to reject the
false null hyothesis. According to the criteria of Cohen, Cohen, West, and Aiken
(2003), the effect size of this study)(vas also established medium as 0.15 which is
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as a medium. Before the current study, the necessary sample size was calculated by
using followingtheformula mentioned by Cohen et al. (2003, p.181).

L =f(n-ka-ksi 1)

In this formula, the symbols mean: L is the functiong@fdund in L tables (p.651), n

is for sample size, and k is the sum @f(kumber of covariates) ang knumber of
groups-1).

The L value of this study was found to be 9.64 from L tables (Cohen et al. 2003, p.651)
based on prelefined alpha level (.05) and power (.80). The effect sB)efdf this

study was determined 0.15. Moreovep \Was seven becaudbere were seven
covariates in the study which were FZBAT, PreASTC, PrelM, PreGO, PreSD,
PreSE, and Pr&NX. Also, ks (number of groupd) was two since there were three
groups as the 5EG, MIG, and TIG. When these values were placed in the fahmula
necessary sample size was found like 74. On the other hand, there were 151 students
in the current study and same formula was again computed for determining L value
Finally, L was found to 21.15; therefore, the calculated power of the study was

repated .95.

3.10.Assumptions
1. Students in th@xperimentagroup did not interact with students in ttantrol
group.
2. The teachers who applied the treatment was not biased.
3. The testwere administerednder standard conditions.
4. All students gave accuradmd sincere responses to all items in the instruments

used in the study.

3.11.Delimitations
1. The participants of the present study were limitedinthgradestudents ofin

Anatolianhi gh school in Ke-i°ren, Ankar a.

N

The studywas limitedto the unit of chemical properties.
3. This studywas only participatetb 151 ninth grade students in six classes.

4. The studyis conducteavith only the ninth grade high school students.
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3.12.Limitations

1. This study is an experimental study that it inceidaly the quantitative data
for the analysisln order tounderstand the real reasons for the increase in the
attitude, motivation and the achievement of the students, the study should
include a qualitative research as a folow study. This qualitativeesearch
may include arinterview with the teachers and the students as a means of
collectingempiricalevidence for obtaining insights into issues.

2. The teacher might not be objective even if s/he was thought to be objective

3. The time of the chemistry lecturegs differing which should also cause a
threat to the results. The lecture hours must be the same if we want to get the
correct results.

4. The subjects of the studyere limitedto ninth gradestudents on Anatolian
highs c ho o | I n Ke-i°ren, Ankara, The student
prior experiences may not reflect other ninth gratielentsin the stateor
arother kindof schools in Ankarar Turkey. Therefore, the outcomes of the
current study may ndie relidle if generalized to atinth gradestudents in
Turkey.

5. In thisstudy,the pretests were applied to tltudentsThis applicatiorof the
pretests may causeninternav al i dity threat that is the
the studentsvereready to the psttest and the treatment abhdcamealerted.

6. If the students have different attitudes according to the topic of the study or the
treatment, this may cause the fAattitudes
already be motivated to participate in 8tady or they will be unwilling to be

in the study.

82



CHAPTER 4

RESULTS AND CONCLUSIONS

The finding of the study, which consist of the following six sections, were focused on
this chapterln the sections were mentioned the descripstadistics, the inferential
statistics, the results of unit of chemical properties achievement test, the results of
attitude scale toward chemistry, the results of motivation questionnaire, the results of
the teacher interview, the results of classroomentagion checklist, the summary of

the results, and the conclusions of the study, respectively.

4.1. Descriptive Statistics

This partwas talkedabout descriptive statistics of the analysis of datetpdescribe

and summarize data in a meaningful wlystly, it should be controlled whether or

not there were the missing values all variables Afterward, it was done the missing
dataanalysisand itwas foundhat there were not any missing values in the data during

the treatment of the study (Seable 4.1).Next, both categorical and continuous
variables6é6 descriptive information was c:
(N), mean, standard deviation (Sd) minimum (Min.), and maximum (Maxgach

group by using the SPS®lor eover, this information ab
descriptive statistics for all instructional groups before and after the treatment, which

were the pre post and retention scores the Unit of Chemical Properties Achievement

Tests, (PreCPAT, Post CPAT, and RetCPAT), Pre and, Postscores Attitude Scale

of toward Chemistry (ASTC), and Rrand Post scores Chemistry Motivation
Questionnaire (CMT) constructs (Sélfficacy (SE), Anxiety (ANX), Goal

Orientation (GO), Intrinsic motivation (IM) and $&etermination (SD), displays in

the Table 4.2 and Table 4.3. The descriptive statistics about the instruments were also
represented in terms of the applied teaching methods, which were traditional

Instructional (TIG), 5E learning cycle (5EG), and Mukightelligences Instruction
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Groups (MIG). The maximum possible score for the ®RAT test is 20 while both
PostCPAT and ReCPAT are the highest scores 40. Moreover, the probable
maximum score Attitude Scale of toward Chemistry (ASTC) is 75 while thienmim
possible score of the instrument is 15. Finally, for the highest scores on CMT
constructs (IM, GO, SD, SE, and ANX) are 25, 35, 25, 40, and 25 while the minimum

possible scores of CMT constructs are 5, 7, 5, 8, and 5, respectively.

Table 4.1Univariate statistics for the variablesmissing value analysis

Cases
Valid Missing Total
GROUPS N Percent N Percent N Percent
Pre-CPAT TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-ASTC TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-IM TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-GO TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-SD TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-SE TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
Pre-ANX TIG 54 100,0% 0 0,0% 54 100,0%
5EG 47 100,0% 0 0,0% 47 100,0%
MIG 50 100,0% 0 0,0% 50 100,0%
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(Table4.1 continued)

PostCPAT

TIG
SEG
MIG

Ret-CPAT

TIG
SEG
MIG

PostASTC

TIG
S5EG
MIG

PostIM

TIG
SEG
MIG

PostGO

TIG
SEG
MIG

PostSD

TIG
5EG
MIG

PostSE

TIG
5EG
MIG

PostANX

TIG
S5EG
MIG

54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50

100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%

O O O O O O O O OO OO0 O 0Ooo0o oo o o o o o o o

0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%

54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50
54
47
50

100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
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Table 4.2 Descriptive statistics for the R@PAT, PreASTC, and Pre
Motivation constructs (PftM, Pre GO, PreSD, PreSE, and PréNX)

N Mean SD Skewness Kurtosis Min Max

Pre-CPAT
TIG 54 12,89 2,336 -0,248 -0,605 8 17
5EG 47 12,96 2,156 -0,459 -0,502 8 16
MIG 50 13,50 2,410 -0,738 -0,295 8 17
Total 151 13,12 2,301 -0,482 -0,467 8 17
Pre-ASTC
TIG 54 56,72 9,772 0,033 -0,646 36 75
5EG 47 52,30 10,002 -0,394 0,238 26 74
MIG 50 50,94 10,185 -0,354 -0,485 27 71
Total 151 53,32 9,986 -0,238 -0,298 26 75
Pre-IM
TIG 54 17,87 3,812 -0,073 -0,170 9 25
5EG 47 16,83 3,565 -0,320 0,194 9 24
MIG 50 16,56 3,195 0,208 -0,409 11 24
Total 151 17,09 3,524 -0,062 -0,128 9 25
Pre-GO
TIG 54 24,07 6,532 -0,305 -0,494 9 35
5EG 47 22,87 5,751 0,203 0,228 8 35
MIG 50 23,06 5,479 -0,318 -0,032 9 35
Total 151 23,33 5,921 -0,140 -0,099 8 35
Pre-SD
TIG 54 20,06 3,434 -0,691 -0,337 10 25
5EG 47 19,57 2,701 0,115 -0,388 14 25
MIG 50 19,02 3,217 -0,889 1,401 10 25
Total 151 19,55 3,117 -0,488 0,225 10 25
Pre-SE
TIG 54 29,76 5,330 -0,204 -0,304 16 39
5EG 47 29,83 5,378 -0,009 0,895 15 40
MIG 50 28,48 4,739 -0,379 0,078 17 39
Total 151 29,36 5,149 -0,197 -0,223 15 40
Pre-ANX
TIG 54 12,39 4,478 0,672 -0,051 5 25
5EG 47 11,55 4,085 0,511 -0,442 5 21
MIG 50 11,96 5,307 0,570 -0,668 5 24
Total 151 11,97 4,623 0,584 -0,387 5 25
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Table 4.3.Descriptive statistics for the PESPAT, PostASTC, RetCPAT, and
PostMotivation constructs(PodM, PostGO, PostSD, PostSE, and PosANX)

N Mean SD Skewness Kurtosis Min. Max.

PostCPAT
TIG 54 19,30 4,078 -0,163 -0,653 11 28
5EG 47 23,66 4,135 -0,201 -0,537 14 32
MIG 50 23,22 4,234 0,165 -0,308 13 32
Total 151 22,06 4,149 -0,188 -0,499 11 32
Ret-CPAT
TIG 54 16,52 3,511 0,073 -0,842 10 24
5EG 47 22,02 3,692 -0,334 -0,121 14 29
MIG 50 22,42 4,343 0,180 -0,630 15 32
Total 151 20,32 3,849 -0,027 -0,531 10 32
PostASTC
TIG 54 53,28 11,080 0,290 -0,665 35 75
5EG 47 54,79 8,856 0,034 -0,413 37 75
MIG 50 54,94 9,155 0,157 -0,893 38 75
Total 151 54,34 9,697 0,160 -0,657 35 75
PostIM
TIG 54 17,20 4,227 -0,540 0,361 5 25
5EG 47 18,09 3,717 0,094 -0,565 11 25
MIG 50 17,90 4,249 -0,028 -0,926 9 25
Total 151 17,73 4,064 -0,165 -0,377 5 25
PostGO
TIG 54 24,93 6,386 -0,144 -0,554 10 38
5EG 47 28,98 5,674 0,030 0,269 15 40
MIG 50 27,32 7,347 -0,417 0,218 11 40
Total 151 27,08 6,469 -0,177 -0,022 10 40
PostSD
TIG 54 18,85 4,124 -0,312 -0,668 9 25
5EG 47 19,49 3,085 0,069 -0,712 13 25
MIG 50 19,94 2,972 -0,561 0,396 11 25
Total 151 19,23 3,394 -0,268 -0,328 9 25
PostSE
TIG 54 28,61 5,774 0,341 -0,648 19 40
5EG 47 29,19 5,207 0,204 -0,512 19 40
MIG 50 29,48 5,048 -0,090 -0,528 19 39
Total 151 29,09 5,343 0,152 -0,563 19 40
PostANX
TIG 54 12,56 5,057 0,609 -0,270 5 25
5EG 47 12,47 4,408 0,292 -0,649 5 22
MIG 50 13,98 5,212 0,039 -0,743 5 25
Total 151 13,00 4,892 -0,554 5 25

CPAT: The Unit of Chemical Properties Achievement Tests
ASTC: Attitude Scale of toward Chemistry

IM: Intrinsic motivation

GO: Goal Orientation

SD: SeltDetermination

SE: SelfEfficacy

ANX: Anxiety
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According to the Table 4.2, when we compared the differences between the mean
Scores of t heCPATaamang tbha gpoaps, it was folhd that the mean
of t he pa*rCPATscorsohall graupswasaearly same, which w2j&9

for the TIG, 12,89 for the 5EG, and 13,50 for the MIG. These values were seen to be
high on the prdest since the maximum possible score of theGRAT is 20.
Aforementioned, scores of this test were used to investigate if there are the differences

between the groups in term of the level of prior knowledge of taking the unit of

chemical properties a part of science and technology courses at the elementary school.

Therefore, it could be said that the prior knowledge levels of participants in the each
group had approximately similar according to-pohievement test results. Another
result was seen in Tabl e 4. 3;CPAThseoresne an
both 5EG (23,66) and MIG (23,22) were approximately four points higher than TIG

(19,52)while the mean of Pr€PAT scores of all groups was approximately same.

SCOT €

Thus,we might state that thmmeanof t he partici pants-6 CPAT scoc

versus posachievement were in the favor of both 5EG and MIG after instructions.
Similarly, it was see that the mean scores of the ®R#AT scores for the 5EG

(22.02) and MIG (22,46) were approximately six points higher than TIG (16,52).
These resultalsoprovidedus evidence that the based on the 5E learning cycle and

Multiple Intelligence Theory instaut i on al mod el have contribut

achievement and retention level of acquired knowledge. Furthermore, when we
checked the minimum and maxi mum scores
CPAT in the each group, the minimum and maximum scorédsedPreCPAT were

similar for TIG, 5EG, and MIG (see Table 4.However, the maximum possible
scores PosCPAT were 32 for the experimental groups (both 5EG and MIG) and 28
for the TIG.

of t |

At the beginning of the study, it could be observed thatthe mdan par t i-ci pant sé P

ASTC scores in the TIG was higher than the other groups since the mearA& e
scores of students was 56,72 for the TIG, 52,30 for the 5EG, and 50,94 for the MIG,
respectivelyAlso, the range of PrASTC scores of participantsafl groups was from

36 to 75 for the TIG, from 26 to 74 for the 5EG, and from 27 to 71 for the MIG,
respectively (See Table 4.2). After the instructions, when the mean of ARBC
scores were compared for all groups, it could be accepted that the mesfecboth

5EG (54,79) and MIG (54,94) were greater than TIG (53,28). According to obtained
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results in the data, it could be interpreted as that the participants in the both 5EG and

MIG gained more positive attitude toward chemistry course than TIGhAnstriking

result of this data was that traditional methods of instruction might negatively affect

the participantso attitude toward chemis
i nstruction. What éAftitudavalue of pattiaats inalgrgups of p o
was from 35 to 75 for the TIG, from 37 to 75 for the 5EG, and from 38 to 72 for the

MIG, respectively (See Table 4.3). It could be considered in the data that while the
possible minimum scores for 5EG (from 26 to 37) and MIG (fromo238) highly

increased; there were small differences the potential minimum scores for TIG (from

35 to 34). Also, the possible maximum scores for MIG rose from 71 to 75 while both

TI G and 5EG were nearly same as the pot e
attitude toward chemistry during the study.

For the PreCMQ constructs, when we compared the differences between the mean
scores of the PrBM, Pre-GO, PreSD, PreSE, and PrANX values were calculated

for the each group, it was apparentthattheGveEQ construct sdé means
were nearly identical to each other before the implementation (see Tabléhe®).

were only small differencea themeanscores of PO in the groups thie favor of

the TIG.According to the results of Table 4.8¢could be said that the mean of Rost

IM, PostGO, PostSD, PostSE and PosANX scores were in favor of 5EG and MIG.
Especially, themeanof PostGO values for 5EG and MIG were approximately four
pointsgreater than TIG although the average oftest sore of TIG had more than

the other groups. Moreover, the otleenstructs of motivation were slight differences

in favor of 5EG and MIG after the instructigBee Table 4.3). A remarkable result
was that the students in both 5EG and MIG might be more atethtoward chemistry
course than the students in TIG after the implementation. In addition, the possible
highest scores for Pi&, PreGO, PreSD, PreSE, and PrANX were 25, 35, 25,

39, and 25 for the TGI, 24, 35, 25, 40, and 21 for the 5EI, and 225339, and 24

for the MIG in the Table 4.2, respectivefter the implementation, the maximum
possible values for Pe#itl, PostGO, PostSD, PostSE, and PosANX were 25, 38,

25, 40, and 25 for the TGlI, 25, 40, 25, 40, and 22 for the 5EI, and 225 489, and

25 for the MIG in Table 4.3, respectively.
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As a result, it could be stated that there
among the groups from at the beginning of the study to after implementations.
Therefore, it was a necessamBeper analysis in the SPSS to check whether or not these

differences arstatisticalsignificance.

4.2 Inferential Statistics

After the descriptive statistics haden represented was conducted the inferential
statistics analysis to examine our data and draw conclusions. Therefore, it can be made
decisions of the probability that an observed differemmenggroups is a dependable

one or one that might have happened by chanteei study (Struwig & Stead, 2001).

In other words, the inferential statistical analysis results would provide some
information regarding the study for further interprets and explanations. In this part of
the study includes the determination of covasat@ssumptions of MANCOVA,
results of MANCOVA, and results of the followengh analysis.

4.2.1 The Determination of Covariates

Before it was mentioned in chapter lll, there were eight independent variables in the
study, one of them was categorical (Group®] seven of them were continuous {Pre
CPAT, PreASTC, Prelntrinsic, PreGO, PreSD, PreSE, and Pr&NX). Also, there

were eight continuous dependent variables in the stuigh were PoSICPAT, Ret

CPAT POStASTC, PostiM, PostGO, PostSD, PostSE aml PostANX scores of the
studentsAccording to Tabachnick and Fidell (2007), it was seen that the appropriate
inferential statistics test should be conducted the Multivariate Analysis of Covariance
(MANCOVA) in this study owing to looking at the influena# two or more
continuous dependent variables by an independent grouping variable while controlling
the effect of one or more covariates factbtswever, one can be thought: Why do
onerun a series of Analysis of Covarianceos
variables? The reason was that when we separately conducted a series of ANCOVAS,
The risk of typel errorwas increasedn other words, if we independently run the
more analyzes, we could firgtatistically significant resultehereas there were no
absoute difference betweenthe groups. Therefore, the advantages of utilizing
MANCOVA is that we could control for the increased risk of Tylperrors (Pallant,

2005).
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It was performed this analysis; the possible covariates must be identified whether they

useal as a covariate or not at the beginning of the analysis since the using-of well

chosen covariates can help decrease the confounding influence of group differences
(Pallant, 2005, p.264)abachnick and Fidell (2007) suggested that there are some

necessaryfeatures to select the suitable covariates adjustment. First of all, the

covariates should be continuous variables. Second, while all covariates should be

statistically uncorrelated with each other, they should be a high correlation with at least

one depedent variabledrirstly, we run the ongvay Analysis of Variance (ANOVA)
for PreCPAT, PreASTC, PrelM, PreGO, PreSD, PreSE and PréANX to decide

covariates and examine whether there was a significant difference between the groups.
Table 4.4 indicates h e

CPAT, PreASTC, PrelM, PreGO, PreSD, PreSE and PrANX when the alpha

resul t

of

Leveneos

t est-

wer e

value was set at .05. Therefore, the error variances for the TIG, 5EG, and MIG were

equal to each other.

Table 4.4 Test of homogeneity of variances for Independent variables

Levene Statistic dfl df2 Sig.
PreCPAT ,287 2 148 , 791
PreASTC ,072 2 148 ,931
PrelM 529 2 148 591
PreGO 1,424 2 148 ,244
PreSD ,860 2 148 425
PreSE ,559 2 148 573
Pre ANX 2,169 2 148 ,118

Second, when we looked at Table 4.5 in order to see whether there was a statistically

significant mean difference among the 5EG, MIG, and TIG in terms of independent

variables, the onway ANOVA outcomes depicted that there was not any a

statistically significant mean difference between groups with respect {GHA&

(.347), PrelM (.140), PreGO (.545), PreSD (.249), Pre&SE (.341) and PrANX

(.667) since all ralues were greater than the significance level of 0.05.
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Table 4.5.Results of onavay ANOVA for independent variables

Sum of Mean
Squares df  Square F Sig.(p)
PreCPAT Between 11,338 2 5669 1,065 347
Groups
Within Groups 787,748 148 5,323
Total 799,086 150
PreASTC Between 955537 2 477,768 4,795 010
Groups
Within Groups 14745,483 148 99,632
Total 15701,020 150
PrelM Between 50,035 2 25018 10996 140
Groups
Within Groups 1855,051 148 12,534
Total 1905,086 150
PreGO Between 43209 2 21605 ,609 545
Groups
Within Groups 5247,758 148 35,458
Total 5290,967 150
PreSD Between 27,850 2 13,925 1405 249
Groups
Within Groups 1467.303 148 9,914
Total 1495,152 150
PreSE Between 57,700 2 28,850 1,085 341
Groups
Within Groups 3936,989 148 26,601
Total 3994,689 150
PreANX Between 17,603 2 8802 406 667
Groups
Within Groups 3210,370 148 21,692
Total 3227,974 150

Hence, these results revealed that there were not need to use-@ieAdrePrelM,

PreGO, PreSD, PreSE and PréANX variables as aovariate. However, it was
necessary to search whether there was a correlation between these independent
variables and dependent variables. Afterward, we decided whether or fOPRie

PrelM, PreGO, PreSD, PreSE and PreANX could be used as covariate

It was found that there was only statistically significant differences among groups the
mean of PréASTC scores as determined by emay ANOVA (F(2,148) = 4,795, p
=.010) since gvalues were smaller than the significance level of 0.05. Afterward, we

needed to examine to know which of the specific groups differed. Therefore, it could
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be found out in the Multiple Comparisons tables including the results ohpost
analysis by the Tukey HSD tests.
Table 4.6.PostHoc Test for PreASTC

Mean 95% Confidence Interval
Difference (+ Std. Lower Upper
(1) Groups (J) Groups J) Error Sig. Bound Bound
TIG 5EG 4,424 1,991 ,071 -29 9,14
MIG 5,782 1,959 ,010 1,14 10,42
5EG TIG -4,424 1,991 ,071 -9,14 ,29
MIG 1,358 2,028 781 -3,44 6,16
MIG TIG -5,782 1,959 ,010 -10,42 -1,14
5EG -1,358 2,028 781 -6,16 3,44

*. The mean difference is significant at the 0.05 level.

Table 4.6 indicates that there was a statistically significant difference between TIG
and MIG the mean of PYRSTC scores as determinég Tukey HSD test since it
could be seen that significance level is 0.010 (p = .010), which was below 0.05. Thus,

PreASTC was assigned as a covariate in the main analysis.

Another way to identify covariates was that it was examined whether there was a
correlation between the independent variables and dependent variables. According to
Mayers (2013), fla reasonabl e correlation
variabl es shoul d be betlieeorelatonisnatiBthis and r
range, we cannot use as covariates in this anafisis,Jacob Cohen (1988) mentions

in his book that a correlation greater than 0.5 is largeQ @.% moderate, and 0(B1

is small. Thus, we should consider both high and moderate correlation béhgeen
independent and dependent variables while determining as a covariate. Table 4.7
depicts the Pearson correlations between the independent variabl€P@rePre

ASTC, PrelM, PreGO, PreSD, PreSE and PréANX) and dependent variables
(PostCPAT, RetCPAT PostASTC, PostiM, PostGO, PostSD, PostSE, and Post

ANX). Also, it shows the correlation between the independent variables with each

other.

In the light of the previously mentioned explanations, Table 4.7 indicates that a
reasonable correlatidmve between independent varial{lrseeASTC, PrelM, Pre-
GO, PreSD, PreSE, and Pr&NX) and the dependent variabl@BostCPAT, Ret
CPAT PostASTC, PostiM, PostGO, PostSD, PostSE and PosfNX) since they
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are between r = .30 and r = .90. Therefore, satisfied that requirement for six
continuous independent variables, which wereA3&C, PrelM, PreGO, PreSD,
PreSE, and PrANX. First of all, it was found that while there was the moderate
correlation between P#&STC and PosGO, PostSD, the corelation betweerfrre

ASTC and PosASTC, PostiM, PostSE was highSecond, while the correlation
between the Pr8M and PostASTC, PosiiM, PostSE were high, there was a
moderatecorrelation with the PosBO, PostSD, respectively. Also, themashigh
correlation between P18 and PosASTC, IM, GO, SE, respectively. Next, P&

had a moderate correlation with the PASITC, PostiM, PostGO, and PosSE

while there was a high correlation with the P8Bt. Moreover, while PFSE reached

a moderate coetation with PosiM, PostGO, therewas a strong correlation among

the POStASTC, PostSD, and PosBE. Also, there was onlg strongcorrelation
between the PogtNX and PreANX. However, for PreCPAT, there was small
correlation both dependent and othretependent variables. Another important point
was thasuitablecovariates should naie highly correlatedith each other. Table 4.7
indicates that the correlations between independent variables were also either small
or moderate. Thus, these resultgevacceptable to assign them as a covainaies

study since there should be a moderate correlation between these variables (Pallant,
2005). Consequently, PFASTC, PrelM, PreGO, PreSD, PreSE, and PrANX

have either moderate or high correlationhnat least one of the dependent variables.
Hence, these independent variables needed to be assigned as covariates for the main
analysis.

Table 4.7 Pearson Correlation among the continues variables

Pre Pre Pre Pre Pre Pre Pre Post Ret Post Post Post Post Post Post

CPAT ASTC IM GO SD SE ANX CPAT CPAT ASCT M GO SD SE ANX
Pre 1 132 ,162* ,188* -081 ,175* ,163* ,262° 217" ,151 -033 ,096 ,033 ,096 ,094
CPAT
Pre ,132 1 A94%% - AB3F* ABO** 492*+  346** 082  ,055 ,695** 585** AQ7** | A445*  BABY  262**
ASTC
Pre- ,162* 494 1 ,A420%% 390** ,459*  265% 142 117 ,641** ,644* 496** ,423** 532** 239*
IM
Pre- ,188* ,453**  420** 1 JA424%  452* | 163* 121,156 ,604** 506** ,662** ,563** 527** | 162*
GO
Pre- -,081 ,459** 390** ,424* 1 ,492*  -105 127,087 ,479* ,425%* 479 571* 412* -039
SD
Pre A75% 492%%  ABQ** 4B2%F  AQ2** 1 208  ,175 ,206 568" 441" 465" 515" 694" ,136
SE

Pre 163,346 255" 163 -,105 ,208 1 ,048 -,002 ,240° 205 ,028 -038 ,246" 596"
ANX
**_Correlation is significant at the 0.01 leveHgiled). *, Correlation is significant at the 0.05 levlild)
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4.2.2.Assumptions of MANCOVA

It was talkedabout the procedures and testing of the assumptions of MANCOVA in
this part of the study since all assumptions needed to be satisfied to perform this
analysis.There were a number of assumptions of MANCOVA, which were the level
of both dependent and indaplent variables, sample size, independence of
observation, normality, outliers, linearity, and homogeneity of regression,

multicollinearity, and singularity, homogeneity of variancevariance matrices.

4.2.2.1 Level of both dependent andependent wéables

The independent variables must be categorical (with at least two groups) while two or
more dependent variable must be interval or ratio. (Mayers, 2013). As mentioned
earlier, there were the eight continuous dependent variables, whicPA3t Ret

CPAT PostASTC, PostiM, PostGO, PostSD, PostSE,and PostANX. Al therewas

one categoricalindependentgroup including TIG, 5EG, and MIG. Thus, these

assumptions were met.

4.2.2.2 Sample size

It was necessary to have more participants in each cell than we have dependent
variables to satisfy the normality and equal variances for this studyrebjured
minimum number of participants in each cell in this study is eight. The number of
participans in each celas provideds part of the MANCOVA output. In our case,

we haveat least 47 subjects in each cell. Thus, the required number of participants per

cell was met for this analysis.

4.2.2.3 Independence of observation

One of the curial assumphs of MANCOVA is the independence of observations.
According to Pallant (2005), each participant or case should be counted only once,
they cannot seem in more than one category or group, and the data from one subject
does not affect the data from anoth@he independence of the observations
assumption was attempted to verify in some wéaystly, each group received their
instruction on different days of the week during to study. For example, while the TIG

was taughion Tuesday, 5EG was instructed on fdday. Also, the MIG took the
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instruction on Fridays of the week. This situation migiatminimizedhe interaction
among groups. Next, it was assumed that @achcipantresponded the instruments
or questionnaires, individuallyMoreover, it was allowedo sufficient time pass
between the pretepbsttest to minimize the retention (more than two months). Hence,

the validity assumptiowas satisfied.

4.2.2.4 Normality

It was acrucial point for MANCOVA analysis that both univariate and multivariate
normdity was checked to verify for normality assumption. For univariate analysis, the
normality of continuous variables is evaluated by either statistical or graphical
methods. There are two components of normality as skewness and kurtosis. While
skewness give some information on theymmetry of the distribution, kurtosis
represents either tqueakedor too flat about the distribution (Tabachnick & Fidell,
2007 p. 79). Thus, it should be tested by univariate analysis whethdistihleution

of scores was norah in terms of skewness and kurtosis values in the study.
Theoretically, scores of skewness and kurtosis should be zero (Tabachnick & Fidell,
2007). However, according to Field (2009), the values of skewness and kurtosis in the
rangebetween-2 and +2 shdd be accepteds a normal distributiorthe Table 4.2

and 4.3 provide the information about the skewness and kurtosis values for all pre and
posttests regarding TIG, 5EG, and MIG. As evident from the tables, all skewness and
kurtosis values for both dependent and independent variables coaltiristed as
normally distributed since the ranging of all values were betwdemand +1.
Furthermore, the following figuragpresenthatthe histograms with normal curves

for the pre and pogest scores of all groups as an another evidence to ungvariat
normality assumption. For example, while Figure 4.2 depicts the histograms with
normal curves for the P/RSTC for the TIG, 5EG, and MIG, Figure 4.10 displays
PostASTC the histograms with normal curves for all groups. It was seerthibat
histograms foiboth each independent variable and all dependent variables might be

accepted as normally distribufienus, the univariate normality was met for this study.

96



Groups

traditional SE Multiple intelligence

124 ]

10 ]

4 N

Frequency

2‘ FlIIN

[ul T T T T T T T T T T T T
75 100 125 150 175 75 100 125 150 175 75 100 125 150 175

Pre_CPAT

Figure 4.1Histogram of PreCPAT scores for TIGSEG,and MIG

Groups

traditional SE Multiple intelligence

5

Frequency
=y
1
1
|
I _.-"'-.F
-H-_"-.
u
1/
—
J
1
1 J'J
_.'___.p"'

[u} I T T T T T T L] T T T T T T T T T T T T T
20 30 40 S50 B0 7O 80 20 30 40 S0 B0 FO 80 20 30 40 S0 60 7O 80
Pre_ASTC

Figure 4.2Histogram of PreéASTC scores for TIG5EG,and MIG

97




Groups

traditional SE Multiple intelligence

Frequency

T T T T T T
10 13 20 25 10 13 20 20 10 12

Pre_IM

i il

Figure 4.3Histogram of PrdM scores for TIG, 5EG, and MIG

Groups
traditional S5E Multiple intelligence
10—
5
&
g s
o
=
o
L 1]
L=
(1
4]
M 11 \
A
hl'I.
2_ | m*
0= 1 T T T T 1 T T T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30
Pre_GO

Figure 4.4Histogram of Preé50O scores for TIGSEG,and MIG

98



Groups

traditional 5E Multiple intelligence

12

10

a— __
Fry
2 _ -
2 | il |
s NO M / 7T INT
£ \_ . \

] \ /

- _\\ \

o T T T T T T T
10 15 20 25 10 15 20 25 10 15 20 25

Pre_SD

Figure 4.5Histogram of Pre&SD scores for TIGGEG,and MIG

Groups
traditional SE Multiple intelligence
10
.
T
2 s
@
=
o — - - -
Q
L=
(19 f"‘
4 _ I
'
r‘f\l., TN
i
5]
\
[ l
0= T T T T T ] T T 1 I T
10 20 30 40 10 20 30 40 10 20 30 40
Pre_SE

Figure 4.6 Histogram of Pre&SE scores for TIGGEG,and MIG

99




Groups

traditional S5E Multiple intelligence

Frequency
g
=
i-ﬂ'“ﬂﬂ(’

| N/

T T I T I T I T I T I T I T T T T T T T T
0 5 10 15 20 25 30 0O S5 10 15 20 25 30 0O 5 10 15 20 25 30
Pre_ANX

Figure 4.7 Histogram of PreéANX scores for TIG5EG,and MIG

Groups

traditional S5E Multiple intelligence

Frequency
=
1
—
|
I_.—-"
l
o
_~
——p
—
—
—
]

/F

0= T T T T T T T T T T T T T T T T T
10 15 20 25 30 35 10 15 20 25 30 35 10 15 20 25 30 35

Post_CPAT

Figure 4.8Histogram of PoSCPAT scores for TIGGEG,and Ml

100



Groups

traditional SE Multiple intelligence

Frequency

o ! T T T 1 I T T 1 1 1 T T U I T T T 1 1 T
5 10 15 20 25 30 35 5 i0 15 20 25 30 35 5 i 15 20 25 30 35

Ret_CPAT

Figure 4.9Histogram ofRetCPAT scores for TIG, 5EG, and MIG

Groups
traditional 5E Multiple intelligence
10
&
&

Frequency

5]

Tl A

0= 1 T T T T
30 40 =] &0 7o 80 30 40 50 &0 7o 80 30 40 a0 &0 Ta 80

Post_ASTC

Figure 4.10Histogram of PosASTC scores for TIG, 5EG, and MIG

101



Groups

traditional 5E

Multiple intelligence

Frequency

2

\

T
o

T T T T T
25 30 O 5 10
Post_IM

T T T T
S 10 15 20

1 T T L
15 20 25 30

T
[u}

T T | T 1 T
S 10 15 20 25 30

Figure 4.11Histogram of PostM scores for TIGHEG,and MIG

Groups
traditional 5E Multiple intelligence
124
10
. _
&
5 ’ " ]
i | I '
b ™
[T _f | z_ ?z \‘\
T TN | T
2_ /
7 \
/ |
o T T T T T T T T T T T T
10 20 30 40 10 20 30 40 10 20 30 40
Post_GO

Figure 4.12Histogram of PosGO scores for TIGGEG,and MIG

102




Groups

traditional SE Multiple intelligence

107

Frequency
o
|
]
|
|
]
—
|
1
o

T T T I T T T
10 15 20 25 10 15 20 25 10 15 20 25

Post_SD

Figure 4.13Histogram of PosED scores for TIGGEG,and MIG

Groups
traditional 5E Multiple intelligence
E-— i
fry
[ ~JF — - — A T
S H AT
g /NN M\ 11N
w 1L N e — MIN
! \ \
il N /
2 i i ||" i /
u
0= T T T T T T T T T T T T T T T T T T T T
15 20 25 30 35 40 45 15 20 25 30 35 40 45 15 20 25 30 35 40 45

post_SE

Figure 4.14Histogram of PosSE scores for TIGGEG,and MIG

103



traditional

Groups

5E

Multiple intelligence

Frequency

|

/ \
/ | /JE |
0= T T T T T T T T T T T T T T 1 T T T T T
a 5 10 15 20 25 30 a 5 10 15 20 25 30 a 5 10 15 20 25 30
post_ANX
Figure 4.15Histogram of PosANX scores for TIGEEG,and MIG
Boxo0s test of equality of covari

Next,

multivariate normality whether the niilypothesis of the variana®variance matrices

is the same in the groups or not. If the matrices are equal, the statistic should not be

significant.As shown inTable4.8, the significance values in the Box test for this study

(p=.092) was larger than the alpha level for this study (.05). Also, it is apparent that

the covariance matrices are approximately equal to each other for thisisicelyhe
statistic wasnon-significant Thus, themultivariate normality assumption was also

validated.

Table 4. 8Box's Test of Equality of Covariance Matrices

Box's M 95,741
F 1,227
df1 2
df2 59595 009
Sig. 092
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4.2.2.5. Outliers

Another important assumption in thstudy was outliers, which are risky for
MANCOVA since this analysis is high sensitive to univariate and multivariate outliers.
Thus, it should be detected both univariate and multivariate outliers before the
analysis. For the univariate outliers, it is smered that there are cases (one or more)
with exemplifyingextreme value on one variable (Tabachnick & Fidell, 2007, p.73).
Therefore, it was necessary to search the extreme points on the both each of dependent
and independent variables in the datae outliers could be detected by the boxpiot
Figure 4.16 and 4. 1 From the Figure 4. 16, it was apparent that there were totally
ten extreme data points on the independent variables in the groups, which were five of
them on the PrSD (number of casBlin the TIG and number of cad€6,130,135,

and 150 in the MIG), two of them on the F8E (humber of casé2 and 81), and two

of themon the PreGO (number of casé2 in the 5EG, number of ca4€6 in the

MIG) and one of them on the PASTC (number of cas55). Moreover, the Figure 4.

17 revealed that there were four extreme points in thetpstst scores, which were

one extreme data points (54) on the Rbkin the TIG, one outlier (31) on the Pest

ANX, one extreme data points (95) on the Ré€&X in theSEG, and one outlier (106)

on the PosED in the MIG, respectively.

According to results, it was necessary to examine whether those outliers had a
significant impact on the mealfor this issue, one method is that all of the continuous
variables data igansformed to standardize scores¢pres), and then if thescores

are higher than +3.29 or lower thaB.29, these cases are the potential outliers
(Tabachnick & Fidell, 2007, p.73J.he results all preand postests minimumand
maximumz values were represented in Table 4.8 to see potential outliers in the groups.
It can be seenthat noneextremez-scores were detected since mdin. and max
standardizedcores for the variables were betwe229 and +3.29. Especially, it was

the aforemationed outlierson the both independent and dependent variables within
this range. Hence, it could be admitted that there were no the extreme univariate

outliers in the data.
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Figure 4.16.The extreme cased the independent variables in the groups.
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Figure 4.17.The exteme value®f the dependent variables in the groups.
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Table 4.9.Pre and posttests min. and max z scores values

TIG 5EG MIG

Min. Max. Min. Max. Min. Max.
PreCPAT -2,22 1,68 -2,22 1,25 -2,22 1,68
PreASTC -1,70 2,11 -1,90 2,01 -2,58 1,72
PrelM -2,28 2,21 -2,28 1,93 -1,72 1,93
PreGO -2,42 1,96 -2,59 1,96 -2,42 1,96
PreSD -3,03 1,72 -1,76 1,72 -2,42 1,77
PreSE -2,59 1,87 -2,78 2,06 -2,40 1,87
PreANX -1,51 2,81 -1,51 1,94 -1,51 2,59
PostCPAT -2,39 1,32 -1,74 2,19 -1,96 2,19
RetCPAT -2,16 0,81 -1,31 1,87 -1,10 2,50
PostASTC -1,98 2,12 -1,77 2,12 -1,66 1,81
PostiM -3,12 1,79 -1,65 1,79 -2,14 1,79
PostGO -2,54 1,65 -1,79 1,95 -2,39 1,95
PostSD -2,99 1,61 -1,84 1,61 -2,42 1,61
PostSE -1,89 2,05 -1,89 2,05 -1,89 1,86
PostANX -1,62 2,43 -1,62 1,82 -1,62 1,82

Another crucial assumption for this study was tested to detect multivariate outliers on
the dependent variables. It was necessary to calculate Mahalanobis distance by using
the regression menu in the SSPS to find for multivariate outliers in the data.
Mahdanobis distance measures of the distance of a particular case from the centroid
of the remaining cases, where is the centroid is the point created by means of all the
variables ( Tabachnick & Fidell, 2007, p. 74). Thanks to this analysis, it was provided
to find whether the cases have a strange pattern of scores across the dependent
variables (Pallant, 2005). For this assumption to be khafalanobis distance value

was calculatesvhether or noany datgpoints have an unusual pattern of scores across
the eight dependent variables in the ddtavas foundthatthe Mahalanobis distance
maximum value was 34,771 (seetla bottom of Table 4.10.Also, this value was
needed to compare a critical value to understand whether there were one or more
multivariateoutlier/s or not. This critical value can be evaluated for each case by using
the chisquare table with the number of the dependent variables as the degrees of
freedom (df) and the alpha value is used 0.001(Tabachnick & Fidell 2007; Pallant,
2005, p. 280Q)According to thehi-square table, when we found the column with eight
dependent variables, the critical value for this study was maximum value 26,12
(Warner, 2012, p.1063).
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Table 4. 10.ResidualsStatisticg

Std.
Minimum Maximum Mean Deviation N

Predicted Value ,99 3,19 1,97 ,468 151
Std. Predicted Value -2,100 2,595 ,000 1,000 151
Standard Error ¢

Predicted Value ,079 ,345 , 167 ,044 151
Adjusted Predicte 99 3.24 1,97 470 151
Value

Residual -1,172 1,486 ,000 ,688 151
Std. Residual -1,657 2,102 ,000 ,973 151
Stud. Residual -1,683 2,153 ,000 1,002 151
Deleted Residual -1,230 1,560 -,001 , 730 151
Stud. Deleted Residual -1,694 2,182 ,001 1,006 151
Mahal. Distance ,863 34,771 7,947 5,137 151
Cook's Distance ,000 ,055 ,007 ,009 151
Centered Leverac o6 232 053 034 151
Value

a. Dependent Variable: Groups

Therefore, The Mahalanobis distance maximum value (31,874) was greater than the
critical chisquare value (for df= 8, 26.12). This result was indicated that the data
possessed, at least, one of the multivariate outliers. Afterward, it was necessary to do
followed examination to detect how many cases were included and how different they
were from the remaining cases (Pallant, 2005, p.280). The simplest way to determine
these cases was arranged from largest to smallest MAH_1 (after running the
regression analysis, MAH_1 is created as a new variable at the end of the data file).
After, when we checked at the top of the MAHolumn, only two participants had
scores that eoeeded the critical value. These were the participants with ID=106 and

a score 34,770 and ID=128 a score of 30,196, respectively (see Table 4.10.) If these
extreme participants were removed from the analysis, this issue did not appear to
impact the analysi negatively since it was obtained the approximately same result
when this participant was excluded from the data. Also, these extreme participants
were seen to be sampled from the target population (Tabachnick & Fidell, 2007)
Thus, it was decided to leavthis person in the data analysis. As a reshk

assumption of univariate and multivariate outlwes verified
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4.2.2.6. Linearity

In this part, it was needed to evaluate the assumption of the linearity for running the
MANCOVA analysis. This meanghat the linear relationships should be checked
among all pairs of dependent variables, all pairs of covariates, and all dependent
covariate variablgairs in each cell conducted by splitting the data when we looked at

a scatterplot of score§dbachnick &Fidell, 2007).Also, it is necessary to see a
straight line among these variables, roughly sificemong the variables are not
linearly related, the power of the test can be decreased. This assumption should be
assessed by graphical methods that arergitea matrix of scatterplots between each
pair of the variables for all groups, separately. (Tabachnick & Fidell, 2007; Pallant,
2005). When we looked at thieearity for all covariates and all dependent variable in
terms of groups in Figure 4. 17 andylie 4.18., all relations among dependent
variables with each other and covariates with each other could be accepted as linear
whereas their strength was changing. Moreover, it was not seen any cldéiaeadaty

for all dependent variableovariate pas in terms of groups in Figure 4. 19. Thus, this
assumption of linearity was met.
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4.2.2.7. Multicollinearity and Singularity

Multicollinearity and Singularity are crucial problems for MANCOVA analysis. To

begin with, we separately used the-BQ constructs (e.g., anxiety) as dependent
variables to meet singularity assumption. Next, it is called the multicollinearity in the

data when the input variables should be very high correlation each other, which is
greater than 0.9 (Tabachnick and Fidell 2007). Therefore, when this assumption can

be analyzed by the linear regression of SPSS, as can be seen in Table 4. 12., there is
no high correlation among all pairs of dependent variables because these correlations
are | ower than .90. Another way to verify
I nfl uence Factor (VIF) Valueso to detect
the data. According to Rule of Thumb: If any of the VIF values exceeds 5 or 10, it
implies that the associated regression coefficients are poorly estimated owing to
multicollinearity (Montgomery, 200IFabachnick and Fidell, 2007). For this study, it

was goodall the VIF value among the dependent variables since these values were
smaller than 5 or 10 (see Table 4. 12). According to these evidences, multicollinearity
could not be any a problem for this study. Hence, it was evident that this assumption

was satiged.

Table 4. 12. Pearson Correlation among the dependent variables

Post Ret Post Post Post Post Post Post
CPAT CPAT ASTC IM GO SD SE  ANX

PostCPAT 1 ,789*%  232%  182* 259% 175 141 137
RetCPAT ,789** 1 ,270% 238 ,304** |175* ,194* 119
PoStASTC ,232** ,270** 1 ,689** 613** ,611** ,708** ,305**

PostIM ,182*  |238** ,689** 1 ,536** ,524** 584**  201*
PostGO ,259**  304* ,613** ,536** 1 ,606** ,614** 153

PostSD ,175%  175*  ,611**  524**  606** 1 ,622**  -,008
PostSE 141 ,194*  [708** ,584** | 614** ,622** 1 ,235%*

PostANX 137,119 [ 305** ,201* 153 -,008 ,235** 1
** Correlation is significant at the 0.01 level-(@iled) * Correlation is significant at the 0.05 level
tailed).
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Table 4. 13Analysis ofmulticollinearity for all dependent variables by regression
analysis

Coefficientst Coefficients®
Collinearity Statistics Collinearity

Model Tolerance VIF Statistics

1 PostCPAT ,909 1,100 Model Tolerance| VIF
PostASTC 331 3,019 1 PostCPAT ,370 2,702
PostIM ,491 2,036 RetCPAT ,361 2,767
PostGO ,491 2,035 PostIM 576 1,737
PostSD 463 2,161 PostGO 494 2,023
PostSE 404 2,473 PostSD 482 2,077
POStANX 825 1,212 POSISE 452 2213

PostANX ,872 1,147

. a. Dependent Variable: Pe&STC
a. Dependent Variable: REPAT

Coefficients

Coefficientst

Collinearity Statistics Collinearity Statistics

Model Tolerance VIF Model Tolerance VIE
1 PostCPAT 373 2,681 1 PostCPAT 373 2,683
RetCPAT ,362 2,765 RetCPAT ,361 2,768
POStASTC ,350 2,855 POStASTC ,370 2,702
PostIM 489 2,044 PostIM 494 2,023
PostGO 486 2,057 POStGO ,509 1,965
PostSD 499 2,003 PostSD 492 2,031
PostSE 410 2,437 PostANX 836 1,196

a. Dependent Variable: PeANX a. Dependent Variable: PeSE
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(Table 4. 13 continued.)

Coefficients* Coefficients®
Collinearity Statistics Collinearity Statistics

Model Tolerance VIF Model Tolerance | VIF

1 PostCPAT 370 2.703 1 PostCPAT ,371 2,698
RetCPAT 365 2741 RetCPAT 363 2,758
POStASTC 337 2971 POStASTC 389 2,568
PostIM 495 2.022 POStGO 492 2,034
PostSD ,496 2,017 PostSD ,462 2,162
PostSE 423 2,364 POStSE 408 2,449
PostANX ,824 1,214 PostANX ,824 1,214

a. Dependent Variable: PeGO
a. Dependent Variable: Peldf

Coefficients* Coefficients
Collinearity Statistics Collinearity Statistics

Model Tolerance VIF Model Tolerance VIF

1 PoStCPAT 373 2,680 1 RetCPAT 887 1,127
RetCPAT 364 2,746 POStASTC 331 3,021
PoStASTC 347 2,878 PostIM 490 2,041
PostIM 493 2,027 POStGO 486 2,057
POStGO 526 1,903 PostSD 463 2,162
POStSE ,:z: iigz POStSE 407 2,457
POStANX ’ ' POSEANX 830 1204

a. Dependent Variable: PeGPAT

a. Dependent Variable: PeSD

117



4.2.2.8. Homogeneity of Regression

The assumption of homogeneity of regression shbeldestedvith customizing
settings in MANCOVA to control whether thers an interactionbetween the
covariates and the treatment groups (Pallant, 2005). The procedure to check this
assumption is with the following steps: Analyze, General Linear Model, and
Multivariate. The dependent variables (P@R®AT, RetCPAT, POtASTC, Post

IM, PostGO, PostSD, PostSE, and PosANX) were moved to the dependent

variable box, the independent variables (Groups) was moved to the fixed factors

box, and the covariates (PASTC, PrelM, PreGO, PreSD, PreSE, and Pre
ANX) were moved in the coveates boxNext, itwasclicked on model and custom
selectionsThen, this factor and covariates were put in the model box (Groups, Pre
ASTC, PrelM, PreGO, PreSD, PreSE, and PrANX as main effects and Groups

* PreASTC, Groups * PrelM, Groups * PreGO, Groups * Pr&SD, Groups * Pre

SE, Groups * PFASTC as interactionsfi nal | vy,

t hen

i OKo

t Comtiaus® calnidc k e d

but t on svas chedkedeersigraficadce lewelofetime

interactions between terms in the output (See Table 4ll 8ignificance values for

t

the interactions were greater than the alpha level (0.05). Therefore, it could be said

that therevasno significant interaction between covariates and method of teaching.

Consequently, it could be implied that the homogeneitsegfession assumption

was verifiedfor this study.

Table 4. 14.A multivariate test of homogeneity of regression for the interac
between the independent variable and covariates.

Effect Value F Hypothesis df  Error df Sig.

Groups * Pre Pillai's Trace 164 1,381 16,000 248,000 ,151

ASTC I
Wilks' Lambda 842 1,378 16,000 246,000 ,153
Hotelling's Trace 180 1,375 16,000 244,000 154
Roy's Largest Root ,124 1,929 8,000 124,000 ,061

Groups * PreM  Pillai's Trace 081 657 16,000 248,000 ,835
Wilks' Lambda 920 652 16,000 246,000 ,839
Hotelling's Trace ,085 648 16,000 244,000 ,843
Roy's Largest Root ,827Z 8,000 124,000 ,584

Groups * PreGO Pillai's Trace 094 767 16,000 248,000 ,722
Wilks' Lambda 907 768 16,000 246,000 721
Hotelling's Trace ,101 769 16,000 244,000 ,720
Roy's Largest Root ,081 1,259 8,000 124,000 ,271

118

on



(Table 4. 14 continued.)

Groups * PreSD  Pillai's Trace

111,911 16,000 248,000 557
Wilks" Lambda 892 904 16,000 246,000 565
Hotelling's Trace 178 898 16,000 244,000 572
Roy's Largest Root ,068 1,053 8,000 124,000 ,400
Groups * PreSE  Pillai's Trace 171 1,451 16,000 248,000 ,119
Wilks' Lambda 835 1,45P 16,000 246,000 119
Hotelling's Trace 190 1,451 16,000 244,000 ,119
Roy's Largest Root ,136 2,107 8,000 124,000 ,040
Groups * Pre Pillai's Trace 098 798 16,000 248,000 ,688
ANX .
Wilks' Lambda 903 803 16,000 246,000 682
Hotelling's Trace 106  ,808 16,000 244,000 677
Roy's Largest Root ,093 1,437 8,000 124,000 ,188

4.2.2.9. Homogeneity of Variance

The Assumptionof Homogeneity of Variances again testetly using Box's M Test

to test the equality of variances of the studyas already indicateid Table4.8.The
results showed that the significance valuestfeBox's M Test (p= .092)eregreater

than .05. Therefore, this value implied that the covariance matrices were
approximately equal to each other for this study

Another way to evaluate the assumption of homogeneity of variances for MANCOVA
t ofedch s t

analysis could be usesditht h e

dependent variable scores are the similar for each group, sepdtatelg.assumed

thatthev ar i ances ar

If the resulting pvalue of Levene's test is less than the alpha level (.05), it beuld

rejected Thus, it means that there aiferences between the variances of the gsoup

Leveneds Test

e equal

acr oss

groups

W h €

as

Table 4. 14 r epr es dastand thdRosCPAT sRetCRAT,®#dst L e v e n ¢

IM, PostGO, PostSE, PostANX valueswerelarger than .05, which indicates the
error variances across groups were egdislo, the error variances across groups for

PostASTC and PosED values were significantly different since their values were
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less than alpha level (0.05). Therefore, the null hypotheses fakseand the
assumption of homogeneity vériancesvasnot satisfied for PosASTC and Post

SD values. This tuation can directly cause to increase the chance of alfigp¢his
study.According to Tabachnick and Fidell (2007), the violations of homogeneity of
variances should be verified by setting a more stringent alpha level rather than the
conventional 0.09evel to reduce the likelihood of incorrectly rejecting a null
hypothesis (Typ# error). For this aim, the Bonferroni correction should be set the
significancecub f f at Ul pha/ numb e detemnine sigeifigamcea t e
level for the followup ANCOVA analysis. At this point, the original alpha level of

.05 was divided by the number ahalysis In this case, there were eight dependent
variables to examine in the study; therefore, the new alpha level for this study was set
as .0063 in the folloup ANCOVA analysis (0.05/8). In other words, it was
considered the study resuftignificantly only if the probability value was less than
.0063.

Table4.15Leveneds Test of Equalit

F dfl df2 Sig.
PostCPAT ,214 2 148 ,808
RetCPAT 1,781 2 148 172
PostASTC 5,451 2 148 ,005
PostIM ,110 2 148 ,896
PostGO ,564 2 148 ,570
PostSD 9,310 2 148 ,000
PostSE 127 2 148 ,880
PostANX 1,072 2 148 ,345

4.3. Interpretation of the MANCOVA Analysis Results
The main problem athe study was to examine the effects of through instruction the
based on 5E learning cycle model and Gardner's multiple intelligence theory oriented
instructions students® achievement and
properties concepts, attde towards chemistry, and motivation to learn chemistry
when compared with traditional instruction method on ninth grade studé@etefore,
it was performed the appropriate the SPSS explore procedure to interpret and support
with the evidencethem whenthe main problem and the following null hypotheses

were tested
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4.3.1 Null Hypothesid

It was needed to perform MANCOVA analysis and interpret the SPSS its output to

testnull Hypothesisl. All assumptions were already satisfied to run for this analysis.

The first nullHypothesis, which related to the main problem for this study, was that

iThere 1is

no a

statistical/l

y

Si gnasddi cant

on 5E learning cycle model, Gardner's multiple intelligence theory and traditionally

designed chemistry instruction on the population mean of the collective dependent

variables of the ninth grade students ptest scores of achievement, their reitamt

level on the unit of chemical properties concepts, attitude towards chemistry, and

construct

of

of

moti vat.

on

mot i

(SE,

vati on

ANX,

t o
GO,

earn chemistr

I M,

athd SD)

first table in the MANCOVA output was the Multivariate tests table Tsd#e4.15).

Thanks to this table, it would be indicated whether there were statistically significant

differences among the groups on a linear combination of the dependent gariable
(Pallant, 2005).

Table 4. 16 Multivariate testsesuts table

Partial
Hypothesis Error Eta Noncent. Observed
Effect Value F df df Sig. Squared Parameter Power
Intercept ?'rgi':’ 264 6060 8000 135000000 264 48477 1,000
Wilks 736 6,060 8,000 135000,000 264 48,477 1,000
Lambda
?roatg'e"”gs 359 6,060 8,000 135,000,000 264 48,477 1,000
Roy's 359 6,060 8,000 135000,000 ,264 48477 1,000
Largest Roo
Pre  Pillai's Trace ,157 3,150 8,000 135,000,003 ,157 25203  ,960
ASTC  Wilks 843 3,150 8,000 135000,003 ,157 25203  ,960
Lambda
Hotelling's 167 3150 8000 135,000,003 .57 25203 1960
Trace
Roy's 187 3,150 8,000 135,000,003 ,157 25,203 1960

Largest Roo
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(Table 4.16continued)

Pre-IM  Pillai's Trace ,187 3,872 8,000 135,000 ,000 ,187 30,975 ,987
Wilks' Lambda ,813 3,872 8,000 135,000 ,000 ,187 30,975 ,987
Hotelling's Trace ,229 3,872 8,000 135,000 ,000 ,187 30,975 ,987
Roy's Largest Root ,229 3,872 8,000 135,000 ,000 ,187 30,975 ,987

PreGO Pillai's Trace ,225 4,889 8,000 135,000 ,000 ,225 39,111 ,998
Wilks' Lambda ,775 4,889 8,000 135,000 ,000 ,225 39,111 ,998
Hotelling's Trace ,290 4,88¢ 8,000 135,000 ,000 ,225 39,111 ,998
Roy's Largest Root ,290 4,88% 8,000 135,000 ,000 ,225 39,111 ,998

PreSD Pillai's Trace ,149 2,95FP 8,000 135,000 ,005 ,149 23,605 ,945
Wilks' Lambda ,851 2,95f 8,000 135,000 ,005 ,149 23,605 ,945
Hotelling's Trace ,175 2,95P 8,000 135,000 ,005 ,149 23,605 ,945
Roy's Largest Root ,175 2,95 8,000 135,000 ,005 ,149 23,605 ,945

PreSE Pillai's Trace ,309 7,53¢ 8,000 135,000 ,000 ,309 60,242 1,000
Wilks' Lambda ,691 7,53¢ 8,000 135,000 ,000 ,309 60,242 1,000
Hotelling's Trace 446 7,53¢ 8,000 135,000 ,000 ,309 60,242 1,000
Roy's Largest Root ,446 7,53 8,000 135,000 ,000 ,309 60,242 1,000

Pre Pillai's Trace ,338 8,63 8,000 135,000 ,000 ,338 69,049 1,000

ANX  Wilks' Lambda ,662 8,63 8,000 135,000 ,000 ,338 69,049 1,000
Hotelling's Trace ,5611 8,63 8,000 135,000 ,000 ,338 69,049 1,000
Roy's Largest Root ,511 8,63 8,000 135,000 ,000 ,338 69,049 1,000

Groups Pillai's Trace ,597 7,225 16,000 272,000 ,000 ,298 115,604 1,000
Wilks' Lambda 453 8,21 16,000 270,000 ,000 ,327 131,355 1,000
Hotelling's Trace 1,101 9,223 16,000 268,000 ,000 ,355 147,572 1,000
Roy's Largest Root  ,992 16,864 8,000 136,000 ,000 ,498 134,913 1,000

I n this study, t he tWimodt appropiliate nmuldvariate whi ¢ h

significance tests, was used to report the overall effect of the independent variable on

the dependent variables. When the main effexs investigatedthe results of the
T anbine@ degendénd variablesi c at e d

significantly different across 5EG, MIG, and TIG were revedtedther words, there

Wi

ksb

Lambda i n

t he

were statistically significant mean differences among the groups on the combined
dependent variables of PESPAT, RetCPAT, PoStASTC, PostiM, PostGO, Post

SD, PostSE, PostA N X

SCOr es

when

student séb

prior

motivation (SE, ANX, GO, IM, and SD) scores are controlled as a covariate since

Wi

kso

Lambda

v al

ue

(0.453,

F(16,

w2 70)

adjusted alpha value). Hence, the null hypoth&sigas rejectedvioreover, partial

eta squared (the estimates of the effect size) was 0,327 which is a large effect size

(Cohen, 1988). It meant for this effect size value #iroximately 32,7% of the

multivariate variance of the dependent variables was explained by treatilsots

effect size had been set to as a medium effect (0.15) for the current study; however, it

was found that the calculated effect size value (0.327) was greater than moderate

effect size.Another important statistics was that the observed power of the test was

equal to 1.00 for the main effect of instruction methods and this value was higher than
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the calculated power (0.80) at the beginning of the stlilgrefore, it could be

pointed out that the differences among the groups had practical significance.

Next, after reporting a significance result on the multivariate test of results, the second
table in the MANCOVA out p-8tbjwact st hEef fiieTcet
examinefurther in relation to each dependents variables (see Table 4.16). In other
words, it should be investigated to define how the dependent variables, which were
the studentsdé achievement, their retenti
concepts, aitiude towards chemistry, and construct of motivation to learn chemistry,

di ffer for group independent variabl e wh
motivation (SE, ANX, GO, IM, and SD) scores are controlled as covariates. If one of
themisdiffe ent , t hen which group differ these
achievement, their retention level on the unit of chemical properties concepts, attitude
towards chemistry, and construct of motivation to learn chemistry or if they are
differentthe current study results altogeth€his informationwas providedn the

ATests oFulBjeeaavteenEf fectsd output tabl e ( S

Table 4.17Tests of betweesubjects effect table

Type Il Partial
Dependent Sum of Mean Eta  Noncent Observed
Source Variable Squares df Square F  Sig. Squared Parameter Power

CorrectecPostCPAT 792 652 8 99,082 5,982 ,000,252 47,855  ,996

Model  petcPAT 1377,012 8 172,12612,459,000,412 99,672 1,000
POStASTC 9026,427 8 1128,30330,326,000,631 242,611 1,000
PostiM  1318,208 8 164,77519,982,000,530 159,854 1,000
PostGO 3971,122 8 496,390 25,746,000,592 205,967 1,000
PostSD 916,580 8 114,57318,281,000,507 146,247 1,000
PoStSE 2395518 8 299,44022,744,000,562 181,951 1,000
PostANX 1433,008 8 179,12611,463,000,392 91,702 1,000

Intercept PostCPAT 494,178 1 494,17829,835,000,174 29,835  ,996

RetCPAT 416,620 1 416,620 30,156,000,175 30,156 ,996
PostASTC 55,696 1 55,696 1,497 ,223,010 1,497 ,064
PostiM ,987 1 987 ,120 ,730,001 ,120 ,009
PostGO 3,459 1 3,459 179 ,673,001 ,179 ,011
PostSD 47,843 1 47,843 7,634 ,006,051 7,634 ,498
PostSE 30,138 1 30,138 2,289,133,016 2,289 ,108
PostANX 28,412 1 28,412 1,818,180,013 1,818 ,081
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(Table4.17continued)

PreASTC PostCPAT ,358 1 ,358 ,022 ,883,000,022 ,007

RetCPAT 917 1 917 ,066 ,797,000,066 ,008
PostASTC 832,0941 832,09422,365,000,136 22,365,974
PostIM 57,0781 57,078 6,922 ,009,0466,922 ,446
PostGO 54,506 1 54,506 2,827 ,095,0202,827 ,142
PostSD 6,792 1 6,792 1,084 ,300,0081,084 ,044
PostSE 20,1251 20,125 1,529,218,0111,529 ,065
PostANX 4,469 1 4,469 ,286 ,594,002,286 ,014

PrelM

PostCPAT 24,2501 24,250 1,464 ,228,0101,464 ,062
RetCPAT 9,200 1 9,200 ,666 ,416,005,666 ,027
PostASTC 312,9191 312,919 8,411 ,004,0568,411 ,552
PostiM  213,8381 213,83825,931,000,154 25,931,989
PostGO 41,6951 41,695 2,163 ,144,0152,163 ,100
PostSD 1,528 1 1,528 ,244 ,622,002,244 ,013
PostSE 23,7421 23,742 1,803,181,0131,803 ,080
PostANX 17,9281 17,928 1,147 ,286,0081,147 ,047

PreGO

PostCPAT 1,450 1 1,450 ,088 ,768,001,088 ,009
RetCPAT 5,149 1 5,149 ,373 ,543,003,373 ,017
PostASTC 47,1321 47,132 1,267 ,262,0091,267 ,053
PostIM ,065 1 ,065 ,008 ,929,000,008 ,007
PostGO 618,7581 618,75832,093,000,184 32,093,998
PostSD 47,3791 47,379 7,560 ,007,0517,560 ,493
PostSE 12,4421 12,442 ,945 ,333,007,945 ,038
PostANX 223 1 ,223 ,014 ,905,000,014 ,007

PreSD

PostCPAT 21,1731 21,173 1,278 ,260,0091,278 ,053
RetCPAT ,031 1 ,031 ,002 ,962,000,002 ,006
PostASTC 191,8991 191,899 5,158 ,025,0355,158 ,312
PostIM 54,2441 54,244 6,578 ,011,0446,578 ,420
PostGO 76,8961 76,896 3,988 ,048,0273,988 ,223
PostSD 96,608 1 96,608 15,415,000,09815,415,873
PostSE 8,577 1 8577 ,651 ,421,005,651 ,027
PostANX ,000 1 ,000 ,000 ,996,000,000 ,006

PreSE

PostCPAT 8,275 1 8,275 ,500 ,481,004,500 ,021
RetCPAT 45,1941 45,194 3,271 ,073,0233,271 ,172
PostASTC 62,9041 62,904 1,691 ,196,0121,691 ,074
PostIM 3,498 1 3,498 ,424 /516,003,424 ,019
PostGO 1,443 1 1,443 ,075 ,785,001,075 ,008
PostSD 35,2741 35,274 5,628 ,019,0385,628 ,348
PostSE  540,7961 540,79641,076,000,22441,0761,000
PostANX 7,475 1 7,475 ,478 ,490,003,478 ,021
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(Table 4.17continued)

Pre ANX PostCPAT 4,268
RetCPAT 3,433
PostASTC 17,234
PostIM 4,745
PostGO 45,644
PostSD 20,950
PostSE 19,210
PostANX 907,010

Groups PostCPAT 659,859
RetCPAT 1167,236
PostASTC 825,806
PostIM 141,478
PostGO 748,332
PostSD 92,639
PostSE 127,164
PostANX 95,525

4,268 258 ,613,002,258 013
3,433 ,248 ,619,002,248 013
17,234 ,463 ,497,003,463 ,020
4,745 575 449,004,575 024
45,644 2,367 ,126,0162,367 ,113
20,950 3,343 ,070,0233,343 ,177
19,210 1,459 ,229,0101,459 ,062
907,01058,042,000,29058,0421,000
329,93019,919,000,21939,838,999
583,61842,244,000,37384,4881,000
412,90311,098,000,13522,196,942
70,739 8,578 ,000,10817,157,847
374,16619,407,000,21538,813,999
46,320 7,391 ,001,09414,781,770
63,582 4,829 ,009,0649,659 ,513
47,763 3,056 ,050,0416,113 ,284

N NN NNNNNRRR R R R R PR

Error PostCPAT 2352,023 142 16,564
RetCPAT 1961,796 142 13,815
PostASTC 5283,162 142 37,205
PostIM 1170,975 142 8,246
PostGO  2737,818 142 19,280
PostSD 889,963 142 6,267
PostSE 1869,529 142 13,166
PostANX 2218,992 142 15,627

Total PostCPAT 75921,000151
RetCPAT 64864,000151
PostASTC 459499,00(151
PostIM 49842,000151
PostGO 116626,00(151
PostSD  58699,000151
PostSE  131953,00(151
PostANX 29171,000151

Corrected TotaPostCPAT 3144,675 150
RetCPAT 3338,808 150
PostASTC 14309,589150
PostIM 2489,179 150
PostGO  6708,940 150
PostSD 1806,543 150
PostSE 4265,046 150
PostANX 3652,000 150
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It could be reported

statistically significant
(F(2,142)=4,829, p=0.009, p>0,0063 witretbkffect size=0.064) and PoSnxiety
(F(2,142)=3,056, p=0.050, p>0,0063 with the effect size=0.041) were not found as
statistically significant, respectivelfhe results indicatethat six univariate effects
for AGroupo i ndepe ncabyrsignificara. niotheb Woeds, the r e
students participating in the 5EG, MIG or TIG affected their achievement, retention
level of the unit of chemical properties concepts, attitude towards chemistry, and
construct of motivation to learn chemistexceptfor anxiety and seléfficacy.
Although it was pointed out that the 5EG, MIG or TIG differed in terms of
achievement, retention level, attitudigrinsic motivation, goal orientation, and self
determination, it was not known which group was different ftbenother or others.

To find this out,it was necessary to check MANCOVAs wilionferroni posthoc

tests. Hencehis test was alsconductednd the pairwise comparisonwere indicated

in Tables 4.18

Table 4.18Pairwise Comparisons

t hat

QRAT n(F(Z18X)=e c t
19,919 p=0.000, p<0,0063 with the effect size=0.219)y,FRAT (F(2,142)= 42,244,
p=0.000, p<0,0063 with the effect size=0.373, Rdédtitude (F(2,142)= 11,098,
p=0.000, p<0,0063 with the effect size=0.135, Postnsic motivation (F(2,142)=
8,578, p=0.000, p<0,0063 with the effect size=0.108, -Bost orientation
(F(2,142)=19,407, p=0.000, pLW63 with the effect size=0.215), P&l
determination (F(2,142)=7,391, p=0.001, p<0,0063 with the effect size=0.094) were
w h e-Bedf-effcacynma i n

95% Confidence Interval for

Mean Difference
Dependent (@) Difference Std. Lower
Variable () Groups Groups (1-J) Error Sig” Bound Upper Bound
PostCPAT TIG 5EG -4,651 ,834 ,000 -6,672 -2,629
MIG -4,427 ,831 ,000 -6,439 -2,414
5EG TIG 4,651 ,834 ,000 2,629 6,672
MIG 224 ,837 1,000 -1,805 2,253
MIG TIG 4,427 ,831 ,000 2,414 6,439
5EG -,224 ,837 1,000 -2,253 1,805
RetCPAT TIG 5EG -5,686 ,762 ,000 -7,532 -3,840
MIG -6,338 ,759 ,000 -8,176 -4,500
5E TIG 5,686 ,762 ,000 3,840 7,532
MIG -,652 ,765 1,000 -2,505 1,201
MIG TIG 6,338 ,759 ,000 4,500 8,176
5E ,652 ,765 1,000 -1,201 2,505
PostASTC TIG 5E -4,316 1,251 ,002 -7,345 -1,286
MIG -5,595 1,245 ,000 -8,611 -2,578
5E TIG 4,316 1,251 ,002 1,286 7,345
MIG -1,279 1,255 ,930 -4,320 1,761
MIG TIG 5,595 1,245 ,000 2,578 8,611
5EG 1,279 1,255 ,930 -1,761 4,320
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(Table 4. 1&ontinued)

PostIM TIG 5EG -2,022 ,589 ,002 -3,448 -,595
MIG -2,175 ,586 ,001 -3,595 -, 755

5EG TIG 2,022 ,589 ,002 ,595 3,448

MIG -,154 ,591 1,000 -1,585 1,278

MIG TIG 2,175 ,586 ,001 , 755 3,595

5EG ,154 ,591 1,000 -1,278 1,585

PostGO TIG SEG -5,363 ,900 ,000 -7,544 -3,182
MIG -4,059 ,896 ,000 -6,230 -1,888

5EG TIG 5,363 ,900 ,000 3,182 7,544

MIG 1,304 ,903 ,453 -,885 3,493

MIG TIG 4,059 ,896 ,000 1,888 6,230

5EG -1,304 ,903 453 -3,493 ,885

PostSD TIG 5E -1,081 ,513 111 -2,324 ,163
MIG -1,961 ,511 ,001 -3,199 -, 723

5EG TIG 1,081 ,513 111 -,163 2,324

MIG -,880 ,515 ,269 -2,128 ,368

MIG TIG 1,961 511 ,001 723 3,199

5EG ,880 ,515 ,269 -,368 2,128

PostSE TIG 5EG -1,194 744 332 -2,996 ,608
MIG -2,301 741 ,007 -4,095 -,507

5EG TIG 1,194 744 332 -,608 2,996

MIG -1,107 147 421 -2,916 , 702

MIG TIG 2,301 741 ,007 ,507 4,095

5EG 1,107 147 421 -, 702 2,916

PostANX TIG 5EG -,708 ,810 1,000 -2,671 1,255
MIG -1,971 ,807 ,047 -3,926 -,016

5EG TIG ,708 ,810 1,000 -1,255 2,671

MIG -1,263 ,813 ,368 -3,233 ,708

MIG TIG 1,971 ,807 ,047 ,016 3,926

5EG 1,263 ,813 ,368 -,708 3,233

Based on estimated marginal means

*. The mean difference is significanttae 00063 level.
b. Adjustment for multiple comparisons: Bonferroni.

The table above (Table 4.17) revealed that while there were statistically significant
different both between 5EG and TIG (p < .0063) and MIG and TIG ( p <.0063) in
t he

ter ms of

chemical properties concepts, there were no statistically significantly different

me a

n

s c or e s-CPAT) onsthiewditeoh t s 0

between 5EG and MI@ >.0063). Moreover, while the mean differenbesween

5EG and TIG was 4,651 in favor of 5EG, the mean differences between MIG and TIG

wa s

seem

Similarly, there were statistically significant different both between 5EG and TIG (p

4., 427

slightly

n

favor

h i sgdres (0.224)(Hypothédd) G 6 s

of

< .0063) and MIG and TIG (p<0 06 3)

retention level (ReCPAT) on the unit of chemical properties concepts, there were no
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statistically significantly different between 5EG and MIG (p>.00&)rthermore,

while the mean differences between 5@ &IG was 5,686 in favor of 5EG, the mean

differences between MIG and TIG was 6,338 in favor of MIG. This finding supported

the previous achievement result; however, the average differences between
experimental groups and control group was a bit highen thefore. Again, it was

found that MI G6s mean scores seem slightly h

asobtaining different from previous achievement result (Hypotk&sis

Another significant mean differencesreobserved among the 5EG, MIG, and TIG

wi t h respect t o st ude nt Bhére wetet statistically towar ds
significant different both between students in the 5EG and TIG (p < .0063) and MIG

and TIG (p <.0063) in terms of the mean scoresofatdds 6 att i tude towards
(PostASTC), there were no statistically significant mean differences between 5EG

and MIG (p > .0063)Also, while themeandifferences between 5EG and TIG was

4,316 in favor of 5EG, theneandifferences between MIG and TWas 5,595 in favor

of MIG. Although there were not any statistically significant mean differences

between 5EG and MIG, the students in the MIG had more positive attitude towards

chemistry than students in the 5SEG (Mean differences between 5EG and MIG was

1.224 in favor of MIG (Hypothesid).

Finally, when the significant mean differences was examined among groups regarding
the student sd | ndrientatios, sedletemoinationas tonstrutts of g 0 a |
motivation, there were statistically signdiatly different among the 5EG, MIG, and

TIG (p < .0063) in the favor of experimental groups. However, it was inspected that
there were no statistically significant me a
efficacy, anxiety construct of motivation to teachemistry (p > .0063). For the IM
(Hypothesisb), there were statistically significant different both between students in

the 5EG and TIG (p <.0063) and MIG and TIG (p < .0063) in terms of the mean scores
of student so6 i n tiM),thersiece norstatisticallgdignifcant medho s t
differences between 5EG and MIG (p > .0063). On the other hand, while the mean
differences between 5EG and TIG was 2,022 in favor of 5SEG, the mean differences
between MIG and TIG was 2,175 in favor of MIG. The [€ah 17 depicted that there

were no statistically significant mean differences between 5EG and MIG. Similarly, it

was remarked that there were statistically significant different both between students
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in the 5EG and TIG (p < .0063) and MIG and TIG (p 86.38) in respect to the mean
scores of -srientaicn NRosGD), thpeyeawere not any statistically
significant mean differences between 5EG and MIG (p > .0063).0On the other hand,

while the mean differences between 5EG and TIG was 5,363 in flelyBf3) the mean

differences between MIG and TIG was 4,059 in favor of MKB/pothesist).
However,there were no statistically significant mean differences between 5EG and

MIG. Taking into account the statistical data, we could surmise that the mean
differences between experimental groups and control group seem high. Also, although
there were no statistically significant mean differences between 5EG and MIG, the
students in the 5EG had more positive goal orientation as a motivation variable to learn
chemisty than students in the MIG (Mean differences between 5EG and MIG was

1.304 in favor of 5EG). A different result was observed for the SD (Hypotigsis

The statistically mean didetérmeimagonlscadenlyi n t e
between 5EG andI®. Mean differences between MIG and TIG was 1.961 in favor

of 5EG. On the other hand, although students in the 5EG had higher mean score of
self-determination to learn chemistry (1,081) than those in the TIG, the mean
difference between the groups was stdtistical significant (p > .0063). On the
contrary, The Table 4.17 indicated-that t
efficacy (Hypothesi8) and anxiety (Hypothes®) among the groups could be
observed in the favor of MIG: however, theyre/enot statistically significant (p >
.0063) . For exampl e, while the mean dif
efficacy between MIG and TIG was 2,301, the mean differences in respect to the
studentsdé anxiety bet we e mnfW3. Bowavargthedel G wa ¢

mean differences were no significant.

Consequentl vy, it was summarized the findi
scores in the 5EG and MIG were higher than the those TIG scores in terms-of Post
CPAT, RetCPAT, PostASTC Pat-IM PostGO PostSD dependent variablehen
students o6éprior attitude, and constructs

scores are controlled as a covariate

4.3.2. Interpretation of Follow up the ANCOVA Analysis Results
After the significant resut were observedrom the MANCOVA analysis, the
hypotheses of the current study should be set out to dobhbtk with additional
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analysis (Follomup ANCOVASs). All assumption was met to conduct folloyw
ANCOVA, except the assumption of homogeneity variameee not satisfied for Post
ASTC and PosED values. This situation could leaditreasingthe chance of a
Type-| for the currentstudy. For this aim, the original alpha level of .05 was divided

by the number cdnalyzesAs highlighted in the previoysaragraph, there were eight
dependent variables to examine in the study; therefore, the new alpha level for the
currentstudy was set as .0063 in the folloyw ANCOVA analysis.

4.3.2.1. Null Hypothesig

The second nul |l hypothesis was AThere is no
between the students taught through instruction the based on 5E learning cycle model,

Gardner's multiple intelligence theory and traditionally designed chemistry itistruc

on the population mean of the posst achievement scores in chemical properties
concepts when studentsoéprior attitude, and c

I M, and SD) scores are controlled as a covar
A follow-up ANCOVA was performedd examine the effect of teaching methods on
the Post CPAT scores as a dependerriable among the groups. #ollow-up

ANCOVA results tablesvere giverbelow:

Table 4.19 Test of betweesubjects effects for PGEIPAT dependent variable

Type lll Partial
Sum of Mean Eta Noncent Observed
Source Squares df Square F  Sig. Squared Parameter PoweP

I\Cﬂgggfted 792,652 8 99,082 5982 ,000 ,252 47,855 1996
Intercept 494,178 1 494,178 29,835,000 ,174 29,835 ,996
PreASTC ,358 1 ,358 ,022 ,883 ,000 ,022 ,007
PrelM 24,250 1 24,250 1,464 ,228 ,010 1,464 ,062
PreGO 1,450 1 1,450 ,088 ,768 ,001 ,088 ,009
PreSD 21,173 1 21,173 1,278 ,260 ,009 1,278 ,053
PreSE 8,275 1 8,275 500 ,481 ,004 ,500 ,021
PreANX 4,268 1 4,268 ,258 ,613 ,002 ,258 ,013
Groups 659,859 2 329,930 19,919,000 ,219 39,838 ,999
Error 2352,023 142 16,564
Total 75921,000 151
Corrected

Total 3144,675 150
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Table 4.2Q Pairwise comparisons for P6GPAT in terms ofgroups
99,37% Confidence Interva

() J) Mean Std. for Differencé
Groups Groups Difference(I-J) Error Sig? Lower Bound Upper Bound
TIG 5EG -4,651 ,834 ,000 -7,265 -2,036

MIG -4,427 ,831 ,000 -7,030 -1,824

5EG TIG 4,651 ,834 ,000 2,036 7,265

MIG 224 ,837 1,000 -2,400 2,848
MIG TIG 4,427 ,831 ,000 1,824 7,030
5EG -,224 ,837 1,000 -2,848 2,400

Table 4. 21 Estimated marginal means for the PGSIAT in terms ofgroups
99,37% Confidence

Interval
Upper
Groups Mean Std. Error Lower Bound Bound
TIG 19,040 ,569 17,463 20,617
5EG 23,697 ,599 22,029 25,353
MIG 23,467 ,586 21,842 25,092

According to the results from Table 4.18, it could be seen that there was an evidence

to reject the null hypothes ( F(2,142)= 19,919, p=.000) for the alpha level 0.0063.

It could be pointed out that there was statistically significant difference atheng

5EG, MI G, and TIG in respect to the stu
properties. Moreoveryhen it was inspected the Table 4.19 to compare which groups
were different from each other in terms
(PostCPAT) on the unit of chemical properties concepts, there were statistically
significant different between 5EG and TIG (p <.0063) and MIG and TIG ( p <.0063).
However, there were no statistically significantly different between 5SEG and MIG (p
>.0063). Alsothe PostCPAT mean test scores of participants were 19,30 for the TIG,

23,66 for the 5EG, and 23,22 for the MIG (check from table 4.3), the estimated
marginal means for the PeSPAT in terms of groups were 19,04 for the TGI, 23,69

for the 5EG, and 23,467espectively (see from Table 4.20). The differences were due

to the adjustment of the mean with the covariate. Therefore, while the mean differences
between 5EG and TIG was 4,651 in favor of 5SEG, the mean differences between MIG

and TIGwas 4,427 infavo of MI G. On the other hand, i
scores seem slightly higher than MI Gds m
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The other result of the analysis was that the partial eta square was equal to 0.219 and
eta square was found to be 0,215; which showsrge leffect size large (check
Tabachnick & Fidell, 2007, p.54 for eta squared calculations) In other words, the
treatment explains 21.5% of the variability in student achievement-(HRAT) on

unit of chemical properties while the observed power in tefimstuctional methods

was observed as 0.996.

4.3.2.2. Null Hypothesi8

The t hi rd nulTHere is yopstatisticaly sigsificantarean idifference

between the students taught through instruction the based on 5E learning cycle model,

Gardner's multiple intelligence theory and traditionally designed chemistry instruction

on the population mean ofdhretention level scores in unit of chemical properties
concepts when studentsoprior attitude and c¢
IM, and SD) scores are controlled as a covarigte. testing this null hypothesis,

anotherfollow-up ANCOVA was perfomed to investigate the effect of teaching

methods on the R&PAT scores as a dependent variable among the grodipkowv-

up ANCOVA results tablesvere indicatedelow:

Table 4.22 Test of betweeisubjects effects for PG&PAT dependent variable

Type lli Partial

Sum of Mean Eta Noncent Observec
Source Squares df Square F  Sig. Squarec Paramete PoweP
fﬂgggftec 1377,012 8 172,126 12,459,000 ,412 99,672 1,000
Intercept 416,620 1 416,620 30,156,000 ,175 30,156 ,996
Pre
ASTC 917 1 917 ,066 ,797 ,000 ,066 ,008
PrelM 9,200 1 9,200 ,666 ,416 ,005 ,666 ,027
PreGO 5,149 1 5,149 373 ,543 ,003 373 ,017
PreSD ,031 1 ,031 ,002 962 ,000 ,002 ,006
PreSE 45,194 1 45194 3,271 ,073 ,023 3,271 , 172
Pre ANX 3,433 1 3,433 ,248 ,619 ,002 ,248 ,013

Groups 1167,236 2 583,618 42,244,000 ,373 84,488 1,000
Error 1961,796 142 13,815
Total 64864,00C 151

Correctec 5345 g0g 150
Total

132



Table 4.23 Pairwise comparisons for P6GPAT in terms ofgroups
99,37% Confidence

Mean Interval for Difference

()] Difference Std. Upper
Groups (J) Groups  (I-J) Error Sig?® Lower Bound Bound
TGI 5EG -5,686 , 762,000 -8,074 -3,298
MIG -6,338 ,759 ,000 -8,715 -3,961

5EG TGI 5,686 , 762,000 3,298 8,074
MIG -,652 , 765 1,000 -3,048 1,744

MIG TGI 6,338 , 759 ,000 3,961 8,715
5EG ,652 , 765 1,000 -1,744 3,048

Table 4. 24 Estimated marginal means for the PGRAT in terms ofgroups
99,37% Confidence Interval

Groups Mean Std. Error Lower Bound Upper Bound
TIG 16,317 ,519 14,877 17,757
5EG 22,003 547 20,485 23,521
MIG 22,6553 ,535 21,171 24,139

As could be seen from Table 4.21, it was observed that the null hypeghesis
((F(2,142)= 42,244 p=.000) was rejected for the alpha level 0.0063. It was found that
there was statistically significant difference among the 5EG, MIG, and TIG the based

onthesudentsd retention | evel on twhHeeit uni t

was checked the Table 4.22 to compare which groups were different from each other

in terms of the mean s c or-@PAT)onftheaitwfd ent s ¢

chemical prperties concepts, there were statistically significant different between
5EG and TIG (p < .0063) and MIG and TIG ( p <.0063). However, there were no
statistically significantly different between 5EG and MIG (p >.0068)s result was
consistent with the rnpvious achievement result. In addition, whitee RetCPAT

mean test scores of participants were 16,52 for the TIG, 22,02 for the 5EG, and 22,42

for the MIG (see from Table 4.3), the estimated marginal means for th€ PA3t in
terms of groups were 16,81or the TGI, 22,003 for the 5EG, and 23,655, respectively

(check from table 4.22). The differences were due to the adjustment of the mean with

the covariate. Therefore, while the mean differences between 5EG and TIG was 5,686

in favor of the 5EG, the madifferences between MIG and TIG was 6,338 in favor
of t he MI G. On the other hand, it was
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hi gher than 5EGOG $akimyentoraccaumt this Bnding,(it,céulsl Be) .
surmised that the participants in thEsTmight be negatively affected regarding their
achievement on the unit of chemical properties concepts more than students in the MIG
and 5EG during the period between the fiest and retention test.

Another result of the analysis was that the pagtialsquare was found to be 0.373 for

the RetCPAT and eta square was calculated as 0.366; which indicates a large effect
size Tabachnick & Fidell, 2007, p.£%). In other words, the treatment accounts for
36.6% of the variability in student retention lefleet CPAT) on theunit of chemical

properties while the observed poveéitreatmentvas reportecs 1,000.

4.3.2.3. Null Hypothesig

The fourt h nulTherelsyesatistically significantnseanfdifference
between the students taught tingb instruction the based on 5E learning cycle model,
Gardner's multiple intelligence theory and traditionally designed chemistry instruction
on the population mean of the paosst attitude towards chemistry scores when
student sbépr i or ctadf motivatiod €SE, ANXI G@, dvh and ISD)

scores are controlled as a covariate.

For testing this null hypothes# another followup ANCOVA was performed to seek

the effect of instructional methods on the PASITC scores as a dependent variable

among the groups. follow-up ANCOVA results table®m the Table 4.24, it was

apparent tht it was observed that the null hypothesi@=(2,142)= 11,098, p=.000)

was rejected for the alpha level 0.0063. It was pointed out that there were statistically
significant di fferences among the 5EG, MI G,
attitude tovards chemistry as a school subject. On the other hahdn it was

examined the Table 4.25 to contrast which groups were different from each other in
terms of the mean scores®ft udent sé6 attit udeASTCptheeer ds ¢ h e mi
were statistically ginificant different between 5SEG and TIG (p <.0063) and MIG and

TIG (p <.0063). However, there were not any statistically significantly different

between 5EG and MIG (p >.0063)Iso, the POStASTC mean test scores for the

groups were 53,28 for the TIG, 59 for the 5EG, and 54,94 for the MIG (see from

Table 4.3) whereas the estimated marginal means for theCIP@sI in respect to
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groups were found to be 51,102 for the TGI, 55,418 for the 5EG, and 56,697,

respectively (check from table 4.26).

Table 4.25 Test of betweeisubjects effects for PGstSTC dependent variable

Type llI Partial

Sum of Mean Eta Noncent Observec
Source Squares df Square F  Sig. Squarec Paramete PoweP
I\Cﬂzggl"tecgoza,ﬂ? 8 1128,30230,326,000 ,631 242,611 1,000
Intercept 55,696 1 55,696 1,497 ,223,010 1,497 ,064
ZrSeTC 832,094 1 832,094 22,365,000 ,136 22,365 ,974
PrelM 312,919 1 312,919 8,411 ,004 ,056 8,411 ,552
PreGO 47,132 1 47,132 1,267 ,262 ,009 1,267 ,053
PreSD 191,809 1 191,899 5,158 ,025,035 5,158 312
PreSE  so904 1 62904 15091 106 012 1691 074
PreANX 17,234 1 17,234 ,463 ,497 ,003 463 ,020
Groups 825,806 2 412,903 11,098,000 ,135 22,196 ,942
Error 5283,162 142 37,205
Total 459499,00( 151
Correctec ; 4309 589 150
Total

Table 4.26 Pairwise comparisons for Pe&STC in terms ofgroups
99,37% Confidence Interva

(1) J) Mean Std. for Differencé
Groups Groups Difference (V) Error Sig? Lower Bound Upper Bound
TIG 5EG -4,316 1,251 ,002 -8,234 -,397
MIG -5,595 1,245 ,000 -9,496 -1,694
5E TIG 4,316 1,251 ,002 ,397 8,234
MIG -1,279 1,255 ,930 -5,211 2,653
MIG TIG 5,595 1,245 ,000 1,694 9,496
5EG 1,279 1,255 ,930 -2,653 5,211

Table 4. 27 Estimated marginal means for the PASITC in terms ofgroups
99,37% Confidence Interva

Upper

Groups Mean Std. Error  Lower Bound Bound
TIG 51,102 ,852 48,739 53,466
SEG 55,418 ,898 52,926 57,909
MIG 56,697 ,878 54,262 59,132

The differences were owing to the adjustment of the mean with the covariates.

Therefore, while the mean differences between 5EG and TIG was 4,316 in favor of
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5EG, the mean differences between MIG and TIG was 5,595 in favor of MIG. Also, it
could be said th t MI G6s mean scores seem a bit
(1,279 despite the lack of statistical difference between these groups. Mordwyver,
results of the current study demonstrated that whieparticipants in the MIG (the
mean differences beten pre versus posattitude were 4.00) and 5EG (the mean
differences between preersus posattitude were 2.489) might be positively affected
regarding their attitude towards chemistry, there was a noticeable decrease in the
student so6 aghtwith thedtmditional instructiothe mean differences

between preversus poséttitude were3.444).

Another result of the analysis was that the partial eta squared was found to be 0.135
for the POStASTC and eta squared was computed as 0.10&hwhishowed a large
effect size (Tabachnick & Fidell, 2007, p-58). In other words, the treatment
accounts for 10.6% of the wvariabil-ity

ASTC) while the observed powef treatmentvas reportecs .942.

4.3.2.4. Null Hypothesi$

The fi fth nulTHere I yno statistioally isignificans meén difference
between the students taught through instruction the based on 5E learning cycle model,
Gardner's multiple intelligence theory and traditionally designed chemistry instruction

on the population means dfegposttest scores ahe intrinsic motivatiorconstruct of

motivation to learn chemistry questionnaireh e n studentsbéprior

constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a

covariate. .o
For testing this null hypothest another followup ANCOVA was run to search the

effect of instructional methods on the Rbidtscores as a dependent variable among
the groups. Aollow-up ANCOVA results tablesvere showedbelow:
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Table 4.28 Test of betweeisubjects effects for Pe#¥l dependent variable
Type lli Partial
Sum of Mean Eta  Noncent Observec
Source Squares df Square F  Sig. Squared Paramete PoweP

ﬁ,%ggfted 1318,208 8 164,77519,982,000 530 159,854 1,000
,987 ,120 ,730 ,001 120 1009

Intercept ,987
Pre 57,078 57,078 6,922 ,009 ,046 6,922 ,446

8
1
ASTC 1
PrelM 213838 1 213.83825931.000 154 25931  .989
1
1
1
1

PreGO ,065 ,065 ,008 ,929 ,000 ,008 ,007
PreSD 54,244 54,244 6,578 ,011 ,044 6,578 ,420
PreSE 3,498 3,498 ,424 516 ,003 424 ,019
PreANX 4,745 4,745 575 ,449 004 975 ,024
Groups 141,478 2 70,739 8,578 ,000 ,108 17,157 ,847
Error 1170,975 142 8,246

Total 49842,000 151

Corrected 539 179 150
Total

Table 4.29 Pairwise comparisons for Pd#f in terms ofgroups
99,37% Confidence Interva

() J) Mean Std. for Differencé
Groups Groups Difference (KJ) Error Sig” Lower Bound Upper Bound
TIG 5EG -2,022 ,589 ,002 -3,866 -,177
MIG -2,175 ,586 ,001 -4,012 -,338
5EG TIG 2,022 ,589 ,002 177 3,866
MIG -,154 ,591 1,000 -2,005 1,698
MIG TIG 2,175 ,586 ,001 ,338 4,012
5EG ,154 ,591 1,000 -1,698 2,005

Table 4. 30 Estimated marginal means for the Pdtin terms ofgroups
99,37% Confidence Interve

Groups Mean Std. Error Lower Bound Upper Bound
TIG 16,359 ,401 15,246 17,472
5EG 18,38F 423 17,208 19,554
MIG 18,534 413 17,388 19,681

Results obtained from this analysis were displayed in Table 4.27, it could be seen that
there was evidence to reject the null hypoth8sid-(2,142)= 8,578, p=.000) for the

alpha level 0.0063. It was reported that there was statistically significarmedifée

among the 5EG, MI G, and TIG the in terms
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learn chemistry. Besides, wherh e mean scores of stu-dentsd int
IM) in the groupswas inspected whether they were different from each other (see

Table 4.28), there were statistically significant different between 5EG and TIG (p <

.0063) and MIG and TIG ( p <.0063). However, there were no statistically significantly

different between 5EG and MIG (p >.006Burthermorethe PosiM mean test

scoresfor the groups were 17,20 for the TIG, 18,09 for the 5EG, and 17,90 for the

MIG (see from Table 4.3) while it was checked the estimated marginal means for the

in respect to instructional methods from Table 4.29, which were 16,359 for the TGl,

18,381 forte 5 E G, and 18,534 for the MIG after th
the mean differences between 5EG and TIG was 2,022 in favor of 5EG, the mean

differences between MIG and TIG was 2,175imv or of MI G. Al s o, MI G
scores seem nearly same with 3E& me an s c oaltleoagh thelearcasé v e r

s t u dietmnsicsnitivation in the TIGvas observedhe participants in the MIG and

5EG were positively improved during the study.

The results of the current study demonstratedtttgapartial eta squared was found to

be 0.106 for the Po$M and eta squaredas calculateés 0.086; which indicates a

medium effect size (Tabachnick & Fidell, 2007, p&8). In other words, the treatment

explains 8. 6% of t heinsivmativateom to learrt chemistry st udent
(PostIM) while the observed powef treatmentvas reporte@s .847.

4.3.2.5. Null Hypothesi$

The sixth nulTherelsynp stdtistieally isignificant medn difference

between the students taught through instruction the based on 5E learning cycle model,

Gardner's multiple intelligence theory and traditionally designed chemistry instruction

on the population means dig posttest scores ofhe goalorientationconstruct of

motivation to learn chemistry questionnaiveh e n student sébprior att
constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a

covariate.

It was conducted another follewp ANCOVA to evaluatehe effect of instructional
methods on the Pe&O scores as a dependent variable among the grodplow-

up ANCOVA results tablesvere showedbelow:
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Table 4.31 Test of betweetsubjects effects for PeG&O dependent variable

Type Il Partial

Sum of Mean Eta Noncent Observec
Source Squares df Square F  Sig. Squarec Paramete PoweP
I\Cﬂgggfted 3971,122 8 496,39025,746,000 592 205967 1,000
Intercept 3,459 1 3,459 ,179 ,673 ,001 , 179 ,011
ZrSeTC 54506 1 54506 2,827 ,095 ,020 2,827 142
PrelM 41,695 1 41,695 2,163 ,144 ,015 2,163 100
PreGO 618,758 1 618,75832,093,000 ,184 32,093 ,998
PreSD 76,896 1 76,896 3,988 ,048 ,027 3,988 223
PreSE 1,443 1 1,443 ,075 ,785 ,001 ,075 ,008
PreANX 45644 1 45,644 2,367 ,126 ,016 2,367 113
Groups 748,332 2 374,16619,407 ,000 ,215 38,813 ,999
Error 2737,818 142 19,280
Total 116626,00C 151
Corrected 5208940 150
Total

Table 4.32 Pairwise comparisons for P68 in terms ofgroups
99,37% Confidence Interva

() J) Mean Std. for Differencé
Groups Groups Difference (}J) Error Sig? Lower Bound Upper Bound
TIG 5EG -5,363 ,900 ,000 -8,184 -2,542

MIG -4,059 ,896 ,000 -6,867 -1,251

5EG TIG 5,363 ,900 ,000 2,542 8,184

MIG 1,304 ,903 ,453 -1,527 4,135
MIG TIG 4,059 ,896 ,000 1,251 6,867
5EG -1,304 ,903 ,453 -4,135 1,527

Table 4. 33 Estimated marginal means for the PG€D in terms ofgroups
99,37% Confidence Interval

Groups Mean Std. Error Lower Bound Upper Bound
TIG 23,967 ,614 22,265 25,668
5EG 29,330 ,647 27,536 31,123
MIG 28,026 ,632 26,273 29,779

From the Table 4.30, it was found that there was an evidence to reject the null
hypothesis6 (F(2,142)= 19,407, p=.000) for the alpha level 0.0063. It was remarked
that there was statistically significant difference among the 5EG, MIG, and TIG the in
the studentso ori ent ahemean t o

termso f goal

scores of -GQ in thegroupsvas clieokedt whether they were different
from each other (see Table 4.31), there were statistically significant different between

5EG and TIG (p < .0063) and MIG and TIG ( p <.0063). However, there were no
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statistically significantly different between SEG and MIG (p >.0068)reover,the

PostGO mean test scores for the groups were 24,93 for the TIG, 28,98 for the 5EG,

and 27,32 for the MIG (see from Table 4.3) while it was seen the estimated marginal

means for the in respect to instructional methods from Table 4.29, which were 23,967

for the TGI, 29,330 for the 5EG, and 28,026
Thus, while the mean differences between 5EG and TIG was 5,363 in favor of 5EG,

the mean differences between MIG and TIG was 4,059 in favor of MIG. Also, it could

bestatd t hat 5EG6s mean scores were 1,304 point
despite the lack of statistical difference between these groups. Moreabeer,

participants in the MIG and 5EG were positively improwederms oftheir goal

orientation to learn cimeistry whereas the students in the TIG was approximately same

during the study.

Another result of the study indicated tltae partial eta squared was reported to be

0.215 for the PosBO and eta squared was computed as 0.173; which could be told a

large effect size (Tabachnick & Fidell, 2007, p-58). In other words, the treatment
clarifies 17,3% of the variability-in studen
GO) while the observed power of treatmesais reportecs .999.

4.3.2.6. Null Hypotksis7

The sevent h nuThéreihnp ptatistitaky signsicarw mean difference

between the students taught through instruction the based on 5E learning cycle model,

Gardner's multiple intelligence theory and traditionally designed chemistry instruction

on the population means dfaposttest scores ahe selfdeterminatiorconstruct of

motivation to learn chemistry questionnaiveh e n student séprior att
constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a

covariateA follow-up ANCOVA was run tomvestigate the effect of teaching methods

on the PosBD scores as a dependent variable among the groupsllofv-up

ANCOVA results tablesvere depictedbelow:
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Table 4.34 Test of betweeisubjects effects for P6SID dependent variable

Typelll Partial

Sum of Mean Eta Noncent Observec
Source Squares df Square F  Sig. Squarec Paramete PoweP
ﬁg(;gfted 916,580 114,573 18,281,000 ,507 146,247 1,000

8
Intercept 47,843 1 47,843 7,634 ,006 ,051 7,634 ,498
PreASTC 6,792 1 6,792 1,084 ,300 ,008 1,084 ,044
PrelM 1528 1 1,528 244 ,622 ,002 244 ,013
PreGO 47,379 1 47,379 7,560 ,007 ,051 7,560 ,493
PreSD 96,608 1 96,608 15,415,000 ,098 15,415 ,873
PreSE 35274 1 35,274 5,628 ,019 ,038 5,628 ,348
PreANX 20950 1 20,950 3,343 ,070 ,023 3,343 77
Groups 92,639 2 46,320 7,391 ,001 ,094 14,781 770
Error 889,963 142 6,267
Total 58699,00( 151

Corrected ;g6 543 150
Total

Table 4.35 Pairwise comparisons for PeSD in terms ofgroups
99,37% Confidence

Mean Interval for Differencé

Difference  Std. Lower Upper

() Groups (J) Groups (1-3) Error  Sig® Bound Bound
TIG 5EG -1,081 ,513 111 -2,689 527
MIG -1,961 ;511,001  -3,562 -,360

5E TIG 1,081 ,513 111 -,527 2,689
MIG -,880 515 269  -2,494 734

MIG TIG 1,961 511,001 ,360 3,562
5E ,880 ,515 269 -, 734 2,494

Table 4. 36 Estimated marginal means for the P88 in terms of groups
99,37% Confidence Interva

Upper

Groups Mean Std. Error  Lower Bound Bound
TIG 18,425 ,350 17,455 19,395
5EG 19,508 ,369 18,483 20,528
MIG 20,386 ,360 19,386 21,385

Table 4.32 was showed that there was an evidence to reject the null hypothesis
(F(2,142)= 7,391 p=.001) for the alpha level 0.0063. Therefore, it could be stated that
there was statistically significant difference among the 5EG, MIG, and TIG the
regardigp  t h e s t-deteenmatisndto lesam Ichfemistry. In addition, whka
mean scor es -determmationdRRosbD)sndthe gredpdvas controlled
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whether or not they were different from each other (check Table 4.33), there were only
statistically significant different between MIG and TIG (p < .0063) and ( p <.0063).
However, there were not any statistically significantly different between 5EG and MIG
and 5EG and TIG (p >.0063Ylean differences between MIG and TIG was 1.961 in
favor d 5EG. Besides, students in the 5EG had a higher mean score -of self
determination to learn chemistry (1,081) than those in the deépite the lack of
statistical difference between these grodgso, the PostSD mean test scores for the
groups were 18,8for the TIG, 19,49 for the 5EG, and 19,94 for the MIG (see from
Table 4.3) while it was found the estimated marginal means for the in respect to
instructional methods from Table 4.29, which were 18,425 for the TGI, 19,506 for the
5EG, and 20,386 fortheMG after the covariatesodoeffect. )
that the participants in the MIG were positively developederms oftheir self
determination to learn chemistry.

In the Table 4.33, the partial eta squared was observed to be 0.094 forti{56& Rosl

eta squared was calculated as 0.078; which could be said a medium effect size
(Tabachnick & Fidell, 2007, p.585).In other words, the treatment clarifies 7,3% of

t he vari abi | i-detgrmination ® fearm chamistsy dP-&D )ewlhife the

observed powenn thetreatmentsvas reporteds .770.

4.3.2.7. Null Hypothesi8

The ei ght h nulTherelsyngpstatisticallg sigaificamtanmean filifference

between the students taught through instruction the based on 5E learning cyadle mod

Gardner's multiple intelligence theory and traditionally designed chemistry

instruction on the population means of the ptedt scores of the sedfficacy

construct of motivation to learn chemistwh en st udent séprior attitud
of motivation (SE, ANX, GO, I M, aAd SD) scol
follow-up ANCOVA was conducted to examine the effect of teaching methods on the

PostSE scores as a dependent variable among thepgr Afollow-up ANCOVA

results tablesvere indicatedbelow:

142



Table 4.37 Test of betweeisubjects effects for PeSE dependent variable

Type Il Partial

Sum of Mean Eta Noncent Observed
Source Squares df Square F  Sig. Squarec Paramete PoweP
I\Cﬂzggftec 2395518 8 299,44022,744,000 ,562 181,951 1,000
Intercept 30,138 1 30,138 2,289 ,133 ,016 2,289 , 108
Pre
ASTC 20,125 1 20,125 1,529 ,218 ,011 1,529 ,065
PrelM 23,742 1 23,742 1,803 ,181 ,013 1,803 ,080
PreGO 12,442 1 12,442 ,945 ,333 ,007 ,945 ,038
PreSD 8,577 1 8577 ,651 ,421 ,005 ,651 ,027
PreSE 540,796 1 540,79641,076,000 ,224 41,076 1,000
PreANX 19,210 1 19,210 1,459 ,229 ,010 1,459 ,062
Groups 127,164 2 63,582 4,829 ,009 ,064 9,659 ,513

Error 1869,529 142 13,166
Total 131953,00( 151

Correctec
Total

4265,046 150

Table 4.38 Pairwise comparisons for PeSEin terms ofgroups

99,37% Confidence Interva

() J) Mean Std. for Differencé
Groups Groups Difference (}J) Error Sig2 Lower Bound Upper Bound
TIG 5EG -1,194 744 332 -3,5625 1,137
MIG -2,301 , 741,007 -4,622 ,020
5EG TIG 1,194 744 332 -1,137 3,525
MIG -1,107 J47 421 -3,446 1,232
MIG TIG 2,301 , 741,007 -,020 4,622
5EG 1,107 J47 421 -1,232 3,446

Table 4. 39 Estimated marginal means for the P8&tin terms ofgroups

99,37% Confidence Interval

Groups Mean Std. Error Lower Bound Upper Bound
TIG 27,946 ,507 26,540 29,352
5EG 29,140 ,534 27,658 30,622
MIG 30,247 ,522 28,798 31,695

In contrast to previous results, it was evident frima Table 4.36 that the null
hypothesis3 (F (2,142) =1,459, p=0.009) was failed to reject for the alpha level of

0.0063. Therefore, it could be pointed out that there were not any statistically

significant di fference among

efficacy construct of motivation to learn chemistry. Thus, there was no need to

the 5EG, M{ G,

evaluate the pairwise comparisons for Poistin terms of groups. In addition, it was

seen that thene a n

d

i fferences
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and TIG were 2,301 in favor of MIG; however, these mean differences were no
significant. Alsothe partial eta squared was observed to be 0.064 for th<&SEa@std

eta squared was compd as 0.049; which coulthe told a small effect size
(Tabachnick & Fidell, 2007, p.585). In other words, the treatment clarifies 4,3% of
the vari abi | i-detgrmination ® tfeard ahemistsyd P& )ewhile the

observed power on treatmemias reporte@s .513.

4.3.2.8. Null Hypothesi9

The ninth nul Therdig poostatistecaly ssgnifwaamtsmedin difference
between the students taught through instruction the based on 5E learning cycle model,
Gardner's multiple intelligence theory and traditionally designed chemistry instruction

on the population means dfeposttest scores ahe anxiety construct of motivation

to learn chemistry questionnaldh en studentsoéprior attitude
motivation (SE, ANX, GO, I M, and SD) scores

Finally, afollow-up ANCOVA was performd to examine the effect of teaching
methods on the PestNX scores as a dependent variable among the groufodlo
-up ANCOVA results tableswere displayedfrom the Table 4.36 that the null
hypothesis9 (F (2,142) =3,056, p=0.050) was accepted at thieadlevel of 0.0063.

Therefore, there was no statistically significant difference among the groups the

regarding the studentsd anxiety construct of
not necessary to check the pairwise comparisons forANXtin terms of groups.
Besi des, it was reported that the mean diff

between MIG and TIG were 1,971 in favor of MIG despite lack of statistical

difference between these groups
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Table 4.4Q Test of betweeisubjects effects for PestNX dependent variable

Type Il Partial
Sum of Mean Eta Noncent Observec
Source Squares df Square F  Sig. Squarec Paramete PoweP

Corrected
Model

Intercept 28,412 28,412 1,818 ,180 ,013 1,818 ,081
PreASTC 4,469 4,469 ,286 ,594 ,002 ,286 ,014

1433,008 8
1
1
PrelM 17928 1 17,928 1,147 ,286 ,008 1,147 ,047
1
1
1
1

179,126 11,463,000 ,392 91,702 1,000

PreGO ,223 ,223 ,014 905 ,000 ,014 ,007
PreSD ,000 ,000 ,000 ,996 ,000 ,000 ,006
PreSE 7,475 7,475 ,478 ,490 ,003 478 ,021
PreANX 907,010 907,010 58,042,000 ,290 58,042 1,000
Groups 95,525 2 47,763 3,056 ,050 ,041 6,113 ,284
Error 2218,992 142 15,627

Total 29171,00C 151

Corrected

Total 3652,000 150

Table 4.41 Pairwise comparisons for Pe&NX in terms ofgroups
99,37% Confidence Interve

() J) Mean Std. for Differencé
Groups Groups Difference (}J) Error Sig? Lower Bound Upper Bound
TIG 5EG -,708 ,810 1,000  -3,247 1,831
MIG -1,971 ,807 ,047 -4,499 ,557
5EG TIG ,708 ,810 1,000 -1,831 3,247
MIG -1,263 ,813 ,368 -3,811 1,286
MIG TIG 1,971 ,807 ,047 -,557 4,499
5EG 1,263 ,813 ,368 -1,286 3,811

Table 4.42 Estimated marginal means for the PASIX in terms ofgroups
99,37% Confidence Interval

Groups Mean Std. Error Lower Bound  Upper Bound
traditional 12,127 ,552 10,595 13,659
5E 12,8353 ,582 11,220 14,450
MIG 14,098 ,569 12,520 15,676

The partial eta squared was observed to be 0.041 for theAR¥sand eta squared
was foundas 0.029; which coulde declare@ small effect size (Tabachnick & Fidell,

2007, p.5455). In other words, the treatment clarifies 2,9% of the variability in
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s t u d e nanxetycorsseukct bf motivation to learn chemistry (R&$X) while the
observegower in respect to teaching methedss recorde.284.

In a conclusionwhen itwas compareavitht he results of the MANCO
follow-u p A N C OiW fetms of groups, all findings were completely same.

Therefore, it could be said that the resultse®uble checkedOn the other handt,

was summarized the results of the analysis both MANCOVA and fallp&NCOVA

that the studentsdé mean scores in the 5EG an
in terms of PosCPAT, RetCPAT, PostASTC PostM Pog-GO PostSD as

dependent variableshen students Oo6prior attitude and c
ANX, GO, IM, and SD) scores are controlled as a covadteeover, these findings

of the current study implied that the differerem@ongthe groupsarousefrom the

instructional effect and had practical significance. On the contrary, there were no
differencegegarding h e p a r averageseff-efficacysadd anxiety scores among

the groups.
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CHAPTER 5

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS

In this part, it was talked about five sectiahstwere adiscussionof the results,
threats to external and internal validity,implications of the study, and

recommendations for further researches.

5.1 Discussion of the Results of ¢hStudy
First of all, this study aimed to seek the effectiveness of based on 5E learning cycle

mo d e | and Gardner's mul tiple intelligenc
achievement and their retention level in unit of chemical properties conagipislea

towards chemistry, and motivation to learn chemistry when compared with traditional
instruction method on ninth grade public Anatolian high school students in Kecioren
District of Ankara.The present study was taugib of theclasseswith the based on

the traditionally, 5E |l earning cycle and
periodof eight weeks, respectivelxt t he begi nning of the in:
knowledgeof unit of chemical properties concepts was eviadaith the PreCPAT

to determine whether there wasignificant meardifference among the 5EG, MIG,

TIG andthey had sufficient prior knowledge to implement thieeatment methods

According to the PHEPAT test scores, it was seen thatdlieragescores were very

close to each othet. t was computed that t h-€PAMmean of
scores were 12,89 for the TIG, 12,89 for the 5EG, and 13,50 for the MIG, respectively.

When itwas lookedt hes e f i ndi n g<xisting knowledge regdingt s 6 p 1
concepts taught the related the current waite approximatelymediumlevelin all
groupssincethemaximum possiblecore of the PFEPAT is 20 According toSanger

and Greenbowe (1997), pexisting knowledge or experience was emphasized as the

most crucial factors for students while constructing the new chemistry knowledge.
Moreover,students needed to have sufficient prior knowledge to apply the based on

the constructivist approach methods (Regina, 1996) Thus; it could be stated that
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students pssessed sufficient prior knowledge the related to chemical properties
concepts to i mplement the based @&so,t he 5E LC
whenit was run the ANOVA for PHCPAT to control whether there was a statistically

significant differexce between the groups, the outcomes indicated that there was no a

significant difference regarding prior knowledge among the groups. Therefore,
participantsod prior knowl edge did not i nflu
chemical properties after agpig different teaching methods. Moreover, it could be

i ndicated that t heASWsaones iothe TpGawad greaterthannt s 6 Pr e
the other groups since the average ot&R8d C scores of students was 56,72 for the

TIG, 52,30 for the 5EG, and 5@ %or the MIG, respectivelyAlso, the range of Pre

ASTC scores of participants in all groups was from 36 to 75 for the TIG, from 26 to

74 for the 5EG, and from 27 to 71 for the MIG, respectivgbnce, it was a necessary

deeper analysis in the SPSS taitcol whether or not these differences statistical

significance.lt was seen thahere was a statistically significant difference between

TIG and MIG on the mean of RASTC scores as determined by emay ANOVA

Thus, PreASTC was assigned as a coaaeiin the main analysiBinally, when it was

tested the differences between the mean scores of tH&PRre-GO, PreSD, Pre

SE, and Pr&ANX values regarding the groups before the implementation, it was

apparent thatthe p@ MQ constructsd means among the B5EG
nearlyi denti c al to each ot he-GOscdrdsen TiAevasn of part
only a bit higher than the treatments groups. Thusa# a necessary deeper analysis

in the SPSS to control whether or not these differencesstadisticalsignificance for

the current study. According to one way ANOVA outcomi®re were no statistical

significance differences regarding the average of théNPr€re-GO, PreSD, PreSE

and PreANX scores to learn chemistry between the groups. However, it was necessary

other satistically analysis to seek whether there was a correlation between these

independent variables and dependent variaBlesliscussed in detail in Chaptiéf,

the PrelM, PreGO, PreSD, PreSE, and Pr&ANX haveeither moderate or high

correlation with atleast one of the dependent variables. Hence, these independent
variableswas assignedis covariates for the main analysis according®éarson

correlation outcomes.

After the descriptive statistics and potential covariateshesh determinedt was

performedhe inferential statistics analysis to interpret the data and draw conclusions.
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Therefore, it can be made decisions of the probability that an observed difference
amonggroups is a dependable one or one that might beserredby chance in the

study (Struwig & Stead, 2001). In other words, the inferential statistical analysis
findings would obtain some information regarding the study for further interprets and
explanations. livas performedhe MANCOVA analysis and evaluate the SPSS its
output tocheckNull Hypotheses. As mentioned earlier, all assumptions were already
satisfied to run for the MANCOVA analysiShe main null hypothesis for the current
study was that fAThere is no a statistical
taking he based on 5E learning cycle model, Gardner's multiple intelligence theory
and traditionally designed chemistry instruction on the population mean of the
collective dependent variables of the ninth grade students et scores of
achievement, their tention level on the unit of chemical properties concepts, attitude
towards chemistry, and construct of moti v
existing attitude and constructs of motivation (SE, ANX, GO, IM, and SD) scores are
controlled as a cariate. According to MANCOVA outputs, the six univariate effects
for AGroupo independent variable were st
attitude and constructs of motivation (SE, ANX, GO, IM, and SD) scores were
controlled as a covariate. gther words, the students participating in the 5EG, MIG

or TIG affected their achievement, retention level on the unit of chemical properties
concepts, attitude towards chemistry, and construct of motivation to learn chemistry
except for anxiety and sedfficacy. Furthermore, the estimates of the effect sieee
calculated a®,327 which is a large effect size (Cohen, 1988). It meant for this effect
size value thareatments explained approximately 32,7% of the multivariate variance
of the dependent vaibles Also, before effect size had been set to as a medium effect
(0.15) on the current study, the calculated effect size value (0.327) was greater than
moderate effect siz&nother crucial statistics was that the observed power of the test
was equal tdl.00 for the main effect of instructional methods, and this value was
larger than the calculated power (0.80) at the beginning of the sthdyefore, it

could be stated that the differences among the groups had practical significance.
Although it was natd that the 5SEG, MIG or TIG differed regarding achievement,
retention level, attitudentrinsic motivation, goal orientation, and sditermination,

it was not known which group was different from the other or others. Therefore, it
was performed by MANC®A and follow-up ANCOVA analysis to determine which

mean were different from each other among the groups, respectively.
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Before conducting the inferential statistics analysis for the first dependent variable

(PostCPAT) for the current study, all of the deptive statistics results for the group

i ndependent variable were compared with each
PostCPAT scores in the 5EG (23,66) and MIG (23,22) were approximately four points
greater than TI1 G ( bheépreéxiting kwdwiedge of theaunittof ci pant s o6
chemical properties in the groups was similar to each other. It was seen that both the

based on the 5E LC and Gardnerés MIT might [
achievement on the unit of chemical propertiean TIM as the primarily finding.

After interpreting the descriptive statistics, The MANCOVA and folgqmANCOVA

analysis were separately run to obtain evidence regarding inferential statistical results.

Firstly, there was a statistically significatifference between 5EG and TIG in favour

of 5E |l earning cycle instruction (p < .0063
achievement (PosTPAT) on the unit of chemical properties conceptse related

literature supports this finding for science ediga (Arslan, 2014; Abdi, 2014;

Bektas, 2011; Bybee, 1997; Campbell, 2006; Ceylan & Geban, 2009; Bietiat

2012; Pabuccu, 2008; Trowbridge, Bybee, & Powell, 2000; Qarareh, 2012; Supasorn,

2015) For example, Akar (20@5% pndBdyr@dcekenuz (2005)
(2010) declared thahe based on 5E LC model undkee constructivist approadtas

the effect students' achievement on dwade concepts positivelyAnother

investigation conducted by Ekici (2007) also found the based on the 5E LC

instructional model to more efficient for redox reactions and electrochemistry concepts

when <compared to TIM regarding studentsd a
examination applied by Cigdemoglu (2012) revealed a similar finding: The 5E LC

instruction was foundo be more effective with respect to increasing elevgrdlde

students Oachievement o fiergyt doreepts thannTiGe a | react
Consequently, the instruction basedtba@5E LC instructional model might help the

ninth-grade student developaemic achievement on the unit of chemical properties

concepts when compared to the traditional instructional metAodther crucial

finding for this studystudents who instructed based on MIT were more succesful than

students who receive an educatiosdzhon traditional methods terms of the mean

scores of -GRAT anhdhe tusrentdtdpio @ < .0063). The result obtained

from the present study are also paralell with the findings of other st(dliesc € &
Demirciogl u, 200 2; ,2B0®; Bellfftower, 2008; Camplikh & a g o n a
Campbell, 1999; Douglas, Burton, & Red3ai r h a m, 2008; Kayéran &
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2007; Lindvall, 1995; 0O06Connell, 2009; Or
2005; War es, 2013; Yel ma = (2006)foend the based 3 ) . F
on the MIT instruction to more successful for chemical bonding conebpn
compared to TIM regarding studentso6 achi
by Akkus (2007) saw a similar finding: According to him, the studentstatigt with

the based on the MIT instruction was better with respect to their achievement of
alcohols and ethers concepts than ones Wi€h. Therefore, it might be provided
evidence in term of enhancing the stude.]
properties by using t hAeoth& a@rucdlnfieding ®r thl T i n
current study thathere were no statistically significantly different between 5EG and

MIG (p >.0063). These new findings have contributed national and international
chemistryliterature since it was not encountered an investigation comparing the based

on the MIT and 5E LC instruction regardi
the chemistry concept from the each other. In fact, this finding was expected both
instructionalmodels under constructivist approa€he other result of the analysis was

that eta square was found to be 0,215; which indicates a large effect size. In other
words, the treatment explains 21.5% of the variability in student achievement (Post
CPAT) on tle unit of chemical properties while the observed power in terms of

instructional methods was observed as 0.996.

Similarly, it was seen that the mean scores of thedR&T scores for the 5EG (22.02)

and MIG (22,46) were approximately six points higher than TIG (16]%®)se results

also provided us evidence that the based on the 5E learning cycle and Multiple

Intell i gence Theory instructional mo d e | have
retention level of acquired knowledge. Furthermore, when we checked the minimum
and maxi mum scores of t h€PAT athe eachigmwpnt s 6
the minimumand maximum scores of the FE&#AT were similar for TIG, 5EG, and

MIG (see Table 4.2However, the maximum possible scores ROBAT were 32 for

the experimental groups (both 5EG and MIG) and 28 for theSilGilarly, there were
statistically significantlifferent both between 5EG and TIG (p < .0063) and MIG and

TIG (p<,0063y egardi ng the mean scor eGPADDN st ude
the unit of chemical properties concepts. In the literature, it was found similar results

by researchers thatdhresearchers stated that the students who instructed with the

based on the MIT improved their retention level of science concepts (Akamca, 2003;
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Azar, Presley, & Balkaya, 2006; Can, Altun, .
¥zdemir , G ¢ n e, 2306).,Ones whio ¢alugktavighebE learning cycle was

also affected positively in terms of their level of réiem of science concepts (Ajaja

& Eravwoke 2012; Aydemir, 2012; Sunar, 2013Jhere were no statistically

significantly different between 5EG aMiG (p>.0063) Furthermore, while the mean

differences between 5EG and TIG was 5,686 in favor of 5EG, the mean differences

between MIG and TIG was 6,338 in favor of MIG. This finding was parallel with the

previous achievement result; however, the mearerdifices between experimental

groups and control group was a bit higher th
mean scores seem slightly hi gdobtaining 0. 65 2) (o
different from previous achievement resi@lhother result of th analysis was that the

partial eta square was found to be 0.373 for theRAT and eta square was

calculated as 0.366; which indicates a large effect size (Tabachnick & Fidell, 2007,

p.5455).In other words, the treatment accounts for 36.6% of thalwity in student

retention level (ReCPAT) on theunit of chemical properties while the observed

powerof treatmentvas reporte@s 1,000Taking into account this finding, it could be

surmised that the participants in the TIG might be negatively atfeeigarding their

achievement on the unit of chemical properties concepts more than students in the MIG

and 5EG during the period between the fiest and retention test.

After the instructions, when the mean of PASITC scores was compared for all

groups, it could be accepted that the mean scores for both 5EG (54,79) and MIG

(54,94) were greater than TIG (53,28). According to obtained results in the data, it

could be interpreted as that the participants in the both 5EG and MIG gained more

positive attiude toward chemistry course than TIG. Another striking result of this data

was that traditional met hods of i nstruction
attitude toward chemistry from beginning to
more, he range of posAttitude value of participants in all groups was from 35 to 75

for the TIG, from 37 to 75 for the 5EG, and from 38 to 72 for the MIG, respectively

(See Table 4.3). It could be considered in the data that while the possible minimum

scores ér 5EG (from 26 to 37) and MIG (from 27 to 38) highly increased, there were

small differences the potential minimum scores for TIG (from 35 to 34). Also, the

possible maximum scores for MIG rose from 71 to 75 while both TIG and 5EG were

nearly same as thpot ent i al maxi mum scores on parti c
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chemistry during the study. Anoth&gnificant mean differencegere seemmong the

5EG, MIG,and TIGonst udent s0 att i t Uhekre wareostatesticalls ¢ h e r
significant different both beveen students in the 5EG and TIG (p < .0063). This
outcome of the study was supported with some of the investigations (Akar, 2005;
Aydemir, 2012; Ergin, Kanleée, Unsal, 2008;
the some of t hem,20@GkPamiccy, 2008). @ Was obsezvedatheu z
similar finding between MIG and TIG (p < .0063) regarding the mean scores of
student sé att it ud-ASTC)olntlheritdraturandsteonthe stidiesy ( P 0 ¢
directed at student attitudes demonstrated#sed on the MIT instruction positively
affected studentsodo interests towards sci
2002; Goodnough, 2001; K a Bifgin, 2006) althodigh!| f | a z
some of them (Akamca, DD, Gwcay, 2083¢ @zdemi, 0 0 3 ;
2002; Sahin, Ongoren & Cokadar, 2010; Tasezen, 2005; Ucak, Bag, & Usak, 2006;

Uslu, 2005) indicated that MIT practices did not create a difference in student attitudes
when comparing the TIMThere were no statistically significant mean differences
between 5EG and MIG (p > .0063)so, while theaveragalifferences between 5EG

and TIGwere4,316in favor of SEG, themeandifferences between MIG and TIG was

5,595in favor of MIG. Although thee were not any statistically significant mean
differences between 5EG and MIG, the students in the MIG had more positive attitude
towards chemistry than students in the 5EG (Mean differences between 5EG and MIG

was 1.224 in favor of MIG. Moreovet,couldb e st ated t hat MI GOs n
a bit greater than 5EGO0s mean scores (1,
between these groups. Moreovire results of the current study demonstrated that

while the participants in the MIG (the mearffeiences between preersus post

attitude were 4.00) and 5EG (the average differences betweeareseas posattitude

were 2.489) might be positively affected regarding their attitude towards chemistry,
there was a not i c e abattededvwcimpemented witinthet h e s
traditional instructionthe mean differences between-prersus posattitude were
3.444).Another finding of the analysis was that the partial eta squared was found to

be 0.135 for the PO{STC and eta squared waswouted as 0.106; which is showed

a large effect size (Tabachnick & Fidell, 2007, p554. In other words, the treatment
accounts for 10.6% of the wvariabil-i ty 1in
ASTC) while the observed powerrespect to treatentwas reporteds .942.
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I't could be pointed outM, Pdst&®, PostS@ Paste an of st
SE and PosANX scores were in favor of 5EG and MIGspecially,the average of

PostGO values for 5EG and MIG were approximately fpointsgreater than TIG

although themeanof pretest score of TIG had more than the other groups. Moreover,

the otherconstructs of motivation were slight differences in favor of 5EG and MIG

after the instructionA remarkable result was that the students ih&&EG and MIG

might be more motivated to learn chemistry course than the students in TIG after the
implementation. Finally, when the significant mean differences was examined among
groups regarding t he st ud-erantasod, sdt nt ri nsi c
determination as constructs of motivation, there were statistically significantly

different among the 5EG, MIG, and TIG (p < .0063) in the favor of experimental

groups. However, it was inspected that there were no statistically significant mean

differene s i n t er ms -effichcy, anxietg oensttust 6f meatieatioh to learn

chemistry (p > .0063).

It was reported that there was statistically significant difference among the 5EG, MIG,

and TI G the regarding t hearnxhemidiry.Beésglds, | nt ri nsi
whent he mean s c olMashe grdupsgms inspleeted twkether they were

different from each other. There were statistically significantly different between 5EG

and TIG (p <.0063) and MIG and@ ( p <.0063). However, there were no statistically

significantly different between 5EG and MIG (p >.006B)rthermorethe PostM

mean test scores for the groups were 17,20 for the TIG, 18,09 for the 5EG, and 17,90

for the MIG (see from Table 4.3) whiit was checked the estimated marginal means

for the in respect to instructional methods from Table 4.29, which were 16,359 for the

TGI , 18,381 for the 5EG, and 18,534 for the
while the mean differences between 56 1G was 2,022 in favor of 5EG. This

result is consistent with previous investigations (Gdtirdar, 2012; Cigdemoglu,

2012; Krull, Suchomel,& Bechtel, 2015). Moreover, The mean differences between

MIG and TIG were 2,175 ifavor of MIG. This findings e also similar to earlier

studies (Akkuzu & Akcay, 2010) Al so, MI GO s
5EGO6s mean s caithoek the détoeasésotvued igtnnsicsnitivation

in the TIG was observedthe participants in the MIG and 5EG wapesitively

improved during the studylhe results of the current study demonstrated teat

partial eta squared was found to be 0.106 for the-IRbsind eta squareavas
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calculatedas 0.086; which indicates a medium effect size (Tabachnick & Fidell, 2007,
p.5455) . I n other words, the treatment exp
intrinsic motivation to learn chemistwyhile the observed powenf treatmentwas

reportedas .847.

Similarly, it was remarked that there were statisticalignificant different both
between students in the 5EG and TIG (p < .0063) and MIG and TIG (p < .0063) in
respect to the me a-oriergaton.rTeisfindings are tonsistech t s 6
with 5E learning cycle studies such as Aydemir, (20Itin-Dindar, (2012),
Cigdemoglu, (201p respectivelyOn the other hand, it was not seen a study in terms
of examining the effect the MIT instruction on students' goal orientation in the
literature. Thus, this study might be expected to m®wa contribution to future
investigations. there were not any statistically significant mean differences between
5EG and MIG (p > .0063)n addtion, while the mean differences between 5EG and
TIG was 5,363 in favor of 5SEG, the mean differences eetvMIG and TIG was 4,059

in favor of MIG However,there were no statistically significant mean differences
between 5EG and MIG. Taking into account the statistical data, we could surmise that
the mean differences between experimental groups and comipl ggem high. Also,
although there were no statistically significant mean differences between 5EG and
MIG, the students in the 5EG had more positive goal orientation as a motivation
variable to learn chemistry than students in the MIG (Mean differentesdre 5SEG

and MIG was 1.304 in favor of 5EG).

A different result was observed that the statistically mean differences in terms of

st ud e n-tleed@inasion Ihdd only between MIG and TIG. Mean differences
between MIG and TIG was 1.961 in favor of . @e bther hand, although students in

the 5EG had higher mean score of gigfermination to learn chemistry (1,081) than

those in the TIG, the mean difference between the groups was not statistical significant

(p > .0063). Although the average differencéamen 5E LC instruction and TIM the

this result was not supported with the previous investigation sineef the studies

found the based on the MIT instruction poc
to learn chemistry (DindaCetin, 2012).Therefore, it could be stated that there was
statistically significant difference among the 5EG, MIG, and TIG the regarding the

s t u d e ndetertinatiom toflearn chemistry. In addition, wilea mean scores of
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s t u d seltdetertninationin the groupswvas controlled whether or not they were
different from each other, there were only statistically significant different between
MIG and TIG (p < .0063) and ( p <.0063). However, there were not any statistically
significantly different between 5EG and MIG and 5EG and TIG (p >.00d&an
differences between MIGhd TIGwas 1.961 in favor of MIGBesides, students in the

5EG had a higher mean score of stfermination to learn chemistry (1,081) than
those in the TIGlespite the lack of statistical difference between these gréigus.

the PostSD mean test scores for the groups were 18,85 for the TIG, 19,49 for the 5EG,
and 19,94 for the MIG while it was found the estimated marginal means for the in
respect to instictional methods, which were 18,425 for the TGlI, 19,506 for the 5EG,
and 20,386 for the MIG after the thevariatesbo
participants in the MIG were positively developederms oftheir selfdetermination

to learn @emistry The partial eta squared was observed to be 0.094 for the&SPost

and eta squared was calculated as 0.078; which could be said a medium effect size
(Tabachnick & Fidell, 2007, p.585). In other words, the treatment clarifie8% of

t he vari abi | i-detgrmination ® fearmd chemistsy GP&D)ewhife the
observed powen respect to treatmemias reporte@s .770.

On the contrary, The Table 4.17 indicated that the mean differences in terms of

s t u d e neffisady asdarnxibty among the groups could be observed in the favor of

MIG: however, they were not statistically significant (p > .0063). For example, while

the mean differences Aefficacy leetvpea MIG andd@IGt he st ud e
was 2,301. Also, Ititerature, there is examination finding similar results to the present

study (Kouraand AHe bai s hi , 2014) the mean difference
anxiety between MIG and TIG was 1,971 in favor of MIG. However, these mean

differences were no sigicant. Despite of the fact that the mean difference between

5E LC instruction and-efitady, these mean differencesf st uden
were not statisticaly significant. This outcome was not supported with the previous

investigation since soeofthe studies indicated the based on the 5E LC instruction
positively affected studentsdé self efficacy
2012; DindasxCet i n, 2012) . MI G6s mean scores seem n
scores. Moreoveglthoudh the decreasef s t u d mtnnsic notivation in the TIG

was observedhe participants in the MIG and 5EG were positively improved during

the study.
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When the findings of the study were analyzed, it veagaled that the based on the 5E
learning cycle and multiple intelligence theory instructions were effective than
traditionally designed instructiantermsofs t udent s® achi evement &
on unit of chemical properties concepts, theirtatte toward chemistry and some
constructs of motivation to learn chemisthy.light of this result demonstrated that

there might be many reasons. Tljsct of chemical and physical changes, type of
chemical reactions was examined as being one of the most problematic topics of
chemistry. The reason this issue needs more effort for students to learn is due to its
abstract nature. Therefore, instructiomaéthods play a crucial role ilearning

chemistry concept. Participants who taught with the traditional instructional method
listened to teacher, solve problems, watch representations, and learn chemistry
concepts and clarifications by rote. Moreovemnyvas taught concepts in a teacher
centered way to control group, in dirediso, the only interaction between students

and teacher occurred when students asked questions or vice versa. Therefore, there is

a minimum interaction between the learners and teacher while learning the chemistry
concepts.Generally speaking, the teachers diabt consider regarding how the
participants could learn according to their different personalities and learning styles. It

was also focused on tlstudenté mat hemati cs and verbal i n
the unit of chemical properties in the TTM, general.This situation was caused

hardship for participants to utilize their real potential skills antdlligencewhile

learning chemistry conceptSn the other handtudents who instructed with the based

on the 5E LC and Gar dinvestigate the\khoWledgeereladed i nt e
to the current chemistry concepts by using resources inside or outside classroom, to
deduce according to cause and effect by interpreting the information they obtained
rather than memorizing it, and to structure theinamformation by associating this
knowledge with everyday events. Moreoviadividual differences and prexisting

knowledge has a crucial role during the imlementation the based on the 5E LC and
Gardner Qlerefd 5TE L C and Gar dne cobdructimMétT und
approach was provided them the multiple learning environments (stumgrésed

activities) to learchemistry concepts e this levels such aperiments, thgames,

videos, theater, etcThanks to thesetudentscentered activitiesstudents have a

chance tawrite hypothesespbtained data with their observatianyestigate on the

experiment, make observation, interpret their findimgsinect their prior knowledge
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to new knowledge or evgalay lives situationsyork and discuss in gups with their

peerswhereas students who participated in control group did not encounter these kind

of activities. This studentgentered activities, which take into consideration students

individual differences and prexisting knowledge might be causthe difference in

the students achievement and test scores in traditional instruction versineliztsed

on 5E learning cycleand multiple intelligence thegrinstructiors. The traditional

i nstructional met hods wutilized in chemistry
attitude and motivation in the subject matter. All activities might be increased

parici pant s6 attitude toward chemvatontoy and som
learn chemisyr. Also, it was seen that there werethe mean differenceome of the

constructsof motivation between treatments growpw TIM. As a reason for these

results,ninth grade participants have just not determined one of four tvetuk$ are

the Turkish languagiemathematics, science, social sciences, and foreign languages

This meanthat onesvho would select @rack of Turkish languagemathematicsor

foreign languages are the possibility; therefore, they might possdesvtitetivation

to learn chemistryMoreover, this study was intended feight weekschool period.

Thus, some stuights may have been a short ttimse toincrease their motivation to

learn chemistryIf they continue to teach with the based on the 5E LC and MIT

provide sufficient time, it is likely to enhance the motivation of these studémts.

conclusion,all of these benefits by conducting the 5E BChd Gar dner 6 s MI T
instructiors aremoreaptto achieve the goals of science education for the education

policies of developed or developing countries.

5.2. Threats to Internal Validity

There were six classes includaedhe study whichmeanthere were students that have
differentcharacteristicsThey may differ in their abilities, interests, experiences, ages,
SESetc Thesevarioussubjectcharacteristicsnight cause a threat to internal validity.
To overcome this threae pretestswere appliedo the students. Even if the prests

are apped for controlling the subjeatharacteristicthreat, this will then cause another
threat that is the testing threat. The rea®orthis threatto occuris because preests

will alert thestudentsand they will bgoracticingon the treatment and thalgect.

In the study, because the 5EG and Mi@udelaboratory hours, the students in the

experimental group changed their location in their lectuféss might cause the
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Al ocationo threat i f the controbnmgntoup t
Time of the classes at the dagis conductedifferent and students in TIG were given
their instructions in th&aboratoryto remove this effect as much as possible.

In the study, all ethic ruleswere taken into account. The related informatias
provided for students and the teachers. For example, the studemsgiven a
guarante@bout theyould leavehe studyanytimetheywantor allinformationof the
students was protectéwm othergo be reachedThere was no pressure to the stuslent

to be involvedin the study.

If the studentavere unmotivatediuring the treatment, theraight be some loss of
subjects from the sample. There may also be students that mexkj@nd they may

also leave the treatment. This loss of subjects magecathreat called as the mortality.

If there will be students who do not answer-f@sts or postests, these students will

not be used in the study due to the dependent variables. linbale beany missing
dataonindependent variables such as geratel students attitudes toward chemistry,
these missing data would try to be controlled. For the missing data that is under 5%,
the mean was used to fill these blanks. If it is more than 20% than the subject would
be eraseffom thestudyand if the missig data is between 5% and 20%, then dummy
coding strategy will be applieéirst of all,a dummy coding will benade likeO for
present data and 1 for missing data. Then it will be checked if the dummy variable is
giving a significant value with the depeamt variable of the test. If it is significant,
then dummy variable is blocked with the independent variable in which it is more than
5% and less than 20%. If not significant, then mean replacemertitemilsedvhile
erasing the formed dummy variable froine analysis. However, there was no missing

data for the current study.

5.3. Implications of the Study

According to the results of the study, it could be concluded that the findings related to
this study have clear implications for chemistry teaching and learning for the practical
applications. The suggestions for thelicationsof the present study are &llows:

T For devel oping studentsd achievement
concepts, both MIT and 5E LC should be used.
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T MI'T and 5E LC should be instructed to i
chemistry as achoolsubject.

T MITand 5E LC shouldbé nstructed t o i-arpntabome st udent
intrinsic motivation and selfleterminatiorthatare the constructs of motivation
to learn chemistry,

1 Studenicentered activities such #iseater, experiment, thgameshould be
used t o i n cattitede anel mativatiod t® ledrnschemistry.

1 Prior knowledge of the students shoblel takeninto account before teaching
a new unit in chemistry.

T The chemistry | aboratory should be wused
attitude toward chemistry as a scth subject, and constructs of motivation to

learn chemistry.

5.4. Recommendations for Further Researches
According to the findings from this study, the following recommendations could be
stated:

1 The effect of based on the 5E learning cycle and multiple intelligence theory
instructions could alsbe conductedavith different chemistry topics.

1 These methods shoulek appliedo another type schoolsities,and sample to
generalize.

1 For better analysigollow-up interviews should be conducted with the students
and teachers.

1 A longitudinal studyshould be carried oub observe the effect of 5E LC and
Gar dner 0s chhnstiicobnmtivatianddilearn.

1 Touse laboratories effegtly in chemistry education, chemists, who would help
teacher before experiments to prepare the equipments and who would also help
with experimentsshould be appointed to schoolBhis will be encouraging
teachers to have more experiments and also thiddwmake students safe
against possible chemistry accidents or injuries.

1 Weekly class hours shoulik increasedith to chemistry curriculumBecause

application time of activities complying with MIT and 5E LC takes time.
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Sample chemistry teaching plans,igéhare designedccording to MIT and 5E
learning cycle should be prepared visually and textually with the cooperation of
university and ministry of national education.

When determining the dominant intelligence aspects of students, there should be

coopeation with teachers in different disciplines.

T Students Omisconception lerstudett e chemica

In-serviceand prs er vi ce chemi stry teachersd su
knowledge shoulde exploredsince teachers, who are the kdgneents of
education, should be known the necessary theoretical information.

When preparing activities according to MIT and 5EI, various equipment and
materials would be require@ihereforeschool managements shoulddsevided

these requirements be ugdin education.

The most important aspect that shob&lconsidereevhen preparing activities
according to MIT is to make these act
Activities that are above or below student level would affect education
negatively

Students shouldbe informedof their developed or developahietelligences

beginning from preschool.
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B. CHEMICAL PROPERTIES ACHIEVEMENT PRE -TEST
KKMYASWZELLKKBERARI-TESYK

A-ékl ama:

Sevgili °jJrenciler;

Bu test bir araktérma i-in d¢gzenl enmi Kt
le 11 gili sorul aré cevaplandéermak i -1in
se-meniz gerekmektedir. Teste 20 soru Vv,

soruyucevapl amaya -al eékéneéez Yardeml ar énéz
ederim.
Arak. G°r. Mustafa T,YS| Z
Soru 1l
Sal -anén k¢gfl(S¢gté¢n mayal a
Buzull arén eriEl manén - ¢r ¢

Hamurun mayal (Kajédén yeért

Yukareda numaral andé k8kiéky adedjai kk imhya s afl

akajéedaki se-eneklerin hangisinde dojru
Fiziksel DejiKimyasal Dej i
A) I-IV-VI [-1-v
B) lI-VI [-11-1V-V
C) I-ll-lvV-V 1-Vi
D) Il "n-1\v-v-vi
E) I-1I- IV-V-VI
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Soru 2

Seki 1 =z [
I 11
Sekil-2 oc. | T | ==
I o .
Sekil-3 eenean | — |3
I IT
Yukareda taneci k boyutta g°sterimler:i veri
durumdan (I duruma ge-erken fiziksel y a
belirleyiniz.
[.Durum Il.Durum I1l.Durum
A) Fiziksel Kimyasal Kimyasal
B) Fiziksel Fiziksel Fiziksel
C) Kimyasal Kimyasal Fiziksel
D) Kimyasal Fiziksel Fiziksel
E) Kimyasal Kimyasal Kimyasal
Soru 3
l. CHs ( s #2pgaz) —————>COpgag)+ 2HO( s e v &)
1. HO(sevey = HO(kat e)
. COpgazy™— COg(suda)
V. Fekat g FeOs(kate)
\ NaOHsuda)+ HClisuda) — NaClisuday* H2O( s e v &)
VI Kl(kate) > Klsuda)
Yukareda denkl eml er verilen dejikimler
g°re akaj édaki hangénéélandkt el chéektar 8l ar ak

A)
B)
C)

Fi zi ksel

-11r-1v
[-11-V
I-IV-V

DejiKimyasal Dej i

[-V-VI

H-1v-vi
[-1r-Vvi
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D) I-llI-1 IV-V-VI
E) 1-1-VI I-IV-V

Yukar édaki Kethdadgkgmamaramgalrar é °zetl enmi
numar al andérél mék durumlaréndaki dej i ki ml
1.Durum Il.Durum I1l.Durum
A) Fiziksel Kimyasal Kimyasal
B) Fiziksel Fiziksel Fiziksel
C) Kimyasal Kimyasal Kimyasal
D) Kimyasal Fiziksel Fiziksel
E) Fiziksel Kimyasal Fiziksel
Soru 5
Akajéda denklemleri verilen tepkimelerdel

A) CsHs ( s ever—CSsHs(gaz

B) KClOs (kat e——> KCl( k a% ©(gaz)

C) CoHi (s #8Dp(gazy) ——> 2COxgazt 2HO( s e v 8 )
D) CeH1206 ( kats7T> CéH1206(suda)

E) H2O(kat57—>H20(seve)
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Soru 6

- - -

- -

Iy I
————
e —
—
——
I I

- -

TR T T eT W

Yukaréeda taneci k boyutta g°steri mi veril en
hangisi yada hangilerinde -evreden ésé al méecx
A LIV B)IL I L D) I, IV E) LI, 1, 1V
Soru 7
(A2 yumurtann Demirin Suyun Karbondioksit
pigme? paslanmasi donmast ohugumu

"‘ 3 8§ 7

Is1 Alan Is1 Veren
(Endotermik) (Ekzotermik)

/x’f \\ / \

/ \ /
Yagm enmesi suyun Sekerin ayda Smiiriin vanmas

o buharlasmas: | [¢ozinmesi Komirtny

1 2 5 6
Yukareda g¢nl ¢k yakamda Kkarkeél akt éj emez ol &
ol ukl aréna g°re sénéflandeéer él méxter. Buna g¢g°¢
dejiktirilirse dojru bir sénéflandérma yapél
A) 1 numarahamatalybBaolFay yer deji kKt.i
B) 3 numaral é& olayla 6 numaral é ol ay
C) 2 numaralée olayla 5 numaraleé ol ay
D) 4 numaral & ol ayla 8 numaraleée ol ay
E) 3 numaral & ol ayl a 5erekumar al & ol ay
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Soru 8

MgOsuda)+ Zn( k a Ae YNOsuda)t Mg k at &)

ZnNCOs ( k&t e B LB k at €D2(gaz)

Na(g) + 3Ha) A 2NHsz(g)

HNOs(sudayt KOHsuda)A KNO3sudaytH20( s e v &)

CaHiogan+ Oz(ga)A COz(gaz)+ H20(a2)

Yukareda denkl eml er. verilen tepkimel eri

se-eneklerin hangisinde dojru olarak ver.|

Yer Yanma Asit-Baz Birl ekrAyr éx
dej i kKt itepkimesi tepkimesi Tepkimesi tepkimesi
tepkimesi

A) 1l 11l \ I v

B) Il Il I v Vv

C) Iv I I Vv 1]

D) | \ v 11l I

E) V v 1l I I

Yukareda taneci k boyutta verilen tepki me
se-eneklerin hangisinde dojru ol arak ver|
I Il [l

A) Yer dej i kKt i rAsit-baz tepkimesi Yanma tepkimesi
tepkimesi
B) Asit-baz tepkimesi Yer dej i kKt i rYanma tepkimesi
tepkimesi
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C) Asit-baz tepkimesi Yanma tepkimesi Yerdej i ktir

tepkimesi
D) Yanma tepkimesi Yer dej i kKt i rAsit-baztepkimesi
tepkimesi
E) Yerdej i kKt i rAsit-baz tepkimesi Yanma tepkimesi
tepkimesi
Soru 10

Ferat ve grup arkadakl arénén kimya dersinde
gibidir:

|l . deneyde potasyum hidroksit -°zeltisi il e
I. deneyde ise potasyum k|l oraté ayréekteéereéeyor
l'11l. deneyde ise bakeéer nitrat -°zeltisi ile

Buna g°re Feéerat ve grup arkadakl|l aréneéen

tepkimelerin -exKkithedei deagajuédhlairladr demni hamngi
[.Deney [I.Deney lll.Deney

A) Asit- baz tepkimes Analiz tepkimesi Bi r | ek me t ¢

B) Birl ekxme Yanmatepkimesi Yer dej i Kt

-

C) Yanma tepkimesi Asit-baz tepkimesi Yanma tepkimesi
D) Analiztepkimesi Bi r | e Kk me Asit-baz tepkimesi

E) Asit-baz tepkimesi Analiztepkimesi Yer dej i kKt ir

Soru 11

Ceren ve grup arkadaklaré kimya | aboratuaré
Yaptéeklaré deneyl er sonucunda ¢- farkleée -9z
ol dujunu belirlemek i-in t¢gplere X, Y, Z ol al
k edene X -°9zeltisine batéerdéekl arénda her han
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bat ér el

de

turnusol

hangisi olabilir?

Soru 12

A)
B)
C)
D)
E)

Yukar éda

Buna

A)
B)
C)
D)
E)

Z

] €énda mavi renk al mékter ve sSol
kajéede kermézée renk al mexkter. B
X Y z
HCI NaOH NacCl
KOH HCI KCI
NaCl NaOH HCI
HCI KCI KOH
NaOH NaCl HCI
7 Z 14
pH dojrusu ¢zerindeki X, Y ve

akajedakil erd:i

S Lamonyak

maden suyu

yemek tuzu

g°re X,Y, Z maahgistdlabilir?
X Y
amonyak di K mac unLsirke
yemek tuzu -amaker
limon amonyak
-amakeér s tmadensuyu
sirke yemek tuzu
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Soru 13

Y o
® o
X S
8 ® <

Sekil-1 Sekdil-2
Yukarda taneci k bloekwetitiod dge’ksit ekraiplleanr dkaekkii |- °© z el
turnusol kajede batéerel éeyor . Buna g°re aka

dojrudur ?

l. Mavi turnusbdodélij ekdabaelkat er e
. Mavi turnus?édédélah@k@baledké] enda
é

(o]
o
(o]

-

M. Mavi turnusbddé&hki ekabaetkat ér él de’

IV. Mavi turnus»éddé&lki eka@baetkat ér él de’

Yalnéz | B)LIV cL D) 11, I E) lll, IV

Soru 14

Yukareda pH metrede verilen besinler i-in acxk

A) Domates ve el ma bazik °zi
B) Peynir asidi k °zellik g°©°:
C) Ekmek mavi turnusol kaj e«

D) Bal é& k tkuerrnmeészoél kajedéeneée n
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E) Dol mabi ber daha -ok bazil

SORU15
l. Mut f ak mer mer i czerinde béer akel

mer mer i ni akéjendeér maseé.

. Bul akék maki nel rinde yékanan ca

n
e

M. Yedijimiz yiyeceklerin zamanl a d
e

IV. Asit il e bazlarén tuz ve su ol ukx
Yukardaki ol ayl ardan hangi si yada hangi l
ol arak g°sterilebilir?

AL B)IL I C) Il IV D) I, 11, 1Nl E)IL I, IV

Soru 16

KOHveHNG- ° zel ti | er i arasénda ger-ekl eken t

l.  Asitten gelen N@ iyonu ile bazdangelen’™® yonu t uzu ol

. N°t r |tepknmesidir.

. Tepki menin denklexktirilmik denkl
KOHaq) + HNOzaqy KNO3@aq+ H:Ogk e k| i ndedi r .

IV. KOHggasit, HNQagpi se bazdéer .

yargél aréndan hangisi ya da hangileri do]
[vell B)Ilvelll C)lvelv D)L Illvelll E)IlllvelV
Soru 17

X Y Z

[ | =

hidrojen klorir potasyum hidroksit hidrojen iyodiir

1 o m
Yukaredaki kaplarda hidrojen klorg¢gr, pot e
bul unmaktadér . . kaba X, [ kaba Y, 1

kapta herhangi bir dej i klilkll i kk angelyalracha g
g°zIl emleniyor. Buna g°re X, Y, Z -°zelt

olabilir?
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X Y
A) kalsiyum hidroksit  h
B) hidrojen rs
C) sodyum hidroksit h
D) hidrojen «Lh
E) sodyum kI csodyum hidroksit
Soru 18
a - .
H OH Mg T

® -

Z
i dr oj en rsodyum hidroksit
odyum kl chidrojen r
idrojen ksodyum kIl c
i dr oj en rkalsiyum hidroksit

hidrojen &

0
® -

.c.
a D. + {:}':' . —_— . '3'{:;-:-.
O o Qe
1.kap 2.kap 3.kap
Bir kimya °jJretmeni kimyasalent ¢epht mgheyukane
boyutta g°steri mi verilen tepkimeyi -iziyo
°czelli klerini bul mal ar éné i stiyor. Buna g°
yanl ékter?
A) 1. kapta verilen madde asittir.
B) 2.kaptaverla madde bazdeéer.
C) N°trl ekme tepkimesidir.
D) 3. kapta tuz ve su olukumu sembo
E) 2. kapta verilen madde mavi turn
Soru 19
$ob - 00— 000 + /O
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Yukaredaki tepki me en k¢ - tgpkimeyagnenay él ar
Ve tepki meden -ékan maddel erin kat sayé

glesterilmiktir?

T 1 ; §— =00 -{/'.\i
‘ -

A) 2 1 1 3
B) 1 5 3 4
C) 2 1 4 3
D) 1 3 2 2
E) 3 1 3 2
Soru 20
H2504
Yukaredabianz asepki mesinin d eankka je&dt a kriill enri
hangisinde dojru olarak verilmiktir?

A)  Mg(OH) + 2H:SQy A 2MgSQ; + H,0
B) Mg(OH), + H:SQu A Mg»SO4 + 2HO
C) H2SQu+ 2Mg(OHy A 2MgSQ; + H,0
D) 2Mg(OH) + H:SQu A MgSQ; + 3H:0
E) Mg(OH), + H:SQi A MgSQu + 2H,0
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C. CHEMICAL PROPERTIES ACHIEVEMENT PRE -TEST
(KKMYASAL ¥ZELBAKABDRTESYK

A-ékl ama:

Sevgili °jJrenciler;

Bu test bir arakteéerma i-in d¢gzenl enmi Kt

le 11 gili sorul aré cevwaerlialndrer makediemnak

se-meniz gerekmektedir. Teste 40 soru Vv,

soruyu cevaplamaya -al ékeéneéz. Yardeml ar é

ederim.

Arak. G°r. Mustafa T,YS,| Z

SORU 1

Bir kimyasaltepk mede atomlarén dizilik kekilleri

Ki myasal tepkimeler elektron al éekveri ki nt

Ki myasal tepkimeler elektiriksel etkil exki
Yukar edaki ki myasal tepki mel erl e i1 g

kimyasaltepk me t anémé ve modern tepkime tanémeé
ol arak verilmiktir?

Dal t ondun Ki my a ModernKimyasal Tepkime

A) -l 11

B) I-llI (-1l
C) | [-11-111
D) - I

E) I-1I-lI [-11
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SORU 2
Akajédabowpoetak verilen tepkimelerden hangi s

tepkime tanéméné °rnekl er?

@9 ——— o=o=0

©® . =a ‘3"

©®©® = Hu g o)

[-11 B) 11-III C) I D) Yal néez E)I--N

SORU 3

¥Jret meni Al i 6den proje °devi ol arak termik
arakt érsmeesnérkét i r. Ali araktérmaséené kKu kKekil ¢
Santralden elektirik enerjisi cretmek i-in |

yakeéel ér .
Yanma sonucunda borul ar i -erisindeki su éseéet
genderilir.

T¢e¢rbihdeeri ben buhar késmen genl ekerek teorbi

t¢e¢rbinl erden elektirik enerjisi el de edilir.
Yukaredaki a-éklamaya g°re numaralandeéer él mé
deji ki mleri belirleyiniz.
[.Durum Il.Durum I1l.Durum

A) Fiziksel Kimyasal Kimyasal

B) Fiziksel Fiziksel Fiziksel

C) Kimyasal Kimyasal Fiziksel

D) Kimyasal Fiziksel Fiziksel

E) Kimyasal Kimyasal Kimyasal
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777 — [ b — G
o~ o ot | [ERAR =C
I I I
yekil-1 Sekil-2
Yukar e dla vkeeXdelkdiel -i zi |l en taneci kIl er I .
meydana gelen dejikimlerle ilgili ol arak
Her i ki Kekil de de tanecikler 1. dur umd a

ol muxktur

kekilioglde, maddenin molek¢l yapésé dejikmiKk
k e kiold e, taneci klerin sadece g°r¢negmeg dej
k eklibglde, tanecikler 1 1. durumdan | . durum
I . durumdan | | .-1 édduer ukmiamygaes-ai |l k dkee] ki-Rkbi dnei °r
fi zi ksel dejikimi ©°rnekler.

A LILIV  B)YILINLYV C)LILI D) I, 1, IV, V E) LI,V

SORU 5

l. CoHeO( s ety 3Q(gaz) —>2COxgag)+ 3H0( s e v &)
. HoO(sevey > H20(kat e)
. Ozgay™ Oz(suda)
V. S kat Ogay > SOgar
V. CioHs( k a1 8y > CioHs(gaz)
VI. NHsgazs+ HClgasy =™ NH4Cl( kat e)
VII.  Mg( k a* 2KClsusey = MQgClz ( k #tHepgaz)
VIIl.  NaCk k atey > NaClsuda)
Yukaréeda denkl eml eri verilen deji ki ml

g°r e akajseed-aeknie kntaengdioj ru ol arak séneéefl and
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Fiziksel DejiKimyasal Dej i

A) lII-IV-VI-VII [-11-V-VIII
B) II-IV-V-VII [-111-VI-VII
C) H-1-V-Vii [-IV-VI-VII
D) [I-lI-l-V IV-VI-VII-VIII
E) I-IV-VI-VII -11-V-VIli
SORU 6
&~ O "0

SU SEKER KARBONDIOKSIT

Yukaredaki kapl arda keker suya ateéel dejénda ¢
gosteri-nbdekkekidgi bi dir vV e Keker ésétéel ma ikl
durumun taneci k boy2udt udnedkaik ig igbCisdtierr.i miB ukneak igl® r
hangisdoj rudur ?

A) kekerin suda -°z¢nmesi Ki my
B) keker ésétéldéjenda ki myasa
C) keker suya atéldéjénda ki my
D) kekerin ésétéelmasé sérasénd
E) kekéesréet él déjénda fiziksel yc
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SORU 7

5

1 0

N\ /
KMASAL D FIZIKSEL DEGISME
/ N
, N\
o : . g ) :
Redvan yukarédaki numar al andér él mék ¢
ol ukl aréna g°re sénéflandér mexkteér Bu sé
bamé@maral andérél mék dejikimlerin yanl éx
akajéedaki se-eneklerde belirtilen hangi ¢
dojru bir sénéeflandérma yapmék olurlar?
A) 5, 6 numaral é& deji Hikmimérelre %F.erlaei
B) 2,3 numaralé dejikimlerle 8,9 num:
C) 2,4 numaral e dejikimlerle 8,10 nul
D) 1,6 numaral é dejikimlerle 11,9 nui
E) 14numaral é dejikimlerle 10,12 numa
SORU 8
Akaj édaki genl ¢k yakamémézda kar kel akt é
karkéséndaki dejikime ujradéjénda ki myas:
Madde Dej i ki m
A) Su Kaynat él dej én
B) Sa- Kesilmesi
C) ¢im Bi -i |l mesi
D) Cam Ker él masée
E) Yumurta Pikiril mesi
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SORU 9

; + 0—e > §=0=0 +_/".‘~i_
I*'l'
9 @
HC O

Yukar edaki tepkime en k¢-¢k tamsayélarl a
v e tepki meden -ékan maddel erin kat sayél ar ¢
glesterilmiktir?

b o—o 0-0=0
« . - -

A) 2 1 1 3

B) 1 2 1 2

C) 1 1 1 1

D) 1 3 2 2

E) 2 1 2 1
SORU 10
Tarék ve arkadakl are yakan top oynarken - al é
eder !l er. Dumanén geldiji y°ne dojru hareket
Tarék arkadaxkl aréna kimya dersinde, °jJretmen
deneyl eri anl ateéer. Késa s¢re i -erisinde yang
s°nd¢rmek i -in kullandéjée y°ntem ve bu y°nte
olarak exklexktirilmiktir?
Y°ntem Neden

a) ¢al énéen oksijenle teme

|l . ¢al éya s
1 ¢tal eya b) Yanma ol aye oksijenle
11 . ¢al éyareaksiyona girmeyen bir r
yapmak
l-a B) I-b C) b D) I-a E) l-a
ll-a II-a ll-a l-b Il-b
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SORU 11

30:(g) +4Felk) —» 2Fez0:  (vyavas)
Oug) +2H () == TH0 (fzh)
Oug) + Pt —— Tephime yok
Oksijen gazéenéen farkleé elementlerle g
g°sterilmiktir. Buna g°re akajJédaki se- el
A) Pt ve Febdbnin kimyasal ©°zel
B) Ho, Febye g°re daha aktif |
C) Ptthgazéna g°re daha aktif
D) Fe,Q6bye karké asal dér.

E) Pt , Febye g°re daha aktif

SORU 12
Akaj] édaki dhangilerinkl i anrydaasna | °zelli klerin ma
bulunduju kKkartlara g°re dejikebilecejine
. Azot nor mal séecakl ékta oksijen i

verebilir.
. Demir a-ék havada pasl anér ken, a
M. Hi dr ojen gazé yanécédeéer ; ancak H

AYal neB) I Yal @gzYal DpLal IE)LIIL I
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SORU 13

o= eo—e = O = ™
E— -— g — O

250C tdurum W dursm
Y¢ksek sécakl ékt a

o= - R PN

A .’/Q\\“'.

Yukaredaki farkle séeécakl éklarda taneci k boyu
Asalleékeaktiflik kartlara bajlé olarak dejiKk

Y¢ksek séecakl ékta I, durumdan 1. duruma ge-
Reaksiyon her sécakl éeékta ger-ekl exir.
yargél aréendan hangisi ya da hangil eri dojrud

Yal nézB) Yal @&al nlelvell | E)Lllvell

SORU 14

l. , .
6CQxg) + 6 FO(q) GUnes 98 CoH1206(9 + 602(g)
Klorofil

. CeHi206k) + 6Cpqp ———» 6COyg) + 6H0(g) + Eneriji

. KNOszg + H:Oe+ | s & K& PNOs(ag)

V. ésé
H2Oi) H20(g) '

V. Zng+ CuSQag — ZnSQuaq)+ Cu?k) + Elektrik enerjisi

Yukar edaki denkl|l eml er i veril en tepki mel

ol ukl ahmhamgigsSre enekte dojru ol arak séneéefl and
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Endotermik Ekzotermik

A. I, I i1V, Vv
B. [, I, IV I, v
C. I, L, IV, V
D. LIV I, 1, v
E. v, VvV [, 1, 1l
SORU 15
Cu Zn
lamba g',zz?);-
=" -
asit cozeltsi | EEEEEE . 8 _AA . BA A
(— - AA fe= Y = |

Yukareda bakér ve -inko arasénda ger-ek
gesteril miktir. Bu tepkyi°me; sonucunda | al

I.  Tepkime endotermik bir tepkimedir.

II.  Tepkime ekzotermik bir tepkimedir.

M. Ki myasal bir deji
yargél aréndan hangisi ya da hangileri do]
A) Yal nézB) Yal &adl | 1D)IIII E) I, I, 1l

SORU 16

Dicleve grup arkadakl|l arénén kimya dersi
akajedaki gi bidir:
. deneyde hidrojen klor¢r ve sodyum hid
sonra karékteérdekl aré kabén dék ké&smeéeneén
ediyorlar.
1. deneyde sodyum bi karbonat ve sitrik

duruma g°re sojudujunu fark ediyorl ar.
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l'1'1. deneyde magnezyum kKeridi yakteéeklar énda

Buna g°re Didbhel saeémgénpyapkak|l are deneyl €

ekzotermi k olarak sénéflandéerél masé hangi se
[.Deney [I.Deney lll.Deney
A) Ekzotermik Ekzotermik Endotermik
B) Endotermik Ekzotermik Endotermik
C) Ekzotermik Endotermik Ekzotermik
D) Endotermik Endotermik Ekzotermik
E) Ekzotermik Ekzotermik Ekzotermik
SORU 17

l. Pamukkale travertenlerinin olukn

Il. Maj aral ardaki sarkét ve dikitler

. Hi dr oj en Kl or ¢r vV e sodyum hkidoi
tuzunun ol ukmasé

Iv. Tencere ve -aydanl éklarda su ka
birikiminin olukmaseé

Yukar edaki ol aylardan hangil eri -%kel me tepk

[ve ll B) Ive lll C)LIlvelll D) LlIlvelV E)LILIIve IV
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SORU 18

KoaSOQyaq) ve FeBbag - °zel t il eri lo(8Qu)gK Kt 2Btr 88d &dreg e
-%kt e 6 g%zl emleniyor. Buna g°re bu t o
akajedakil erden hangisidir?

A)  K2SOuaq)+ FeBiag — Fex(SQs)ax) + KBr(ag)
B) K2SQuag)+ 2FeBBag ™ Fe(SO)3k) + 2KBr(ag)
C) 3K2SOsag)+ 2FeBBag™ Fex(SOs)3k) + 6KBr(ag)
D) K2SQyaq+ FEBbag —  Fex(SOs)3wk

E) 2K2SQuag)+ 2FeBBag ™ Fex(SQu)sw + KBr(ag)

SORU 19

| + N

giimiis nibrat . lityum ivodir

Sekil-1 © Sekdl-2

kekilg®lsG edd |l en g¢megk nitrat -°9zeltisi ve
kekillddeki ger¢é¢negm el de ediliyor . Buna g°
¢coz¢snth&kel me tepki mesi ol ukur .
kelkidlde kapt aki -%zel ti l'ityum nitratter.
kekidldeki kapta diptekrgegmegk 1 yoder kat ése
yargel aréndan hangi si ya da hangil eri d o]

Yal neBYdl ne&) IMal nezD)Ilivalll E) Ll velll
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SORU 20

O @ ° A

NOz:- CI- Agt+ PbB*

(ML keaps)

l. ve 11 . kaptaki -°zeltiler 111. kapta karée

I . N°trl ekme tepkimesidir.

1. Ki myasal dejikme ol muktur.

1 T Ge¢megK nitrat suda -°9zégnmeKt or .

yargél aréndan hangisi ya da hangileri dojrud
Yal nez | B) Yalnéz 11 C) I ve 11
SORU 21

j NaldH Cozeltisi 1 NalH Cozeltisi 1 NalH Cozeltisi

HCI Cozeltisi :|h

kekil deki kaplarda h y¢kseklijinde HCI -0
2h ol acak kKkekilde exkit derikimde NaOH -°zel't
dej eri 7 olur?

Yal nézB)Yal né&) IYal Bawell | | E)I lvell
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SORU 22

Akaj édaki ol aylarda hangil eri n°trl ekme |
l. Mi desi gerejinden fazla asit s a
kull anél arak tedavi edil mesi

. Aj ézdaki bakterilerin ¢rettiiji a
-al ékéel masé.
a

. Sol unum ol ayé sonucunda su ol ukm

A) Yal nez | B) I ve 11 c) |
SORU 23
Ca(OHyve HBPOy- ¢z el t i | er i araséenda ger-ekl eken

l.  Asitten gelen PG¥ iyonu ile bazdangelen€i yonu tuzu ol

. N°trl ekme tepkimesidir.

. Tepki menin denklexktirilmik denkl
3Ca(OH)@qg) + 3HPQuagy Ca(PQy)2(aq)+ 6HOk e k I i nd

IV. Ca(OH}asit, HPQwi s e bazdeéer .

yargél aréndan hangisi ya da hangileri do]
Al ve Il B)lvelll C)lvelv D)l Ilvelll E)I llvelV
SORU 24

= - a
H™ OEI- Na™ 1

-
o.jo‘ T e ‘.‘!c;o
@ e o° . ® = e
1.kap 2.kap 3.kap
Bir kimya °jJret meni ki myasal tepki meler |
boyutt a gesteri mi verilen tepki meyi -1z
czelli klerini bul mal ar éneé i stiyor. Buna

yanl?ékt ér
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A) N°trl ekme tepkimesidir.

B) 1. kapta verilen madde asittir.

C) 2. kapta verilen madde bazdeér.
D) 3. kapta tuz ve su olukumu sembo
E) 1. kapta verilen madde kérméezé t
SORU 25

Yukaredaki maddel erden hangil eri mavi turnus
A) B) C) D) E)
Sirke- Soda SodaDi kK maElma - Di K ma-c Elmai Soda

Sirke Sirke
SORU 26
¢toz¢snth&kel me ve notrl ekme tepkimeleriyle 11 gi
Anyonvek at yonl arén yer dejiktirmesiyle ol ukmal a

El ektron al ékverikine dayanmal ar é

Tepki me sonucunda su ol ukmaseé

°zelli klerinden hangileri ortaktér?
Yal néz | B) Yalnéz 11C) Yalnéz 111
D) lvell E) LIl ve lll
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SORU 27
NaClag)+ AGNOszag—> AgCl) + NaNGs(aq)
HClaq) + NaOHaq) —= NaClag)+ H20(s)

Yukaréeda denklemleri verilen tepkimelerl
Her i1 kisi de yer dejiktirme tepkimesidir.
Her i kisi de zét y¢kl ¢ 1T yonlar arasénda

2. tepki mé k-e®lzmenmeep ki mesi di r .

yarmgehmdan hangisi ya da hangileri dojrudt

A) Yalnez | B) Yalnez I11C) Yalnez 111
D) I ve ll E) LIl ve lll
SORU 28

Bro + SQ + 2H,O — 2HBr + SOy tepkimesiyle ilgili olarak;

H2SQW6t e S6nin y¢kseltgenme basamajé +606der
SO indirgendir.

Br elektron vermi«ktir.

Hénin y¢kseltgenme basamajé +106dir.
yargél aréndan hangisi ya da hangileri do]
lvell B)llvelll C)lvelv D)l llvelll E)I llvelV

Havadaki oksijen taneci k| etreipki me dekar
glesteri |l mi ktir. Bu tepkimeyle 11 gild@i ol ai
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Fe y¢kseltgenmi ktir.
Oz indirgendir.
Fedbnin y¢kseltgenme basamajé +306dg¢r .

yargél aréendan hangisi ya da hangileri dojrud
YalnézB) Yal @gzYal nézD)lvelll E) LIL1I

SORU D

S ", cinko ntrat
cozeltisi | (Gzeltisi

l

gumtis
kekil 16deki gémegkK nitrat -°9zeltisine -inko
-ubujun akéndéjée , kabén dibinde ise g¢megk to
g°zIl emleniyor. Buna g°re bu olaykea?ilgil:i a kK
Y¢ekseltgenme indirgenme tepki mesi ol muktur.

¢inko y¢kseltgenmiktir.
Gemegk indirgenmi Ktir.
¢inko y¢kseltgendir.

¢cinko elektron vermi kKtir.

SORU 31
Yaygén y¢kseltgen ve indirgen maddel erin kul

ifadelerden hangistanl ekt ér ?

Karbon n¢gkleer reakt®rlerle ve enerji cretiom
Nitrik asit g¢bre ¢retiminde kull aneéel er .
Sodyumbis¢gl fit boya yapeménda ve tekstil san
Potasyumper manganat i -me sul arénén areéet él mas
Oksijenyanmaol|l ar énén tamaménda kull anél ér .
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SORU 32

Monemerl erin farkle sayélarda bir araya

tetramer.. ... polimer olarak adlandérel e
Buna g°re akajeédaki yapeéelarla ilgili ver.]l
|. H‘\ /_,H
H/E=E\‘H
Etilen

n. [
Lo - o—
| |
H
H 2

A) I. madde monomerdir.
B) [I. madde polimerdir.
C) [ll. maddenin monomeri
. ~F
n|:F'_,L; = L;\':|
Keklindedir
D) [ll. madde dimerdir
E) I. maddenin polimeri
H H
I I
C-C-—
I
]
Keklindedir
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SORU 33

sék-a
hangi sinde

&
I. Plastik borull. PVC . Teflon
Yukaréeda g¢nl ¢k yakant @émézda
akajedaki Ke-enekl erden
veri |l mi Kkt
Plastik boru PVC Teflon
KN Hy M CH,=CH
v : C=rC
H” \H H \“H ﬂ]
A) Winil Kiewrtir Etilen Sitrien
[+ H :
Hy A \c_ o \ -
Wl C\H H \H T O
B) Etilen Winil Klesiir | miraflorstilen
" ' H-, H L‘,'\ H
‘__i': =G _ C = ,:f C=cC
F r H \“H H” \H
C) | mirafloretilemn Etilen Wil Klesedir
. W H]
CH,=CH «“ M Yl
c Lo / -\
@ H MH H H
D) Sitrien Winil Klesiir Etilen
\ W H]
Lj\r [1/“ CH?=L’H \c ) ”
H i ‘\H @ H” \H
E) Winil Klesiir Sitrien - Etilen
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SORU 34

Akajéda semboli k g°sterimi verilen maddel
A) B) C) D) E)
oy | o, 0=C=0 H HH H HH
H" 'H il I
Hn{ i CH, H—C—C—C—C—C—C—H
3 I T I
H HH H H H
SORU 35

Knsanl aréen sajl ekl égeyraekkalma soel avne pbr¢oytéemensiin

taneci k boyutunda g°sterilmicktir.

Polipeptit zinciri Protein

Buna g°°re:

Kondenzasyon tepkimesidir.

Proteinler poliamid olarak adlandeéereéel ér .
Et, s¢t, yumurta, tahellar gi bi hayati ©
yukarda verilery ar gél ardan hangi si ya da hangiler
Yal nézB) Yal @awlll I D)Ivell E)IIlvell
SORU 36

R O R R O HR

NHg—é—(IE—OHJrH—N—(lJ—COOH —_— NHz—é—é—lil—é:—COOH+H20

H HOH H H

Yukaréeda proteinlerin olukumuna ait veri|
.. Kondenzasyon polimerl ekmesidir.
. Kki aminoasidin bidrimekm&gl ¢sara$
M. Peptit bajé olukmuktur .
yargél aréndan hangisi ya da hangileri do]
A)Yal néz | B) Yalnéz 1|1 Cyallhez

D) Il ve Il E) LIl velll
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SORU 37

Akajéda g¢nl ¢k hayatta karkéméza -ékan bazeé
alanl aré verilmiktir. Buna g°re hangi se-ene
Polimer Elde edil Kull aném
A)  Polipropilen Kat €1 ma Mut f ak
pol i mesr | e oyuncak
B) PVC Kat él ma ki ke, yer
pol i mer | e hortum
C) Poliamid Kondenzasyon Tekstil sanayi
pol i merl e
D) Teflon Hidroliz tepkimesi End ¢ st ri
E) Poliester Kondenzasyon Kpl ik, |
poli merl e
SORU 38
Taneci k boyutta g°sterilen akajédaki tepki me
0 - A e
ct-c - I CH,CO0H— @ I °
\ Somm | o [, A4
0-CH, - ®
ho o o CHOH - A — i
"l
CH5 — (é + H,O — CHi;zCOOH + CHLOH
A\
S =S, denkl emi ne gere

ger -ekl exir.

Hidroliz tepkimesidir.

Kondenzasyon tepkimesidir

Bu tepkime i-in yukardakilerden hangisi ya d
A)Yal néi&) Iyal @awllll | D)lvell E) I, llvelll
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SORU 39

Knsanl arén ve hayvanl ar én, bitkiler tara
i -in b¢gyeéek molekegl |l eri par -al ayabil mel er |
H,O H,0
, 2
[c1?H7CO1ﬂ]n' pe—— C'2H22O1‘ e 203H12OS
Nisasta Maltoz Glikoz

denkl emine g°re ger-ekleken hideanobkBiz-tap

akajeéedakil erden hangisi dojrudur?
Ni kasta Maloz Glikoz
A) Disakkarit Disakkarit Monosakkarit
B) Polisakkarit Monosakkarit Disakkarit
C) Polisakkarit Polisakkarit Disakkarit
D) Polisakkarit Disakkarit Monosakkarit
E) Monosakkarit Disakkarit Polisakkarit
SORU 40

tetrofloretilanden teflon eldesi |
|

Hidrohz
Iatil asetattan alkol eldesi Ii TEplﬂtﬂE . 4' vagdan sabun eldesi
5 2
4 |p1‘l:|tE:i.'|:'I.d.EI'l. anunoasit eldesi | maltozdan glikoz eldesi 5
Yukar éda bazé hidroliz t epWNerilere |l er i n
°rnekl erden hangisi yanl éxkteéer?
A1l B) 2 C)3 D) 4 E)5
Test bitmiktir.. Xlginiz i-in tekxekk¢r e
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D. ATTITU DE SCALE TOWARD CHEMISTRY
KKMYRUTUM ¥L¢EJK)

1. Bl ¢m: Kisisel Bilgiler

l1LAdénéz, :Soyadénéz

2Senef énez

3. Cinsiyetiniz

' Ké z I Erkek

4YakKeéneéz

Akaj éda Kimya dersine y°nel i k alumaktuaadiéru.

Letfen ceml el er i di kkatlice okuyar ak

Il karetleyiniz. Tekekk¢gr ederi m.
0] > N (@) (@)
+— [ () > >
© E (7] 1D 1D
4 —_ _ —_— | e —

Q @© [} g-w
1 — S +— CGH
— © © © E w
Y N N =

1. Ki mya -ok sevdi]Jin

2.Kimyailei I gi I'i kitapl ar é

3. Ki myanén g¢é¢nl gk oy

4 . Kimya ile ilgili.

5. Kimya konulareée il e

6.Ki mya dersine girerk

7. Kimya derslerine zevkle girerim.

8 . Ki mya derslerine

9. Kimya dersini -al &

10. Ki mya iklogiullam@&ineen

llll.l_Dg,'Kg,n'cel sfst;amiln

12. Ki mya -evremizdelk

13. Dersler i-inde Ki

14. Ki mya Kkonul ar eyl g

15. ¢al ékma zamanémén
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E. CHEMISTRY MOTIVATION QUESTIONAIRE

(KKMYA MOTKVASYON ANKETK)

Ki mya der si hakkénda ne dg¢Kgé¢ni
i -in | ¢tfen akaj] édaki I fadel e
dejerlendirip size en uygun o
AKi mya dédsj odezaman. 0
1 2 3 4 5
Hi - bi r [Nadiren Bazen Genellikle Her zaman
Ark. G°r. Mustafa T,YS| Z
112 (3 |4 |5

1 |[Kimyayé °jJrenmekten hokl
2 ¥Jrendijim kimya bilgis

i i kkilidir.
3 |[Kimya seémdavlear eé°njdraenci | e

olmak isterim.
4 |Kimya sénavlarénén nase

endi kel endirir.
5 |Ej er ki mya °Jrenirken

bul maya -al éeéxkeéer ém.
6 |[Kimya sénavé zamané gel ¢
7 |[Ki myadan iyl bir not aln
8 |[Kimyayée °Jrenmek i-in ge
9 |[Kimyayeée iyi °jJrenmemi sa
10 |[Ki myayé °J renmenin iyl

yar démcéed ok arcal] &£m.é
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Test

11 ¥JrendijJjim kimya bil gisi
déKener ém.
12 [Ki mya der si bakar émén di
iyisinin olacajeéné d¢ker
13 [Ki mya sénavl arénda bakar
14 |[Ki my a der sinde dijer g
ol dujunu d¢gkegnmek beni k
15 ([Ki my a der s not umun gen
etkil eyecejini deéeKener ¢
16 Benim i -1in ki myayé ©°7Jr ¢
°nemlidir.
17 |[Kimya°®j renmenin kariyerim
déKener ém.
18 [Ki mya sénavlaréna gir mek
19 ¥Jrendijim kimyayé naseéeél
20 [Ki myayé anl ayaméyor sam K
21 |[Ki my a | abor atpuarjénda i n
ol acajéemdan emini m.
22 [Kimya °jJrenmeyi il gi n- I
23 ¥Jrendijim kimya hayat ér
24 |Kimya dersindeki bilgi ve becerileri tam olars
°Jrenebil ecejime inaneéer §
25 ¥J rendi Ji m ki npraantéink bdeenji
26 [ Ki mya sénavlaré ve | abor
27 [Beni zorl ayan ki mya hoky
28 Ki mya sénavl areéenda baxkar
29 [Ki mya dersinden en yg¢kse
30 [Ki myayé anl amak bana bak
Bitti Kat kél aréeénézdan dol ayé tekekkg¢gr
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F. SAMPLE LESSON PLANS FOR 5E LEARNING CYCLE GROUP

GE ¥JRENME D¥NG! S!

B¥L! M 1

DersinA d é :

Kimya ve teknoloji

Séneéef :

9. Sénef

I ni teni

n Adé/ No:

Ki myasal Dej i ki ml

Konu:

Reaksiyon nedir?

¥neril e

n S¢re:

180 dakika

B¥L! M 2

¥Trenci

Kazaneéml ar

1. Kimyasal tepkimelerin betimlenmesi i

il gili ol arak ©°7rce

1.1. Kimyasal tepkimelerde maddelel
ki mlik °czellikler
atom teori si il e i
1. 2. Ki myasal 0z
deji kmel eréktlej éomré
1. 3. Yanébétrke&k, a
ki myasal °czel ikl
tepkimelerin denklemlerini yazar.

1. 4. Ki myasal d
deji kmel erinin de

gesterir.

Bil i msel

S¢re- bas

Gzl emlere dayanar 8
°zellije g°re karkd§6

Ol mu k ol ayl ar én

g°zl emlere dayanar @
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G°zI| em, -ékarém ve

gel eceje y°nelik 0

fikir °ne s¢grer.
'nite Kavramlaré v|A Kimyasal Tepki me

A Kimyasal ¥zellik

A Kimyasal Deji kme

A Yanecel ek

A Asitlik

A Bazl ék

A Asall ek
¥Tre¥meenme Y°o°ntem5E ©°Jrenme h al kcevape

Teknikleri:

tartéxkma, anol oj i,

Kul |l aneél

Kaynaklar

an

Ar a - Ge

Der s kitabe, Knter
KaB80OHO H.SQi, H:0,
NaHCQ, CaCQ, NHs, NaOH, NaCo;,
CuSQ, H.SQ, NaCl, HCI, KNQOs, KCIOs,
MnOy, - i pa

met al i par - alparé,al

keker , g4

nko met al i

sirke, kol a,

Magnezyum

havan, mu m,

tur ol

Pés

nus

baget,

Kerit, 1

ké as] e &udidEmk edeney

- ama

pens,

ma K a

G¢gvenli k Se

mbol | er

il e

M

yapéekhkhat die

ol an

éKE

v O 0| -
N
1

é kK
n

val andéreéel mal é,

Asi t

Dene

|l anél mal é.

(o]
=~

mal édeéer .

t akél

an
I di v

O < X T @
c

mal éd é
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3. ! NKTE: KKMYASAL DEJKKKMLER
3.1.Reaksiyon Nedir?
3.1.1. Fizi ksel ve Kimyasal Deji ki mler

Girik (Engage)

¥ ret men, °jrencilerle karkeél ékl e sel aml
adéna hal ve hateéerl aréné sorar. Daha son
getirir, i Kizmidze jd «jiirk i ra,r keewdiam - evr emi z
bunl aré -ojaltabiliriz. Bazeée dejikimler
derinden etkileyebilir. Ki myada da b°yl e
g°rd¢j é¢n¢gz imyaislaseldeye kkmler konusunda ¢
sonraseéenda °n bilgilerini °]l -mek ve de
yakamdan fiziksel ve kimyasal dej i Ki ml er

derse baxkl aneér.
Re s i ml eerigre maddeleribh hangilerinin fiziksel hangilerinin kimyasal bir

deji kKime ujradéejéené d¢Kengyorsunuz. Nede.l

Resim-1 Resim2

karpuzun dilimlereEaynékeémgma haline geti:

Resim 3 Resim 4

Peynirin k¢fl enmesi Demirin pasl anmaseé
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Resim 5 Resim 6

Mumum yanmasé Suyun donmaseé

¥Jrencilerin fikirleri alénma akamasénda dg¢KkK
ANeden fiziksel yada ki myasal bir dejikim ol
AHangi resi mde maddel erin kimlikIleri deji kmi
AHangi resimde maddel erin tanecik yapélare d
AHangi resimde dejikKim sonucu yeni bir madde
NfNResi mlerdeki deji ki mlerin hangil erinde mac

durumwmrpx ¢dry, kol aydéer ? Neden?

AHer ki myasal deji kime bir fiziksel dej i Ki
sorar.
Burada °jJrencilerin fikirleri al enep dojru

sahip olduklarée ©°n bild@aihlaersionaaéjtek+s+akard®rm.g
belirtir. (varsa °Jrenme zorluklare ve kavra

Kekfetme (Explore):

Girik késméndaki kavramlara yojunlakan °jren
il i kkil er ol uktur ek, esior mloar edekar éBu vy zdre
| aboratuvara indirilerek bexkerl ky ptdéemé lod ru.k a
Bu deneyde °jJrencilerden fiziksel ve ki myas
edebil ecekl erini g°r mel er i ama-1|l aner .

Etkinlik -1

Fizi ksel ve Kimyasal Deji ki mler

PROBLEM:k ek er de yapeéelan ¢(- farkleé dejikimin far
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ARAGEREKes me kKeker, i ki adet 100 mL behert
Kk LEM:

Alté tane k¢gp kKekeri havankhaledinoz haline
100 mllik her bir behere altékar tane kes
su ilave ediniz. Kkinci behere 40 ml Kor

kar ékt ér énéz.

223 dk beklendi kten sonra g°zlemlerinizi r

G¥ZLEM ve SONUC¢
TARTI k MA

. beherdeki, I 1. beherdeki ve havandaki
ol arak sénéflandéréenéz?

Gzl emledijJiniz hangi del il |l erden yola -
fiziksel yadakimyasalbid ejJ i Ki m ol dujuna karar verdini
Gzl emledijiniz kekerlerdeki dejikimlerd:é
olarak elde edebilirsiniz? Neden?

Ejer kKekeri tan-ik b oky untatvaanda ve beher |k

taneciklerm n uj radékl areée dejikim neticesindeki

Bu bl ¢mde °Jretmen bir rehber, y°netici
onl arée dinleyen, g°zl eml eyen, °Jrenciler
Gerekli durumlarda sorulaxl, yani bil givyi direk ver mede
bil giye ul akmal aréné sajlar. Onlara dene:

Bu késémda °Jretmen ayréca sék sék grupl a
Zor|l andékl aarca evelebb@eridiek oemder ek deneyi t e
grup ¢yelerini deneye katke yapmal areée i - |
A-ékl ama (Explain):

Deney sonucunda grupl areéen bul dukl ar e SO
fiziksel ve ki mya dhangi dudumgnikimyasal hangifdarumkin ar & n

fiziksel deji kim ol dujunu yukareda veri/l
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¥Jrencilerle birlikte fiziksel ve kimyasal d
ki myanén makroskopi kdofJam@olviuk gué amiak mdks k ab i
Fi zi ksel Maddelgriny ang & s € deji kmeden sadece hal,

go°r¢é¢negkegnde meydana gel en deji kKimlere veri

sonucunda yeni maddel er olukmaz. Yalnézca ma
dej i ki r. Dijer bir I fadeyl e fiziksel dej i Ki
Fizi ksel deji kmeye ujrayan bir madde kol ayc:
odununler €1l mas &, naftalinin buharl akmasé, Keker
°Jrenciler taraféendan -ojalteéelmal édeéer.) (mak
Buz Su buhari
-
Bl -\
J— s
Su

i A g

s

P —
N

(makroskopi k seviye g°sterim)

Peki fiziksel dej i kKi ml er i sembol i k seviyede
akamal aréené, oksijenin ve yemek tuzunun suc
g°sterebiliriz? ( Bu akamada °Jrenciler dah:
°Trenmi kKl erdi) ¥Jrencilerin fikirleri al éna
yazdeér.al abilir

HoO( k at ymmmmmmyp H2O( s & v &= H>0O(gaz)
O2(gaz) e===) O(suda)

NaCI(kat_ NaCI(suda)
Sembol i k seviyede g°sterimler
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Son ol arak fiziksel dejikimler:i mi kr os kol
sévé halden gaz hal e gedejrikeinr smiyud oOlk«xit

-%z¢nmesinde oksijen moleke¢ll eri dejikir
seviyede g°rd¢kl eri dej i kKi ml er taneci k
birlikte bir k a- °7 renci yeebilit eehdereyda - é k ¢
yaptéklarée -izimler grup bakkanl areé tar al

t‘“ g [Hiba degisim i ® @6

Fiziksel degisim % o 00 8

o,
000 Q9
e %9 200D
Q
o0 WSS

Yukardaki a-ékl amal ar ekl ijinde, fizikse
deji kmedijJi, molek¢l formegl ¢neégn tdpafni K medi
atom sayésénén dejikmediji, ancak bazé fi
késém °jJrencilere sorularak -ékarteléer.)
Ki myasal Bdejimankdeni n -exki tli e bakkakl er | e
maddel ere d°n¢gkmesi neKiknymyad alded e jkii un ns éd
dej i Ki mi |, gaz -ékéexe, ésé viewvadéemrkn yiay
yapésénda meydanaKigmy aesnald ed @ jkinkerheeyred iu] r ay
haline yine ki myasal. Bdejuink i yrd reéanr dcca difeir¢ K
deji kimde mutlaka fi zi kselyumur tdaenjéink i pmdke
stten yojurt, peynir el de edil mesi |, di K
(°rnekler °Jrenciler taraféndan -ojalteél.
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Demir(Fe) + Kikiirt(S) »  Demir Priti(FeS)

Makroskopik seviye

Ki myasal dej i ki mleri sembol ik seviyede na s
tepki mesini, yemek tuzunun olukum tepki mesi
semboli k seviyede naseél g°sterebiliriz? (Bu

-o0oj] al t eélkrea-l €° jvree chiiye tahtada yazdér él mal eder
2H,+ O, == 2H,0

HCI + NaOH== NaCl + H.O

CHs + 20=CO; + 2H,0

Ki myasal deji kimlerde maddel er naséel Ki ml ik
maddenin il k durumunu ve deji ksewiydden sonr aki
i ncel ememi z gerekir. Suyun elektrolizinde, vy

ile tepkimeye girdijinde maddel erin taneci kIl

makroskopi k seviyede gerd¢kl er i deji kKi mler
sajnalneder , bununla ©birlikte bir k a- °J ren
istenebilir).
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SODYUM

elementi
+ —

}g'le_’g"% SODYUM KLORUR
bilesigi
o
-

CHy + 20, I > CO, + 2H0
¥ retmen ger ekl i gord¢j ¢ yerl erde d¢zel
bl ¢m¢gnde °Jrencilere g°sterilen resi ml e
fiziksel ve kimyasal olarak dojru bir bi-:
Bir ki myasal deji kmede maddeni n, fizikse
atom sayéeseé deji kmez, toplam k¢gtle deji
Mol ek ¢l f ormul ¢unvuen eelleenketnrto natsoany € s € dej
°jrencilere sorularak -ékarteéeler.)
Derinlexktirme (EIl aborete):
Bu evrede yeni deneyimlerle kavramén anl :
ederken ilikkili kavramlarbakénj karntdéear
al té gruba a2yrié-leérri sviendiet kyienrl iakl an deneyl e
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Etkinlik-2

PROBLEM:KMNQii | e yapeéel an i klemlerdeki dejikimler.
ARAGEREC: N8 Q FHy 04 N azHviCadet 100 mL beher, bir
adetka é kKt ér écé

Kk LEM:
1. Spat ¢l ucuyl a als@wan biehemekliOalave KMg@er i ne
eder ek °zlemlerinizi kaydedini z.

é
g
2. Kkinci akamada ayne behdaS®@ ekpatyeglrelkcuyl
e
c
n

g%zl eml rn z kayded n z.
3. - ¢ncy akamada ayH®BQ adlklheyer ek 1@°mleml er
kayded z.
4. D°rd¢ncy¢ akamh@ amla yid&®Qebleltheeyreer ek g° z 1| eml er
kayded n z.
5. Son akamadyg ayené& plad lpd seakd leylea eka HCQ | eml er i
kaydediniz.
G¥ZLEM ve SONUC¢
Ak amal a1 fiziksel kimyasal g%zl emler
deji kindejikim
AK ama
AkK ama
AK ama
AkK ama
AK ama

Dejerl endirme (Evaluati on)

Soru 1

Atek b°cejinin karanl ékta ékék ver mesi hangi
Soru 2

Deni z suyundan i-me suyu el de edilebil mesi [
ge-iril mesi gerekmektedir. Bu ama-I|la; deni z
bir kazanda topl aneér. Daha sonra bu kazand:
getirilir  ve i - me suyu ol arak kull anél ér . Buna g
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ki myasal dejikim olarak sénéflandérénéz.

g°stererek a-éklayeéeneéz.

3.1. 2. Fizi ksel ve Kimyasal ¥zelli kler
Girik (Engage)

Fiziksel vek i my a s a | deji kimlerin neler oldujun
ayert edil dijJini °nceki dersimizde g°r mg¢
dejerl endir me i -in veril en sorul ar Il e

Anl amayani A] oé¢wnpi lodrmadéj @éndan emin ol un:¢

ge-ilir. Maddelerin ujradeéejé bu deji ki mle
fiziksel ©°zellikleri ya da kimyasal °zell
tepkime verir mi? Kimyasaél e p ki me nedir ? Mesel a, neden
dojalgaz yerine bakka bir maddeyi kul |l an
gazé kull anél éyor da, karbondioksit gaze

da el mastan yapredern oy &p Nleadre nmalleazna mel er I

porselen tabakl ar cam tabaklara g°re da

s°nd¢rmede kull anél éyor ? V. b. sorul arl a
ortaya -ékarteler.

Burada °jJrenaliémepnddjikurtevaplar verilm
sahip olduklaré ©°n Dbilgileri a-éja -éka

yanél gel aré bunlarée not eder.)

Kekfetme (Explore):

Girik kesméndaki kavraml ar a y gdparakbasitk an °©°]
i kki |l er ol ukturur, sorul ar -ékarer vV e
|l aboratuvara indirilerek beker3 ky xptdeme loé
Bu deneyde °jJrencil erden ki mgdebdeacklerimie f i z
g°r mel er i ama-| anér .

Etkinlik-3

Fizi ksel ve Kimyasal ¥zellikler

PROBLEM: Bazeé maddelerin fiziksel ve kim
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ARAGEREC:

keker NaCOs Tutacak

CaCQ CuSQ |l set éce

NH3 0,1 M SOy Spat ¢ |

0,1 NaOH NacCl Beher

Mum Deney t¢péTurnusol k aj
Kk LEM:
Birinci Késeém
Bir maddenin sudaki -%z¢éenegrl o] ¢

Deney t¢peéene spat ¢l ucuyla bir miktar kat
ekl enir ve -alkalaneér. Madde -°z¢gnmemi Kse ay
kaydedilir.(gaz -ékéke, -°kelek olukumu, -°z
|l sét ma karkéséndaki davranécx

Deney tg¢pene spat ¢l ucuyla bir miktar ka

késménda 45A 61lik a-éyla tutukiuki.l étegpghnak z

ol mamal edér.) Meydana gelen dejikiklik kayde
c) 0, 1.SMitelreaksiyomr
Deney te¢pene spat ¢l ucuyla bir miktar kat
HXSwi | ave edilir ve -alkalanéer. Meydana gel en
Deney i-in daha %ncke keDhCxRiEclee ms EySO
al éenarak (a), (b)), (c) deneylerinin herbiri i -
Ma ddeni 1 Sudaki | sét madiHSOQ ile
-%z¢é¢negrDavr an é i tepkime
CusQ
keker
NaCOs
CaCQ
Kkinci Késém
i - tane mum al énarak yakéleéer. Birinci mumun
mumum ¢zerine 250 mloli k beher koyarak yakeén
beher koyarak yakanéz ve g°zlemlerinizi kayd
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I -¢é¢nce keées
Mavi ve kérmézé turnusodHI0g] &Nhd®OmiHée - P erhlt i 4d

séraséeyla batéreéenéez ve g°zlemlerinizi k a:

m

(]

Maddeni Mavi turnusoll Kér mé z é | Asit/ Baz
kajéede kaj éde

NaCl

NH3

H2SQOy

NaOH
TARTI k MA
Gzl emlerinize g°re kullandéejénéz maddel
Gzl emlerinize g°re kullandéjénéz maddel

Yaptéjéenez gzl eml er sonucunda maddel er

far kl ar e mé éerkd dagyreinyelze

Yaptéjéenez g°zlemlere g°re kullandeéj éneé:z
ki myasal ©°zelliklere sahip midirler? Ned:
G°zl emlerinize g°re yanéceéel ék ki myasal bi
Yanma ol ayénda oksijen miktareée ©°nemld. mi
Hang i maddel er asit, hangi maddel er baz °©°z

A-ékl ama (Explain):

Deney sonucunda gruplarén buldukl aré so

fiziksel °czel ik nedir? Ki myasal °czel l
°zelli klerin farklaré nelerdir?, Hangi
°zel litfiiji bel iyukar éda veril en sorul ar €
¥Jrencilerle birlikte fiziksel ve ki myas
ki myanén makroskopi k, semboli k ve mikros|
Fizi ksel ¥zelli kl er:

Madd e ni n bir bakka madde veya maddel er e

°]l - ¢l ebil en veya hiFssda dkisledbi®lzeen |° zkd lelri kfli

belirlenir. Re n k , koku, tat, Kekil, sertl ik, mi
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yojunld&ml &ska,y °z éseé, elektrik i1letkenlif]i,

fiziksel °czell i ktir. B¢eten hal deji kim ol ayl
ol ukturmal areé fizikseldir. Fiziksel ©°zellikl
K¢t e, heci k| i tgapé vV e eyl emsizl ik maddel
kKul | nel mayan ©°zelliklerdir. ¢Cenkeg betéen ma

be¢t ¢ maddel er taneci klerden olukur ve eyl em

a
n

b¢yeéekl ¢kl ere verntidkmi kzelrl.i Kk adé
n

Knsanl ar maddel erin fiziksel °czelliklerini

I Kl erini kol aylaktérmak i-in belirlemeye -a
i nsanl ar daha serinletici K e ywiysder tergh yer ken Kk
ederl er. Annelerimiz yemek yaparken tahta te

Arabal arda tekerl ek demir yerine ©plastikten
birlikte -ojaltélmalédér.) Bkisé@lrn®xélelri knlaedie
belirlenerek ancak amacéna uygun ol arak kul

madel erin fiziksel czelli klerini séneéfla tar

B u= (H20(kat) Su Him Su Buhan
Donma ‘ - Yogunlasma H20(za2)
—y————— —
80 Kalori ‘ . 600 Kalori
Erime ‘ . Buharlasma

Is1 Enerjisi Birakilmasi

Is1 Enerjisi Tutulmasi
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ghel L1 ILE L
Ll

Kalkopirit Kalsit  Kolemanit Korund

L ks

Mu\yent Molibden Muskovit iy Pandemut

JJluf@I

$falerit Trona  Turkuaz  Volfram Vollastonit

Altm | | Alumit | Antimomit Aragomit Arsemik Amenopirit

18l 1y

Bokﬂt

|

Ag Manoprizma Au Kierederi

Ki myasal ¥zellikler(kazaném 1. 2.)

Maddenin bir bakka madde ya da bakka madc

ve i - yapeéesée ile ilgili olan ©°zellikleri
ver memesi , asidik ve ya bazik ol maseé, a
yésctelst genme ej il i mi vb. °czellikler madde
°czellikler ki myasal deji kimlerle yani k

kimyasal tepkime nedir?

Ge-mi kten g¢negmgze bir -ok bili mkaedamé ki
yaparak ge¢negmgzdeki ki mya bilgisine ul ake@é
geli kimiyle daha da artacakteéer. Simya d

katkésé olan John Daltondédun maddel erin a
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yané séra kimyasal tepkimeler ile 11gild@i a- @6
ki myasal tepki meler(kazaném 1. 1), maddeyi ol
ve birlekme keklinin dejikmesidir. Yani Dal t

Kelkirlinin dejikmesine dayandérarak a-éekl amécx

ke¢relere benzetti]i d¢kegnecek ol ur sak b u a -
a-eékl amadeéer Ve ayreca dijer bilim adamlar e
ol muktur. mercak kbbbl bpmni zamanla dejikip gel

atomlarén atom altée taneci klerden ol uktuju f
0

S¢rmgk l duju ki myasal tepkimeler tanémé g¢n
S8 22— 2WPe

Taneci k boyutta Dalimmeond a g°re kimyasal tepk
Géenegmegzde ki myasal tepkime ise daha ©°nceki
dejerli k katmanéndaki el ektron sayéséna bajl
ortakl akma ej i i mi sonucunda ol ukur . Far k|l
geldiklerindeé ekt r on al ékx veri ki olur ve iyonlar ol
bir araya geldiklerinde ise elektronlareée or
el ektronl ar aléenséen wverilsin ister ortakl ak
elekti k s e | etkilekim kimyasal baj ol arak tane
a-ékl amasé ki myasal bajlarla vyapeleéer. Yani
maddel erin taneci kl er i araséendaki bajl ar én

d¢zenl ener ek vyaesnéideébraj |l arén ol ukm

, .
6 + o—e > 0—=0—0 + %,

I*'I'
&8
Taneci k boyutta modern kimyasal tepki me tane
Ger ¢l degj ¢ gi bi Dalton ile modern Kkimyasal t
I ki si de d¢zen deji ki klijinden bahset mesine
el ektromr,l elbaji keel -ekimler.i a-ékl amal ar énd

Dalton teorisinde kimyasal tepkimelerin ve I
a-ékl anmaséna késmen dojru bir yaklakém get.
(bu ke

a

saj l

sém i°rjlriekntca ltearlteékwél ér onl arén fikirle

nmal edeér . )
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Peki maddel erin kimyasal ©°zellikleri nas ¢
ve mi kroskobi k d¢zeyde verilen tepki mel el

Yukareda g°estmagheny«xkmkokhgdi jen il e -o0ok h

girerken,

4Fe + 302 ——

Demirin oksijen i tepki mesi i se

Tepkime olmaz

\/ ¢

Not : Her hangi bir yanl ék kavramaya sebe
g°sterimlerde atomlaréenrepwphtda ombmaldegkl ar

g°sterim ve ayéert etmek amacéyla renkl eni

Al t én i se oksijen il e hi- tepki me ver m
Kekillerde g°rd¢jénégz gibi bir maddenin
gerl-ekkebi |l i r. Yani Dbir madde bazé maddel e
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bazéeséyla -ok yavack, bazée maddel er il e hi-
ki myasal °czelli kler tek Dbir tepki meye g°re

resimlerde] degighBir ¢goksijenin tepkimeye gir me

yerinde bir i fade ol mamaktadeéer. Dol ayéseéyl a
bahsederken mutl aka tepkimeye girdif9]Ji madde
i fadeyl e maddenhandianmgad ke Kiull d atredppk i meye gi r
Bununla birlikte yaptéejéeénéez deneyl erden ve
bazé maddel erin tepkimeye girme ejilimlerd:i d
g°r ¢l mektedir. (ihésmknd abaznaé aki-ai lidrek-ianf kur ar
il se daha i-e kapanék daha az ki kiyle i1l eti
yapélabilir.) Bu y¢zden kimyada tepkimeye g
reaktif madde denir. Reaktif maddelerin aksine mébatde tepkimeye girme

yetenekl erinin hi- olmamasé veya -0k d¢keék o
czel li7Ji en y¢ksek ol an maddel er, asal gaz

maddeyl e tepkime vermez. Asal dawdlkrolgari t €

met all erde vardeér. Bu metaller Au(alteén), Pt
°zelli kl erden dol ayé altéen takeéelarda, platin
gel en keéréklarda kemi kl er i birbirine tutturm
Bili ndi J i gi bi hava bir gaz karékéemeder . Bu Kk;
%2106ini oksijen gazé olukturur. Ancak nor mal
ver mez Tepki me yé¢ksek sécakl ékl arda(°rnej
ger - ekl eoctidri okesi tazbil exki Ji ol ukur . Bu tepki
ger - ekl ekmesi canl ején devamé i-in son dere
oksijen gazé miktaré t¢gkenir. (Bu késeéem °Jr
Yaptéjéenez deneyl eri de g%z ©°n¢gne al déejéneézc
ve sembol ik boyutta verilen tepkimeleri de
i -in kimyasal bir °zellik midir? Bir maddeni
omanasé ne demektir?( Bu késém °jJrenciler ile
¥Jrencilerin maddelerin oksijen ile tepki me
sajlanér. Ayréca madde oksijenle tepkime ver
ger -eklexktiiji, bu y¢zden yanma ol ayénén «kxart
yanma i Kl emi nin s¢resini belirl edifji bi I

-ékareéelér.)(kazaném 1. 3) ¥Jretmen makroskop

verilen yukardaveraaj € d a k i resimlerle konuyu anl ater.)
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Reaktiflik ya da asall ék gibi ki myasal
il k°jJretim fen ve teknol oji dersinden de
tepki meye girmesi di r .gbKarabamidd benzin eksijénrted e g ©°
tepkimye girerek karbondioksit ve suyu ol
dojalgaz(metan gazé) kombilerdweHO&syjpen
ol ukturur . Bu bakémdan iy-ainmnamuwtllaggkean élmi rg ¢

oksijen ile tepkimeye girmesi gerekmektedir.( Yanma tepkimesini sembolik olarak

yukardaki resimlerde g°sterilmikti tekral
Peki b¢gten yanma tepki mel eurri, alievilril emi dail
sonra °jJretmen devam eder). Yanma ol ayé ¢
daha °nce bi z yanmayé bir maddeni n 0 k s
tanéeml amékt ék. Peki bisi kl et demigmi¢gi n p
yé¢zéek ve kolyelerin zamanl a kararmasé bi
hayattan °rnek birer soru sorularak °Jrer
sonr a) Peki, bu ol ayl ar da demi rdemr ve gy¢
oksit ve g¢megk oksit bilexkiklerini ol ukt
tepki mel erde herhangi bir alev g°r¢é¢rmeyé
tepki meler metanén oksijen ile t eplkiima Ve
birer yanma tepkimesidir. Fakat met anén
g%zl eml enmez. Sonu- ol ar ak b¢gten yanma

yanl ékter Her yanma tepkimesinde alev g°

ul akél er .

Madd el erin yanécélek ©°zellikleri kokul |l ar
g°re dejikir mi ? (keklinde bir soru so
tanémlaréenda g°rd¢kl eri tepki mel erden bu
magnezykmseégrmkl| ékl ar da al evsiz yanar. \
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kararér. Ancak y¢ksek séecakl ekl arda al ev

havadakiNnor mal «kat el aegdhki e ver mezken yé¢ksek
verir. Doll #ké ylzael yanéeécekartl ara g°re dejikm
taneci kl er i oksijen taneci kl eri il e -o0ok

Kart olursa olsun oksijen tanecikleriyle

oksijen il e t e-pokk nye; kvseerknkee rejalltiemeén - ok - ok

oksijenle tepki meye gi rmede magnuzyum r eak"

maytapl ar magnezyum metalinden yapeéel érken,
Si zce maddel erin kimydeal-baokded&siidtllabkdleinr
(Kazaném 1.3) Yapteéejénéez deneylerde neler
hangi maddel ere baz di yoruz ? (¥Jrencilerl
¥Jrencilerden ger ekl i cevaipxdnau toptat) e ndeéekt an
deneylerinizde de g°rd¢jéeneégz gibi turnusol
maddel er de mavi ye boyade. Turnusol kafj
maddel erin asitlik ve bazlék ©°zellikleri
devam edilir, ©°jJrencilerden evet cevabeée al
sonra °Jrencilerle birlikte asit ve baz tane

Asit

& Hidrojen iyonu
fprotomn

@A rioroxsi

fyormnwu

Daha °nceden haterl ayacajénéez gibi en genel

(H") veren maddelere asitjdnoksit iyonu (OH) veren maddelere baz denir. Asit

o zel lifjJi g°steren maddel er mavi turnusol
turnusol kajedéené maviye -evirirler. Tuzl
da rengini dejiktirmez.
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¥rnek verecek ol ursak Il i mon suyu asidik

glesterir.

Derinlexktirme (EIl aborete):

Bu evrede yeni deneyimlerle kavramén anl
ederken ilixkkil:@ klawrr .a m¥ jar é rac iblag rl aynit ed aly ¢
alte gruba adyrie-leerri sviendeet kyienrl iakl an deneyl e
Etkinlik-4

Problem: YabérkEékkyeaasall &k gi bi ki myas:

ARAGEREC : 3 tane beheerl,ti seyr elitnikko Hnlt a
magnezyum met ali par - al ar é, bakéer metal.
pens, turnusol kajedée, beher, t¢p, -akmal
Kk LEM:

Birinci Késém

1. Beherlerin yaréséna kadar seyreltik H
2. Birincibehere pens yardéméyla birka- tane
not ediniz.

3. Kki nci behere pens yardéeméyla birka-

not ediniz.

4. i -¢é¢nc¢ behere pens yardéeméeyla birka- t
not ediniz.

G¥ZLEM ve SONUC¢

Akamal ar|g®zl eml er

AK ama

AK ama

AK ama
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Kkinci Késém

Turnusol kajedeéene s¢t, sirke, yojurt, kol a
gzl emlerinizi kaydedini z.
Madde Mavi turnusol| Kér mé z é Gzl emler
kajéedeée |kajede
S¢t
Sirke
kola
- amack
suyu

l-¢nce késeéem

Magnezyum, baker vV e -inko metall erini vV e
kaydediniz?

TARTI k MA

Gzl emlerinize g°re hangi beherde tepkime ge

G° zI|l eml erhiamnigzie bgehreer de t epki me daha hézl é& ger

Gzl emlerinize g°re HCI -%zeltisinin Zn, C
ejilimlerini karkeéel akt ér éneéez.

Gzl emlerinize g°re hangi maddel er asitl ik,
Neden?

Hangi maddker oksijen ile tepkimeye girer? Neden?

Yaptéejéenéez deneyl erdeki ki myasal ol aylarén d
Dejerl endirme (Evaluati on)

Soru l

Yangén s°nd¢grme teéegplerinin -alékma prensi bi

hangi maddeler bulunurvee den bu maddel er yangén s°ndg¢r me

s°nd¢rme te¢egplerinde CO ol saydé nasél bir son
Soru 2

Akajéda verilen resim bir bombardéman b°ceji
ayeéran ilgin- bir'"?Pezkl hayvamandegcuBundabSotd
bir "ki myasal silah" yer al er . B cek kendi
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taraféndan tehdit edil dijinde, vecudunun
d¢kmanéna dojru kaynar myasakl|l ekve véxkkaht
hakl anan d¢kmanén tek -aresi ol abil dijin

ol abil ej i naséel bir tepkime ol abilejini

Soru 3
Géenl ¢k yakaménéezda kull andéj éneézNeter k t an

asit yada baz ol dujunu kéesaca a-¢ékl ayeéene.

Ekzotermik ve Endotermik Olaylar
Girik (Engage)
¥Jrencilerin il gilerini -ekmek vV e °

at mosferdeki su d°ng¢seéeneg anlatan bir geoi

Volkanil
b:h:rw ,’ = Atmosfer

Sublimlepme
=¥

=
Buzlapbma
dSslems Buharlasma

¥Tretmeg¢sgngoenel hatl aréyla a-eéekl ar
Su bazé doj al kuvvetler ve hava hareket]|
sul ar arasénda sisteml:i bir kKekil de hare

ol arak adlandérél ér
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¢ e Kk kaynbkiardaratmosfere- € ksalmu h § @ ¢ karrdplugibiy aj é kK
bi - i meaidenygry £z g A eBusuyunbirmi Kk tyeaar| 8tuél &kra&dreak ér k en
dahab ¢ y kQirkk &€ sgn &k denizgibi kaynaklardabirikir. Sud © n gde% ¢ € k,im
d° ngghisegr e KBltkileddeterlemeile sud © n g ¢ksagtneel € r .

Buk éa aé k| akalsime® i r e n dikirleriairalmaka ma c goyulara
sorar;
0 Buyery ¢ z ¢ mahgakaylarneticesindeatmosfere é k ar ? 6 6
0 0 Yye¢rz ¢ lmritem s u | atmasfere- € k m aetkileyereetmenlerhak k € med a
dée¢kéenegyorsunuz?060
0 &tmosferdebiriken suyun tekraryery ¢ z ¢rf en me Isanghotaylar neden
ol muk tBuro? ay Imaeydanangelmesini etkileyen etmenlerh a k k éne d a

d¢kéenegyorsunuz6b6

2NaNsY 2Na Ar a@abNal arda kullanélan hava yast ekl
yandaki denk!l emi verilen kimyasal tepki me i
anénda bir tepki me ger-eklektirerek hava ya

korumaktadér .k Pdkain shiuz cteepkamle@dmi n ger - ekl ekm

nasél ger-eklexkir?

Ener ji nedir? Sizce fiziksel ve kimyasal dej
(Burada sadece °jJrencilerin fikirleri al éner
daha sonra tekrab u resme dong¢l eceji i fade edi | ir.
| aboratuvar -aléxkxmasé i-in gruplara ayrelér.
Ke k f éExphoee):

Etkinlik 5

Probl em: Ki myasal ve fiziksel deji kKimlere en
ARAGEREC : 2 adet odmeenterye ,t ¢sppéat ¢tl estkrNta@OdHé k at é s é
baget

Kk LEM:
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Deney t¢plerinin yaréséna kadar su il e di
Termometreyle deney t¢plerindeki sul ar én
kaydediniz.

Deney t¢plerinden birinebibrirs mogpthhalg E KBG@ O

ekl enerek kareéexkteréel éer.
Kar ékémlarén sécakl ekl aréneée °I| -¢ngz. ¥ -,
G¥ZLEM ve SONUC¢

Deneyler Bakl angé- ({Kar &Kk ésuomraki

sécakl ék sécakl ek

deney

deney

TARTI k MA
Tepl @eedee K € e adkel) @ K | ekebtermikveendotermiko | u Kk Ig&d r @ n a
sénéfl| &Neddn@r énéz.
Tepleedee d B K e enkleanteiingaz énez?
Tepl @ee dee d B B Kk efinikedl y@dakimyasalbird e J i kK Nedeh? r ?
A - é k I(Exptasn):

Can | & laxradeeamditirebilmesi - anerjiyei ht i wa-r ldekiowe
enerjinink ay nmg c&i r ? ( ° ] beklenic g 4 = e & \e abnétgmel enerji
kaynajgemek®ai er | a gia bitkileria ere°zn e Mz ie | fdtoisgntez

yapabilmeleridir.Fotosentezbpitkinin g ¢ n enerjisini kullanarak karbondioksitve

suyuglikozad © n ¢ K t ¢ Buod saitggkimedenklemik u e Kk gP d e er i | ebi |
gimes. eneqysi
60055+ 60 > GOy 60y
= ' Klorofl '

Yukardaki tepkimedeg ¢ n e m1 €& mnarji bitkilerin meydanag et i glikoz j i

mol ek ¢ ldempdd a n ek kbu édepolanan enerji ne zaman a- €] a
-ékar ?( °fkirlesia t e Ihcaarnd keindieamivefosiy ak é k uat ané ména
ge-il melidir.)

Glikoz mo | ek ¢d ¢ male 2remminia - €-] &k mia x& k iglede ekl exkir
Birincisic a immle& a b o | i gzenta-seeknldeay EDarati @ g€ r d ¢ PP n ¢ z
enerjiverici besinmaddeleritemelinikarbonhidratlan | uk Kar bonhiedr at | at
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k ¢ - Qiriknini iseglikozlaro | ukt ur mak t a dk®nusufdalahbai ynreér nl t eékl neée
I knecek).D o | ay §iyeeéekldrimizdebulunanglikoz, v ¢ ¢ u d uarlu&nad €] énd a
y a k @8l ymmmao | aalewsizbiry a n ma d é ro.| (ayyahahéa c dekslerde
g °r m¢ bdradabudepkime® | r enyca 2 ceereéel eér . )
CeH1206(k) + 6O2(q)  6CO(g)+ 6 H20(g+Enerji

Fotosentezded e p o | aenemigirk a - €7 ak ma kfbsil yakét | ar én
yakél nBilkvetdagvant ¢ r | kal va b é kadureyrédhévaytat e ma s é z
k al deéemetany @ gikdf a rbk Hideokarborb i | e kl P jni¢ K € pazoksijen B u
iletepkimeyeg i r d i€jdmarjdia - &]Jeéak ar .tépkietennde® j r erbg i | er
denklemide® J r e n monkardag a d m asterary) é
CHa(g) + 202(g) COyg) + 2HO g —>

Canl élayraédevamettireb@meleriveg ¢ nly @ k abind adtanda ht i yac é
olanenerjiyibuk e k ieldegdilir. Buk e k ieldecddilenenerjii | k © jfened i m
teknolojidersinderdeh a t € r | a¢yzaecraeixkések@lum bir- ofka rehketji€ ¢ r ¢
birbirined ° n ¢ K e b i K ma le teranith santrallerdey a k &I1° amgayesinde
elde edilen &€ segerjisi, evlerimizdeelektrik enerjisined ° n ¢ K e b i Hattebut edi r .
elektrik enerjisiay d € nd md oenly | B a n ldrébplé&dee ¥€e K endejisine
d ° n ¢ ®tgmobillerdek u | | a n ¢ & ky@anakelde edilené seerjisi hareket
enerjisined © n ¢ K ¢ r (°Y rrreenkblilikee off @l t el abi | i r) .

¥ n c @drdlerdemaddeniny a p € sneydathagelend e | i K fiziksel @e |
kimyasalolaraks &f nl éa n d € Pekifizksel&ekimyasald e | i kde mdydana
gelenenerjid e i Ki mhesriy| ey e b(ikla zrdsni & (z°?] dahaci | er | e
°ncyapt édeeger Bat ér orada @ 2r e ml ergrjildleg¢ i ik i ml er i

hat ér |°abilgddrimnthaak ér Isafj hasner . )

-

Ll tesr {51555

N
T oo o el asce (T3

| wea¥enbir tepkime
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S OO0 0P
QP o Pq,
P %
| wea¥enbir tepkime
;"T"‘& bl B
&‘ \Lt Fiziksel degisim d : g "\
we ‘u&i - &
b 66 @ © o
SIV1 LAz
| salanbir fizikseld e J i Ki m
Bir d e | iisterfimksel olsun, isterkimyasal,bud e | i mutlak&bir enerjie Kk | 1 k

eder.Yani maddeleffiziksel yadakimyasald e ] | uj ma d é ddaérkéareda a n

a |l yadad é k a&rvery. Ancakfizikseld e J i K ieneljia rveleerki ¢k-i¢ BU ¢ r .
nedenle o jzamantepkimedenklemindeg © st e Kimyasakl2] i k iisebue r d e

al & er,ifiziksel de] i kK iknelyeadaHa ® ¢ i t ¢Bu.nedenle tepkime
denklemindea | éya@dawerilené ddirtilir. | ®r@erjisitepkimelerdeQileg® st er i | i r
Kimyasald e ] i K ermardicee jei K ie milem K nfaykiedenbilim i ns albul ar é
enerjidenk o n t polardkin @ sfagdalanabileceklerinar akt bama wameé k| ar d
1 8 0 0 6AlessartireVolta, belli - © z e | metalelektrdtlara r a s ekimgaaak i
tepkimelerded ay d a | alekteidereriakr et eb ikle&d ejt immikt i r .
Znk + CuSQysuda)y A ZNSQOysudayt Cuk) + elektrik enerjisi

Buk e f birkktedir - oldlimi n stual@nda a | € kyaparékia a rnaddéeler
kullanarakV o | t &e3fmige | i kKt i ¢ \nr rR@agnreld Butepkimederfark

edi | gbi b azepkimelereeletrik enerjisi e K | etmiektedi. Elektrik enerjisi

genellikleg r ¢ h la e a f ®ekiklkekdrikenerjisi,girenlert a r a dluesandadur?
(Suyunelektrolizi® r n\eefilii.)

Tepkimelerdegirenler t a r a fé saemerjei o | a b igibidelektiik enerjisi de
olabilmektedir.K k Kingyasaltepkimelerinbu® z e Isayesindex a edijebilir piller,

kapl amaeletldeakls kK ¥k nicgrihangi bir metal e K y aalétné nl a
kapl anmasé)

Enerjia | veeryi °kni ¢ tegkemeleriki k &€ s @noeleair.
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Endotermik( éata@®tepkimeler. D éakr éé& wmanakg e r - e fzikselxvekimyasal
olaylar endotermiktepkimeolaraka d | a n &reotexnhikéepkimelerdea | é @& @ &
tepkimeningirenlerk e s mghsaer i | i r .

CaCg+e @A CaO0+CO

H20 5)+ & $@ A H20()

2NHzg)+ € @B A Nzg) + 3Hz()

COxg+ & @A COg +I O

EndotermikOlaylar

Kat éérimesié n

Séevébwha&ml akmas é

Kat éd ableinml ek me s i
Genelliklek at ésl eaweelfazr gdrame s i
Elementa t o m| elakt®mvérmesi

Baj llaeréaal mas é

Bil exkbkl ex eanylrerl inmaes €
Elektroliz

2.EkzotermiktepkimelerD € k aér s@@grakg e r - e fzikselxwekimyasalolaylar
ekzotermiktepkimeolaraka d | a n Hkeoteariktepkimlerdeverilené $epkimenin
cr¢hkleemghsaer i lir.
Cw + O2¢9A COzg)+€ 3P
H20@ A H20 5+ € €@
Sk + O29A SOz )
EkzotermikOlaylar
Gazlyaojéwmnl ak mas é
Sevédamrmas é
Birgazseda- °© z ¢ nmesi
Kéraj él akma
Elementlerirelektrona | ma s é
Baj | alriekmmas é
Genellikleyanmatepkimeleri
Oksitlenme paslanma

K¢ -mel ek plilrd rbiggympmak e koIl U ketrur mas é
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Gi rkiéks m&enmildnaesimleretekrard © n ¢ |resimlerdeg © r ¢dleefni ki ml er i

ekzotermikmi yoksaendotermikmio | d tekrar® J r e nsonulure r e

Derinlexktirme (EIl aborete):

Buevredey e n i deneyi ml erl e kavramén anl akél ma
ederken il ixkkil:@ kavramlarla bajlanteéelar
alte gruba a6yrie-leerri sviendeet kyienrl iakl an deneyl e

Etkinlik-6

Problem!l sé al an ve ésé veren fiziksel ve kit
ARAGEREGC:

NaHCG- ° zel t i si MnO2

Sitrik asit Termometre

Der i SOk- Hz el t i si |l sét ecé

Magnezyum Kerit Beher

KCIOs Spat ¢l , Kar ekt ér é

Kk LEM:

20mINaHC@- °zel tisi al énéz Dbir beher ve séca
czerine 20 ml sitri k asit ilave ediniz
°] -erek kaydedini z.

10 ml @S0y -k°izke |H i s i ni bir t¢epe koyunuz
°] -erek dejeri kaydediniz. Daha sonra bit

ediniz ve bu sefer karékemén sécakl ejéene

Bir spabil tMpPe erkhedgukClQkat ¢z é il ave edil.
tutturul arak 45 dereceli k a-éyla éséteéece
kaydedilir.

G¥ZLEM ve SONUC¢

Akamal ar gzl emler

AK ama

AK ama

AK ama
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TARTI k MA
Gzl emdi J i ni hanglerijekzeatarnmk hangiléreendotermik tepkimelere
°rnektir. Neden?

Gzl emledijiniz tepkimelerin denklemlerini vy
Tepki mel erdeki olukan ve kereéelan bajlaré be
tepkimelerle ilikkilendirerek a-éklayéenez?

D e j e nrineg(Evdluation)

Soru l
Akajéda verilen dejikimleri endotermik ve ek
Dej i ki m Endotermik | Ekzotermik

Eterin Buharl akmaseé@é

Hidrojenin elektron vermesi

Suyun donmaseé@

Demirin pasl anmaseé@

Naftalinins ¢ bl i ml e Kk me s i

Etin pikmesi

Buzun erimesi

Suyun elektroliz edilmesi

kekerin suda -°9z¢nme

Al kol Il ¢n buharl akmas

Al kol ¢n yanmasé

(o]l

Suyun buharl akmas

N
(o]l
>
o

Karbondioksit ga

Mumun yanmaseé

Kurkunun oksitl enmes

Mumun erimesi

Su buharénén

o<
(@)

o
c
=]
Q

Kurkunun eri mesi
Amonyak gazénén suda
Azot ve oksijen gaze

Suyun hidrojen ve ok
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5E MODELKNE G¥RE HAZI RL&NMI k DERS PLANI
B¥L!M 1

Dersin Adé: Kimya ve teknoloji

Sénéef: 9. Seénef

' nitenin Adeée/ No: Ki myasal Dej i ki ml

Konu: Reaksiyon Tipleri

¥nerilen S¢re: 225 dakika

B¥L| M 2

¥Trenci Kazanéml ar
2. Farkl e ki myasal
olarak °Jrenciler;
2. 1. Basit --°%ke

tepkimelerinin denklemlerini yazar.

2. 2. Netrall ekme
czelliJini a- ekl ar
2. 3. ¢-° %2k almme il e
tepkimelerinin ort
2. 4. El eke miomi ail |
deji kmel erde i ndi
belirler.

2. 5. Yaygeén y ¢ ks
maddel er e, kul | an

°rnekirer ver

Bili msel S¢re- bas|G°zl emlere dayanar
°©zelgl°ikjeer kK € | ayaparé r ma
Ol mu k ol ayl ar én

gozl emlere dayanar {
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G°zI| e m, -ékarém ve
gel eceje syjonebmbclo

fikir °ne s¢rer.

ynite Kavramlareée v
At°o z¢nme

¢t° kel me
N°etrall ekme
Redoks
Kndirgen

To o Io Do I»

Yéksel tgen

¥Tre¥meenme Y°o°ntem5E ©°Jrenme h al lcevapf

Teknikleri: tarteéekma, anol oj i,

Kull anél an Ara- Ge|Ders kitabé, KRbiN&)s,

Kaynaklar Kl, NaCl, Cu(NQ)z, Zn(NGs),, AgNO;,
HCI, HNOs;, KOH, NaOH, CuSQ, ZnSQ,
doy muck KCI , -inko
met al ik bakeér par
par -al ar e, met atlainka,
suyuMusl uk suyu, Knd

pH k &jagdk&t ér ecé,

éséedamé agluagk,us ol k &
b¢egret deney ttarpt,é,
cam U boru, galvanometre, termometre, ¢
pamuju, bajlanteée ki
G¢g¢venli k Sembollerjlsé ile yapélan de
gaz -ékexke ol an
haval andéer &l mal &,
kull anél mal é. Aok suyia
yékanmal edeéer . Dene
el diven takeél mal éd¢
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3. ! NKTE: KKMYASAL DEJKKkKMLER
3.2. Reaksiyon Tipleri
3.2. 1. -¢t°°zeslnnmee Tepki mel er i

Girik (Engage)

¥ ret men, °Jrencilerl e karkel ékzléér | aema&ml
adéna hal ve hatérl aréné sorar. Ge-en de
°zelli klerini nel er ol dujunu belirl emik
kimisinin asallék ©°zellijini g° reted Kk . Kn
tanémakta ve uygun yerlerde kull anmaktad
madde ve canl é tg¢gre¢g bulunmaktadeéer . Bazel
benzememektedir. Bunl arén en ©°nemli sebe
Teki fiziksel ve kimyasal °czelli klerin s
séenéflandeéerélabilir mi? keklinde bir sor
°] -mek ve derse il gilerini -ekmek i -in a
-eketinden bi+Pkelae tepknmesine °rnek

Resi mde g°sterilen yer hepimizin bildifji
Pamukkal e Traverteni Tg¢rkolyaylvaer @gchgmnk@inr
doja olayé sizce nasél olukmuktur?

‘Q:!’,'\ j X
; ya pﬁ <
m ' 7
by ben varim
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taydanl ék ve -amakér makinelerinde biriken t
¥Jrencilerin fikirler.i al ener derse ol an il
Resimlereilerikia Kk amal arda tekrar d°n¢gl ecefji bel irtil
Kekfetme (Explore):

Girik kesméndaki kavramlara yojunl akan °jJren
i li kkil er ol ukturur, sorul ar -ékarer ve ©°r

| aboratuvarari hkdkrdear ekukar a7l tya ptréeurbéal éary.r é

Bu deneyde °Jrencil erden -%ktg¢r me tepkil
ama-|l anmaktader.
Etkinlik 7

PROBLEM:¢ ° z sy nth& el me tepkimelerinin dojaséneée ka\
ARAGEREC:

Pb(N&).- ©zel ti si NaCdzeltisi
Kl -°zeltisi Cu(NGs)2- °zel ti si
t ¢p spat ¢ |

Kk LEM:

Yar ém spat ¢ls)kmdtk@saagrnu Ph-( NtO;, pt e koyunuz.
Yarém spat ¢l Khat NlaLd én&ugd NOé ayre tegpler -
Te¢plerin yaréséna ged ezelkt kKlekn il die lsazédlaaryeére
- t¢pte hazg£-rolzaenlatni | Rl (i MO séraseéeyla dijer

NaCl, CuNQ)2- °zel ti l erine ekleyiniz ve g°zlemleri

G¥ZLEM ve SONUC¢
¢c°zelti |l |KI -°|NacCl - { Cu(NG)2- © z e

Pb(NQ)2- © z e

TARTI k MA
Soru 1: Kar éktérdejeneéez t¢plerde olukan te

-%z¢é¢nMmMeel me dlepkjimesidegkegngyorsunuz? Neden?
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Soru 2: Tg¢pliemedlee roil nu kdaenn kleeprkl er i ni yaz éneé
Soru 3: T¢pl ermlerdir?® ken maddel er
Soru 4: Sizce t¢plerde bazée maddeler -°2z,

A-éklama (Explain):

Bir maddenin dijer madde i -erisinde homo]j
ol ay sonunda -dlzueekdan kdeern@kémaBir -ok i yon
-%z¢nerek i yonlaréna ayr ékeér ken, bir keés
i hmal edil ebilecek derecede az -°9z¢¢nmekt
il yonl aréna aynmnérk&rherrettaraféanadan -evre
Na Cl bil exkiJi suda -°z¢n¢grken akaj édaki

i yonl ar su molekg¢ll eri i | e sOHrise|séda . Mo |

-%z¢ndeg] ¢nde, akaj edlauxkgmamndkdted ¢vegi b9 z ¢ nny
ol arak ger-eklexkmektedir. (°Jrencilere |

derinden anl ateéel acajé vurgulanér.)

a) | \
| \
— W/ i W/l B
iyonik madde(NaCl) jyonlar su molekiilleri Molekiiler madde(CH;OH) suda
suda ¢oziiniiyor... ile gevreleniyor. ¢Oziiniiyor.iyonlasma yok.

(Burada yapteklaré deneylere vurgu yapar
ekl edi J i niszudkaat-€° zmandnd¢ak m¢yd¢ ?( evet cevab

sonra) Al déjenéez maddel er suyun i -erisint
( Keklinde soru sorularak devam edilir,
al aner .) Pekil ercizyellet i k @&r € Kk théirrdo&] énézda b
g°rd¢n¢gz bazélarénda g°rmediniz? ¢°ken m:
al éndéektan sonra). Peki i ki tane suda - °;
madde ol ukturdu@ri(n b-u’zadlat i°jir-eerciisi nde
ger-eklektijini s°yl emesi bekl enir.) Bu
misiniz? ( yaptéeklaré deneyde tarteéekma Kk
soruda hangi denk | emnii lyiaz dé kM easrr&a{N&gr bui prlianrc
katéesé 1 kinci t¢epte 1 se Ki katéesé wvarde
syl emi kKtiniz) nasel bir -%z¢nme ger - ekl
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Daha sonra birinci vegi kiiydrlpare wermbil 2 ke D1 k

soruyla devam edil er e(kKaazxarj é&m a2 .dle.n)kl eml er ya

nci t3)e, (I b 2P suly B NCE Quda)

Bir

Kkinci «acegpt>e :K'sua Krll'suday denkl eml eri irlitg renci | er |

yazéel éer .

Peki bu iki t¢pte bulunan -°zelti kareéexterél
Pb*2 NO, K* 1 Pb*2 I K* NO,

r +t 7

Pb(NOS), + KI >

KKk i téepen karékéemé sonucunda yukarda mavi [

ger-ekl eken tepki mezbsidnrewc unadna boil rulket kuerruerk. — FBhul
-ok az -°9z¢nd¢gjeéenden dolayeé -°zeltiden ayr e
gPsterilen izsponmlexi Jjisie &ENOxhiulrakiljair dwakat i WK
-%z¢ndeg]enden( nitrat tuz) ar€° zsalldtai gienerkil g ikn
Yukaréeda denklemi verilen tepkimenin tanecik
Bu tepkime de tanecikler «kekilde g°re¢l ded ¢
(taneci klerin sadece ayérGereterhdke ni -tiamerce kk le

Kekilde renklerinin ol madéejé °jJrencilere bel

JO:090 0909

Pb(NO:s)2 KI PbL KNO:s

Kkte bu «kKkekilde ol eraknrel mep kiienpekliemmed e+ ¢ z ¢(dremme
yakamda pek -ok °r réjkiedener asetplka rméez e-r% mg mmed i

edilir. Vebxt a g°sterilen resimlere d°n¢l ¢r. Pamu
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-aydanl ékta ve -amaker makinasé rezistan
°Jrencilere tekrar sorulur.

(Burada bir ki myasal -teb&li me oDéepdkehmelver i

maddel erin ol uktuj u °Jrencil ere s°yl et
-aydanl éktaki ve -amakér makinasé rezist
sonra meydana geldijini ©°Jrencilerin s°yl
¥Jrencil ere buggétnilp, kr eyaakksainydoannl abraak k a °r n e |
diye sorulur. Daha sonra onlarén fikirl el
al anl aréné s°yler. Mesela pek =-ok anal:i
bul mak i-in bu tepdamel mfake&deri ndenefin
Kurkunun saptanmasé i -in kurkun iyonl ar e
s¢l fat -°ktegrel mektedir. Bu tepkimenin di
PB(NO3)2(sudayt H2SQu(suda) PbSQ ( k #t2NOs(suda)

¢oz¢snth&kel me tepki mel eri her zaman ol uml u
resimde g°r¢l deg] é gi bi hal k arasénda Kkir
-aydanl ék, -amakér makinasé rezistanseéeé,

-%mm¢gk ol arak bulunan kalsiyum iyonlar é
olukan bu madde, éséye iyi il et memekte v
harcanmaséna neden ol makt ader . Bu t epk
glesterilebilir.

Cadysudayt NaoCOs(suda)y —> 2NaClsuda)+ CaCQsuda)

Derinlexktirme (EIl aborete):

Bu evrede yeni deneyimlerl e kavramén anl :
ederken il ikkil:i kavramlarl|l a bajolaunktaéen ar
al té& gruba a8yrié-leérri sviendiet kyienrl iakl an deneyl e
Etkinlik 8

PROBLEM: Sudaki klor iyonu tayini

ARAGEREC:

Musluk suyu HCI
AgNOs- ° zel ti si Daml al ek
Camakeér suyu Beher
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Kk LEM:

Behere bir miktar musluk suyu doldurunuz.

Bir ka- ddafmkzel AgNO il ave ederek g°zlemlerini
Ayné i kKlemleri -amakeér suyu ve HCI i -inde ya
G¥ZLEM ve SONUC¢

TARTI k MA

Beherl erde ne -exit bir tepkime ger-ekl ekmik
Ger-ekleken tepkimelerin denklemlerini yazén
¢°ken ennetbdiel

Deney kabénda ger-ekl eken ki myasal tepki me

Dejerl endirme (Evalwuation)

(0]

At ék Su Arétma Y°ntemler:i

Ev ve i kKyerlerine dajéeteélan su, kullanél dekt
ile topbahar, Anheknlarén kullandéejé suya ek
déke giren séezenté sularéné, y¢zey sul areéne
sular; evsel ve end¢striyel atéek sular ol mak
kanal | ar Ve pompa i stasyonl aréndan ol ukan k
ol uktukl ar é yerden aréteéelacakl ar é yer e il e
kaybettikleri °zelliklerinin bir késméneé vey
bokal tal éekl aorr& amén doj al yapéséené dejiktir
sajlamak i-in wuygulanacak her t¢grl ¢ fizikse
arétma denil mektedir. Aték su arétma tesisle
atek aveéewanekdékl ar e, I -erisindeki kirlilikle
atéeksu aretma tesislerinde topl ama, ar ét ma
mevcuttur. Genelde birbirini takip eden havu
ar étanasitned e , -eki tli cnitelerde fiziksel, K i
i Kl emler/ s¢re-ler ile aték su i-inde yer al a
tutul mase ve wuzaklakteéerél masé sajlaneéer. At €
Kimyasal, Biyolojik ve KIleri Biyolojik Areéetm
t opl amak me¢ mk¢gndeér Peki bu fizi ksel ve ki

reaksiyon tiplerinden yararlanér? Késaca a-¢€
3.2.2. AsitBaz Tepkimeleri
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Girik (Engage)

¥nceki dersi-mtzgemé°tzepkemel erinin nel
ger-ekl exktiJini ayrénteleée bir kekilde 1in
dejerl endir me i -1n veril en sorul ar Il e

Anl amayan | ®yi@an ol up ol madéejéndan emin o

ge-ilir. ¥Jrencilerin asitler ve bazlar
olan ilgilerini arttérmak amacéyl a akaj &
Sorul: Sindirim Bi sni dmi bazgarmlesrn édh@zda f
sindiriminin yapél maséné sajl ar. Ki myasa
ol duk-a kuvvetl:i bir asittir. Asitlerin

mi demi ze zarar veirmesdaokaonaopweredunlimz2ndi ]

Soru?2: Lara ve arkadakl|l aré okull arénda d¢
yapeél an gerev payl akémé sonucunda Lar a
domat es!l er i dojradéej é seér ada HBxierk eakreéks éar
salgesé bazik oldujuna g°re Laradya yap

Neden?

»/’ -
A/I‘ "

Burada °jJrencilerin fikirler:i al enep doj
sahip olduklaré ©°n bilgilerrara-@fa¢l @kal]
belirtir. (varsa °jJrenme zorlukl areée ve k:

Kekfetme (Explore):
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Girik késméndaki kavramlara yojunlakan °jren

i li kkil er ol ukturur, sorul aBru -yé&kzadreenr °Vjea efhrc
| aboratuvara indirilerek beker9 ky xkptdemeéelodru.k a
Bu deneyde °jJrencilerden asit ve bazl areée ket
karékémlaré asit, baz Kkeamekt&ir.r ol arak sénéfl a
Etkinlik-9

PROBLEM: Asitbaz tepki mel er i nas el ger -ekl exkir?
ARAGEREC:

HCI,

HNO3,

KOH,

NaOH,

turnusol kaj ede,

pH kaj éde,

4 adet beher,

6 adet deney t¢peé,
tutacak,

daml al ék

Kk LEM:

1. 15 #l€elrHN®m] KOH ve NaOHayraebéhéeréeme al ar ak
kajedé ya da pH kajede yardemeyla asitlik Vv
kaydediniz.

2. Her bir -°zeltiden 56er ml alarak akaj éed:
gezlemlerinizi kaydedi ni z.

3. Her birt ¢ pte olukan karékémén pH kajédée yardeén
kontrol ediniz.
G¥ZLEM ve SONUEC¢

Kar ékéml ar Tepl er G2zl em
HCI-HNO3 t ¢p
HCI-KOH t ¢p
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HCI-NaOH t ¢p
HNOs-KOH t o p
HNOs-NaOH tep
KOH-NaOH t ¢p

TARTI k MA

K1 k d ubreunedral er e aldejeneéez -%zeltilerin

dée¢kéenegyorsunuz? Neden?

Te¢pl erde ol ukturdujunuz maddel erin asi
dé¢kéenegyorsunuz? Neden?

Bu bel ¢mde °Jretmen bir r ehhbseerk, tye°knve tki cei
onl arée dinleyen, g%zl eml eyen, °Jrencil er
Ger ekl i durumlarda sorul arl a, yani bil gi
Onl ara deneyi tamamlamalaré i-in yeterl:i
Bu késémdaayYyyeetamseéek sék gruplaré gezer.

Zorl andékl are evrelerde onlara rehberl ik
grup ¢yelerini deneye katke yapmal areée i - |
A-ékl ama (Explain):

Deney sonucnunhbduwl dukulpdraér ésonu-1 ar tartexkel
nedir? Baz nedir? Asitlerin Ve bazl ar é
karéktéreéeldekl arén ger-ekleken tepki meyl
-ojalteéel abi lairra)k s oryualpatréék | ascer welt ki nl i je g
sajl Apeeca bu kavraml ar ki myaneén makr os |
dojasé vurgulanarak tartexkel er.

Asitler:

Suda -°z¢hidgydgnundel Hkt uran maddel er asit o

HCI A H+(suda)+ Cl_(suda)
HNOs A H*(suday* NOs'(suda)
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@ N
N =
¢ J

- 4
Ha c*r H
(HNOs6 ¢ n suda -°z¢nmesini tanecik boyutta bir
Asitl erin genel °czelli kler

Tatl arée ekki
o Uziim —» Tartarik asit
Sirke ——» Asetik asit

Elma —» Malik asit

Eksimis stit —» Laktik asit
Limon — Sitrik asit (Limon tuzu)
Kola — Karbonik asit

Kannca —» Formik asit

¢ 0 €
iTartarik Asit Asetik Asit

Bazi organik asitler

Mavi turnusolu kérmézéya -evirirler

Sulu -9°9zel til getr. el ektri k akem

(o]
5
(o]

Bazé asitler katé maddeler i-in yakécé ve t
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Bazé asitl er

< v+, Hidroklorik asit —» HCI

g
&

Siilfirik asit —» H,SO,

Nitrik asit —» HNO,4

Bauz asitler ve formulieri

Karbonik asit —» H,CO,

ve forme¢gl |l eri

veri |l

ro|

Bazlar
Suda -°zg¢ndgégyjognnudeverCHh maddel er baz ol ar a
NaOHA Na+(suda)+ OH(suda)
KOH A K*(suda)* OH(suda)
& ») Q
NaOH N& OH
( KOHO6®n¢nmesini taneci k boyutta bir °jrer
BazIl arén Genel ¥zellikleri
Tatl arée acédeér . El e kayganl ek hissi
2 | DIKKATI
80
= __Bazlarin tadina bakilmaz
kajedéené maviye -eviri
Sulu -°2zel't er i el ektri k akéméene il eti
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Evlierde kubkl akémaddeeémr i nin

-oju

— p— =

’ Potasyum hidroksit —» KOH
g Kalsiyum hidroksit —» Ca(OH),

o :q Sodyum hidroksit —» NaOH

HEN

i * Aliminyum hidroksit —» A\l(OH)3

Amonyum hidroksit — NH,OH
Baz bazlar ve formilieri

bazl arén pH dejerl eri

Gevresel Etkiler |pH Degeri| OrneKler
Asidik

irke
iyu, Cola
- Asit It (4.2-4.4)
Asicik go1 (45)
Muz (6.0-5.3)
Temiz yagmur (6.6)
Notr Renkli alabaliklar dlmeye ey Saglikli g6l (6.5)
baslar (6.0) Sut(65-68)

N°trl ekme

Tepki mel er i

Asit ve bazeéen tepki meye
netrl ekme
katée halde dejildir
-%z¢é¢énmegk halde bulunur

2.2.)

Tepki me sul

asit + bazA tuz + su
HCIl + NaOHA NaCl + HO

N
Ey H H
cl
WA TR
Asit Cozeltisi Baz Cozeltisi

270

bazi k

N°trl ek me

°czel |l

gli baztepkirkesiyauda ve su o

tepki mesi ol arakoadtandar ®l @xkanN?Q

-0 zel ti or

tepki mel er



Netrl ekmgé sér as é n‘dleabazalanigeleneOhli ygerd leanr éH
birl eilOdryek oHuktururken, asitten gelen an:
tuzu olukturur. Tepkimelerde her hidroksi
Dol ayésmg |l denlelp&mi yazél érken bu oran g°z
maddel erin katsayélaré buna g°re denkl ek
¥rnek:

2KOHsuda)t H2SOusuda)d KoSQuasudayt 2HOs)

Bir asiti baz tepki mesine n°trl ekme tepki mes,|
ol ukmal edeér . Akaj] édakiibaeritlepki mepki meé d8
crenl Or doémddej é i -in n°trl ekme tepki mesi

NHz + HCI A NH4CI
N°trl ekme tepkimelerinde ortaménén pHOEél

maddelek ul | anél ér . Bu maddel ere indikat®©r ac
ya da n°tr ol duju anl akél ér . Kndi katorl e
verilebilir.

!!!-!!!!!!!!

PH=2  pH=3 pH=4  pH=5 pH=6 pH=7 pH=B pH=0 pH=10 PH=11 PH=12

pH=1

G¢enl ¢k hayatta n°trl ekme

¢cift-iler fazla agsri¢gtnl ialtaonparza kalra r dTaonp rvae réin
i -in topraja bir baz olan s°nmemi«k kire-
Bal arésé soktujunda asidik bir madde s
(sodyum bi karbonat) s¢rel é¢r ve n°trl ekme
Ekek areséeaszsiokt mpddda shl gél andéejéndan b

n®°trl ekme sajlanér.

Bazé insanl arén midesi ger e kegn doe n bfaazz li a e:
ila-lar kull anélarak n°tralize edilir.
Ajzémézda bakterilerinrg¢gr Otitki jmacasiltar @ne
maddel er asi di n®trl exktirir.

271



Mi de ol duk-a asidi ktir. Mi deden ge-en yiyec
czelli kteki safra suyu i1le no°trlexir. (bu k@é
il k késém s°yllenmiminewdlyé ekmen e r i bekl enmel i d

¢°oz¢sitnekel me ve N°trl ekme Reaksiyonl arénén O

Bili msel araktéermada sénéeflandérma -ok ©°nen
i nsanlaré d¢nyada ger-ekl ekenuluhBunun ol ayé ayr
dékenda birbirine benzer °zelikte ger-ekl exke
kol ayl éj] e sajl anmeéexk ol ur . ¥rnejin canl el ar
ayrél méktér. Periyodik cetvel deéretllemeexnttélrer b
ku anda g°rd¢j] éeémégz ki myasal tepkimler konus:
farkl & madde ve tepkime -exidi yer aldeje d
°czelli klerine g°re gruplandérmak hem -al kK ma
¥ncedker si mi zde gor d-¢fkeememe  -t°ezpckninmee | er i vV e
gord¢j é¢méegz no°trl ekme tepki mel eri birbirine b
ger -ekl ekme bi-imini de¢kendeg] ¢ngzde hangi °z
sorusu °jJuleacaketjeresmci l erl e birlikte -ékaré
Benzerlikleri;

1. Her i ki tepkime de -°zelti ortaménda, z
2. Her i ki tepkime de yer dejik+Pkmé meepki me
t epki mel eerri,ndaen yéorng nvile kat yonl arén yer dejikt
bu t¢r tepkimeler yer dejiktirme tepkimesi o

Far kl él ekl ar é:

1.¢°kme sonucu kateée bir madfe s@élvérser loemukum?ot
Derinlexktirme (EIl aborete):

Buevr ede yeni deneyimlerl e kavramén anl akél ma
ederken ilixkkil:@ kavramlarla bajlanteéelar kur
al té gruba alyOr él-éerr ivsei nedtek iynelri kal an deneyl er
Etkinlik 7 10

Probl em: N°trl ekme tepki mel erinde indi kat©°r
deji kimini g°zlemleyebil me
Ar &Ger e - :

1 adet 100 ml o6l i k beher
1 adet 50 mlolik b¢ret
2 adet 250 ml o6l ik erl en
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¢Cekme suyu

0,1M HCI -%zel ti si

0,1M NaOH

Kndi kat°r (fenolftaleyn)

Kk LEM:

0,1 Mol ek 24 ml HCI -°%zelti si i -ine bir
konur.

0,1 Mol ek NaOH -°zeltisinden 50 ml al éi
B¢e¢retin musl uju a-él ar ak -d°aznd lat idsaimlia- i n\ea ¢
ve bu sérada erlen s¢reklii -al kal aneér .

Erl en i-erisindeki -%zel ti renk deji Ktir

G¥ZLEM ve SONUC¢

TARTI k MA

l1.¢°zeltinin renk dejiktirdiji anda ka- |
2Renkdej i kim anénda erlen i-erisindeki -9z
Neden?

3. Bu sérada meydana gelen tepkimenin d e

glsteriniz.

Dejerl endirme (Evaluati on)

Soru 1
Akajéda verilen maddeeni fttelpe&kriimebh eas @an da
yazarak taneci k boyutta g°sterimini yape.l

H2SQs ve Mg(OH)
HaPOQy ve Ca(OH)
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Soru 2

10
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dej e
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A k
mi
en
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et
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roi
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e

(o]l

n

A O ~
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c

yél dér cildin hafif asidi k olduju bDbilin
rinin 5.5 ol dujunu ortaya -éeékar méxteéer .
, Sebum ve cilt h¢creleri) neticesinde o
uyucu asit °rt¢o terimiyle a-ékl anm
oorgani zmal ardan vV e -evrenin zarar| e et
ksiyon, alerji, tahrik ve kuruluja kar«ke
°rt ¢osdiordmjtaletde si gesterir. Véicut k ol
I Jindeki maddel erin bakteriler tarafeénda
mé ve temizlijindeki en °neml i bekl enti
r i | me s ikldsik alkali sBhumaala (jpH90) @ldimizi temizlemimiz ne

sonu-1ar dojurur? Si zce cildinimizin

D
3
o]
(o]l
o
(]
—

an

. 3. YHkdelrtgeeenmme Tepki mel er i

K (Engage)

t men, °Jrencil erdsgenrkaarjed €kd iel ereil adné mx &
a hal ve hateéerl aréné sorar. Ge-en dersle
tepki mel erini g%rm¢gkt ¢ k. Buge¢n yine b a
edecejiz. Akajédakr-epkbemmekterfeHagat €m
yerde kull andeéej éméz piller sizce hangi

anél maktadér? Cep telefonumuzun bataryas

karj edil ebil mektedi r Angikmgabahtétpkimeda kul | an

di kull aneél ar ak aracen el ektrik I hti ya
l arak ©°Jrencilerin fikirler:i al éner . (°]r
K i ya da ortakl akmaséyl agemgrelkeémredai i Jir
eril en resimlerde yanma, ekzoter mik t e
enir.) Bu kKekilde °jJrencilerin sahip old
I er i -ekilir., A K a] é-hdirgegmerndpkiniekeipa k amdan vy
l'i °rnek resimler g°sterilerek derse bacx
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Kekfetme (Explore):

Girik késméndaki kavramlara yojunlakan ©°]
i kkil er ol ukturur, sorul ar -ékareéer vV e
laboratw ar a i ndirilerek beker kikdldegwyaphk éxk @h

Bu deneyde °jJrenciherdgaeanmegksepkigmalmer i ni
ama-|l anmaktadér .

ETKKNLKK 11

PROBLEM:Y ¢ k s el tigyvedn meggenme tepki mel erini ayeér
ARAGEREC¢CLER:

Bakeér 11 nitrat ( 0,3 g, 15 ml )
Kurkun I1 nitrat ( 0,3 g, 15 ml )
¢inko nitrat ( 0,3 g 15 ml)

Met al i k baker par-a ( 3 g )
(

Metali k -inko par-a 3 g )
Met al i k kurkun par-a ( 3 g )
Beherglas ( 100 mlo6 ik, 3 Adet )

Cam baget ( 1 Adet)

Deney t¢pe (9 Adet )
Etiket ( 1 Adet)

Pipet ( 10 ml, 1 Adet)

Té¢p sporu (1 Adet )

Tart é

Kk LEM:
Size verilen 9 adet deney te¢epeéng
tepl eri m)g CUNQ)NPBb(NQ)2 i si ml eri nden ¢
etiketleyiniz.
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Zn( NO3) 2 vyazeéele deney- dzellteirginred &ro
Cu(NO3)2 yazeleée denep-Pzplersnedgad
Pb(NO3)2 yazeéel é dene)y- °tzepllteirsiinned esnd

Té¢p sporuna deney tseéprlaesré niil egr y@),
Cu(NGs)2, Pb(NQ)2k ekl i nde 3 grup ol uktur)

1. gruptaki deney t¢plerine -inkc
par-aséné, 3.gruptaki deney te¢pl e
Bir s¢re bekleyerek deney tg¢gplerin
metallerin aktiflerini bu metallerin Zn(N€», Cu(NG)2 ve Pb(NQ)2- © z e | t
etkilexktiril meler:i il e belirlenir.

Deney sérasénda hangi men avVeni hamne

yere not al éneéez.

G¥ZLEM ve SONUEC¢
Zn(NOs)2 Cu(NGs)2 Pb(NG)2

Zn
Cu
Pb

TARTI k MA

Deney t¢plerinde olukan reaksiyon denkl eml er

Deneyde kull anélan el ement | er is éyr¢aklsaeyl é ngéezn.
Deney t¢plerinin hepsinde reaksiyon ol muk

A-ékl ama (Explain):

Yery¢zende ger-eklexken ki myasal tepki mel er i

i ndirgenme tepki mel eri ol ukturmaktader .

deneyl erinizde yaptéjénéz yanma tepkimel erid

bir hat eet atvma °yJappalci |l erden maddel erin oksi

Keklinde cevap al énarak devam edilir.) Bu
ve indirgenme tepkimelerine fAoksitlenmebo

el ektri k enejrljayan ¢kiemydanelsit esmki mel er i n

benzediji anl akél mekteér. Bunun ¢zerine oksit

i ndirgenme t anéme kull anél maya bakl anméxkt éi

tepkimelerinin hangi benzerlikleri olabili? ( bu késém sénéfa sorul
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4Feqy) + 3O k) 2FeOsx—=>

Znk) + CU(NG)2(a) ZA(MOz)2(aq) + Clty

(°Jrencilerden i ki denklemi karkeél akt ér me
yé¢kseltgenme basamak]!| anrn@inkélne rndais.e | ¥ Jbrud nucnidlt

hat érl atélarak yamnmai vgenymeksteeéplgiemenleer ir

3

e

benzerli klerini ayért etmeleri bekl enir .
Kyonl arén olukumu konusunda da hateéerl aya
basaman éartmasé ya da azal masé@, el ektron
n

el ektro aldejenda y¢kseltgenme basamaj é

verdijinde yéckselt genme basamaj é verdil]
yéekseltgenme drtmaamagreaéy i kseltgenme, Yy ¢ |
azal maséna ise indirgenme denir.
Bilexkiklerin olukumu konusundarer hrait émrlya.y
zamanda ger-ekleken ol aylardéer. Yani bir
madde o el ektronu vermi Ktir. Bu yézden bi
ger-ekl ekecekse, e K zamanl é ol ayl ar ol d
ger-ekl exkecektir. Byl e elektron al éxk v
indirgenme ya da redoks tepkimelard € ver i | i r .
Yekseldgdnmgenme tepki mel erinde, tepki me
i ndirgen ol arak sénéfl andeéerél éer. Bir ya
veya atomlaré indirgeyen ve kendgisi )y aki€ce
verilir. ¥rnejin metaller, el ektronl ar én
kol ayca yékseltgenir. Bu yézden tipik
el ektronl ar e kabul eden madde, yéksel t
yé¢ksel tkgeent ggyi ci ) adené al ér. At oml ar é
ol dujundan, ametall er tipik y¢kseltgendi
mi kroskopi k ve semboli k boyutta g°steri ml
e e U S A

2l & |a I

NE RN S

Sema 2.2 : Ametallerin aktiflik siras:

'
e

na 2.1 : Metallerin aktiflik sirass
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Yiikseltgenwe Tepkimesi

Zn°(k) — Zn**(suda) + 2e-
indirgen
indirgenme Tepkimesi

Cu?*(suda) + 2e~ — Cu®(x)

ikseltgen

Yiikseltgenme (Elektronverme)

43 - - -
Al° — Al "~ + 3e 3e vermis, ya da 3e ile
vitkseltgenmis
7 - - R
Cl-1 — C1+ + 8e 8e vermig. ya da 8e ile
vilkseltgenmis
2C1 — C‘l2 +2e 2e vermisg, ya da 2e ile
vitkseltgenmis
=2 -6 - - -
s, — 35+ + 24e 24e vermis, yva da 24e ile
vitkseltgenmis

Indirgenme (Elektron alma)

Mg+2 + 2e- — Mg0 2e- almig va da 2e- ile
indirgenmis

P+5 + 2e- — P+3 2e- almus ya da 2e- ile
indirgenmis

N2 + 6e- — 2N-3 Ge- almug ya da Ge- ile
indirgenmis

Her Mg atomu 2e kaybediyor.
Yiukseltgeniyor.

2x2e” = 4de”
2 Mg(k) + Oz(g) ————— = 2 MgO(k)
2x2e” = 4e”

Her O atomu 2e” kazaniyor.
Indirgeniyor.

2 Al(k) + Fe203(k) — ALOs(k) + 2 Fe(k)

=2 AlK) = 3 I2(k) _— =2 Alladk)

= Cc=<d(k> + F=C(g)> — = sFd<>

278



Peki geéenl ¢k y a kkaunhd nmenzéd aa n y ayy,okésre | t gen vV e

hangileridir? Bu maddel er nasél ve nerel

Madde For mMmKull aném Al ané

Oksijen Oz Yanma ol ayl arénén tama

Ozon Os K-me sul arénén ar ét émé
yeme |, kapl arénén dezenf
bul unan virg¢gslerin gid

Klor Cly Mi krop °l d¢greéegceg ve renh
aréteéemeénda, bitkisel
ajartéel masénda

Kyot l2 Dezenfektan maddet emlt g
cretiminde

Potasyum KMNOs [Tépta bakterileri ©°1 dg¢t

permanganat ve saflaktérma i-in fag
cretiminde

Hidrojen H202 Dezenfektan ol ar ak ec

peroksit pamuklugy si | eri n ajarteéel ma

Hipoklorik asit | HCIO ¢tamakér sul arénda

Potasyum KCIOs [Yaneceé ol arak kibritle

klorat

Nitrik asit HNO3 Patl ayecé yapéeménda, g

Potasyum nitral KNO3 Mermilerde

Yaygén y¢ikseltgen malddrell erré vieKadzaareé rk ud .| &

Madde For m¢l ¢ Kull aném Al an

Hidrojen H2 Kat é vV e s é
doyurul ma ikl
yapeménda, ro

K¢ kert S Bit ki mant a
edi | mesi nde,
sretiminde

Ke¢kert di ol SO Bazé y
beyazl at el mas
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sakl anmasénda

cretiminde V|
kull anél ér
Sodyum bi {NaHSQ Boya yapeémer
sanayinde
Karbon C N¢gkl eer reak

cretiminde

Karbon monoksit CO Kimyasal maddelerin

cretiminde

Yaygén indirgen maddel er ve bazé kull anéem al
Kimya bir-ok tepkimeleri inceleyen bir bi | |
i ncel emek, czelli kl erini belirl emek kKi mya I
bakémdan ki mya bkdlianytiénrsmaankl air-éi ni kkdiemyas al t e
°czelli klerine g°re sénéflandeér maylmz,- al é Kk mé k|
yanma tepkimeleri, ekzotermike nd ot er mi k t e p k i-inuedgerane , yéecksel't
tepkimeleri adeé aleleedia DPaelel kkImgraisyll e t ®ePké fim
bakka hangi tip kimyasal tepki meler vardér?
Analiz (ayréxkma) tepkimel eri

Bir bilekijin bilekenlerine ayréekmaseée tepkinm

"l B
XZ X  z

KClIO3p0+ Q ——= KGk + 320y

CaCQy+ Q CaQppr COyg)

H20 + elektrik enerjisi —PFlzg)+ 1/20g)

Ayréxma tepkimeleri endotermi ktir.
Sentez (Birlexme) Tepki mel eri

Kc',-(;k yapeéel é molek¢ll erin ya da el ementl eri
uUuKturmaséna sentez tepkimel eri denir.
0 O%“

XZ

280



Hz)+ Chg) 2HCIG +Q
NH3z@g+ HClg — —NH4Clgy + Q

N2(g)+ 3H(g) 2NHs@grt+ Q

Sentez tepkimeleri genellikle ekzotermiktir.

(AYukaréda g°re¢l deg] ¢ gi bi kimya bilim i
sénéfl andérmal aré yaparl ar. Fraekaakt s i wmouwntl wall
ayréca &ekzotermik reaksiyon ol abidir, y
i ndirgenme reaksiyonu ol abilir. Bu vy¢zde
-exki di ol arak al amayéz sadece o bagkl ék a

-ékartélarak kavramal aré sajlanér.)
ETKKN-L2K K

PROBLEM: Y ¢ ki snedli tr geemmee tepki mel erinde e
kavramak.

ARAAWGEREC¢LER

0.5ve 1 M CuS@

bakér kerit, bakér tel,

0.5vel M ZnSQ

-inko kKerit,

doymuk KCI ,

beher (100 ml, 4det),

cam U boru,

galvanometre,

termometre,

cam pamuj u.

KkLEM

D°rt beher de ngikincigniInM Zn9Q, M ¢C @ (s ¢neg 0. 5 M
CuSQve de°rd¢gncesenicgl € segol0ddMuZmBEO0 ¢°zel til
not ediniz.

Doy mukziKNO t u,zn ¢k °dporl ¢dsur ar a k u-l aréné cam

il e kapat éneéez.

Bakér «keridi 1M CuS0O4 -°zeltisine ve =-1inl
kekil deki d¢zeneji kurunuz. Galvanometre
Ayneée ikl emleri t¢em TabVohl da belinryi hehed
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G¥ZLEM ve SONUC¢

Elektrokimyasal Piller Olciilen (AE) Pil gerilimleri

Zn*2 (1 M) Jf Cu*? (1 M)

Zn*2 (1 M) // Cu*2 (0.5 M)

Zn*2 (0.5 M) [l Cu*2 (1 M)

Zn*2 (0.5 M) // Cu*2 (0.5 M)

TARTI k MA

Soru l
Deneyde g°zlemdijiniz kimyasal tepkimenin de
Soru 2
Hangi maddenin y¢kseltgendijini ve indirgend
Soru 3

Hangi maddenin indirgemnl duwujngn u maaldiemti inniyz X s e
Soru 4

Gzl emledijiniz kimyasal tepkimeyi taneci k b

Dejerl endirme (Evaluati on)

Dekoratif veya koruma amacéyla met al yeéezeyl e
elektroliz y ° nt e mi kul I an éelelgrolitk metal Kaplamé& okafale m "

adl andBuéekapl amal ar ne tg¢r kimyasal tepki mel
kappma °rneji vererek a-éeéklayéneéz.
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5E MODELKNE G¥RE HAZI RL-ANMI k

DERS PLANI

B¥L! M 1
Der si n Ad & Kimya ve teknoloji
Séneéf: 9. Sénef
'!'nitenin AKi myasal Deji kimler (3.
Konu: 3. Pol i mer | e(kS3me |vnei tHei,d r3o.
¥ner il en {135 dakika
B¥L! M 2
¥ renci Ka
3. Polimerlekme ve hidr
3. 1. Veril en b aepkintelerinde
monomer, dimer, é., pol.
3.2. Farklé& polimerlexr
3. 3. Bazé b¢gyéek mol ekl
par -al anmaséna °rnekl er
Bili msel Gezlemlerdidawaryar dk r de
basamakl| ar(karsél astérmal ar yapar.
Ol mu k ol ayl ar én sebepl
dayanarak acékl amal ar vy
G°zIl em, -ékaréem veya d¢
yoneli k ol asé sonucl ar |
b nite Ka ver
Sembolleri: APol i mer | ek me
A Monomer
A Di mer
A Poli mer
A Hidroliz
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¥ ret m¥éejrelbE ¥] renme hal kas é, -cevap,
Y°ntem ve tartékma, sunuk

Teknikleri:

Kull anél an|Ders kitabe, Knternet, /
ve

Kaynaklar

3. ! NKTE: KKMYASAL DEJKKKMLER
333Pol i merl exme ve Hidroliz

Girik (Engage)

¥ ret men, °Jrencilerle karkéleéekle selamlackt ¢
adéna hal ve hatérl aréené sorar. Ge-en der sl
baz ve yg¢gkmsekilngemme tepki mel erini g°r m¢gkt ¢k
bakltegredalf ar kl & ki myasal tapkime -exitlerin




Yukardaki resimler sizce neden ve naseél
Bu maddel er i ol ukturan t emel taneci kl er :
Hayat émézda bir - ok arlsiacelthagi kinyasdl tapkimiede] € mé z

neticesinde ¢retil mektedir?

Yine hayatéméezé devam ettirmek i-in yed
nelerdir?

Besin maddel er i nasél depo edilir yada s
Evlierimizde kullandée]jéemaddeleétiom,t EMEI | y ¢
nedir? Naseél cretilir?

keklinde sorular sorularak °jJrencilerin
daha ©°nceki konul arda g°rm¢gkl erdi. Resin

bil eki k oldujaeklbenisPry)l ebel ereki bde ©°jJrenc
bil gileri ortaya -eéekarteéeler v e der se [

poli merl ekme tepki mel er. ile 1 1lgili ©°rnel

Kekfetme (Explore):

Girik kesmeadakyokanmkaman °jJrenciler bu e
i kki |l er ol ukturur, sorul ar -ékarer vV e
| aboratuvara indirilerek bexkerl3kiyaipdenr édl

Bu deneydeenr Jpehtimkel dkme tepkimel erini
ol dujunu birbirinden ayért edebil meleri
http://www.youtube.com/watch?v=rtR#&uuo
http://www.youtube.com/watch?v=uKw@G4Y

A-ékl ama (Explain)
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http://www.youtube.com/watch?v=rtRn6-Fruuo
http://www.youtube.com/watch?v=uKwr2-qtG4Y

Videol ar ©°jJrencilere izletilerek deney hakke
maddel erin organi k ve anorganik ol arak séne
maddele hakénda bilgiler edinmiktiniz. Yukared:
giren maddel er organi k midir yoksa anorgani k
al éneéer . ) Peki bu organik bilexiklerin iklev

so°yl &r sBunibzi | exki kl er karéexkxtéréldekl arénda na

tepki me ger - ekl ekmi K ol abilir? (daha °nce
yararl anmal aré istenir.) Burada °jrenciler n
kompl eks Ibuktewridckdjeu foi krini s°yl emel er.i bekl
Géenegmegzde poli merl er pek -ok ama-Ila -exitl:]
edi |l i kini gzl emledijiniz naylon il k gelikti

benzer; el bise hal aél ee. yBuUken gapembhda- &kl

yapédader hatt a ki myaceél ar én yakl akek yar é
de¢kegnegl mektedir . Bu bakémdan poli merl erin r
poli merl ekme tepki mel er. hakkéenda bil gi edin
Pol i mer mol ek¢l | eri olukturmak ¢zere, koval e
bajl anan k¢-¢k molek¢gl |l ere monomer denir .

Pol i mer , monomer denilen k¢-¢k yapé ¢¢nitele

birbirine koval ent bamdlasmknalslégrl cai roll ukklarz a m&m

2 monomer u-uca ekleniyorsa di mer
3 A A i trimer
4 A A n tetramer v. b. Kekil de isimlend
P @ polimerazyon kmialent bag
oo = o-0-90—-90-9
. reaks1yonu po]jmer
monomer molekiilleri
molekiilleri
Pol i mer, doj al vV e yapay ol abilirler. ¥ne

karbonhidratlar (ni kKaktazvenl €el glidz) priopek nl k

asitler (RNA, DNA) sayélabilir. Yapay (sentet
polietilen, tefl on, PVC, silikonl ar, k°pg¢k
verilebilir.

2 t¢r polimerl ekme reaksiyonu varder.
Kat@&ltmepki mel er i (Kazanéem 3. 2.)
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Polimerl ekme tepkimel er.i genel ol arak ik

al kenl erde g°zl enen kat €l ma tepki mel er
polimerl ekxme tepkimelerinin arabfarbbaba
basamaj édeéer . Serbest radi kal l er , at oml a
mol ek¢l Il erdir. Akajéda °rnek serbest radc
H

'é—H O—H

i
Pol i mer| ekme tepkimel erini b a kdciler an e«
organi k peroksit tanecikleridir. Bu tane:

R_Ejooié—R * R—E:é‘ + ‘:CE_R

Poli merl ekme reaksiyonlaréné baxkl at mak i
Bu y¢zden ki myacél ar bunu i fade et mek |
tepki mede g°sterilen ARO harfi de Kkar bon

Organi k peroksitlerin bozunmaséyla ol uka
bil ekiklerle tepkimeye girer. Organi k bi
mon o me r ol ar ak adl anderel er . ¥rnejin en

polietilenin temel birimi yani monomerizBs (etilen)dir. GH4#6 ¢n a- €k mol ek ¢

akajeda verilmiktir.
H H
N C’f
=
H,f" RH
EKI|l ek memi K el ektron bul undur an taneci kI
sonucunda karbonl ar arasénda bulunan i ki |
baj ol ukur. Bu sérada dijer CyHiz eer i mldaen e
tepkimenin Lewis simgeleri akajédaki gi bi
H H .1 H
R-3" + poc’ e r-3— c_c
. - - e .
H H H H

Yukardaki tepki me nsacn kg umnda aaridiakka n b ak k a
kateéelabilir. Bu katél ma tepkimesinin Lewi
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H H H H H /H H\ H

R0 ;>C_C£H ' H/\C:C:H > R0 ;/\C_C“‘H— H/C_CzH
Yukardaki tepki meye bakéel dej énda monemer y
ekl endijinde olukan bil exkimeé¢ edil mery ap@eg av érn irl
daha etilen molek¢l ¢ bajlanérsa trimer, back.|
ol ukur Bu kKkekilde etilen eklendik-e zincir
sayesénée belirlemek zorl agynayaolbagawedaDBat iyl
bajl andéjéne ifade etmek i-in polimer denir.
Y¢ksek yojunlukta polietilen(HDPE) Pazar - an
I Kl eml er i ve boru yapéménda kull anél éer. D¢ K ¢
yojunl ukl e p®Frieetdadhean yumukak vV e esnektir.
paketleri,selofan ve plastik oyuncak yapémeén
Polivinil KI or ¢r
Etil endeki bir H atomunun, Cl atomuyl a yerd
hal ojen¢grdegr ve vinil kl or¢r olarak bilinir.
nH\C=C/C|

H” H
Polivinil Kl or¢r (PVC) , her te¢grl ¢ su borul ar é
ki mli Kk kapl ar énda, pl asti Kk kap& év@némencer e
yal étéemenda kull anel er .
Polikrilonitril

Etil endeki bir H atomehurt Nimesi (€o6lhu&lkeglle

akrilonitril ol ar ak bilinir. Akrilonitrilin
Poliakrilonitril orlon olarak bilinir. EIlyaf
kul l anel ér .
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Polistiren

Etilendeki birHat o munun, bir fenil ile yerdejixkt
olarak bilinir. Polistiren -ateée kapl amac
oyuncak yapéménda, el ektri kI ev al et | €
kapl aréndaakplvasttialbalkdrar da, televizyon,
makinel er i gi bi ev ekyal arénén t akénmas
kull anél ér .

Politetrafloroeten (Teflon)

Etil endeki H atomlarénén t amameénleinl &k iak or
tetraflor etilendir. Tetraflor etilen pol
Tefl on olarak Dbilinir. Yapékmaz tava, t

akénmaya dayanékl é& t¢p ve borukatdanébtol
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