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ABSTRACT 

 

 

THE EFFECT OF 5E LEARNING CYCLE AND MULTIPLE  

INTELLIGENCE APPROACH ON 9th GRADE STUDENTSô 

ACHIEVEMENT ON UNIT OF CHEMICAL PROPERTIES, ATTITUDE , 

AND MOTIVATION TOWARD CHEMISTRY  

 

 

 

T¿ys¿z, Mustafa 

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

Supervisor: Prof. Dr. ¥mer Geban 

 

October 2015, 420 pages 

 

The current study aimed to explore the effectiveness of based on 5E learning cycle 

model and Gardner's multiple intelligence theory oriented instructions studentsô 

achievement and their retention level in unit of chemical properties concepts, attitude 

towards chemistry, and constructs of motivation to 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 eight weeks in the 2013-2014 spring 

semester at one public Anatolian High School on ninth grade students in 6 classes. The 

sample of the study contains 151 ninth-grade students (69 males and 82 females). The 

research design for conducting this study was adopted the non-equivalent control 

group design as a type of quasi-experimental design. It was utilized three different 

types of instruction methods that were based on the 5E learning cycle and Gardnerôs 

multiple intelligence theory and the traditional instructional method in the study. The 

5E learning cycle instruction were applied to the one of the experimental groups while 

the other experimental group were instructed with the based on the multiple 

intelligence theory instruction. Also, the control group was implemented with 

traditioanal instructional method. The students were given as the pre-tests that were 



 vi 

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

unit of the chemistry properties and the possible differences among the groups before 

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 post-test to seek the effect of treatment on the studentsô achievement on 

the current chemistry topic. Furthermore, 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 Chemistry was applied to all of the groups for comparing 

studentsô attitudes toward chemistry before and after the implementation. Finally, 

Chemistry Motivation Questionnaire which includes intrinsic motivation, goal 

orientation, self-determination, self-efficacy, and anxiety components were given to 

before and after treatment to evaluate studentsô componens of motivation to learn 

chemistry. After gathering all instruments data, they were analyzed by using SPSS 

22.0. It was utilized descriptive and inferential statistics analysis (MANCOVA) to 

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

out to double-check with additional analysis. The finding of the study indicated that 

the based on the 5E learning cycle and multiple intelligence theory instructions were 

effective than traditionally designed instruction in terms of studentsô achievement and 

retention level on unit of chemical properties concepts, their attitude toward chemistry 

and some constructs of motivation to learn chemistry. On the contrary, there were no 

differences regarding the participantsô average self-efficacy and anxiety scores among 

the groups. 

 

 

  

Keywords: 5E learning cycle, multiple intelligence theory, attitude toward chemistry, 

motivation to learn chemistry, physical and chemical properties 
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¥Z 

 

 

5E ¥ĴRENME D¥NG¦S¦ VE ¢OKLU  ZEKĄ KURAMININ 9. SINIF 

¥ĴRENCĶLERĶNĶN KĶMYASAL ¥ZELLĶKLER ¦NĶTESĶ ¦ZERĶNDEKĶ 

BAķARILARINA, KĶMYA DERSĶNE OLAN TUTUMLARINA VE 

MOTĶVASYONLARINA ETKĶSĶ 

 

 

 

T¿ys¿z, Mustafa 

Doktora, Ortaºĵretim Fen ve Matematik Alanlarē Eĵitimi Bºl¿m¿ 

Tez Yºneticisi: Prof. Dr. ¥mer Geban 

 

Ekim 2015, 420 sayfa 

 

Bu ­alēĸmanēn ana amacē, 5E ºĵrenme dºng¿s¿ modeli ve ­oklu zek© kuramēnēn 

Ankara Ke­iºren bºlgesindeki 9.sēnēf Anadolu lisesi ºĵrencilerinin kimyasal ºzellikler 

¿nitesinin kavramlarē ¿zerindeki baĸarēlarēna, hatērlama d¿zeylerine, kimya dersine 

karĸē tutumlarēna ve kimya ºĵrenmeye yºnelik motivasyon bileĸenlerine olan etkisini 

geleneksel ºĵretim metoduyla karĸēlaĸtērēlarak etkisini araĸtērmaktēr.  

 

Bu ­alēĸma, 2013-2014 bahar dºneminde bir devlet Anadolu lisesinin altē tane 

sēnēfēndaki dokuzuncu sēnēf ºĵrencileriyle planlanmēĸtēr. ¢alēĸmanēn ºrneklemi 69 

erkek 82 kēz olmak ¿zere 151 dokuzuncu sēnēf ºĵrenci i­erir. Bu ­alēĸmayē y¿r¿tmek 

i­in yarē deneysel yºntemin bir ­eĸidi olarak eĸit olmayan kontrol grup deseni adapte 

edilmiĸtir. 5E ºĵrenme dºng¿s¿, Gardnerôēn ¢oklu zek© teoremi temelli ve geleneksel 

ºĵretim metodu olarak ­alēĸma da 3 farklē ºĵretim metodu kullanēlmēĸtēr. 5E ºĵrenme 

dºng¿s¿ deneysel grubunun birine uygulanērken, ­oklu zek© teorisi temelli ºĵretim 

diĵer deney grubunda kullanēldē. Kontrol grubunda ise geleneksel ºĵretim yºntemiyle 

ºĵretim yapēldē. Uygulamadan ºnce, ºĵrencilerin kimyasal ºzellikler ¿nitesi 

¿zerindeki ºn bilgilerini ve olasē gruplar arasē farklēlēklarē kontrol etmek i­in Kimyasal 

¥zellikler Baĸarē Testi ilk test olarak verildi. ¢alēĸma sonunda ise, dokuzuncu sēnēf 
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kimya m¿fredatēna gºre hazērlanan Kimyasal ¥zellikler Baĸarē Testi deneyin 

ºĵrencilerin ge­erli kimya konusu ¿zerindeki baĸarēlarēnē araĸtērmak i­in t¿m gruplara 

son test olarak uygulandē. Ayrēca, bu test ­alēĸmanēn sonlanmasēndan ¿­ bu­uk ay 

sonra ºĵrencilerin hatērlama seviyelerini ºl­mek i­in tekrar uygulandē. ¢alēĸmanēn 

baĸēnda ve sonunda ºĵrencilerin kimyaya karĸē olan tutumunu karĸēlaĸtērmak i­in 

Kimyaya Yºnelik Tutum ¥l­eĵi uygulandē. Son olarak,  ºz yeterlik, kaygē, ºz-

belirleme, hedef yºnelimi, i­sel motivasyon bileĸenlerini i­eren Kimya Motivasyon 

Testi ­alēĸmanēn baĸēnda ve sonunda ºĵrencilerin kimya ºĵrenmeye yºnelik 

motivasyon bileĸenlerini deĵerlendirmek i­in verildi. T¿m ºl­me ara­larēnēn verileri 

toplandēktan sonra, SPSS 22.0 programē kullanēlarak analiz edildi. Tanēmlayēcē ve 

­ēkarēmsal istatistiksel analizler (MANCOVA) ­alēĸmanēn datalarēnē yorumlamak i­in 

kullanēldē. ¢alēĸmanēn sonu­larē gºsterdi ki, 5E ºĵrenme dºng¿s¿ ve ­oklu zeka 

teoremi temelli ºĵretim ºĵrencilerin kimyasal ºzellikler ¿nitesi kavramlarē ¿zerine 

baĸarēna, hatērlama d¿zeylerine, kendilerinin kimyaya olan tutum ve kimyayē 

ºĵrenmeye yºnelik bazē motivasyon bileĸenlerini bakēmēndan geleneksel ºĵretim 

metoduna kēyasla daha etkilidir. Aksine, ¥ĵrencilerin kaygē ve ºz-yeterlilik skorlarē 

bakēmēnda gruplar arasēnda herhangi bir farklēlēk yoktur. 

 

 

 

 

Anahtar Kelimeler: 5E ºĵrenme dºng¿s¿, ­oklu zeka teoremi, kimyaya karĸē tutum, 

kimyaya yºnelik motivasyon, fiziksel ve kimyasal ºzellikler 
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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 of humanity. One of these serious investigations is 

science being everywhere in daily life. Science is defined as the information acquired 

during study or activity. Similarly, Information connecting general facts of the 

applying of basic laws, especially as gained and analyzed with the scientific method 

and related to the physical world. Moreover, science identified as a system of obtaining 

information considers observation and experimentation to determine and clarify 

natural events. In other words, the definition of science is ñthe knowledge of the nature 

of thinking, understanding the current knowledge and new knowledge generation 

process, in generalò (Hussain, 2010, p.39). Whatôs more, science is tried to examine 

and explain beings and events in the area and make generalizations about them and 

inferences about future (Kaptan, 1998b, p.15). It is seen that 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 development of 

scientifically, economically, and socially literate citizens.  

 

Recent studies concluded that there are many crucial goals of science teaching 

(DeBoer, 2000). The science education focus on enhancing the studentsô concept 

understanding and utilize this knowledge in daily life (Bybee, Powell, & Trowbridge, 

2008; Caliskan, 2014; DeBoer, 2000; Parakash, 2011). In addition, students should 

become literate in science (AAAS, 1993; Abdi, Laei & Ahmadyan, 2013; Bybee, 1997; 

Bybee, Powell, & Trowbridge, 2008; Caliskan, 2014; DeBoer, 2000; NRC, 1996). 

Another goal of science education, taking into consideration all the students' individual 

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

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

among the scientists. However, many authors, national or international communities 

have attempted to define what one of the major topic of science education is scientiýc 

li teracy (Bybee, McCrae, & Laurie, 2009; DeBoer, 2000, MEB, 2013). As a general 

description of individualôs science literacy was mentioned regarding four relevant 

characteristics in PISA 2006 Science: 

¶ ñScientiýc knowledge and use of that knowledge to identify questions, to 

acquire new knowledge, to explain the scientiýc phenomenon, to draw 

evidence-based conclusions about science-related issues. 

¶ Understanding of the characteristic features of science as a form of human 

knowledge and inquiry. 

¶ Awareness of how science and technology shape our material, intellectual, 

and cultural environments. 

¶ Willingness to engage in science-related issues, and with the ideas of 

science, as a constructive, concerned, and reþective citizen (OECD, 2006 

cited in Bybee, McCrae, & Laurie, 2009, p. 2).ò 

 

Another definition is that individualsô inquiry-questioning, critical thinking, problem-

solving, interpretation, improving lifelong learning for the individuals, science-related 

skills, attitudes, values, understanding, is a combination of information (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 science. Also, they may change as new evidence gathered to understand basic 

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

between the scientific evidence and opinion (Y¥K/D¿nya Bankasē, 1998). It is seen 

that there is a consensus on the improving studentsô science literacy among the 

scientists and communities. Thus, science education is on a mission to help people see 

and understand the ñworld.ò  

 

On the contrary, the majority of students do not possess these competencies as 

mentioned earlier in the world (OECD, 2007). The results of the science education 

research showed that there are many significant reasons 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 (Beaton, Martin, 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 they are learning and how that 

information/concepts will be utilized (Brigham, Scruggs, & Astropieri, 2011). 

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 teachers teach 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; Akkus, Kadayēfcē, Atasoy, & Geban, 2003; Kēlēc & Yalcēn, 2005; Thornton, 

1999; Wandersee, Mintzes, & Novak, 1994). 

 

Traditional instruction method (TIM), is an instructional method of science teaching, 

have still conducted in most of the science courses 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). Moreover, the teacher taught concepts in a teacher-centered way and skills 

directly to the whole class (Hancock, Bary, & Nason, 2003; Mascolo, 2009). Also, 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 science concepts. In TTM, the teacher basically says how 

to occur events in the world and this statement might not allow students to relate to 

their daily lives, in detail (Baser & Geban, 2007). Generally speaking, the teachers do 

not think about how the students can learn according to their different personalities 

and learning styles. They also focus on the studentsô mathematics and verbal 

intelligence while teaching the science concept in the TTM, in general. This situation 

is causing hardship for students to use their real potential skills and intelligence they 

have against the problems and change brought by modern times. Furthermore, they 

often assess the students to measure at the end of instructions. This method application 

could be cheaper and educators could also spend much less time to transfer much more 

information for the crowded groups. However; the TIM does not encourage students 

an active role in the classroom and consider learnersô individual needs. Thus, pupils 

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 knowledge. On the other hand, in the education 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 obtained rather than 

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

with daily life. To meet these expectations, teaching methods and techniques that 

appreciate studentsô individual differences and requirements and most importantly 

which would maintain the continuity of concepts and behaviors gained are desperately 

needed. 

 

The science educators developed many approaches for students understand the 

concepts in science. One of them is called as ñConstructivismò Constructivism 

learning theory provides the opportunity for improvement of studentsô deep 

understanding and high successful in the science concepts from all levels. Thanks to 

this approach, students connect their pre-existing knowledge to new knowledge 

through experience (Driscoll, 2005; Turk & Calēk, 2008; Uzuntiryaki, Boz, Kirbulut, 

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), and mentally 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 science under 

the constructivist approach. One 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 inquiry- based teaching model of 

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 Foundation in 

the 1960ôs (Karplus and Their 1967). There were three stages in the learning cycle 

involving ñexplorationò, ñconcept introductionò, and ñconcept applicationò when it 

was invented firstly. The exploration phase which is the first part of the learning cycle 

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 appropriate activities to 

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). This model is a suitable way to seek how students learn (Odom & 

Kelly, 1998). Also, science educators pointed out that the learning cycle is a crucial 

way to improve studentsôliking science, their understanding the topics, and integrating 

scientific processes and 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, elaboration, 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 is conducted to motivate students by consisting of some 

mental disequilibrium or integrating into their daily-life events. During the exploration 

stage, students are provided the concrete situation to write hypotheses, make 

observations, gather evidence, control anticipations, 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. Thus, students 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 topic is scientifically presented with incorporating the 

studentsô experiences. The elaboration stage is conducted to provide students a chance 

to apply their new knowledge to the additional concrete situations, explain problems, 

make interpretations and discuss appropriate 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 other topics in the evaluation part.  

 

Many researchers have sought the influence of the LC various science topics and 

studentsô levels of science education domain. In light of these examinations, the 

science educators have proposed that the 5E LC instructional model have improved 

the studentsô achievement and understanding of science concepts (Arslan, 2014; Abdi, 

2014; Abraham & Renner, 1986; Renner, Abraham, & Birnie, 1985; Akar, 2005; 

Bektas, 2011; Bybee, 1997; Campbell, 2006; Ceylan & Geban, 2009; Dindar-Cetin, 

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

2005; Ceylan & Geban, 2009; Kēlavuz, 2005; Sadi & Cakiroglu, 2010; Schlenker, 

Blanke, & Mecca, 2007) than traditional instructional methods. In addition to these 

positive contributions, the 5E learning cycle instructional model enhances studentsô 

attitudes towards science (Akar, 2005; Ergin, Kanlē, Unsal, 2008; Kēlavuz, 2005; 

Sunar, 2013) and motivation to learn science (Aydemir, 2012; Dindar-Cetin, 2012; 

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

instruction is more likely to achieve the goals of science education for the education 

policies of developed or developing countries. 

 

The Multiple Intelligence Theory (MIT) of consistent with the constructive approach 

offered by Howard Gardner in 1983. The growing of popularity in the educational 

communities of the theory is mentioned the multiple types of intelligence. Gardner has 

put forward a new definition of intelligence as different from the traditional 

intelligence. Therefore, intelligence is described as ñentails the ability to solve 

problems or fashion products that are of consequence in a particular cultural settingò 

(Gardner, 1993, p.15). Moreover, Gardnerôs suggested that there are at least eight types 

of intelligence, which consist of the linguistic, logical-mathematical, spatial, musical, 

naturalist, bodily-kinesthetic, interpersonal, intrapersonal. Gardnerôs Eight 

Intelligences is defined as:  

ñLinguistic intelligence: An ability to analyze information and create products 

involving oral and written language such as speeches.  

Logical-mathematical intelligence: An ability to develop equations and proofs, 

make calculations, and solve abstract problems. 

Spatial intelligence: An ability to recognize and manipulate large-scale and fine-

grained spatial images.  

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

different patterns of sound.  

Naturalist Intelligence: An ability to identify and distinguish among different 

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

world.  

Bodily-kinesthetic Intelligence: An ability to use oneôs own body to create 

products or solve problems.  

Interpersonal Intelligence: An ability to recognize and understand other peopleôs 

moods, desires, motivations, and intentions.  

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

moods, desires, motivations, and intentionsñ (Davis, Christodoulou, Seider, 

Gardner, 2011, pp. 485-503).  
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According to Gardner (1999), each 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 either together or separately. However, one 

or more of the intelligence profile of every human can dominantly utilize. For instance, 

some of the personôs verbal and social intelligence are dominant while some of them 

can be used to their social and intrapersonal intelligence dominantly. Although 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 been taken into consideration in 

classes taught by traditional methods in the schools today. In other words, most of the 

teachers focus on the verbal and mathematical intelligence while teaching the 

necessary concepts and skills in the courses (Levin & Nolan, 2007); therefore, 

studentsô current individual skills, intelligence and different teaching styles are being 

neglected. This situation is causing hardship for students to use their real potential 

skills and intelligence they have against the problems and change brought 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 for studentsô innate 

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 information in the 

education policies of developed or developing countries. Also, the students should 

structure their information by associating this information with daily life rather than 

memorizing it. To meet these expectations, Gardnerôs MIT appreciate studentsô 

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 why classes 

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, students could learn 

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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significant advantage for applying science education (Ascē & Demircioglu, 2002; 

Azar, Presley & Balkaya, 2003; Gokdere & Bak, 2004; Balēm, 2006; Baragona, 2009; 

Bellflower, 2008; Campbell & Campbell, 1999; Demirel, Tuncel, Demir, &.Demirhan, 

2004; Douglas, Burton, & Reese-Durham, 2008; Kayēran & Iflazoĵlu,  2007; Lindvall, 

1995; OôConnell, 2009; Ongoren & Sahin, 2008; Shearer, 2004; Uslu, 2005; Wares, 

2013; Yēlmaz & Fer, 2003). These studies showed that students who taught based on 

MIT were more successful than 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, Altun, & Harmandar, 2011; Kºksal & Yel, 2007; 

¥zdemir, G¿neysu, & Tekkaya, 2006; most of the studies directed at student attitudes 

presented the based on the MIT practices positively affected studentsô interests 

towards science (Balēm, 2006; Balēm, Pekmez and Erdem, 2002; Goodnough, 2001; 

Kayēran and Ķflazoĵlu, 2007) in spite of the fact that some studies (Akamca, 2003; 

Batman, 2002; G¿rcay, 2003; ¥zdemir, 2002; Sahin, ¥ngºren & 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 TIM. Another 

crucial factor is that studentsô mental development is enhanced when it is utilized the 

MIT in the science course (Gracious & Shyla, 2012). Also, this theory could be 

integrated into science classroom to increase studentsô motivation (Campbell, 1991). 

Therefore, because of the theoryôs contribution to the teaching of concepts and 

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

for the last ten years. 

 

Considerable other factors the influencing studentsôlearning in science education is the 

affective domain, which receives less attention than have the cognitive dimensions 

(Gardner, 1993, Cavas, 2011, Cetin-Dindar & Geban, 2012). In other words, 

researchers should take equally into account both the cognitive dimensions and 

affective variables to enhance studentsô understanding science concepts (Cetin-Dindar, 

2012; Morgan, 2006; Nieswandt, 2007). After the researchers have realized the 

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 studentsô affective domains next to cognitive domains 

(Akbaĸ & Kan, 2007; Bruinsma, 2004; Hsieh, 2014). Affective domain is identified as 
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ñthe emotional side of human behavior.ò (Brown, 1994, p. 135). Also, the affective 

variables are composed of the two most important factors such as attitude and 

motivation. The motivation stands out as one of the primary affective factors (Akbaĸ 

& Kan, 2006). There are many different definitions of motivation, which have many 

components and constructs. One of them is described as ña process for goal-directed 

activity that is instigated and sustainedò (Pintrich & Shunk, 2002, p.5). Investigation 

of motivation to learn indicated that when participants become motivated, they focused 

on the learning the related science concepts (Sanfeliz & Stalzer, 2003; Guvercin, 

Tekkaya, & Sungur, 2010; ¢etin-Dindar & Geban, 2011). 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 Jamil, 2012). Also, the motivation to learn science could improve 

students to scientific literacy (Bryan, Glynn, & Kittleson, 2011). On the other hand, 

another crucial variable influencing students science successful, as well as students 

'motivation, is the attitude towards science. Osborne, Simon, and Colli (2003) 

described a definition of an affective factor attitude as ñfeelings, beliefs, and values 

held about the enterprise of school science, school science and the impact of the 

science on societyò (p. 1050). The science educators within various research areas have 

examined on studentsô attitude toward science. Surveys have shown that students 

'attitude toward science is a direct impact on their students' achievement (Kozcu, 

Cakēr, & others, 2007; Osborne, Simon, & Collin, 2003). Therefore, studentsô learning 

science concepts meaningfully have a crucial role in improving studentsô positive 

attitude and motivation towards science  

 

Nowadays, as mentioned before, students cannot appropriately integrate memorized 

facts and relate to daily life application into their understanding science concepts. One 

of the problematic and important science concepts is the chemistry subject. Chemistry 

includes many topics influencing their everyday lives. It was showed that many 

students have the difficulty in the understanding of chemistry concepts 

(Chittleborough, Treagust, & Mocorino, 2002). According to the studies; it is evident 

that although the chemistry concepts are all parts of our lives, they possess difficulty 

in integrating them into their learning since nature of chemistry is complex and 

abstract. For example, students have never seen an atom, atomic unions, a compound 

or a chemical reaction at the microscopic level (Schlenker, 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, Kadayēf­ē, Akkuĸ, 2007). Events in nature usually occur in a 

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 and transformations are explained with physical and chemical changes of 

matters. Also, physical and chemical properties become pre-requisite knowledge in 

learning other chemistry subjects (for instance chemical reactions, chemical 

equilibrium, acidity-basicity, 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 (Lehmann, 1996). In this study, the subject of chemical and physical 

changes, kind of chemical reactions was investigated as being one of the most 

problematic topics of chemistry. The reason this issue needs more effort for students 

to learn is owing to its abstract nature. In addition, instructional methods play a crucial 

role in learning chemistry concept. The traditional instructional methods utilized in 

chemistry curriculum do not also improve studentsô attitude and motivation in the 

subject matter. Furthermore, they do not give students a chance to seek new 

investigations, solve complex problems. Therefore, this study might provide some 

information about the instruction based on 5E learning cycle model and  Gardnerôs 

multiple intelligence theory.  

 

1.1. Purpose of the Study 

The current study aimed to explore the effectiveness of based on 5E learning cycle 

model and Gardner's multiple intelligence theory oriented instructions studentsô 

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 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 their own information by using their prior knowledge in learning 

concepts in their minds meaningfully and which emphasize individual differences, as 

one of the most effective learnings. That is why, starting from primary education, 

curriculums based on constructive approach are begun to be implemented step by step 

in our current schools at different education levels. However even if it is stated that 

studentsô various intelligence 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 

students with different learning methods are ignored to a large extent. Despite the 

changes in curriculums, the reasons why this approachôs application and effects are 

not as expected. The fact that teachers who have been instructing with traditional 

methods for long years had difficulties in adopting the constructivist approach which 

was started to be used with renewed curriculums since it came into force without a 

serious preparation period can be given as an example of this situation. That is to say, 

in-service training endeavors could not prepare teachers mentally or information wise. 

Therefore, because teachers do not have sufficient information, equipment or 

experience, classes cannot be incorporated according to the constructivist approach. 

The other important reason is that books designed for new curriculums do not entirely 

reflect the requirements of this method. The light of giving the reasons stated above, 

the based on the 5E learning cycle instruction and Gardnerôs multiple intelligence 

instructions might result 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 compare the impact of the based on 

the 5E learning cycle model, Gardnerôs multiple intelligence theory instructions and 

their application to the classroom situation. Moreover, when it was surveyed about 

based on the MIT, it was found few studies regarding the examining the motivation of 

students while learning chemistry. With this study, this gap in field literature will be 

filled. Also, it was not seen both MIT and 5E learning cycle, which are popular in 



12 

 

education, together. This study will give some information regarding the students 

óattitudes toward chemistry and construct of motivation to learn chemistry. 

 

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 by interacting with the environment and by making 

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

called constructivism (Padilla, 1991). This constructivist view of  ñlearning has 

become the dominant theoretical position in education the driving force in science 

educationò (Treagust et al., 1996, p. 4). ñConstructivism has its roots in cognitive 

psychology. Cognitive psychology has influenced learning theory in several 

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

learning is the acquisition of knowledge structures by an active, constructive processò 

(Shuell, 1986, p. 418). The focus is on the mental activities of the learner including 

metacognitive process and attention to stimuli. Royer (1986) stated that ñ the 

constructivist interpretation of learning and memory is at the core of cognitive 

explanation of understanding.ò (p. 87) 

 

1.3.2. 5E learning cycle model 

5E learning cycle model, the under the constructivist theory, includes engage, explore, 

explain, elaborate, and evaluate stages (Bybee & Landes, 1990).  

 

1.3.3. Multiple intelligence theory 

Multiple Intelligence theory is defined as ñentails the ability to solve problems or 

fashion products that are of consequence in a particular cultural settingò (Gardner, 

1993, p.15). Multiple Intelligence theory involves, at least, eight types of intelligence 

which are musicalïrhythmic, visualïspatial, verbalïlinguistic, logicalïmathematical, 

bodilyïkinesthetic, interpersonal, intrapersonal, and naturalistic (Gardner, 1993). 
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1.3.4. Traditional instructional method  

In the based on the traditional instruction method, the classes are directly taught by the 

teacher, who is in the center as the source of information. According to Jonassen 

(1991), it is an instructional method in which students are passively learning the 

knowledge from the educator and the textbook.  

 

 1.3.5. Chemistry achievement   

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 

It is described as ñfeelings, beliefs, and values held about the enterprise of school 

science and the impact of the science on societyò (Simon & Colli, 2003, p. 1050). 

 

1.3.7. Motivation 

Motivation could be identified as ña process for goal-directed activity that is instigated 

and sustainedò (Pintrich & Shunk, 2002, p.5). 

 

1.4. Problems and Hypotheses  

It was mentioned about the main problem, sub-problems, and hypotheses of the study 

in this part. 

 

1.4.1. The Main Problem and Sub-problems 

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 multiple intelligence theory oriented instructions studentsô 

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 ninth grade public Anatolian high school students in Kecioren 

District of Ankara? 
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1.4.3. The Sub-problems 

1. Is there a significant mean difference among the based on 5E learning cycle 

model, Gardner's multiple intelligence theory, and traditionally designed 

chemistry instruction on studentsô achievement in unit of chemical properties 

concepts when studentsô pre-existing of knowledge of chemical properties 

concepts, attitude, and constructs of motivation (Self-Efficacy (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 

traditionally designed chemistry instruction on studentsô retention level in unit 

of chemical properties concepts when studentsô 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? 

 

3. Is there a significant mean difference 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 attitudes toward chemistry as a school subject when studentsô 

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 difference 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 chemistry 

when studentsô 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? 

 

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 construct of motivation to learn chemistry 

when studentsô 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? 

 

6. Is there a significant mean difference 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 self-determination construct of motivation to learn chemistry 

when studentsô 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? 

 

7. Is there a significant mean difference 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 self-efficacy construct of motivation to learn chemistry when 

studentsô 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? 

 

8. Is there a significant mean difference 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 anxiety construct of motivation to learn chemistry when 

studentsô 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? 

 

1.4.4. Hypothesis 

The problems were analyzed with the following hypotheses. Hypothesis-1 is related to 

the main problem and the rest other hypotheses cover the sub-problems: 
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1. H01: There is no 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 instruction on the population mean 

of the collective dependent variables of the ninth grade students post- test 

scores of achievement, their retention level on the unit of  chemical properties 

concepts, attitude towards chemistry, and construct of motivation to learn 

chemistry when studentsôprior knowledge of chemical properties concepts, 

attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are 

controlled as a covariate. 

 

2. H02: 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 post-test achievement scores in chemical properties 

concepts when studentsôprior knowledge of unit of chemical properties, 

attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are 

controlled as a covariate. 

 

3. H03: 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 studentsôprior knowledge of unit of chemical properties, 

attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) scores are 

controlled as a covariate. 

 

4. H04: 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 post-test attitude towards chemistry scores when 

studentsôprior knowledge of unit of chemical properties, attitude, and 

constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as 

a covariate. 
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5. H05: 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 means of the post-test scores of the self-efficacy construct of 

motivation to learn chemistry when studentsôprior knowledge of unit of 

chemical properties, attitude, and constructs of motivation (SE, ANX, GO, IM, 

and SD) scores are controlled as a covariate. 

 

6. H06: 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 means of the post-test scores of the anxiety construct of 

motivation to learn chemistry questionnaire when studentsôprior knowledge of 

unit of chemical properties, attitude, and constructs of motivation (SE, ANX, 

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

 

7. H07: 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 means of the post-test scores of the goal-orientation construct 

of motivation to learn chemistry questionnaire when studentsôprior knowledge 

of unit of chemical properties, attitude, and constructs of motivation (SE, ANX, 

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

 

8. H08: 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 means of the post-test scores of the intrinsic motivation 

construct of motivation to learn chemistry questionnaire when studentsôprior 

knowledge of unit of chemical properties, attitude, and constructs of 

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

 

9. H09: 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 instruction on 

the population means of the post-test scores of the self-determination construct 

of motivation to learn chemistry questionnaire when studentsôprior knowledge 

of unit of chemical properties, attitude, 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 learningôs ways and studentsô understanding of scientific 

concepts has become very crucial topics 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, 1997). To decrease studentsô 

difficulties, researchers focus on developing studentsô science achievement by the 

utilizing of suitable teaching strategies, providing the active role of the learner, and 

enhancing the facilitative function of the teacher in their investigations. Researchers 

examined that the students are not empty boxes when they come to the class, and they 

give importance to what the students already know since they live experiences. These 

experiences make them construct some structures and ideas should be correct, in-

correct or misconceptions. Also, they must connect their already improved ideas and 

structures with the new knowledge to enhance meaningful learning (Tarouco, Geller, 

Medina, 2006; 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 short period. Therefore, they should actively construct new 

knowledge and information onto their own mental schema to learn meaningfully 

(Novak & Gowan, 1984; Hanley, 1994 Michael, 2001). Thus, the science educators 

have been examining the based on the constructivist theory instructions in various 

education level for a long time. 

 

In the present study, it was started a discussion with the constructivist approach to the 

light under the science educatorsô reviews. After, it was explained a teaching model 

based on constructivist approach, 5E LC (Bybee, et al., 1989) and then Gardnerôs 

Multiple Intelligence theory., respectively. Finally, it was mentioned as affective 

variables, which are motivation to learn chemistry and attitude towards chemistry as a 

school subject. 
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2.1. Constructivist Approach 

Constructivism could be defined as ña set of beliefs about knowledge that begins with 

the assumption that reality exists but cannot be known as a set of truthsò (Tobin et al., 

1994, p.47). According to this theory, everybody possesses their own truth and no 

objective knowledge can exist (Boghossian, 2006). Therefore, the constructivism 

considers the individuals to construct or create their own new knowledge by relating 

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

create the new knowledge rather than the knowledge directly given to them.  

 

In Constructivism, the source of knowing is the world (Von Glasersfeld, 1993). There 

is the world that full of unknown things that the individuals would like to learn even if 

nobody fully knows reality. For students to understand the reality, they need to make 

organizations and reflect upon it by their own knowledge. Also, the interaction and 

being social becomes significant to learn reality better. 

 

Constructivism should be thought as the combination of Piagetôs, Ausubelôs and 

Vygotskyôs theories because of these theories not being as effective as it is expected. 

For example, Ausubelôs theory of learning is talking about the meaningful learning as 

it is important in constructivism. Ausubel (1968) says that new information should be 

associated to the studentsô prior experience about the topic 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 as in constructivist knowledge. According 

to Vygotsky (1980), it is firstly said that social interaction and the culture is important 

as in constructivist theory. According to constructivist theory, the teacher possesses a 

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

the students to build their own knowledge. The teacher should assist the student to 

make their own learning meaningful to themselves and conduct their own information. 

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:  

¶ Search out and utilize student questions and ideas to guide lessons and whole 

instructional unit. 

¶ Take into considering and support student initiation of ideas. 
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¶ Enhance student leadership, collaboration, and location of information and 

taking actions as a result of the learning process. 

¶ Take into account learnersô thinking, experiences and interests during the 

lesson (this means often altering their own intentions.). 

¶ Allow the use of various sources of knowledge both from written materials and 

experts. 

¶ Gives learners a chance to suggest leads to events and exoperiences and help 

them to estimate consequences. 

¶ Examine student ideas before introducing he/her ideas or before studying 

concepts from textbooks or other sources. 

¶ Provide learners to take into account each thought of others  

¶ Give adequate time for evaluation and interpretation studentsôideas, equally. 

¶ Encourage self-analysis, obtaining actual data to advocate ideas and 

reorganization of thinkings in terms of new topic. 

¶ Utilize learn definition of problems with local interest and effect as organizers 

for the course. 

¶ Engage daily-life resources as primary sources of knowledge that can be used 

in problem resolution. 

¶ Include learners in investigating knowledge that can be conducted to solve 

everyday lives problems. 

¶ Integrate learning into the class period and environment 

¶ Avoid viewing science content as something that only exists for students to 

master on tests. 

¶ Emphasize their career awareness 

¶ Give students opportunities to act in citizenship roles as they try to analyze 

problems they have described. 

¶ Indicate that science and technology are leading factors that will influence the 

future. 

As it is seen from the procedure, the constructivist educator gives problems and 

provides them a chance to investigate and promotes new patterns of thinking (Kēlavuz, 

2005). 

 

From the overall view, the students cannot be thought as the empty boxes when they 

come to the lesson. They bring their own experiences with them and waiting to 

restructure them by the help of the teacher. These can be done by their active 

involvement to the lectures and they interact with their environment, teacher, and 

peers. It cannot be thought as there is an exact right in the teacherôs minds or the 

textbooks. Instead, what the students will structure by developing their prior 

knowledge make sense and that will be their own truth. This process is under the 

control of a teacher that have the ability to engage students in ideas, questioning, 

checking, clarifying, and interpreting them. Constructivist learning theory proposes 
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that students slowly improve their mental understanding through multiple experiences 

that have same or similar components. (Schlenker, 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 Vico and Durkheim and they are gained 

to the literature by the representatives who used to be against them. In this context, 

there are ones who see the originality of constructivism consisting of its re-introduction 

with the old concepts and new comments. From this point of view, constructivism is 

criticized for being ñold wine in new bottlesò (Simsek, 2004). One of the fundamental 

concepts of social constructivism is accordance. As there is a possibility that the ideas 

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

social constructivism is criticized for being the ñtyranny of the majorityò.This is a 

frequently reported situation that occurs in the classes where constructivist learning 

activities are applied (Simsek, 2004). 

 

There are many strategies developed according to Constructivist theory. These 

strategies are mainly inquiry, cooperative learning, problem-based learning, learning 

cycle, conceptual change, based on the Gardnerôs multiple intelligence theory. In the 

literature, it has been showed that constructivist theory is more efficient than the other 

ones. For example, Caprio (1994), Akkus (2003) and Hand et. Al (1997) all showed 

that constructivism is a useful technique to be used instead of others. Moreover, there 

are also many strategies under constructivism that we have mentioned above that gave 

more effective results compared to other procedures, especially the traditional method. 

To give an example, Arslan (2014), Abraham and Renner (1986), Akar, (2005), Bishop 

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

(2006), Ceylan and Geban (2009) Colburn and Clough (1997), Dindar-Cetin (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. Again, studies the based on the Gardnerôs MIT under the 

constructivist approach instruction is more efficient than the conventional method. 

(Ascē & Demircioglu, 2002; Azar, Presley & Balkaya, 2003; Bak, 2004; Balēm, 2006; 

Baragona, 2009; Bellflower, 2008; Campbell & Campbell, 1999; Douglas, Burton, & 

Reese-Durham, 2008; Kayēran & Iflazoĵlu, 2007; Lindvall, 1995; OôConnell, 2009; 
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Ongoren & Sahin, 2008; Shearer, 2004; Wares, 2013). Therefore, it was focused on 

the 5E learning cycle model and Gardnerôs Multiple Intelligence Theory under the 

Constructivist Approach. 

 

2.1.1. Information of 5E Learning Cycle 

The learning cycle is a model of the under constructivism that is developed by Karplus 

and Their (1967). Since it is developed by taking constructivism into attention, it seeks 

to indicate what the learner already knows and what experiences can build on that base 

(McCormick, 2000). In Karplus and Theirôs (1967) declared an instructional method, 

which there were exploration, concept introduction and concept application as three 

stages. According to them, in the first phase, by the guide of the teacher, the students 

find new ideas. The students use their previous experiences and their existing 

knowledge in this stage. Next, students are met to a new concept in the second phase. 

Furthermore, the teachers should utilize textbooks, films, daily-life questions, etc. to 

present the concept. The students are also encouraged to state connections between the 

concepts in this part when the new concept is introduced. Finally, the student applies 

their new concept to new situations in the concept application period. 

 

In years, Bybee, et al. (1989) extended this learning cycle instructional method into 

five stages in the new BSCS science programs. The given name of the 5E LC model 

forms five stages, which are engagement, exploration, explanation, elaboration, and 

evaluation (Trowbridge, Bybee, & Powell, 2000; Bybee et al., 2006). These stages are 

mentioned as follows: 

 

Engagement: According to Bybee, et al. (1989), Engagement phase is utilized to 

motivate learners by increasing interest and generation curiosity on the 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 

predictions. This knowledge permit them to start responding questions initiated in the 

engagement stage. According to Lacy (2005), the following procedure was advised to 

apply for the engagement step; learning activities which are a demonstration, reading, 

brainstorming, analyze a graphic, can be integrating into the engagement stage to the 



24 

 

entrance and relate to prior knowledge and experiences, activate learnerôs interest, and 

enhance motivation to learn. Moreover, learners should take into account on the topic 

by asking and/or responding questions at this stage, such as: 

¶ ñWhat do you observe about this?ò  

¶ "Why did it occur?"  

¶ "What do you have information regarding this?"  

¶ "What can you detect regarding this?"  

 

Exploration: According to Bybee and his colleagues (2006), the teacher should be 

helpful safe, guided or open inquiry experiences during the exploration stage. They 

also ask questions about the activities to expose their misconception or prior 

knowledge while observing them. They should give enough time them to complete the 

experiment or activities. Furthermore, it should be conducted an investigation, solved 

a problem, read a text as the learning activities. Moreover, students should complete 

experiments to connect between their pre-existing knowledge and the new concept. 

Moreover, it was predicted that students should propose a hypothesis about the 

experiment and check it within the limits of the activity. Students also should take note 

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

 

Explanation: According to Bybee, et al. (1989), during the explanation phase, the 

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

At this time, suitable scientific terms, which is related to the studentsô experiences 

should be explained, in detail. According to Lacy (2005), Terms are introduced and 

defined as necessary labels for concepts and phenomena at this stage. Moreover, the 

teachers should give the students a chance to clarify concepts and definitions by using 

their findings and previous experiences. The students begin to the understanding of the 

concepts and can correctly discuss responds to related scientific termsô questions or 

problems by supporting ideas with evidence. They also think their prior knowledge, 

correct/error analysis interpretations while explaining and discussing the new 

concepts. 

 

Elaboration: According to Bybee, et al. (1989), the elaboration phase is provided 

learners additional problems or activities, which help them to examine their new 
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knowledge, offer solutions, make decisions and/or draw reasonable conclusions. 

According to Lacy (2005), the following procedure is advised to clarify elaboration 

step: It was expected the students to use the knowledge learned in the previous stage. 

Therefore, teachers should 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 content areas. They also ask guiding questions 

to facilitate students understand associations with concept/topic and other content 

areas during this phase. In the stage, students focus on the related the concepts or other 

content areas the new situation to verify what they have learned. Hence, they utilize 

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 connect to the original concept/topic and daily-

life situations.  

 

Evaluation: According to Bybee, 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 into other contexts. Summative assessment should be 

administered to evaluate studentsô understanding of concepts and skills at the end of 

the lesson such as asking open-ended questions, preparing a test. On the other hand, 

formative assessment should use to indicate their understanding of the concept/topic 

and skills during phase such as preparing a portfolio, asking probing questions. 

Students should also receive feedback about whether they have changed their thinking 

or behaviors. 

2.1.1.1. International and National Studies with Learning Cycle  

As mentioned above, many science educators have investigated to gain evidence in 

term of the effectiveness of the learning cycle kind of science topics and studentsô 

levels of science education. To begin with, Ward & Herron (1980) found that utilizing 

the LC model; formal operational participants learn both concrete and formal concepts 

better than those who were concrete operational. According to them, for concrete 

operational students, the LC model is efficient to TIM regarding participantsô content 

achievement. Formal operational participants should be taught with either LC or TI 

since the effect of the instructional method were equal for the students (as cited in 

Francis, 2006). Moereover, Arslan (2014), Abdi (2014), Bybee (1997), Campbell 
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(2006), Trowbridge, Bybee, and Powell, (2000), and Qarareh (2012) pointed out that 

the 5E LC instructional model developed the studentsô achievement and understanding 

of science concepts when compared the TIM. Another previously made the study is 

supported literature by Balcē, Cakēroglu, and Tekkaya (2006) that both the based on 

the 5E LC and the conceptual change text method provided a significantly better 

acquisition of scientific conceptions than TIM. Schneider and Renner (1980) also 

learning cycle approach is superior to traditional approaches in intellectual 

development gains. Abraham (1982) also concluded that the learning cycle is more 

efficient than the traditional instruction method. Bevenino, Dengel and Adams (1999) 

declared that 5E LC provided 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 inquiry skills more than ones who taught with TIM. Moreover, 

Schlenker, Blanke, & Mecca (2007) supported that 5E learning cycle model provided 

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

concluded that 5E LC might be positively affected studentsô level of retention of 

science concepts. Aydemir (2012) and Sadi and Cakiroglu (2010) also supported this 

finding. In addition to these positive contributions, the 5E LC instructional model 

might be increased studentsô attitudes towards science (Akar, 2005; Ergin, Kanlē, 

Unsal, 2008)  

 

Kaynar (2007) intended another study related to 5E LC instruction. The aim of the 

investigation was to seek the impact of 5E LC on sixth-grade participantsô 

understanding of cell concepts, their attitude toward science and their scientific 

epistemological beliefs. Both experimental group (80) and control group (80) sixth-

grade students in the four intact classes of the secondary school participated in the 

investigation. The study was examined in Kocaeli, and the instruments were applied 

to students both at the beginning and end of the survey. Treatment group (80) 

instructed with 5E LC instruction while control groups (n = 80) instructed with TIM. 

After the analysis of the data, the 5E LC was found to be more efficient on collective 

dependent variables; however, there was not any significant difference regarding 

participantsô attitude toward science between groups. The findings depicted that 

participants in the treatment group who were implemented with 5E LC instruction 

indicated significantly better performance over the control group students who taken 
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with TIM in terms of studentsô understanding of cell concepts and their 

epistemological beliefs. 

 

Campbell (2006) conducted another study to seek the fifth -grade studentsô 

understanding of force and motion concepts as they participated in inquiry-based 

science examinations during the application of the 5E LC. A pretest was provided the 

participants to assess their achievement of force and motion concepts. During 14 

weeks (four times per week), students attended in examinations for this study. In the 

end, the students were given a post-test for measuring the studentôs ability to generalize 

their understandings. According to the outcomes of conducted study, the 5E LC 

instruction found to be more efficient when compared to TIM. By the outcomes of the 

research performed by Bozdogan and Altuncekic (2007), the educators demonstrated 

that science teacher candidates might experience a lack of equipment in applying 5E 

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 activities. In addition to these findings, 

Marek, Eubanks and Gallaher (1990) found that as well as being an effective method 

for students to increase achievement, learning cycle also enhances teachersô classroom 

behaviors. 

 

2.1.1.2. International and National Studies with Learning Cycle in Chemistry 

Education 

Studies in chemistry education revealed that the science educators conducted the 

various studentsô level and chemistry topics with utilizing 5E LC instructional method. 

The based on the 5E LC in chemistry education was shown in Table 2.1. 
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Table 2.1. Investigations related to 5E LC on Chemistry Education 

Author and 

Year 

Period Outcome 

Variables 

Subject Level of 

Students 

Main results 

Ceylan & 

Geban 

(2009) 

5E & TI 

Six-week 

period 

(two 40 

minutes per 

week) 

Understanding 

Science process 

skills 

State of Matter 

Solubility 

119 10th grade 

students 

The based on 5E LC model positively 

caused studentsô understanding 

scientific conceptions and removing of 

misconception on state of matter and 

solubility concepts and their critical 

thinking than TIM 

Kēlavuz 

(2005) 

5E & TI 

Four-week 

period 

(three times 

40 minute 

per week) 

Achievement, 

Attitude Toward 

Chemistry 

Science Process 

Skill 

 

Acid-Base 60 10th grade 

students 

The outcomes depicted that 5E LC 

instruction under the constructivist 

approach influenced significantly 

better gaining of scientific conceptions 

on the topic of acids-bases in 

chemistry. Moreover, participants in 

both treatment and control group 

indicated statistically similar 

development in attitude toward 

chemistry. 

Ekici (2007) 

5E & TI 

Six-week 

period 

(three times 

40 minute 

per week) 

Achievement, 

Attitude Toward 

Chemistry 

Logical thinking 

Science Process 

Skill 

Redox Reactions 

Electrochemistry 

49 11th grade 

students. 

The based on the 5E LC instruction 

was positively affected studentsô 

achievement on the redox reactions 

and electrochemistry when compared 

to TIM. Furthermore, there is no 

significant mean difference between 

experimental and control groups in 

terms of studentsô attitudes toward 

chemistry. 

Akar (2005) 

5E & TI 

 

Four-week 

period 

(three times 

40 minute 

per week) 

Achievement, 

Attitude Toward 

Chemistry 

Science Process 

Skill 

 

Acid-Base  56 10th grade 

students 

The 5E LC instruction was enhanced 

studentsô achievement on the acid-base 

concepts more than TIM did. Students 

instructed with the 5E LC positively 

influenced their attitudes toward 

chemistry more than ones taught TIM. 

Also, science process skill should be 

considered  the topic of  acids-bases in 

chemistry for students to understand 

 

 

 

 

 

 

 



29 

 

 

(Table 2.1 continued) 

Kurey 

(1991) 

5E & T 

Seven-week 

period (three 

40-minute 

sessions per 

week) 

Cognitive 

development 

Concrete 

development 

 

 

 

 

 

 

Gas expansion, 

Immiscible liquids 

and density, 

Molecular 

geometry, Gas Laws 

110 tenth, 

11th, twelfth, 

grade students 

The 5E LC instruction was better in 

terms of developmental studentsô 

formal, transitional, and concrete than 

TIM. The utilizing of  models for 

stuents to manipulate provided 

concrete and transitional levels 

students their highest score when used 

with the 5E LC 

Dindar-

¢etin (2012) 

5E & TI 

Eight-week 

period (three 

times (40 

min.) per 

week) for 

experimental 

groups and 

Seven-week 

period for 

traditional 

groups 

Understanding 

Motivation to 

learn chemistry 

Acid-Base 78 11th grade 

students 

The based on the 5E LC instruction 

supported in terms of participantsô 

understanding of the topic of acids-

bases in chemistry when compared to 

TIM. Similarly, the participants in the 

5E LC group have a higher motivation 

to learn chemistry than ones who 

taught with the TIM. 

Pabuccu 

(2008) 

5E & TI 

Seven-week 

period (three 

40-minute 

sessions per 

week 

Understanding 

Attitude 

Nature of 

science views of 

students 

Acid-Base 130 11th grade 

students 

The outcomes depicted that 5E LC 

instruction was better regarding 

studentsô understanding of acid-base 

concepts than TIM. These models of 

instruction also developed the similar 

studentsô attitude toward chemistry. 

Science process skill should be taken 

into consideration for studentsô 

understanding chemistry concepts. 

There was also no significant influence 

of gender difference on their 

understanding the acids-bases  The 

findings of Views on Science-

Technology-Society provide some 

information about the studentsô views 

on nature of science. 

Supaksorn 

(2015) 

5E & TI 

A total of 10 

hours. 

Understanding 

Mental model 

Electrochemistry 

and the galvanic 

cell 

34 12th grade 

students 

The outcomes indicated that 

participantsô conceptual understanding 

of electrochemistry and mental models 

of galvanic cells could be improved 

when the using 5E LC instruction. 

Sunar (2013) 

Context-

based 

approach 

(CBA) 

through 5E 

over TI 

Six-week 

period 

Achievement, 

Retention, 

Attitude 

 

The state of matter 150 11th grade 

students 

The CBA integrated into 5E LC was 

more efficient in terms of increasing 

studentsó achievement and level of 

retention on the topic of states of 

matter when compared to TIM. Also, 

participant who attended in the 

treatment group have more positive 

attitude towards chemistry. 

 



30 

 

 

(Table 2.1 continued) 

Aydemir 

(2012 

5E & TI 

Seven-

weeks 

period 

Understanding, 

Retention, 

Attitude, 

Motivation 

The Solubility 

Equilibrium 

109 11th grade 

students 

5E LC instruction was more efficient 

regarding studentsô understanding and 

retention of the solubility equilibrium 

concepts than TIM. The utilizing 5E 

LC teaching was increased studentsô 

attitudes towards chemistry and 

constructs of motivation to learn 

chemistry. Females have more positive 

towards chemistry and better 

organization and help to seek. 

Bektas 

(2011) 

5E & TI 

Five-week 

period (three 

40-minute 

sessions per 

week) 

Understanding 

Epistemological 

Beliefs, Views 

of nature of 

science (NOS) 

The particulate 

nature of matter 

(PNM) 

113 10th grade 

students 

The obtained findings showed that 5E 

LC instruction was better on tenth-

grade studentsô understanding of PNM 

concepts than TIM and 5E LC also 

improved their epistemological beliefs 

toward chemistry  

The average scores of participants in 

the group on the treatment 

understanding of the NOS were greater 

than ones who instructed with 

traditional instruction. 

Supasorn & 

Promarak 

(2014) 

Analogy 

learning 

integrated 

into 5E LC 

& TI  

Five weeks 

periods 

(three hours 

per week) 

Understanding Chemical reaction 

rate 

44 11th grade 

students 

This finding depicted that 5E LC 

instruction was more eǟective 

participantsô understanding and 

retention level of chemical reaction 

rate concepts than TIM. 

Aggul-

Yalcēn & 

Bayrakceke

n (2010) 

5E & TI 

Four-weeks 

period 

Achievement Acids-bases 43 science 

undergraduates 

The based on 5E LC instruction 

positively developed the students' 

learning of acid-base concepts in 

comparison with traditional teaching. 

Cigdemoglu 

(2012) 

CBA 

through 5E  

over TI 

six-week 

period 

Understanding, 

Achievement, 

Chemical 

literacy, 

Motivation 

Chemical Reactions 

and Energy 

187 11th grade 

students 

The findings demonstrated that CBA 

through 5E LC model was superior to 

traditional instruction on eleventh-

grade participantsô understanding, 

achievement, and chemical literacy of 

the topic of chemical reactions and 

energy Although studentsô overall 

motivation scores did not change 

across the groups, experimental 

groupsô intrinsic motivation and 

relevance of learning chemistry to 

personal goals were better than ones 

who instructed with TIM  
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(Table 2. 1 continued) 

 

Ajaja & 

Eravwoke 

(2012) 

5E & TI 

6-week 

period 

Biology and 

chemistry 

teachers with the 

knowledge that 

learning cycle is 

an  instructional 

method 

Achievement 

Retention 

Biology and 

chemistry concept 

42 biology and 

chemistry 

teacher 

112 biology 

and chemistry 

students 

This finding of the study that students 

who instructed with the 5E LC were 

more successful in terms of learning 

biology and chemistry concepts than 

those who taught with TI. The finding 

of higher retention of biology and 

chemistry knowledge by students 

taught with learning cycle than those 

taught with lecture method can be 

likened to the findings of other 

researchers in the past 

 

 

Most of the investigations were performed with the eleventh-grade students, the while 

the acids-bases concepts were chosen as chemistry topics. Moreover, science educator 

declared that 5E LC instruction was better in terms of studentsô understanding, 

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 

instruction the studentsô logical thinking and mental model. Moreover, Some of the 

science educators found that the 5E LC instruction enhanced studentsô attitudes 

towards chemistry; however, some of them said that there was no statistical differences 

between the 5E LC and TI group on studentsô attitude toward chemistry. Also, 

Aydemir (2012), Cetin-Dindar (2012), and Cigdemoglu (2012) pointed out that 5E LC 

instruction positively influenced the studentsô constructs of motivation to learn 

chemistry more than TIM.  

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

grade studentsô understanding of acid-base concepts. There were 60 tenth grade 

students from two intact classes of a chemistry course instructed by the same teacher 

in Ankara in the 2004-2005 spring semester. The participants in the treatment group 

were instructed with 5E LC model while the control group was taught by TIM. Both 

groups were given the Acid-Base Concepts Achievement Test as a pre-test and posttest 

for assessing their understanding of acid-base concepts. Both group also administered 

Attitude Scale toward Chemistry as a pre and post-test to determine their attitudes. In 

addition to them, Science Process Skill Test was distributed to both groups at the 

beginning of the study. The results depicted that based on the 5E LC instruction under 

the constructivist approach 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 studentsô attitude toward chemistry. Also, it should be considered 

studentsó science process skill while teaching the topic of acids-bases concepts. 

Therefore, although there are some of the evidence of the effect on the studentsô 

development cognitive and affective variable with utilizing the 5E LC instructional 

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

impact of its implementation other students ólevel and chemistry topics. Especially, 

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

as constructs of motivation to learn chemistry 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 develop studentsô achievement chemistry 

concepts, attitudes toward chemistry as a school subject, constructs of motivation to 

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

determination (SD), self-efficacy (SE), and anxiety (ANX). 

  

2.1.2. Information about Intelligence and Multiple Intelligence 

The Multiple 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 nowadays. Gardner has identified a new 

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

him, the identification of an intelligence was "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" (Gardner, 1999, p.33-34). Moreover, Gardner 

declared that a single oneôs intelligence could not be evaluated by standard 

psychometric instruments. Therefore, Gardner and his friends at Project Zero have 

been searching on the design of performance-based assessments, education for 

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

curriculum, instruction, and evaluation in the past twenty years. Gardnerôs intelligence 

has defined in two ways which were ñThe Traditional Intelligenceò and ñMultiple 

Intelligence.ò According to Gardner (1993), when it was looked at the definition of the 

traditional understanding of intelligence, it can be inferred that it is ñthe ability of a 

person to learn and do things comes out of a uniform cognitive capacity.ò Therefore, 

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. The early 1800s, Alfred Binet, a French psychologist, created a 

ñThe Intelligence Quotient, or IQ test to evaluate a child's intelligence to see their own 

weaknesses. Binet's IQ test was also initially utilized to measure a student's intellectual 

shortcomings, 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 form that day on, the IQ test has looked like 

psychologyôs biggest success a genuinely useful scientific toolò (Gardner, 1993 as 

cited in Levitin, 2002, p753). After that, the complicated version of the IQ test is 

developed the Scholastic Aptitude Test (SAT). It measures a student's mathematic and 

linguistic abilities as well as reading comprehension and vocabulary, is utilized by 

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

place that institution since the SAT. Therefore, it could be anticipated studentô future 

successful with utilizing 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 

general intelligenceôs critical outside the relatively small environment of formal 

schooling;  

¶ ñGeneral intelligence tests evaluate skills linguistic or logical that are valuable 

in the performance of school related tasks; they give the information about a 

reliable prediction of success and failure in school. The tests are not nearly as 

reliable in predicting success outside of school tasksò (Gardner, 1993, p.39) 

¶ ñIf reliable instruments could be designed for different intelligences, and these 

tests did not rely solely on short answers (which relevant to school success), 

often through pencil and paper presentations, but instead used the materials of 

the domain being measured, the correlations that yield general intelligence 

would greatly diminish.ò 

 

Gardner (1993) pointed out that from a general perspective, ña focus on general 

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 the world develop skills important to their way 

of lifeò (p.7). 
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 2.1.2.1. The Multiple Intelligence 

An alternative view of the traditional conception of intelligence has been theorized by 

the neuropsychologist, Howard Gardner. His theory was supported by the evidence 

obtained from several varied sources, including neuropsychology, experimental and 

developmental psychology, in his study (Gardner, 1993). These sources could be listed 

as;  

¶ ñKnowledge about normal development and development in gifted 
individuals 

¶ ñInformation about the breakdown of cognitive skills under conditions of 
brain damage (brain damaged patients),  

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

children, children with learning disabilities, al of whom exhibit very  jagged 

cognitive profiles that are extremely difficult to explain in terms of 

intelligence,  

¶ Data about the evaluation of cognition over the millennia 

¶ Cross-cultural accounts of cognition 

¶ Psychometric studies including examinations of correlations among tests 

¶ Psychological training studies, particularly measures of transfer and 

generalization across tasksò. (Gardner, 1993, p.16 as cited in McClellan & 

Conti, 2008) 

 

ñOnly those candidate intelligence that satisfied all or a majority of criteria were 

selected as bona fide intelligenceò (Levitin, 2002, p. 763) Moreover; Gardner offers 

eight kind criteria to define the candidate ability if it can take into consideration as 

intelligence 

1. ñPotential isolation by brain damage 

2. The existence of savants, prodigies, and other exceptional individuals 

3. A distinctive developmental history and a definable set of expert ñend-

stateò performances 

4. An Evolutionary history and evolutionary plausibility  

5. Support from psychometric findings 

6. Support from experimental and psychological tasks 

7. An identifiable core operation or set of operations 

8. Susceptibility to encoding from a symbol systemò (Armstrong, 2009, 

p.8) 

 

Gardner (1993) pointed out that one cognitive proficiency is better identified regarding 

a set of abilities. Also, it was mentioned that everybody has each of these abilities to 

some extent; ones vary in the degree of ability and the nature of their combination. 

Gardner maintains that MIT is more human and more veridical than alternative views 
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of intelligence and that it more adequately reflects the data of human intelligent 

behavior (Chrmglobal, 2016) He stated that this theory is also crucial for its 

educational implications. Gardnerôs MIT looks at the people potential in its broadest 

sense. It 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 should be taken into separate account faculties for 

considering various types of symbol systems (Gardner, 1993). 

The essential characteristics of MIT could be seen below: 

¶ ñEach person possesses all seven intelligences: That is everybody has 

capacities in all eight intelligences. Furthermore, MIT is a theory of 

cognitive functioning. Also, the eight intelligences work together in ways 

unique for each person.  

¶ Most people can develop each intelligence to a satisfactory level of 

competency: Gardner suggests that almost everyone has the potential to 

develop all eight intelligences to a reasonably high level of performance 

if given the appropriate encouragement, enrichment, and instruction.  

¶ Intelligences usually work together in complex ways: Gardner 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 brain-injured individuals). Intelligences are always 

interacting with each other.  

¶ There are many ways to be intelligent within each category: There is no 

standard set of attributes that one must have to be considered intelligent 

in a specific areaò (Armstrong, 2009, pp.15-16). 

 

Table 2.2. Differences between traditional and multiple intelligence  

Traditional view of ñIntelligenceò ñMultiple Intelligencesò View 

Intelligence can be measured by short-

answer tests: Stanford-Binet Intelligence 

Quotient Wechsler Intelligence Scale for 

Children (WISCIV) Woodcock-Johnson 

Test of Cognitive Ability 

Scholastic Aptitude Test 

Evaluation of an individual's multiple intelligences can encourage 

learning and ñgò styles. Short answer tests are not utilized since 

they do not assess disciplinary mastery or thorough understanding. 

They solely evaluate rote memorization skills and one's ability to 

do well on short answer tests. Some states have improved 

instruments that value process over the final respond, such as PAM 

(Performance Assessment in Math) and PAL (Performance 

Assessment in Language) 

People are born with a fixed amount of 

intelligence. 

Everyone have all of the intelligence; however, each has a unique 

combination or profile. 

Intelligence level does not change over a 

lifetime. 

We can all develop each of the intelligences although some people 

can improve more readily in one intelligence area than in others. 

Intelligence consists of ability in logic and 

language. 

There are much more kinds of intelligence which reflect different 

ways of interacting with the world 
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(Table 2.2 continued) 

 

In traditional practice, teachers teach the 

same material to everyone 

M.I. Pedagogy implies that teachers implement and evaluate 

differently based on individual intellectual strengths and 

weaknesses. 

Teachers teach a topic or "subject." Teachers intend learning activities around an issue or question and 

connect subjects. Teachers develop strategies that give a chance for 

students to show multiple ways of understanding and value their 

uniqueness. 

Source: Concept to Classroom: Tapping into multiple intelligences  (n.d.). Retrieved from 

http://www.thirteen.org/edonline/concept2class/mi/index_sub1.html 

 

 2.1.2.2. Types of Multiple Intelligence 

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

formulated a list of seven intelligences In Frames of Mind book. The first two are ones 

that have been typically valued in schools; three of them are usually related to the arts; 

and the final two are what Howard Gardner called ñpersonal intelligenceò (Gardner, 

1999). More recently, He has added ñNaturalist Intelligenceò as eighth. 

 

Verbal/ Linguistic Intelligence: ñThis intelligence includes the ability to manipulate 

the syntax or structure of language, the phonology or sounds of language, the 

semantics or practical uses of language and the pragmatic uses of language. Some of 

these uses include rhetoric (using language to convince others to take a particular 

course of action), mnemonics (using language to remember information), explanation 

(using language to inform), and metalanguage (using language to talk about itself)ò 

(Armstrong, 2009, p. 6). This is the most widely shared human competence and is 

evident in poets, novelists, journalists, and effective public speakers. People with 

verbal/ linguistic intelligence 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 reading, taking notes, and listening to lectures, 

and via discussion and debate while learning the concepts. Moreover, they are expertly 

skilled at explaining, teaching, and persuasive speaking. Those with verbal/ linguistic 

intelligence learn foreign languages very easily as they possess high verbal memory 

and bring to mind and an ability to comprehend and control syntax and structure. (Pal, 

2011) Famous people: William Shakespeare, Jean-Paul Satre, Franz Kafka, Ernest 

Hemingway, L. N. Tolstoy 
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Logical/ Mathematical Intelligence: People who developed this type of intelligence 

integrates both mathematical and scientific procedures. It allows us to interpret 

relationships and connections, to utilize abstract, symbolic thought, following 

reasoning skills, and inductive and deductive thinking processes. It is 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 traditional mathematical ability and more reasoning 

capabilities, abstract pattern recognition, scientific thinking and investigation, and 

capacity to perform complex calculations. These learners consider conceptually in 

logical and numerical patterns relating to components of information. They always 

take into consideration everything in the world; ask many inquiry questions about it 

and enjoy conducting experiments to solve the questions. Logical intelligence is 

usually well developed in mathematicians, scientists, tax accountants, engineers, 

computer programmers, and detectives (Armstrong, 2009; Chapman &Freeman, 

1996). Famous people: Albert Einstein, Bill Gates. 

 

Musical/ Rhythmic Intelligence: This 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 

listeners. Those who have a high level of musical-rhythmic intelligence display greater 

sensitivity to sounds, rhythms, tones, and music (Armstrong, 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, people, 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 an advanced level of the musical intelligence, 

might be a musicians, singers, conductors, or composers. Famous people: Mozart, 

Bach, Beethoven, Chopin, Ray Charles,  

 

Visual/ Spatial Intelligence: This intelligence related to the capacity to perceive in 

three-dimensional ways. (Jing, 2013). Furthermore, ñpeople developing this 

intelligence are able to perceive external and internal imagery, to recreate, transform, 
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or modify images, to navigate oneself and objects through space, and to produce or 

decode graphic informationò (Nath & Cmajdalka, 2010, p.171). For example, Sailors, 

pilots, sculptors, painters, and architects can be strongly utilized their this intelligence.  

Also, one with strong visual-spatial intelligence is typically excellent imaging and 

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 hand-eye 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 movies, loves 

designing, drawing, visualizing and doodling Famous people: Michelangelo, Van 

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

 

Bodily/ Kinesthetic Intelligence: This intelligences can be defined as ñthe capacity to 

manipulate objects and use a variety of physical skillsò (Taylor, 2013, p. 3). Also, ñThe 

intelligence includes a sense of timing, and people developing this intelligence are able 

to utilize their skills through the mind-body union, perfectly Athletes, dancers, 

surgeons, and craftspeople can skillfully use their kinesthetic intelligenceò (Campbell, 

2008). Jain (2012) 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 bring to mind things through their body, rather than through words 

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

themselves through movement. They are able to utilize between a sense of balance and 

eye-hand coordination, effectively. Famous people: Naim Suleymanoglu, Michael 

Jordan, Muhammed Ali, Lionel Messi, Usain Bolt. 

 

Interpersonal Intelligence: This 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 can effectively use verbal and non-verbal communication while connecting the 

others. Teachers, social workers, actors, and politicians have a strong interpersonal 

intelligence since they interact efficiently and understand easily with others and adjust 

to various areas or groups (Nath & Cmajdalka, 2010). Teachers should consider by 

working, discussion with others while they are learning the concepts or something 
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(Kenny, 2008). Famous people: Mustafa Kemal Atat¿rk, Abraham Lincoln, George 

Washington, Martin Luther King, Mamatha Gandhi. 

  

Intrapersonal Intelligence: This type of intelligence is related to the ability to aware 

of themselves, their thinking and feelings and to utilize this knowledge while intending 

and integrating into their life. People developing this intelligence are typically 

introverts and would rather study alone (Nath & Cmajdalka, 2010). It involves not 

only an appreciation of the self, but also of the human condition they can also be 

psychologists, spiritual leaders, and philosophers. People who have a strong 

interpersonal intelligence intuitively aware of their interests, motivations, attitudes, 

label them and draw on them as a means of directing their own behavior (Armstrong, 

2009; Nath & Cmajdalka, 2010). Some activities/behaviors should be administered to 

indicate onesô intra-personal intelligence such as ñsilent reflection methodsò, 

ñmetacognition techniquesò, ñthinking strategiesò, ñemotional processingò, 

ñfocusing/concentration skillsò, ñmindfulness practicesò, ñhigher-order reasoningò, 

complex guided imageryò, ñcentering practisesò, and ñknow thyself proceduresò 

(Gardners, 1999). Famous People: Neil Armstrong, Columbus, Mevlana, Yunus 

Emre, Sigmund Freud. 

 

Naturalist Intelligence: People who possess a strong this intelligence can examine 

patterns in nature, define and classify objects, and aware of the natural and human-

made systems (Campbell, 1997). They can recognize, categorize and draw upon 

certain features of the environment. One who effectively use this intelligence has a 

profound love for the outdoors, animals, plants, and almost any natural object They 

also take into considering changing leaves in the fall, the sound of the wind, the cold 

sun or a snake in their environment. He has such capacities as species discernment, 

communion with the natural world and its phenomena, and the ability to recognize and 

classify various flora and fauna (Gardner, 1999). Famous people: Galileo, Darwin 

 

Although Howard Gardnerôs MIT has not fully been agreed within academic 

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 classrooms to reflect the understandings that Howard Gardner develops. The 
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theory has started to use within pre-school, higher, vocational and adult education 

initiatives.  

 

The effect of multiple intelligence theory in educational systems is taken into 

consideration as ñindividual-centered schoolingò. This will result in to find an answer 

to what is a core set of competencies and a core body of knowledge, which every 

individual in the society should master. At first appearance, this situation would seem 

to be an end to the formal education since it is difficult to instruct solely one of the 

intelligence; it should be taken into consideration the eight intelligence in the teaching 

since there is the possibility of distinct limits and strong restrictions on human 

cognition and learning. That time, It is difficult enough to instruct even as anything 

can be taught. (Gardner, 2011) 

 

Gardnerôs MIT could provide many educational opportunities if educators conduct its 

essential principles to any number of educational settings. Implications for school 

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

curriculum development, and broaden student evaluation. As a result of this, students 

who were unsuccessful, unmotivated had given the chance to enhance their academic 

development when they faced to multiway interventions and techniques principled by 

MIT (Stanford, 2003) 

 

There are sharp differences between the an instructorôs role in the MI classroom and a 

trainer in a traditional classroom. This means 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 classroom, In comparison, 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, 2003). The investigations 

have convincingly shown that people have different intelligence from each other. 

Education should be designed to meet the needs ones whose types of intelligence. 

Educators should encourage to utilize their all kinds of intelligence in maximum level. 

(Gardner, 1993). Moreover,òThe theory of MI ought not to be used to dictate a course 

of study or career, but it constitutes a reasonable basis on which to make suggestions 

and to choose electives. A convenient way to sketch an individual ï centered school is 
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to delineate a set of roles that would be carried out within the school or school systemò 

(E. rubeculaôs Education Blog, 2000, p.6). ñIt should be stressed that none of these 

roles is designed in any way to minimize or circumvent the role of the individual 

teacher. Indeed, such roles should be free teachers to focus on their subject matter and 

to present it in a way that is most comfortable in light of their own intellectual 

strengthsò (E. rubeculaôs Education Blog, 2000, p.7). Wit an individual-centered 

education; students could feel better regarding themselves and become good members 

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

potential. 

 

Instructional roles or structures in the school of future are;  

¶ To foster studentsô integration into in several basic disciplines 

¶ To encourage studentsô utilize the information to analysis the problems and 

complete the task that they investigate to give the chance the unique blend 

of intelligence in each of its students. 

¶ To assess studentsô improvement frequently intelligence fairways, 

¶ To promote studentsô continuity and guided efforts on individual projects. 

(E. rubeculaôs Education Blog, 2000) 

 

The role of the quality teacher should ensure that the probably individual needs of 

students are well served by experts in the educational field. The individual centered 

school enhances the probability that students can reach their high intellectual level by 

matching intellectual profiles with educational possibilities (Standford, 2003). 

 

2.1.2.3. Teaching Strategies in MIT 

The based on the MIT instruction should be conducted with various of teaching 

strategies in the classroom. Moreover, the theory of MI gives educators a chance to 

design modern teaching strategies. This is not to say that MIT offers that no one set of 

strategies will work best for all students at all times. Intelligence profile of every 

student is different from each other; however, individuals are dominant in terms of one 

or more intelligence aspects. This means that each student could have intellectual 

superiority or weakness. Thus, while the each teaching strategies can positively impact 

to increase one group of studentsô achievement, some of them cannot affect other 
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groupsô successful. For instance, educators, who utilize rhythms, songs as a teaching 

tool, would possibly see that students who are musical intelligence dominant, 

pleasurably attend to this strategy; however, nonmusical students remain unmoved. 

Similarly, the use of pictures and images will indicate students who are more spatially 

oriented; however, those who are physically or verbally dominant might be depicted a 

different influence. Educators should intend a wide range of teaching strategies owing 

to individual differences among students since if teaching activities focusing equally 

on all intelligence aspects are designed, the using studentsô most highly improved 

intelligence can actively participate in learning (Standford, 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 Teacher-centered Student-centered 

 

 

Verbal/Linguistic 

Å explain topics verbally  

Å Ask questions aloud and look for student 

feedback  

Å Interviews 

ÅStudent Presents Material 

Å Students read content and prepare a 

presentation for his/her classmates 

Å Students debate over an issue 

 

 

Logical/ Mathematical 

Å Provide brain teasers or challenging 

questions to begin lessons 

Å Make logical connections between the 

subject matter and authentic situations to 

answer the question "why?ò 

Å Students categorize information in 

logical sequences for the organization. 

Å Students create graphs or charts to 

explain written info.  

Å Students participate in web quests 

associated with the content 

 

 

Bodily/Kinesthetic 

Å Use props during lecture 

Å Provide tangible items about content for 

students to examine  

Å Review using sports-related examples 

(throw a ball to someone to answer a 

question) 

Å Students use computers to research 

subject matter.  

Å Students create props of their own 

explaining topics (shadow boxes, 

mobiles, etc...) 

Å Students create review games 

 

 

Visual/Spatial 

Å When presenting the information, use 

visuals to explain content: PowerPoint 

Slides, Charts, Graphs, cartoons, videos, 

overheads, smartboards 

Å Have students work individually or in 

groups to create visuals about the 

information: 

Å Posters; timelines; models; power point 

slides; maps; illustrations, charts; 

concept mapping 
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(Table. 2.3 continued) 

 

 

Musical  

Å Play music in the classroom during 

reflection periods 

 Å Show examples or create musical 

rhythms for students to remember 

things 

Å Create a song or melody with the 

content embedded in memory  

Å Use well-known songs to memorize 

formulas, skills, or test content 

 

 

Interpersonal 

Å Be aware of body language and facial 

expressions  

Å Offer assistance, whenever needed, Å 

Encourage classroom discussion 

Å Promote collaboration among peers  

Å Group work strengthens 

interpersonal connections  

Å Peer feedback and peer tutoring  

Å Students present to the class  

Å Support group editing 

 

 

Intrapersonal 

Å Encourage journaling as a positive 

outlet for expression  

Å Introduce weblogging (blogs)  

Å Make individual questions welcome  

Å destining a positive classroom 

Å Journaling  

Å investigation on topic, 

individually  

Å Students consist of portfolios of 

their study. 

 

 

 

Naturalistic 

Å Take students outside to enjoy nature 

while in learning conceptÅ Compare 

authentic subject matter to natural 

occurrences. 

 Å Relate topics to stages that occur in 

nature (plants, weather, etc.) 

Å Students organize thoughts using 

natural cycles  

Å Students make relationships 

among content and the natural 

environment (how has nature had 

an impact?)  

Å Students perform community 

service 

 

 

 

2.1.2.4. International and National Studies with the MIT 

Af ter this theory had been developed, significant studies were conducted in our 

country and the world to understand if there were a great advantage for applying 

science education (Ascē & Demircioglu, 2002; Azar, Presley & Balkaya, 2003; Bak, 

2004; Balēm, 2006; Baragona, 2009; Bellflower, 2008; Campbell & Campbell, 1999; 

Douglas, Burton, & Reese-Durham, 2008; Kayēran & Iflazoĵlu,  2007; Lindvall, 1995; 

OôConnell, 2009; Ongoren & Sahin, 2008; Shearer, 2004; Uslu, 2005; Wares, 2013; 

Yēlmaz & Fer, 2003). The findings of these investigations indicated 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 concepts when they designed with the based on the MIT 
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(Akamca, 2003; Azar, Presley, & Balkaya, 2006; Can, Altun, & Harmandar, 2011; 

Kºksal & Yel, 2007; ¥zdemir, G¿neysu, & Tekkaya, 2006). Many studies directed at 

student attitudes conducted with the based on the MIT practices positively affected 

studentsô interests towards science (Balēm, 2006; Balēm, Pekmez and Erdem, 2002; 

Goodnough, 2001; Kayēran and Iflazoĵlu, 2007) in spite of the fact that some 

examinations (Akamca, 2003; Batman, 2002; Gurcay, 2003; Ozdemir, 2002; Sahin, 

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

stated that MIT practices did not create a difference in student attitudes when 

comparing the TIM. Another crucial factor is that studentsô mental development is 

enhanced when it is utilized the MIT in the science course (Gracious & Shyla, 2012). 

Also, this theory could be integrated into science classroom to increase studentsô 

motivation (Campbell, 1991). Recently studies about Gardnerôs Multiple Intelligence 

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 grade) learned the same subject, as groups of three or four, by doing 

twenty-minute activities at learning center every day. As outcomes of the study, it was 

observed that all students completed learning objectives, and students enjoyed these 

learning activities.  

 

In our country, multiple intelligence practices started with experimental studies carried 

out by universities for academic research in schools and mostly they were implemented 

by private school teachers and some teachers working at public schools. Because of 

the theoryôs contribution to the teaching of concepts and individual intelligence 

development, in our country, it has been simple, implemented in all primary schools 

for the last ten years. Lately, efforts were being made for the integration of the theory 

in secondary education as well. However, both in primary and high schools, teaching 

plans prepared according to multiple intelligence theory, which would be examples for 

teachers, are not sufficient. That is why it is necessary to create much more sample 

teaching plans about his theory which would enable students to learn by doing and 

experiencing and which would also help students develop all of their intelligence 

aspects separately. In studies held in Turkey, Yurt and Polat (2015) examined an 

investigation to analyze the impact of the based on the MIT instructions on studentsô 

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 meta-analysis. Total of 71 studies (66 dissertations, and seven articles) satisfying 

the meta-analysisô criteria were controlled. Meta-analysis results showed that the 

based on the MIT instruction have a crucial and positive impact on studentsô academic 

achievement. Moreover, 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 effectiveness 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 

curriculum and 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 

teacher (G¿rcay and Eryēlmaz, 2002). In a study where multiple intelligence areas of 

last grade science teaching and primary school education students were examined 

(Hamurcu, G¿nay, and ¥zyēlmaz, 2002), it was discovered that there are meaningful 

differences in verbal-linguistic, logical-mathematical, and visual-spatial intelligence 

according to the department they were in. These differences are in favor of Primary 

School Teaching students for verbal-linguistics intelligence area; in favor of Science 

Teaching students for logical-mathematical and visual-spatial intelligence areas. 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 different intelligence areas. However, that focus was on verbal-linguistic 

intelligence.  

 

Another study conducted by Akkus (2007) that the purpose of the survey was to seek 

the effect of the based on MIT teaching on eleventh-grade studentsô achievement, 

attitude and the retention level on a unit of alcohols and ethers when compared to TIM. 

It was utilized a pre-test post-test control group semi-experimental design for this study 

and was administered in 2005ï2006 academic year at a high school in Bursa with the 

participation of two the grade chemistry students (N = 60) for two hours per week over 

a four-week period. The groups were randomly chosen as control (N = 30) and 

treatment (N = 30) groups. The courses were taught with TIM in the control group 

while the treatment group was instructed with the based on MIT. In both groups the 

lessons were taught by the researcher and completed in eight class hour time. In the 
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experimental group, before the study was put into practice, the Multiple Intelligences 

Theory was introduced in one hour. The data gathered in this survey was performed 

by running SPSS statistics software. The data of the examination was obtained with 

the Achievement Test, Multiple Intelligences Questionnaire, and Chemistry Attitude 

Scale. In the analysis of the data t-Test, 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 term of 

participantsô achievement on alcohols and ethers unit. The students who instructed 

attitude toward chemistry and attitude toward chemistry.  

 

A similar investigation was conducted by Koken Bilgin (2006), the major objective of 

the study was to compare the effectiveness of the based on the MIT instruction and 

TIM on night grade studentsô understanding of chemical bonding concept and their 

attitudes toward chemistry. In the study, 50 ninth grade students (25 experimental and 

25 control) from two groups a high school in Ankara were conveniently selected. The 

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., an achievement 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 applied. Moreover, all 

participants were taken SPST to see the relationship between the studentsô science 

process skills and their achievement. ANCOVA and t-test were run as the inferential 

statistics. The outcomes depicted that students who were instructed with the MIT 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 participants carried out 

with TIM. on the attitudes of students toward chemistry. Studentsô science process 

skills were not a significant contribution to their achievement. 

 

It appears from the literature that although there are some of the evidence of the effect 

on the studentsô development cognitive and affective variable with implementing the 

Gardnerô s MIT instructional model in chemistry education, chemistry educator should 

intend investigation to examine the impact of its application other students ólevel and 
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chemistry 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 MIT instruction under constructivist approach improve studentsô 

achievement chemistry concepts, attitudes toward chemistry constructs of motivation 

to learn chemistry. 

 

2.2. Affective Variables  

2.2.1. Motivation 

Considerable other factors the influencing studentsôlearning in science education is the 

affective domains, which should be taken into consideration, at least, cognitive 

dimensions (Gardner, 1993, Cavas, 2011). The term of motivation, which is the one of 

the most crucial affective variables, has taken account by science 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 

identified as ñthe emotional side of human behavior.ò (Brown, 1994, p. 135). 

Moreover, Perrier and Nsengiyumva (2003) stated that ñAffective dimension is not 

just a simple catalyst, but a necessary condition for learning to occurò (p.1124). Also, 

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

 

The motivation could be taken into account as one of the main affective factors (Akbas 

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

Latin verb ñmovereò (Schunk & Pintrich, 2002). There are many different definitions 

of motivation, which have many components and constructs. Thus, the scientists have 

not reached a  consensus regarding the definition of motivation, One of this definition 

of motivation could be identified as ña process for goal-directed activity that is 

instigated and sustainedò (Pintrich & Shunk, 2002, p.5). There are four main 

perspectives on motivation, which are behavioral, humanistic, cognitive, and 

sociocultural (Erden & Akman, 1995; Woolfolk, 2005). Behaviorist investigators 

describe motivation as ñ a change in the rate, frequency of occurrence, or form of 

behavior (response) as a function of environmental events and stimuliò (Pintrich & 
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Shunk, 2002, p.20). In other words, According to behaviorists, oneô s motivation could 

be affected by conditionings and models; therefore, 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 & Shunk, 2002). According to humanist 

researchers, motivation is called on ñ  encourage peopleôs inner resources-their sense 

of competence, self-esteem, autonomy, and self-actualizationsò (Woolkfolk, 2004, p. 

343). Finally, it was defined as ñ éparticipation in communities of practice. People 

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

the communityò from the view of sociocultural perspective (Woolkfolk, 2005, p. 375). 

It was seen that although there are no a consensus among the researchers, investigation 

of motivation to learn indicated that when students become motivated, their interest in 

learning the related science concepts also increased (Sanfeliz & Stalzer, 2003; 

Guvercin, Tekkaya, & Sungur, 2010; Cetin-Dindar & Geban, 2011). 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 Jami, 2012). Also, the motivation to learn science 

could improve students to scientific literacy (Bryan, Glynn, & Kittleson, 2010). 

Moreover, Schunk and Pajares (2001) asserted that every people have a self-regulating 

system that influences beliefs and aids in the enhancing of motivation that gains 

behavior cognitively and affectively. Schunk (2000) proposed that there are five 

crucial constructs within the self-regulatory system which are intrinsic and extrinsic 

motivation, self-efficacy, goal-orientation, self-determination, and anxiety. Each 

construct of motivation is critical to increasing studentsô motivation and their 

meaningful learning. The five primary constructs of motivation were discussed 

following part.  

 

2.2.1.1. Motivational Constructs 

Self-efficacy: It was identified as ñbeliefs in oneôs capabilities to organize and execute 

the courses of action required to produce given attainmentsò (Bandura, 1997, p.3). He 

also stated that self-efficacy beliefs are essential factors of if the students will indicate 

an effort on a mission and confront in the coming face to face of difficulty. The ones 

who have low self-efficacy might much effort on a task and will not want to learn it. 
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Therefore, the construct of self-efficacy is essential students to learn the topic since if 

the studentsô self-efficacy feelings are high, they will attend in the contexts that 

demonstrate the development of their abilities and capabilities. In contrast, if people -

might possess low self-efficacy perceptions, they would not like to engage in new 

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

some investigations to see whether or not there is the positive relationship between the 

construct of self-efficacy and achievement. According to them, self-efficacy was 

important a key factor to increase studentsô academic achievement (Choi, 2005; 

Mousavi & Abedini, 2016; Motlagh, Amrai, Yazdani, Abderahim, & Souri, 2011; 

Pajares & Schunk, 2001; Zimmerman & Bandura, 1994). For example, Uzuntiryaki- 

Kondak­ē and Senay (2015) conducted a survey to investigation the relationships 

between ñtask valueò, ñgoal orientationsò, and ñchemistry self-efficacyò in 

anticipating eleventh grade (totally 572) studentsô chemistry achievement. ñThe 

Motivated Strategies for Learning Questionnaireò, ñAchievement Goal 

Questionnaireò, ñChemistry Self-Efficacy Scaleò, and ñChemistry Achievement Testò 

was administered to obtain data. Findings of ñstructural equation modelingò showed 

that chemistry self-efficacy was taken into consideration to enhance chemistry 

achievement.  

 

Anxiety: This crucial construct of motivation is identified as ñan unpleasant state of 

tension arising from disapproval interpersonal relationsò (Ian & Owens, 1996 as cited 

in Nata, 2007, p.18). Anxiety, which is 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, deeply concerning regarding exams and lack of sureness in 

his/her capabilities. Next, the emotionality component which is the physiological part 

of the test that leads stress and nervousness toward exams. (Sansgiry, Bhosle, & Dutta, 

2005). People sometimes find themselves in apprehension; however, this might gain 

them extra motivation to accomplish a task or problems. In construct, if the students 

possess a high level of anxiety, it was found that this stuation reduce them to success 

owing to masking the their real motivation. (Cassady & Johnson, 2002). In literature, 

Seipp (1991) intended with the 126 surveys as a meta-analysis study. When it was 

analyzed 126 studies, it was seen that there is a negative relationship between studentsô 

anxiety and their academic performance. Nadeem, Akhtar, Maqbool and Zaidi (2012) 
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was examined a study to see if there was the relation between anxiety on the school 

achievement of university students in Bahawalpur, Pakistan. It was designed a survey 

study to collect the data. The sample of the survey, using by stratified sampling 

method, included 97 students. It was formed three groups of all the participants. ñOtis 

self-administering test of mental abilityò and ñanxiety measurement scaleò was chosen 

as an instrument. Data was analyzed by using SPSS software. The outcomes indicated 

that if anxiety increases, both in male and female studentsô academic achievement is 

affected negatively. Researchers found similar finding regarding the relation between 

anxiety and  academic achievement in the literature (Cassady & Johnson, 2002; Diseth, 

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

 

Goal-Orientation: This construct of motivation refers to  

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

seek high grades in order 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 of goals (performance goals vs. learning 

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

of behavior-cognition-affect attending their pursuitò (Dweck, 1992, as cited in 

Christensen, 2009. p.57.)  

 

It is was seen that the effect of goal-orientation on studentsô achievement is a crucial 

factor. Mastery goal orientation takes into consideration on learning or keen to spent 

too much effort to master an ability or topic. For learning the task, when people 

encountered the difficulties, they would strive very hard to overcome the challenges. 

Moreover, they take risks and attempt the new ways if there is no enough information 

about the situations. Another component is that performance goal orientation is related 

to grades and performing the ability. These students would like to be better than the 

others and avoids taking the risk, unlike mastery goal orientation. Thus, they would 

rather be included in the tasks that they know they could do. (as cited in Yēldēran-

Sonmez, 2015). In literature, Schunk and Pintrich (2002) pointed out that students 

ómastery goals affected their academic achievement positively while there was a 

negative correlation between their performance goals and academic achievement. In 

addition, Chen and Wong (2014) was conducted to seek the association among 

studentsô goal orientations, their university GPAs, and their mean scores in high 

school. A total of 312 university students enrolled 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 varied relations with participantsô university GPAs 

and their past achievement in high school. Mastery goals and performance approach 

goals were positively associated with studentsô college GPAs while performance-

avoidance goals were negatively associated. Moreover, there was a positive correlation 

between both performance-approach and performance-avoidance 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 intrinsic and extrinsic motivation. Intrinsic motivation could be 

described as ñmotivation to do something for studentsô own sakeò while the extrinsic 

motivation is identified as ñmotivation to do it as a means to an endò (Pintrich & 

Schunk, 2002, p. 245). The one who are intrinsically motivated is a better sense of 

duty since they love work on the task. Moreover, they are not matter whatever you 

give prize since the main prize is taken part in that mission for them. In contrast, people 

who are extrinsic motivation is crucial to study on the mission since they expect good 

results such as a prize, promotion, praising celebration whey they complete their 

mission. In the literature, Investigations found that when the intrinsic motivation of 

the students is given important, their academic achievement is enhanced 

(Areepattamannil, Freeman, & Klinger, 2011; Goldberg & Cornell, 1998; Imran, 

Khan, & Hamid, 2010). Lepper, Corpus, and Iyengar, 2005 intended a survey to 

examine the relationship between studentsô intrinsic and extrinsic and academic 

achievement. There was a total of 797 from third to eighth-grade children in the study. 

The findings of the study, the intrinsic motivation indicated a significant linear 

decrease from third to eighth-grade and had a positive relation with participantôs 

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. 

 

Self-determination It is described as ñthe capacity of the human organism to choose 

how to satisfy its needsò and ñthe process of utilizing oneôs willò (Deci, 1980, p.26, as 

cited in Pintrich & Schunk, 2002, p. 257). People who are self-determination is aware 

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

pointed out that students would like to think competent and independent, especially. 

Also, Deci (1996) mentioned that the intrinsically motivated activities allow the 

students to feel adequate and free while extrinsically motivated activities might mask 

these feelings. Deci (1996) found that the students who are self-determined motivation 

are likely to be more successful and to be well-adjusted emotionally. Different studies 

revealed the indirect relation between studentsô achievement and self-determination 

(Boiche, et.al, 2008; Field, Ganjie & Soufi, 2015; Erickson, Noonan, Zheng, & 

Brussow, 2015; Sarver, Shaw, 2003; Sarver, 2000; Zimmerman, 1990). For example, 

Othman and Leng (2011) intended a survey to investigation the correlation between 

ñself-conceptò, ñintrinsic motivationò and ñself-determinationò with ñacademic 

achievementò among the participants. A total of 200 fifth and sixth-grade students 

from a Chinese elementary school participated in Johor, Malaysia. A self-developed 

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

Research outcomes depict that there was a small correlation between self-concept, 

intrinsic motivation and self-determination of the participants and the academic 

achievement  

 

2.2.2. Attitude  

An attitude is "a relatively enduring organization of beliefs, feelings, and behavioral 

tendencies towards socially significant objects, groups, events or symbols" (Hogg, & 

Vaughan 2005, p. 150). There are three primary constructs of attitudes, which are 

cognitive, affective, and behavioral. The cognitive structure focuses on one's beliefs; 

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 components 

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) described a definition of an affective factor attitude as ñfeelings, beliefs, and 

values held about the enterprise of school science, school science and the impact of 

the science on societyò (p. 1050).The science educators within various research areas 

have examined on studentsô attitudes towards science. Studies have shown that 
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students 'attitudes toward science are a direct impact on their students' achievement 

(Kozcu, Cakēr, & others, 2007; Mattern, Schau, 2002; Osborne, Simon, & Collin, 

2003; Sing, Granville & Dika, 2010). Moreover, Koballa and Glynn (2007) studentsô 

science learning experiences influence their attitudes, their motivation to learn science, 

positively. This situation cause to enhance their achievement. Therefore, studentsô 

learning science concepts meaningfully has a crucial role in improving studentsô 

positive attitude.  

 

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

of the based on the 5E learning cycle model, Gardnerôs multiple intelligence theory 

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 

students óaffective variable such as attitudes, motivation. Moreover, when it was 

surveyed about based on the MIT, it was found few studies regarding the examining 

the motivation of students while learning chemistry. With this study, this gap in field 

literature would be filled.  
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CHAPTER 3 

 

 

 

METHOD  

 

 

 

In the method part, it was talked about the studyôs research design and its features since 

it is allowed readers to assess this study performed and permitted others 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 traditional groups, procedure 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 target population of the current study was described all ninth-grade students 

attending secondary public education in Ankara, Turkey. The capital city of Turkey is 

Ankara and the country's second largest and populous city. This town is located in 

Central Anatolia. Also, it is the center of the Turkish Government. Additionally, 

Ankara is a crucial both 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 another region of the Turkey. This variety makes it an extremely typical 

example of the general population in Turkey. Generally speaking, education activities 

and opportunities are much more advanced level than other cities in Turkey. There 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) ninth-grade 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 population was identified as all ninth-grade students at public secondary 

schools in Kecioren, a 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 of the main reasons was that it might be found people from Turkeyôs 

cultural and ethnic backgrounds in Ke­iºren owing to rural-urban migration from all 

regions. In other words, it is almost a similar to Turkey population. Therefore, we 

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

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

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

money since the researcher has lived the closest to this area. There are 17 public 

Anatolian High Schools. Also, there are totally 15625 (7468 male and 8157 female) 

ninth-grade students (Orta Ogretim Genel Mudurlugu, 2014). As shown, it was 

difficult to reach all the secondary schools in this area. Thus, one of the schools was 

chosen conveniently for the main sampling 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 National Education to conduct this study (see 

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

sampling in the study owing to studying the intact groups. Another reason for choosing 

convenient sampling procedure was to meet with the teachers both easily and 

frequently. Finally, it would be done observations for treatment in school, 

simultaneously (Fraenkel & Wallen, 2003). In the study, we only talked about 

Anatolian High School instead of the original name of this school because of ethics 

rules. General characteristics of Anatolian High School students for the main sampling 

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

Education System (TOEG) to enroll these schools. In other words, participants should 

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

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

which are ñTurkishò, ñMathematicsò, ñScience and Technologyò, ñRevolution History 

and Kemalismò, ñReligious Culture and Moral Knowledgeò, ñForeign Languageò. 

Moreover, The Anatolian High School conducted this study took place at the sixth 

percentile in the results of TEOG exam held on 2013-2014. Therefore, the achievement 

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

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

and there were totally eight-ninth classes in this school, which were six of them were 
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taught by a female teacher and two of them were taught by a male teacher. Next, 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 implementation. After that, the aim of the study was clarified 

to the teacher and she was willing to join in the current study. The teacher, who was 

middle-aged, had approximately 15 yearsô teaching experience in chemistry education. 

On the other hand, she taught to students with the traditional way of teaching chemistry 

concepts although the ninth grade chemistry curriculum in Turkey was renewed 

according to the implementation of constructivist principles in 2013. Also, she 

mentioned that she did not use chemistry laboratory owing to lack of time to fulfill the 

Turkish National Chemistry Curriculum Content. Before the implementation, the 

teacher had been given the details information of principles the 5E learning cycle and 

Gardnerôs Multiple Intelligence Theory implementation and conducted sample lessons 

regarding based on this model and theory. The researcher pointed out the instructional 

differences in traditional and experimental groups and how to use them in the classes. 

 

Two of the courses in the school was assigned to traditional instruction group (TIG), 

5E learning cycle groups (5EG), and Multiple Intelligence for the other the 

experimental group (MIG). The students in the groups could not randomly be chosen 

since the classes had already formed at the beginning of the study. The 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 were randomly assigned. Therefore, while 

the TIG was taught on Tuesday, the 5EG was instructed on Thursday. Also, the MIG 

took the instruction on Fridays of the week during the study.  

 

The current study was intended in approximately eight weeks in the 2013-2014 spring 

semester at one public Anatolian High School on ninth grade students in 6 classes. 

Each chemistry lesson was 45 minutes in the Turkish state schools. Finally, the sample 

of the study contains 151 ninth-grade students from one public secondary school in 

Kecioren region of Ankara. Demographic characteristics of the participants were as 

follows: Age range: 14-15, gender distribution: there are 82 female, 69 male in these 

schools. Moreover, the socioeconomic status of students participated in the school is 

in average. The 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 

31females) for the TIG, respectively. 

 

Finally, it was also defined as a pilot study all tenth-grade students attending the same 

school to test data collection instruments before the main study. The sample of the 

pilot study includes 164 tenth-grade participants from the same the Anatolian High 

School in Kecioren region of Ankara. Demographic information of the students were 

as follows: Age range: 15-16, 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 the non-equivalent control 

group design as a type of quasi-experimental design, attempting to investigate the 

effects of intervention in a particular study. Why did we use a quasi-experimental 

design in this study? The main reason was that a quasi-experimental design does not 

include the use of random 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 groups because of the difficulty of employed a 

randomization of groups. Also, it was eliminated possible internal validity threats by 

this design.  

 

It was summarized below the research design of the current study in Table 3.1. This 

study was designed to have three different types of instruction methods that were based 

on the 5E learning cycle (5E LC) and Gardnerôs multiple intelligence theory (MIT) 

and the traditional instruction (TI). The 5E were applied to the one of the experimental 

groups (5EG) while the other experimental group (MIG) were instructed with the MIT. 

Also, TIG, which was taught with TI, was conducted as the control group. Pre-tests 

were distributed before the implementation. Afterward the implementation process, 

post-tests were administered to all of the groups. The students were given pre-tests 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 science and 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 time and it was eliminated the testing effect for this study. At the end of the study, 

Chemical Properties Achievement Test (CPAT), which was prepared according to the 

ninth grade chemistry curriculum, was applied both experimental groups and control 

group as a post-test to seek the effect of treatment on the dependent variables. 

Furthermore, this test 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 studentsô attitudes toward chemistry before and after the implementation. 

Also, Chemistry Motivation Questionnaire (CMQ) instruments were given to before 

and after treatment to evaluate studentsô motivation to learn chemistry.  

 

Table 3.1 Research Design of the Study 

Groups Pretest Treatment Posttest Retention 

 

5EG 

 

 

CPAT 

ASTC 

CMQ 

 

 

5E 

 

CPAT 

ASTC 

CMQ 

 

 

CPAT 

 

 

MIG 

 

CPAT 

ASTC 

CMQ 

 

 

MIT  

 

CPAT 

ASTC 

CMQ 

 

 

CPAT 

 

TIG 

 

 

CPAT 

ASTC 

CMQ 

 

 

TI 

 

CPAT 

ASTC 

CMQ 

 

 

CPAT 

 

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

in the laboratory so that all the treatments finished at the same time. The study was 

done in one school with the same teacher. Therefore, the teacher taught two class with 

based on the traditional method, two class with the 5E learning cycle method, and two 

class Gardnerôs multiple intelligence theory in the Anatolian High School. Also, the 

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 detail. All lesson plans 

and activities 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 

topicsô objectives include in a part of ninth grade the regular curriculum in schedule 

chemistry course.  
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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 Traditional Instruction 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 properties (Pre-CPAT). Next, pre-

test scores of studentsôattitude towards chemistry were the other independent variable. 

Finally, five of them were pre-test scores of studentsô construct of the Chemistry 

Motivation Questionnaire, which were intrinsic motivation (Pre-IM), goal orientation 

(Pre-GO), self-determination (Pre-SD), self-efficacy (Pre-SE), and anxiety (Pre-

ANX). The characteristics of the independent variables utilized in the current study 

were represented in the Table 3.2., in detail. 

 

Table 3.2. The characteristics of the independent variables in the study 

Name of the 

Variable 
Variable Continuous/Categorical Scale 

Group Independent Categorical Nominal 

Pre-CPAT Independent Continuous Interval 

Pre- ASTC Independent Continuous Interval 

Pre-IM Independent Continuous Interval 

Pre-GO Independent Continuous Interval 

Pre-SD Independent Continuous Interval 

Pre-SE Independent Continuous Interval 

Pre-ANX Independent Continuous Interval 

 

Some of the continues independent variables were assigned to be potential covariates 

to control their possible effects on the finding of the current study. This situation was 

discussed in Chapter 4, in detail. 

 

 

 



61 

 

3.3.2. Dependent Variables 

The dependent variables for the current study were ninth grade studentsô posttest 

achievement scores on the unit of chemical properties concepts (Post-CPAT), retention 

level in the same unit concepts (Ret-CPAT), post their attitudes scale toward chemistry 

as a school subject (Post-ASTC), and post-test scores of studentsô construct of 

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

which were post-test scores of studentsô intrinsic motivation (Post-IM), goal-

orientation (Post-GO), self-determination (Post-SD), self-efficacy (Post-SE), anxiety 

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

study. It was represented in Table 3.3 the characteristics of the dependent variables, in 

detail. 

 

Table 3.3 The characteristics of the dependent variables in the study 

Variable Name Variable Continuous/Categorical Scale 

Post-CPAT Dependent Continuous Interval 

Ret-CPAT Dependent Continuous Interval 

Post-ASTC Dependent Continuous Interval 

Post-IM Dependent Continuous Interval 

Post-GO Dependent Continuous Interval 

Post-SD Dependent Continuous Interval 

Post-SE Dependent Continuous Interval 

Post-ANX Dependent Continuous Interval 

 

3.4 Instruments 

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

Achievement Test (pre and post) the adapted attitude scale toward chemistry, the 

adapted version of the Science Motivation Questionnaire (CMQ)and were utilized to 

collect data. 
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 3.4.1 Unit of Chemical Properties Achievement Test 

3.4.1.1 Pre-unit of Chemical Properties Achievement Test 

The students were given pre-tests that were Chemical Properties Achievement Test 

(Pre-CPAT) to evaluate the students prior knowledge on the unit of the chemistry 

properties and the possible differences among the 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. polymerization and hydrolysis) the first time and it was 

controlled the testing effect for this study. The test consisted of 20 multiple-choice 

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

CPAT, the correct responds of the participants were coded as ñ1ò and their wrong and 

blank answers were coded ñ0ò. Therefore, the possible maximum score getting from 

this test was ñ20ò. Participantsô high scores on the instrument can be interpreted as 

having better prior knowledge about the unit of chemical properties. Although each 

question was developed by considering the eighth-grade science and technology 

curriculum, these items were taken similar objectives regarding the topic in the ninth 

national chemistry curriculum into account. 

 

All the items in the test were related chemistry concept that was physical and chemical 

changes, chemical reaction types, endothermic and exothermic reaction, and chemical 

properties. While forming the items, it was reviewed the eighth-grade science and 

technology textbooks, exercise books, literature, and the internet. After the questions 

had been written, the table of the specification was prepared. For 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 masterôs degree), chemistry and science and technology teachers. Afterward, two-

ninth students, who did not attend the main study, were given Pre-CPAT with blanks 

spaces left after each item Moreover, they were mentioned that they could write any 

their notes regarding the grammatical errors or the clarity of each item 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 the pre-CPAT and 

deciding on the appropriate time for completing the test. This instrument lasted for 



63 

 

around 20 minutes.  the pre-CPAT was revised once again and its final version was 

formed according to the studentsô feedbacks. 

 

When the related correction of the test was done, it was also defined as a pilot study 

all tenth-grade students attending the Anatolian High School in Kecioren region of 

Ankara to test if the instrument has a high reliability before the main study. The sample 

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

to the pilot study results, the reliability was found to be 0.64 from this study. This value 

could be acceptable for the achievement instruments. After finishing 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 given to all students in the TIG, 5EG, and MIG. was 

given to all participants in the control group and experimental groups as a pre-test at 

the beginning of the implementation. The instrument was given in Appendix C. 

 

3.4.1.2. Post-Unit of Chemical Properties Achievement Test 

The students were applied post-tests that were Chemical Properties Achievement Test 

(Post-CPAT) to seek the effect of the based on instructional methods in terms of the 

studentsô achievement on the unit of the chemistry properties among the groups after 

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. For Post-CPAT, the right 

responds of the participants were coded as ñ1ò and their wrong and blank answers were 

coded ñ0ò. Therefore, the possible maximum score obtaining from this test was ñ40ò. 

Studentsô high scores on the instrument can be interpreted as having the better 

achievement of the unit of chemical properties concepts. 

 

All the items in the test were related chemistry concept that was physical and chemical 

changes, chemical properties. The kinds of chemical reactions, endothermic and 

exothermic reactions, polymerization and hydrolysis. These items were taken 

objectives on the unit of chemical properties in the ninth national chemistry curriculum 

into account (Check Table 3.4). While forming the items, it was reviewed the ninth 
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grade chemistry textbooks, chemistry exercise books, literature, and the internet. After 

the questions had been written, the table of the specification was prepared. For content 

validity and its format, each item in the 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 masterôs degree), chemistry and science and technology 

teachers. Next, two-ninth students, who did not participate the main study, were given 

Post-CPAT 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. Next, they 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 pre-CPAT and deciding on the appropriate time for completing the test. Based 

on the studentsô feedbacks the pre-CPAT was revised once again and its final version 

was formed.  

 

Table 3.4 Items related to the objectives of night grade chemistry curriculum 

Objectives Items 

1. Students with regard to describing chemical reactions;  

1.1. In a chemical reaction, the changing identity substance properties are explained by 

associating with Dalton's atomic theory. 

I-1 

I-2 

1.2. They recognize that the chemical properties are established by the chemical 

changes. 

I-3, I-4, I-5, I-6, I-

7, I-8 

1.3 They write sample reaction the based on chemical properties such as flammability, 

acidity-basicity. 

I-9, I-10, I-11, I-

12, I-13 

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

2. Students on different types of chemical reactions;  

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

20 

2.2. They explain the general nature of the neutralization reaction. I-21, I-22, I-23, I-

24, I-25 

2.3. They point out the similarities between precipitation reactions and the 

neutralization reactions. 

I-26 I-27 

2.4. They determined the reduced and oxidized in a redox reaction  I-28, I-29, I-30 

2.5.They give examples regarding the common oxidizing and reducing agents and their 

application to daily life 

I-31 

3. Students regarding polymerization and hydrolysis;  

3.1. They show monomer, dimer,é..polymer types in the polymerization reaction, I-32, I-33, I-34 

3.2. They give examples of different polymerization reactions. I-35, I-36 I-37 

3.3. They give examples of the fragmentation of some large molecules with water 

molecules. 

I-38 I-39 I-40 
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When the related correction of the test was done, it was also defined as a pilot study 

all tenth-grade students attending the Anatolian High School in Kecioren region of 

Ankara to test if the instrument has a high reliability before the main study. The sample 

of the pilot study included 164 tenth-grade students (91 female, 73 male). These 

students 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 study. After completing the validity and 

reliability studies for this instrument, the current form of the test was formed and 

applied to the student in the main study. This test will be given to all participants in 

the control group and experimental This final version of the test was given to all 

participant in the control group and experimental groups as a post-test at the at end of 

the implementation. The instrument was given in Appendix D. 

 

3.4.2. Attitude Scale toward Chemistry  

This instrument was formed by Geban, Ertepēnar, Yēlmaz, Altēn and Sahbaz (1994) to 

evaluate studentsô attitudes toward chemistry. There are 15 items in the instrument on 

a 5 point Likert scale, ranging from 1 (disagree) to 5 (agree). The Cronbach alpha 

reliability coefficient was found .83 which was very high. Also, the maximum score 

that could be obtained from the questionnaire is 75 and the minimum score is 15. This 

instrument was conducted to participants in all groups as a pre-test and post-test. The 

test was given in Appendix F. 

 

3.4.3 Chemistry Motivation Questionnaire 

The Science Motivation Questionnaire (SMQ) was firstly improved by the Koballa 

and Glynn (2005) to examine studentsô motivation to science. It consists of 30 

questionnaires and evaluates six constructs of motivation, which are intrinsically 

motivated science learning, extrinsically motivated science learning, self-

determination for learning science, confidence (self-efficacy) in learning science, and 

anxiety about science assessment. It includes 5 point Likert scale ranging from 1 

(never) to 5 (always). The statements were scaled from 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 could be obtained from the questionnaire is 150 and the minimum 

score is 30. This instrument of reliability coefficient was found 0.93 which was very 

high (Glynn and Koballa, 2006). According to Glynn, Taasoobshirazi, and Brickman 

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

was found. It was depicted that 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 chemistry discipline of science which was 

translated by ¢etin-Dindar (2010). However, there are five constructs of the test 

labeled as self-efficacy in learning chemistry (eight items: 3, 12, 21, 24, 26, 28, 29, 

30), anxiety about chemistry assessment (five items: 4, 6, 13, 14, 18), relevance of 

learning science to personal goals (seven items: 2, 10, 11, 17, 19, 23, 25), intrinsically 

motivated chemistry learning (five items: 1, 16, 20, 22, 27), and self-determination for 

learning chemistry (five items: 5, 7, 8, 9, 15), respectively. The reliability coefficient 

of CMQ was estimated by Cronbachôs alpha and reported as 0.902, determining high 

internal consistency. All items are the same as the original version since the items 

related extrinsically motivated science learning construct was distributed to other 

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

This test was applied to all students in among groups as a pre-test and post-test. The 

questionnaire is attached in Appendix G. 

 

3.5. Procedure   

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

beginning to the end of the study. During the study process, the following steps were 

indicated in Table 3.5.   

Table 3.5. Schedule of the study 

Determination of the research problems which were investigating the effects of based on 5E 

learning cycle model and Gardner's multiple intelligence theory oriented instructions studentsô 

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

February 

2012 

Indication of the key terms which were ñChemical changesò, ñPhysical chanceò, ñChemical 

propertiesò, ñType of chemical reactionò, ñPolymerizationò, ñHydrolysis ñConstructivismò,  

ñconstructivist teaching strategiesò, ñ5E learning cycleò, ñGardnerôs Multiple Intelligence 

Theoryò,  ñAttitudeò,  ñAttitude toward chemistryñ òMotivationò,  ñMotivation  to  learn scienceò,   

February 

2012 
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(Table 3.5 continued) 

 

Literature review was analysis with the all key terms through Educational  Resources  

Information  Center  (ERIC),  Social  Science Citation  Index  (SSCI),  Ebscohost,  

Science  Direct,  JSTOR,  Google Scholar, ProQuest Dissertation Abstracts International 

(DAI), ProQuest (UMI) Dissertations & Theses, METU Library Theses and 

Dissertations, Turkish  Higher  Education  Council  National  Dissertation  Center, 

TUBITAK -ULAKBIM  Turkish  Academic  Network  and  Information Center,  

Hacettepe  University  Journal  of  Education,  Education , and Science Literature review 

process was done periodically to stay up to date, in detail.   

April  2013 

All primary and secondary sources were collected in the current study and the readings 

were done, in detail. The literature review helped to construct the theoretical knowledge 

on the research problem. The results of research articles were examined, and their 

implications and limitations were taken into consideration. 

June 2013 

 

Calculated the sample size, Cohen, Cohen, West and Aiken (2003) was followed as a 

guideline for computing the sample size of this study. The significance level was set to 

0.05 since it is the most used value in the literature.in the present study, the power was 

set as .80, and the effect size of the study was set as a medium effect size (the proposed 

Effect size values for f2 were: small= .02, medium= .15, and large= .35). Therefore, 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 Kecioren 

District of Ankara the necessary permissions were taken from the Middle East Technical 

University and Ministry of National Education  

November 

2013 

It was obtained the consent forms from the students and teacher to participate in 

voluntary. 

December 

2013 

Instruments used in the study were formed the Pre-CPAT and Post-CPAT  

by the researcher. Revision of the test according to the review. The pilot study of the Pre-

CPAT and Post-CPAT was conducted in the 2013-2014 fall semester, and The CMQ and 

The ASTC were found in the literature to utilize for the present study. 

June-

December, 

2013 

Instructional materials for students and teachers were prepared by the researcher based 

on the literature and revised based on the feedbacks from the chemistry educators 

Teacher was trained  

December-

February, 

2013-2014 

The current study was conducted in approximately eight weeks in the 2013-2014 spring 

semester at one public Anatolian High School on ninth grade students in 6 classes. Each 

chemistry lesson was 45 minutes in the Turkish state schools. Finally, the sample of the 

study contains 151 ninth-grade students from one public secondary school in Kecioren 

region of Ankara. Two of the courses in the school was assigned to traditional instruction 

group (TIG), 5E learning cycle groups (5EG), and Multiple Intelligence for the other the 

experimental group (MIG).  Application of the instructions and data collection 

Application of pre-tests, Pre-CPAT, Pre-ASTC, and CMQ have conducted all groups on 

the same day. These tests were applied a week before the study both by the researcher 

and the teacher.  Application of post-tests; the Post-CPAT, Post-ASTC, and Post-CMQ 

were administered to all groups on the same day both by the researcher and the teacher.  

March-

June, 2014 

Finally, it was applied the Ret-CPAT to see the students retention level on the unit of 

chemical properties concepts. 

September 

2014 

Data entering; the data obtained from the Pre- and Post-, and Ret-CPAT, Pre-and Post-

ASTC, and Pre-and post-CMQ and then run in Iteman, SPSS, 

Analysis of data; descriptive, inferential and confirmatory statistical analysis were 

performed by ANOVA, Pearson correlation, MANCOVA, and follow-up ANCOVA for 

the CPAT, ASTC and constructs of CMQ, respectively.  

November-

June, 

2014-2015 

Writing the dissertation. June-

October, 

2015 
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3.6. Treatments 

This study was done in approximately eight weeks in the 2013-2014 spring semester 

at an Anatolian High School on night grade students in 6 classes  (2 classes from each 

group) with the same teacher. There 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 learning cycle, the based on Gardnerôs multiple intelligence theory and the 

traditional instruction. The 5E learning cycle was applied to the experimental group-

1, the based on Gardnerôs multiple intelligence theory instructions was implemented 

to the experimental group-2, and the traditional instructional method was applied to 

the control group. The classes were intact so that only the selection of experimental 

groups and control group days was selected randomly as a whole class. Both control 

and experimental groups were taken the same subjects in the class so that the treatment 

finished at the same time. The teachers would be prepared to the instruction by the 

researchers explanations according to the study for 6 hours in 2 weeks so that, they 

learned how to apply the 5E LC model and MIT. The researcher gave information 

about the things that should cause bias and threats. By this way, the researcher aimed 

to protect the study from different bias and threats. The classes were four hours in a 

week with 45 minutes long in the school and in each topic under chemistry were 

introduced to the students with traditionally, the based on 5E LC model, Gardnerôs 

MIT. 

 

3.6.1 5E Learning Cycle Instruction 

The based on the 5E learning cycle instruction was utilized while preparing lesson 

plans on the unit of chemical properties for the experimental-1 group (5EG). The 

instruction began with the ñEngagementò part. At this part, the important thing was to 

attract the studentôs attention on the subject that the students would like to engage the 

learning environment. Here, 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 events, experiences or problems. The 

teacher should be used anecdotes by showing a picture or a video. For example, The 
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Teacher, after greeting each other, asks the class how they are doing to prepare them 

for class. Afterward, he says ñlife brings to us with many changes (our job can change, 

our home can change, our friends can change, or our school can change), we can add 

many things to these. Some changes do not affect us too much while some of them 

might deeply affect us. There are many changes like this in chemistry as well. Like 

you have seen in the subject of physical and chemical changes in 8th gradeò. To 

evaluate their pre-existing knowledge and attract their attention, class starts with 

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

In your opinion which of the matters are shown in the photo gone through physical 

change and which of them gone through a chemical change. Why? An example of the 

pictures: slicing of watermelon, grounding of beef, molding of cheese, rusting of iron, 

burning of a candle, freezing of water. At the step of getting studentsô opinion, 

questions to provoke them to think are asked; ñWhy did you think it was a physical or 

chemical reaction?ò, ñIn which picture identity of matters have changed?ò, ñIn which 

picture particle structures of matters have changed?ò, ñIn which picture there is new 

matter formed as a result of the change?ò ñIn which of the changes in the photo, it is 

easier for the matter to transform back to its state before the change? Why?ò Does a 

physical change accompany every chemical change? Why?ò. At this step studentsô 

opinion were got, right answers were not given, teacher revealed the prior knowledge 

of participants. She stated that we would get back to pictures later. (it should note down 

if studentsô learning difficulties or misconceptions.) 

 

As a second phase, which is the ñexplorationò, Students who had focused on the 

concepts of the engagement part, created simple connections by making observations, 

make questions and note down examples at this stage. Students were enrolled to the 

laboratory and divided into six groups consisting of 5 people each and they do the 

Acivitity -1. In this experiment, it is intended to see how students can distinguish the 

differences between physical and chemical changes.  

 

Sample Experiment-1 

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

 

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

 

PROCESS: 
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1. Pound six cube sugars into powder at mortar and note down your observations. 

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 with mixer. 

3. Note down your observations after waiting for 2-3 minutes. 

 

DISCUSSION 

 

1. Classify the change of sugars in the first beaker and second beaker as physical 

and chemical? 

2. From which proofs you observed, you did this classification on it. How did you 

decide that there is a chemical change? 

3. From the changes, you observed in sugars, in which one or ones you can 

transform sugar back to cube sugar? Why? 

4. If we show the particle sized sugar as            what would be the shape of sugar 

particles like in mortar and beaker as a result of the change they underwent? 

 

In this section, the teacher had a role as a mentor, director, facilitator, encouraging 

students constantly, listening to students, observing, providing interaction among 

participants when necessary, teacher enabled students to reach to knowledge by asking 

questions, instead of giving the answer directly. The teacher gave students necessary 

time to finish the experiment. In this part, the teacher also frequently visited the groups 

and got information about the experiment. She guided them to complete the 

experiment when they have difficulty in the experimental stage. She encouraged all 

students to participate in the experiment.  

 

In the Explanation part: the experiment findings found by groups should be discussed, 

in detail. Students answer the questions above to understand differences in physical 

and chemical changes, which case was chemical change and which case was a physical 

change. Definition of physical and chemical change made with students. Also, these 

concepts were discussed by stressing the macroscopic, symbolic and microscopic 

nature of chemistry. For instance, Physical change: Changes occurring in the state, 

shape, form, appearance of matters without their chemistry changing. New matters are 

not formed as a result of physical changes. Only features like shape, size of matter 

change. In other words, matterôs identity do not change as a consequence of the 

physical change. Matter gone through physical change could be easily transformed 

back to its former state. Example: Chopping of wood, evaporation of naphthalene, 

dissolution of sugar in tea, etc. (examples should be increased by students) 

(macroscopic level) Okay how can we show physical changes on the symbolic level? 
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How can we show waterôs change of state levels, dissolution of oxygen and table salt 

in water? (At this step students already knew about elementsô symbols). By taking 

studentsô opinion, they could be asked to write on the board. Finally, how could we 

show physical changes in microscopic level? Do particles change when water was 

turning to gas state from liquid state? Do oxygen molecules change during the 

dissolution of oxygen in water? (At this step, the changes observed at the macroscopic 

level should be discussed in relation to the microscopic level, also, the drawing of the 

microscopic level should be indicated and reviewed by group heads in class.) In light 

of the clarifications above, it is emphasized that matterôs chemical features, molecule 

formula, total mass, total atom number cannot change with physical events, but only 

some physical features can change. (This part is derived by asking students questions) 

 

Chemical Change: A matterôs transformation to another by changing its identity with 

different effects is called chemical change. In chemical changes observed by the 

students, it can sign on a change in color, gas emission, and dispersion of heat or light. 

They are changes occurring in the substanceôs internal structure. Matter gone through 

chemical change can be transformed back only with a chemical change. Also, Each 

chemical change is accompanied by physical changes. For example, cooking of egg, 

getting yogurt or cheese from milk, decays in teeth, the tarnishing of silver, etc. 

(examples should be increased by students). How can we show chemical changes in 

symbolic level? How can the formation of water reaction, the formation of table salt 

reaction, burning of natural gas reaction be demonstrated on a symbolic level? 

(Students should be increased the related examples and a few students should write 

this on the board). What do you think about how matters change their identity in 

chemical changes? To learn this, we need to compare the matterôs first structure and 

its state after changing on a microscopic level. In electrolysis of water, the formation 

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 changes, they have 

seen on a macroscopic level, at the particle level (A few students could also be asked 

and draw the matterôs structure on the board). Teacher makes corrections when he 

deems necessary. Next, the pictures shown to students in the introduction are again 

discussed and changes are correctly classified as physical or chemical. In a chemical 

change, matterôs physical and chemical features change; total atom number, total mass 

do not change; total molecule number could change, molecule formula and electron 
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number of element change. (This part was derived by asking students questions as 

well.) 

 

In the elaboration part, understanding limits of concept were improved with new 

experiences at this stage. It should be connected to relevant concepts are made while 

learning continues. Students were again separated into six or five groups and 

experiments in Activity-2 were done at the stage.  

 

Sample Experiment-2  

 

PROBLEM: Classify the changes in the processes with KMnO4. 

EQUIPMENT Sample Experiment-2 

: KMnO4, Na2SO3, H2SO4, H2O, NaHCO3, one 100 ml beaker, one mixer 

 

1. Take some KMnO4 with scoopôs edge and put it in a beaker, add some H2O 

and note down your observations. 

2. At the second step add some Na2SO3 to the same beaker with scoopôs edge and 

note down your observations. 

3. At the third step add 10 ml H2SO4 to the same beaker and note down your 

observations.  

4. At the fourth step add 10 ml more H2SO4 to the same beaker and note down 

your observations.  

5. At the last step add Na2SO3 to the same beaker again with scoopôs edge and 

note down your observations. 

 

 

In the last part of the 5E LC is called ñevaluationò In this part, the teacher aimed to 

support students to evaluate their own learning and abilities, and to assess their 

understanding. The evaluation part occurs at 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 questions during 

the lesson hour. Then, she wanted the group members to discuss the probable 

responses to this questions and observed them while they were making brainstorming 

in a social environment and check whether their creativities, abilities or knowledge 

were developed. She also gave open-ended or multiple choice questions at the end of 

each lecture for making another type of evaluation. The students were given time to 

answer each question and then, the questions that the students had difficulty to answer 

were also discussed. For example, ñFireflyôs glowing in light is an example to which 

change? Why?ò and ñTo obtain drinking water from sea water, sea 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 tank. Afterward, steam in this tank is condensed into liquid and used 

as drinking water. Accordingly classify the given steps as physical or chemical. 

Explain the reason for this classification by showing at the particle level. All similar 

lessons plans were designed according to this procedure and given in the Appendix-

H. 

 

3.6.2 The Based on the Gardnerôs Multiple Intelligence Theory 

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

properties objectives integrating into eight different intelligence which were ñVerbal-

Linguistic Intelligenceò, ñNaturalist Intelligenceò, ñSocial-Interpersonal Intelligenceò, 

ñLogical-mathematical intelligenceò, ñIntrapersonal-Individual Intelligenceò, 

ñVisual-Spatial Intelligenceò, ñMusical-Rhythmic Intelligenceò, and ñBodily-

Kinesthetic Intelligenceò These procedure was given in Table 3.6. 

 

Table 3.6. The details of the process used in MIT  

 

Multiple Intelligence Teaching Learning Activities-1 

 

Verbal-

Linguistic 

Intelligence 

¶ Explaining the subject, teaching the concepts, associating the 

concepts related to daily life examples  

Naturalist 

Intelligence 
¶ What are physical and chemical changes in nature? (rusted iron, 

tarnished silver, a bad vegetable or fruit, touching and analyzing 

compounds and elements are shown) 

Social-

Interpersonal 

Intelligence 

¶ The game related to physical and chemical changes is played with the 

establishment of the groups. In the game, different examples from 

daily life to physical and chemical changes are given to students and 

the first group which finds six physical and six chemical changes win 

the game. (The winner group has to tell class the reasons of what they 

chose them). Group members win chocolate or coffee as a prize.  

¶ Experiments related to physical and chemical changes are conducted.  

¶ PROBLEM: What is the difference between three changes made in 

sugar?  

EQUIPMENT: cube sugar, two 100 mL beakers, two mixers, mortar. 

Logical-

mathematical 

intelligence 

¶ In experiments, students propose a hypothesis write down their 

observations. 

¶ Distinguish physical and chemical changes. Classify physical and 

chemical characteristics. 

¶ Write chemical reactions with the equality of constituents and 

compound and solves problems in chemical reactions. 
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(Table 3.6 continued) 

Intrapersonal-

Individual 

Intelligence 

¶ If you were a matter, what sort of change would you make? (Write a 

composition and poem. It can be written individually or as a group)  

Example:  

I do not deal with matterôs identity,  

Because I am physical properties,  

Size, shape, form, appearance,  

My business is them for all matters. 

My particles are not the same when I appear 

Because I am chemical properties,  

Radiating, emitting light, changing color are my signs,  

Changes the identity of all matters after meeting me.  

Visual-Spatial 

Intelligence 
¶ Animations, videos, pictures about physical and chemical changes are 

shown. 

Musical-

Rhythmic 

Intelligence 

¶ Songs about physical and chemical changes are sung. Students are 

asked to compose optionally the poem they wrote. 

Bodily-

Kinesthetic 

Intelligence 

¶ The play is designed for physical and chemical changes. 

¶ The experiment related to physical and chemical changes is conducted  

¶ PROBLEM: Classify the changes in processes with KMnO4.  

EQUIPMENT: KMnO4, Na2SO3, H2SO4, H2O, NaHCO3, one 100 mL 

beaker, and one mixer 

 

Multiple Intelligence Teaching Learning Activities-2 

Verbal-

Linguistic 

Intelligence 

¶ Explaining the concepts, telling a story or reading text associating the 

concepts with daily life examples. 

Naturalist 

Intelligence 
¶ Observe the chemical reaction types in nature. Observe the chemical 

reaction types in everyday life (acid-base reaction, dissolution-

dissolution reactions, oxidation-reduction, chemical reactions, 

synthesis, analysis, substitution reactions )  

Social-

Interpersonal 

Intelligence 

¶ The game is played covering chemical reaction types. In the game, 

different examples from daily life on chemical reaction types are given 

to students and the first group which finds six chemical reaction types 

wins the game.( the first group has to explain the class their reasons for 

each reaction types). Group members win chocolate or coffee as a prize.  

 

¶ Activity-7, Activity-8, Activity-9, Activity-10, Activity-11, Activity-

12 experiments related to ñDissolution-Precipitation reactionsò, ñAcid-

base reactionsò and ñOxidation-Reduction reactionsò are conducted in 

order.  

 

¶ Students were given the necessary information about how they should 

conduct the experiment, and then groups propose a hypothesize and test 

this hypothesis. After completing experiments, each group defines a 

spokesman.  

 

¶ Together, they should discuss their observations, their conclusions, and 

interpretations of each of experiments  

Logical-

mathematical 

intelligence 

¶ In experiments, students propose a hypothesize and classify their 

observations.  

 

¶ Distinguish chemical reaction types and classifies them. 

 

¶ Writing the correct chemical equations, balancing the number of atoms, 

ions or compounds on both the left and right side of equations, solving 

problems related these equations.  
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(Table 3.6 continued) 

 

Intrapersonal-

Individual 

Intelligence 

¶ If you were a compound or element what kind of reaction you would 

like to make? (Composition and poem are written. It can be written 

individually or as a group) 

Example: 

When I give H+ to water 

They call me acid 

When I see salt and water 

Base comes to my mind 

When I give electron, I oxidize 

They call me reducer 

Sodium, potassium, magnesium 

They are all of me 

Dissolution-precipitation reaction 

Can be heard from Pamukkale 

As travertines are formed 

Itôs a natural wonder 

We are chemical reactions 

Various in nature 

Analysis, synthesis, burning 

Get together under this roof 

 

Visual-Spatial 

Intelligence 
¶ Animations, videos, pictures about chemical reactions are shown. 

Musical-

Rhythmic 

Intelligence 

¶ Songs about chemical reactions are sung. Students can sing optionally 

the poem they wrote. 

Bodily-

Kinesthetic 

Intelligence 

¶ A play about chemical reaction types is staged. 

¶ Experiments related to chemical reaction types are conducted. 

 

Multiple Intelligence Teaching Learning Activities-3 

 

Verbal-

Linguistic 

Intelligence 

¶ Explaining the topic, Reading passages about the concepts. 

Naturalist 

Intelligence 
¶ Identifying polymer matters in nature and observing their types. 

Observing the polymerization types (addition reactions, condensation 

reactions, hydrolysis reactions) and determining examples how they are 

used in everyday life  
 

Social-

Interpersonal 

Intelligence 

¶ Groups conduct concept map giving polymerization concepts  
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(Table 3.6 continued) 

 

Logical-mathematical 

intelligence 
¶ The experiments were watched on the video, students propose a 

hypothesize about them, they are made to distinguish based on 

observations. 

¶ Distinguishes polymerization reaction types and classifies them.  

¶ Writes, balances polymerization reactions and solves problems on 

them (they designate monomer, dimer, trimer,.. polymer 

structures.) 

Intrapersonal-

Individual Intelligence 
¶ If you were a compound or element what kind of polymer would 

you like to form? (Composition and poem are written individually 

or as a group) 

 

We are called addition, condensation  

We polymerize all together 

We become a toy and make children happy 

We become food and feed people with hydrolysis 

You see us everywhere 

Plate, cup, dress, window, 

With the reactions we did 

We enrich particles and the world. 

 

Visual-Spatial 

Intelligence 
¶ Animations, videos, pictures of the subject are shown. 

Musical-Rhythmic 

Intelligence 
¶ Songs are sung regarding the subject. Students can sing optionally 

the poem they wrote. 

Bodily-Kinesthetic 

Intelligence 
¶ Students played a theater about the subject.  

 

Note: Students were watched videos 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 change physical or 

chemical. Later, students were made read a tale about the subject. Chemical properties 

in this tale were discovered together with students. This activity is aimed at improving 

studentsô verbal/linguistics intelligence. 

 

Sample Story 

ñOnce upon a time, there was the country of elements at the other end of 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 compounds were formed. Many 

elements were saved from loneliness by different elements. However in this land, 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 that land, there was oxygen as 

well whose love burnt everyone, but he was flying high as kingôs daughter nitrogen. 

Oxygen was waiting for the right time and conditions to show himself to nitrogen while 
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passing by the castle they caught each otherôs eye and love at first sight started at that 

moment between them. Recently months chased each other. Compound began to look 

for new friends. Just then started rain. HCI and NaOH were caught together in this 

rain. Rain left no traces of them. The disappearance of these two compounds caused 

sorrow for everyone and finally two upset detectives code named blue and red litmus 

started to 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 ever after. 

 

Groups were formed and the game was played about physical and chemical changes. 

The game is called ñTaboo of Chemistryò In the game, a selected students in the each 

group took a card holder and tried to explain to his or her groupmates to guess the 

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 

words listed on the card. Other group members checked whether the player used the 

banned words. If the participant utilized a forbidden word, others told it and went the 

game another team. The first group, who knew the most of the concept, won 

chocolates. With this game, it is intended to help students develop their 

social/interpersonal intelligence and verbal/linguistic intelligence.  

 

PHASE CHANGE 

physical property 

melting 

freezing 

boiling 

heating 

Figure 3.1: Sample of card for taboo of chemistry 

Afterward, each group was given a blank sheet and asked the question ñIf you were a 

matter what kind of change would happen you make?ò and they are requested to write 

compositions and poems. Willing students were encouraged to sing the written poems 

as songs. The participant read poems or compositions written in the class. What were 

the chemical and physical changes in poems and compositions, why they were physical 

or chemical changes discussed by the students? With these activities of class, it was 
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intended to help students 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 their bodily/kinesthetic, social/interpersonal and verbal/linguistic intelligence 

types. 

 

Sample Theater 

H2O: Anymore, I am so cheerful since the weather is a bit warm nowadays. I was 

frozen all during the winter. Also, I couldnôt move. I started to get around when spring 

came. When summer comes, Iôll fly into the air with joy.  

H2: I want to move freely as well. This oxygen got a hold of me and did not leave me. 

Oh, I wish someone would come and save me.  

O2: Itôs not so easy to tear me apart and move me away from you. I gave up myself in 

order to be with you. I became someone else completely. Our connection with you 

gives life to all humanity.   

H2O: Ok stop fighting, isnôt that sugar which is coming? Oh we will enjoy ourselves 

thanks to him. 

H2: Oh maybe I will be saved from oxygen by sugar. 

Sugar: Hey guys whatôs up? I see that you have a heated argument.  

H2: Welcome sweetie, take this oxygen away from me so that I can have some peace.    

Sugar: Oh dear Iôd love to, but I have no intention of burning today, I need water to 

cool me.  

O2: Sugar, you too! Oh how quick you were to forget the days we were fueling people 

thanks to me, if you donôt want me I donôt want you either. 

 

At the evaluation step, a portfolio including all activities completed by students was 

created. Development of studentsô intelligence was steadily observed. Following 

questions were given as homework and students were asked to research and created a 

report. They were requested to research the related with the physical and chemical 

events in nature and optionally bring one of them as a song, experiment or a problem. 

The detailed lesson plans were given in Appendix-I. 
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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. There were book and text in front of the students, 

and the teacher was the center of the knowledge that the students learned from them 

directly. The lecturing was used to teach the unit of chemical properties since it was a 

teacher-centered method. The student in TIG did not do activities as in other groups 

(5EG and MIG). Students in TIG might lead to this situation regarding their 

achievement, attitude and motivation either in the negative or positive manner since 

all groups students might be in interaction with each other in their break time. This 

effect is called as John Henry effect (Kocakaya, 2011). To remove this effect, all 

groupsô courses were conducted in the laboratory and students in TIG only made some 

demonstration experiments about physical and chemical changes by the teacher at the 

beginning of the study. During the instruction in the TIG, the teacher continued her 

usual ways in which they were directly giving 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. Also, they were not very willing to talk about the topics. Multiple 

choice tests or homework from the textbook was given to the students after each course 

about the concepts. (All the questions were the same as those of other groups). Students 

were expected to answer them for the next lecture. Then their answers were checked 

in the class by the teacher, and then the teacher explained the questions that the 

students could not answer correctly. The detailed lesson plans were added in the 

Appendix-J. 

 

3.7. Analysis of Data 

After gathering all instruments data, they were analyzed by using Statistical Package 

for Social Sciences (SPSS 22.0). It was performed and descriptive and inferential 

statistics analysis to examine our data and interpret the findings. Therefore, it can be 

made decisions of the probability that an observed difference among groups is a 

dependable one or one that might have occurred by chance in the study (Struwig & 

Stead, 2001). In this present study, it was calculated the mean, median, standard 

deviation, skewness, 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 followed-up perform Analysis of Covariance 

(ANCOVA) with inferential statistics analysis. The MANCOVA analysis was 

conducted for 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 according to achievement on the 

chemical properties topic and the treatment effect on the studentsô attitudes toward 

chemistry and motivation to learn chemistry under the control of the effect of all 

participantsô pre-test scores as a covariate. In addition to these analyzes. Also, 

ANCOVA was performed to set out to double-check with additional analysis. It was 

run the one-way Analysis of Variance (ANOVA) to decide covariates and the Pearson 

correlation for Pre-CPAT, Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE and Pre-ANX 

to seek whether there was a significant difference among the groups.  

 

3.8. Ethical Problems 

The necessary permissions were taken from the Middle East Technical University and 

Ministry of National Education to conduct the study on ninth grade public Anatolian 

high school students in Kecioren District of Ankara before the study, both teachers and 

participants were informed about the study; therefore, they would not be deceived. 

Students were also given the information regarding the confidentiality. 

  

Confidentiality of the present research data was guaranteed as not stating the name of 

the schools, teachers and students. Participants were mentioned to have a right to 

withdraw from the study whenever they wanted and the result of the tests would not 

be utilized in real their classroom assessment. In addition to these, a consent form for 

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 literature. Put differently, the probability of rejecting the true null 

hypothesis (probability of making Type I error) was set to 0.05 a priori to hypothesis 

testing. Also, the power was set to .80 which is the probability of failing to reject the 

false null hypothesis. According to the criteria of  Cohen, Cohen, West, and Aiken 

(2003), the effect size of this study (f2) was 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 following the formula mentioned by Cohen et al. (2003, p.181). 

 

L  = f2(n - kA - kB ï 1) 

 

In this formula, the symbols mean: L is the function of kB found in L tables (p.651), n 

is for sample size, and k is the sum of kA (number of covariates) and kB (number 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 pre-defined alpha level (.05) and power (.80). The effect size (f2) for this 

study was determined 0.15. Moreover, kA was seven because there were seven 

covariates in the study which were Pre-CPAT, Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, 

Pre-SE, and Pre-ANX. Also, kB (number of groups-1) was two since there were three 

groups as the 5EG, MIG, and TIG. When these values were placed in the formula, the 

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 

reported .95. 

 

3.10. Assumptions 

1. Students in the experimental group did not interact with students in the control 

group. 

2. The teachers who applied the treatment was not biased. 

3. The tests were administered under standard conditions. 

4. All students gave accurate and sincere responses to all items in the instruments 

used in the study. 

 

3.11. Delimitations 

1. The participants of the present study were limited to ninth grade students of an 

Anatolian high school in Ke­iºren, Ankara. 

2. The study was limited to the unit of chemical properties. 

3. This study was only participated to 151 ninth grade students in six classes. 

4. The study is conducted with only the ninth grade high school students.  
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3.12. Limitations  

1. This study is an experimental study that it includes only the quantitative data 

for the analysis. In order to understand 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 follow-up study. This qualitative research 

may include an interview with the teachers and the students as a means of 

collecting empirical evidence 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 lectures was 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 study were limited to ninth grade students of an Anatolian 

high school in Ke­iºren, Ankara, The students and teacher characteristics and 

prior experiences may not reflect other ninth grade students in the state or 

another kind of schools in Ankara or Turkey. Therefore, the outcomes of the 

current study may not be reliable if generalized to all ninth grade students in 

Turkey. 

5. In this study, the pre-tests were applied to the students. This application of the 

pre-tests may cause an internal validity threat that is the ñtestingò threat since 

the students were ready to the post-test and the treatment and became alerted. 

6. If the students have different attitudes according to the topic of the study or the 

treatment, this may cause the ñattitudes of the subjectsò threat since they would 

already be motivated to participate in the study or they will be unwilling to be 

in the study. 
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CHAPTER 4 

 

 

RESULTS AND CONCLUSIONS 

 

 

 

The finding of the study, which consist of the following six sections, were focused on 

this chapter. In the sections were mentioned the descriptive statistics, 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 classroom observation checklist, the summary of 

the results, and the conclusions of the study, respectively. 

 

4.1. Descriptive Statistics 

 

This part was talked about descriptive statistics of the analysis of data to help describe 

and summarize data in a meaningful way. Firstly, it should be controlled whether or 

not there were the missing values for all variables. Afterward, it was done the missing 

data analysis, and it was found that there were not any missing values in the data during 

the treatment of the study (See Table 4.1). Next, both categorical and continuous 

variablesô descriptive information was calculated regarding a number of participants 

(N), mean, standard deviation (Sd) minimum (Min.), and maximum (Max.) for each 

group by using the SPSS. Moreover, this information about continuous variablesô 

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, (Pre-CPAT, Post- CPAT, and Ret-CPAT), Pre- and, Post- scores Attitude Scale 

of toward Chemistry (ASTC), and Pre- and Post- scores Chemistry Motivation 

Questionnaire (CMT) constructs (Self-Efficacy (SE), Anxiety (ANX), Goal 

Orientation (GO), Intrinsic motivation (IM) and Self-Determination (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 Multiple Intelligences Instruction 
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Groups (MIG). The maximum possible score for the Pre-CPAT test is 20 while both 

Post-CPAT and Ret-CPAT are the highest scores 40. Moreover, the probable 

maximum score Attitude Scale of toward Chemistry (ASTC) is 75 while the minimum 

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 4.1 Univariate statistics for the variables in missing value analysis 

 

 

GROUPS 

Cases 

Valid  Missing Total 

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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(Table 4.1 continued) 

 

Post-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% 

Ret-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% 

Post-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% 

Post-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% 

Post-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% 

Post-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% 

Post-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% 

Post-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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Table 4.2 Descriptive statistics for the Pre-CPAT, Pre-ASTC, and Pre-

Motivation constructs (Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX)  

 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 Post-CPAT, Post-ASTC, Ret-CPAT, and 

Post-Motivation constructs(Post-IM, Post-GO, Post-SD, Post-SE, and Post-ANX)  

 N Mean SD Skewness Kurtosis Min.  Max. 

Post-CPAT        

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 

Post-ASTC        

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 

Post-IM         

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 

Post-GO        

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 

Post-SD        

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 

Post-SE        

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 

Post-ANX        

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: Self-Determination 

SE: Self-Efficacy 

ANX: Anxiety 
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According to the Table 4.2, when we compared the differences between the mean  

Scores of the participantsô Pre-CPAT among the groups, it was found that the mean 

of the participantsô Pre-CPAT scores of all groups was nearly same, which were 12,89 

for the TIG, 12,89 for the 5EG, and 13,50 for the MIG. These values were seen to be 

high on the pre-test since the maximum possible score of the Pre-CPAT 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 pre-achievement test results. Another 

result was seen in Table 4.3, the mean scores of the participantsô Post-CPAT scores 

both 5EG (23,66) and MIG (23,22) were approximately four points higher than TIG 

(19,52) while the mean of Pre-CPAT scores of all groups was approximately same. 

Thus, we might state that the mean of the participantsô CPAT scores between pre- 

versus post-achievement were in the favor of both 5EG and MIG after instructions. 

Similarly, it was seen that the mean scores of the Ret-CPAT scores for the 5EG 

(22.02) and MIG (22,46) were approximately six points higher than TIG (16,52). 

These results also provided us evidence that the based on the 5E learning cycle and 

Multiple Intelligence Theory instructional model have contributed to studentsô 

achievement and retention level of acquired knowledge. Furthermore, when we 

checked the minimum and maximum scores of the participantsô Pre, Post, and Ret-

CPAT in the each group, the minimum and maximum scores of the Pre-CPAT were 

similar for TIG, 5EG, and MIG (see Table 4.1). However, the maximum possible 

scores Post-CPAT were 32 for the experimental groups (both 5EG and MIG) and 28 

for the TIG.  

 

At the beginning of the study, it could be observed that the mean of participantsô Pre-

ASTC scores in the TIG was higher than the other groups since the mean of Pre-ASTC 

scores of students was 56,72 for the TIG, 52,30 for the 5EG, and 50,94 for the MIG, 

respectively. Also, 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, 

respectively (See Table 4.2). After the instructions, when the mean of Post- ASTC 

scores were 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 
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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 TIG. Another striking 

result of this data was that traditional methods of instruction might negatively affect 

the participantsô attitude toward chemistry from beginning to the study to after the 

instruction. Whatôs more, the range of post-Attitude 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 for 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 the potential maximum scores on participantsô 

attitude toward chemistry during the study. 

  

For the Pre-CMQ constructs, when we compared the differences between the mean 

scores of the Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX values were calculated 

for the each group, it was apparent that the pre-CMQ constructsô means in the groups 

were nearly identical to each other before the implementation (see Table 4.2). There 

were only small differences in the mean scores of Pre-GO in the groups the in favor of 

the TIG. According to the results of Table 4.3, it could be said that the mean of Post-

IM, Post-GO, Post-SD, Post-SE and Post-ANX scores were in favor of 5EG and MIG. 

Especially, the mean of Post-GO values for 5EG and MIG were approximately four 

points greater than TIG although the average of pre-test score of TIG had more than 

the other groups. Moreover, the other constructs of motivation were slight differences 

in favor of 5EG and MIG after the instruction (See Table 4.3). A remarkable result 

was that the students in both 5EG and MIG might be more motivated toward chemistry 

course than the students in TIG after the implementation. In addition, the possible 

highest scores for Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX were 25, 35, 25, 

39, and 25 for the TGI, 24, 35, 25, 40, and 21 for the 5EI, and 24, 35, 25, 39, and 24 

for the MIG in the Table 4.2, respectively. After the implementation, the maximum 

possible values for Post-IM, Post-GO, Post-SD, Post-SE, and Post-ANX were 25, 38, 

25, 40, and 25 for the TGI, 25, 40, 25, 40, and 22 for the 5EI, and 25, 40, 25, 39, and 

25 for the MIG in Table 4.3, respectively.  
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As a result, it could be stated that there were differences in variablesô mean scores 

among the groups from at the beginning of the study to after implementations. 

Therefore, it was a necessary deeper analysis in the SPSS to check whether or not these 

differences are statistical significance.  

 

4.2 Inferential Statistics 

After the descriptive statistics had been represented, it 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 difference among groups is a dependable 

one or one that might have happened by chance in the 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 covariates, assumptions of MANCOVA, 

results of MANCOVA, and results of the followed-up analysis. 

 

4.2.1 The Determination of Covariates 

Before it was mentioned in chapter III, there were eight independent variables in the 

study, one of them was categorical (Groups) and seven of them were continuous (Pre-

CPAT, Pre-ASTC, Pre-Intrinsic, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX). Also, there 

were eight continuous dependent variables in the study, which were Post-CPAT, Ret-

CPAT Post-ASTC, Post-IM, Post-GO, Post-SD, Post-SE and Post-ANX scores of the 

students. According 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 influence of two or more 

continuous dependent variables by an independent grouping variable while controlling 

the effect of one or more covariates factors. However, one can be thought: Why do 

one run a series of Analysis of Covarianceôs (ANCOVAs) for each dependent 

variables? The reason was that when we separately conducted a series of ANCOVAs, 

The risk of type-1 error was increased. In other words, if we independently run the 

more analyzes, we could find statistically significant results whereas there were no 

absolute difference between the groups. Therefore, the advantages of utilizing 

MANCOVA is that we could control for the increased risk of Type-1 errors (Pallant, 

2005). 
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It was performed this analysis; the possible covariates must be identified whether they 

used 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). Tabachnick and Fidell (2007) suggested that there are some 

necessary features 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 dependent variables. Firstly, we run the one-way Analysis of Variance (ANOVA) 

for Pre-CPAT, Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE and Pre-ANX to decide 

covariates and examine whether there was a significant difference between the groups. 

Table 4.4 indicates the result of Leveneôs test were not a significant difference for Pre-

CPAT, Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE and Pre-ANX when the alpha 

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 df1 df2 Sig. 

Pre-CPAT ,287 2 148 ,751 

Pre-ASTC ,072 2 148 ,931 

Pre-IM ,529 2 148 ,591 

Pre-GO 1,424 2 148 ,244 

Pre-SD ,860 2 148 ,425 

Pre-SE ,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 one-way ANOVA outcomes depicted that there was not any a 

statistically significant mean difference between groups with respect to Pre-CPAT 

(.347), Pre-IM (.140), Pre-GO (.545), Pre-SD (.249), Pre-SE (.341) and Pre-ANX 

(.667) since all p-values were greater than the significance level of 0.05. 
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Table 4.5. Results of one-way ANOVA for independent variables 

 

Sum of 

Squares df 

Mean 

Square F Sig.(p) 

Pre-CPAT Between 

Groups 
11,338 2 5,669 1,065 ,347 

Within Groups 787,748 148 5,323   

Total 799,086 150    

Pre-ASTC Between 

Groups 
955,537 2 477,768 4,795 ,010 

Within Groups 14745,483 148 99,632   

Total 15701,020 150    

Pre-IM Between 

Groups 
50,035 2 25,018 1,996 ,140 

Within Groups 1855,051 148 12,534   

Total 1905,086 150    

Pre-GO Between 

Groups 
43,209 2 21,605 ,609 ,545 

Within Groups 5247,758 148 35,458   

Total 5290,967 150    

Pre-SD Between 

Groups 
27,850 2 13,925 1,405 ,249 

Within Groups 1467.303 148 9,914   

Total 1495,152 150    

Pre-SE Between 

Groups 
57,700 2 28,850 1,085 ,341 

Within Groups 3936,989 148 26,601   

Total 3994,689 150    

Pre-ANX Between 

Groups 
17,603 2 8,802 ,406 ,667 

Within Groups 3210,370 148 21,692   

Total 3227,974 150    

 

Hence, these results revealed that there were not need to use the Pre-CPAT, Pre-IM, 

Pre-GO, Pre-SD, Pre-SE and Pre-ANX variables as a covariate. However, it was 

necessary to search whether there was a correlation between these independent 

variables and dependent variables. Afterward, we decided whether or not Pre-CPAT, 

Pre-IM, Pre-GO, Pre-SD, Pre-SE and Pre-ANX could be used as covariates. 

 

It was found that there was only statistically significant differences among groups the 

mean of Pre-ASTC scores as determined by one-way ANOVA (F(2,148) = 4,795, p 

= .010) since p-values 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 of post-hoc 

analysis by the Tukey HSD tests. 

 

Table 4.6 indicates that there was a statistically significant difference between TIG 

and MIG the mean of Pre-ASTC scores as determined by Tukey HSD test since it 

could be seen that significance level is 0.010 (p = .010), which was below 0.05. Thus, 

Pre-ASTC 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), ña reasonable correlation between the covariates and the dependent 

variables should be between r = .30 and r = .90ò (p.372). If the correlation is not in this 

range, we cannot use as covariates in this analysis. Also, Jacob Cohen (1988) mentions 

in his book that a correlation greater than 0.5 is large, 0.5-0.3 is moderate, and 0.3-0.1 

is small. Thus, we should consider both high and moderate correlation between the 

independent and dependent variables while determining as a covariate. Table 4.7 

depicts the Pearson correlations between the independent variables (Pre-CPAT, Pre-

ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE and Pre-ANX) and dependent variables 

(Post-CPAT, Ret-CPAT Post-ASTC, Post-IM, Post-GO, Post-SD, Post-SE, 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 correlation have between independent variables (Pre-ASTC, Pre-IM, Pre-

GO, Pre-SD, Pre-SE, and Pre-ANX) and the dependent variables (Post-CPAT, Ret-

CPAT Post-ASTC, Post-IM, Post-GO, Post-SD, Post-SE and Post-ANX) since they 

Table 4.6. Post-Hoc Test for Pre-ASTC 

(I) Groups (J) Groups 

Mean 

Difference (I-

J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower 

Bound 

Upper 

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. 
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are between r = .30 and r = .90. Therefore, we satisfied that requirement for six 

continuous independent variables, which were Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, 

Pre-SE, and Pre-ANX. First of all, it was found that while there was the moderate 

correlation between Pre-ASTC and Post-GO, Post-SD, the correlation between Pre-

ASTC and Post-ASTC, Post-IM, Post-SE was high. Second, while the correlation 

between the Pre-IM and Post-ASTC, Post-IM, Post-SE were high, there was a 

moderate correlation with the Post-GO, Post-SD, respectively. Also, there was high 

correlation between Pre-GO and Post-ASTC, IM, GO, SE, respectively. Next, Pre-SD 

had a moderate correlation with the Post-ASTC, Post-IM, Post-GO, and Post-SE 

while there was a high correlation with the Post-SD. Moreover, while Pre-SE reached 

a moderate correlation with Post-IM, Post-GO, there was a strong correlation among 

the Post-ASTC, Post-SD, and Post-SE. Also, there was only a strong correlation 

between the Post-ANX and Pre-ANX. However, for Pre-CPAT, there was small 

correlation both dependent and other independent variables. Another important point 

was that suitable covariates should not be highly correlated with each other. Table 4.7 

indicates that the correlations between independent variables were also either small 

or moderate. Thus, these results were acceptable to assign them as a covariate in this 

study since there should be a moderate correlation between these variables (Pallant, 

2005). Consequently, Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX 

have either moderate or high correlation with at 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- 

CPAT 

Pre-

ASTC 

Pre-

IM 

Pre-

GO 

Pre-

SD 

Pre-

SE 

Pre-

ANX 

Post-

CPAT 

Ret-

CPAT 

Post-

ASCT 

Post-

IM 

Post-

GO 

Post-

SD 

Post-

SE 

Post-

ANX 

Pre-

CPAT 

1 ,132 ,162* ,188* -,081 ,175* ,163* ,262**  ,217**  ,151 -,033 ,096 ,033 ,096 ,094 

Pre-

ASTC 

,132 1 ,494** ,453** ,459** ,492** ,346** ,082 ,055 ,695** ,585** ,497** ,445** ,548** ,262** 

Pre-

IM 

,162* ,494** 1 ,420** ,390** ,459** ,255** ,142 ,117 ,641** ,644** 496** ,423** ,532** ,239** 

Pre-

GO 

,188* ,453** ,420** 1 ,424** ,452** ,163* ,121 ,156 ,604** ,506** ,662** ,563** ,527** ,162* 

Pre-

SD 

-,081 ,459** ,390** ,424** 1 ,492** -,105 ,127 ,087 ,479** ,425** ,479** ,571** ,412** -,039 

Pre-

SE 

,175* ,492** ,459** ,452** ,492** 1 ,208* ,175* ,206* ,568**  ,441**  ,465**  ,515**  ,694**  ,136 

Pre-

ANX 

,163* ,346** ,255**  ,163*  -,105 ,208* 1 ,048 -,002 ,240**  ,205* ,028 -,038 ,246**  ,596**  

**. Correlation is significant at the 0.01 level (2-tailed).                             *. Correlation is significant at the 0.05 level (2-tailed) 
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4.2.2. Assumptions of MANCOVA 

It was talked about 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 independent variables, sample size, independence of 

observation, normality, outliers, linearity, and homogeneity of regression, 

multicollinearity, and singularity, homogeneity of variance- covariance matrices. 

 

4.2.2.1 Level of both dependent and independent variables 

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, which Post-CPAT, Ret-

CPAT Post-ASTC, Post-IM, Post-GO, Post-SD, Post-SE, and Post-ANX. Al  there was 

one categorical independent group 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 study. The required 

minimum number of participants in each cell in this study is eight. The number of 

participants in each cell was provided as part of the MANCOVA output. In our case, 

we have at 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 assumptions 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 another. The independence of the observations 

assumption was attempted to verify in some ways. Firstly, each group received their 

instruction on different days of the week during to study. For example, while the TIG 

was taught on Tuesday, 5EG was instructed on Thursday. Also, the MIG took the 
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instruction on Fridays of the week. This situation might be minimized the interaction 

among groups. Next, it was assumed that each participant responded the instruments 

or questionnaires, individually. Moreover, it was allowed to sufficient time pass 

between the pretest-posttest to minimize the retention (more than two months). Hence, 

the validity assumption was satisfied. 

 

4.2.2.4 Normality 

It was a crucial point for MANCOVA analysis that both univariate and multivariate 

normality 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 gives some information on the symmetry of the distribution, kurtosis 

represents either too peaked or too flat about the distribution (Tabachnick & Fidell, 

2007 p. 79). Thus, it should be tested by univariate analysis whether the distribution 

of scores was normal 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 

range between -2 and +2 should be accepted as a normal distribution. The Table 4.2 

and 4.3 provide the information about the skewness and kurtosis values for all pre and 

post-tests regarding TIG, 5EG, and MIG. As evident from the tables, all skewness and 

kurtosis values for both dependent and independent variables could be admitted as 

normally distributed since the ranging of all values were between -1 and +1. 

Furthermore, the following figures represent that the histograms with normal curves 

for the pre and post-test scores of all groups as an another evidence to univariate 

normality assumption. For example, while Figure 4.2 depicts the histograms with 

normal curves for the Pre-ASTC for the TIG, 5EG, and MIG, Figure 4.10 displays 

Post-ASTC the histograms with normal curves for all groups. It was seen that the 

histograms for both each independent variable and all dependent variables might be 

accepted as normally distribute. Thus, the univariate normality was met for this study. 
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Figure 4.1 Histogram of Pre-CPAT scores for TIG, 5EG, and MIG 

 

 
Figure 4.2 Histogram of Pre-ASTC scores for TIG, 5EG, and MIG 
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Figure 4.3 Histogram of Pre-IM scores for TIG, 5EG, and MIG 

 

 
Figure 4.4 Histogram of Pre-GO scores for TIG, 5EG, and MIG 
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Figure 4.5 Histogram of Pre-SD scores for TIG, 5EG, and MIG 

 

Figure 4.6 Histogram of Pre-SE scores for TIG, 5EG, and MIG 
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Figure 4.7 Histogram of Pre-ANX scores for TIG, 5EG, and MIG 

 

 

 
Figure 4.8 Histogram of Post-CPAT scores for TIG, 5EG, and MI 
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Figure 4.9 Histogram of Ret-CPAT scores for TIG, 5EG, and MIG    

 

   

 
Figure 4.10 Histogram of Post-ASTC scores for TIG, 5EG, and MIG 
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Figure 4.11 Histogram of Post-IM scores for TIG, 5EG, and MIG 

 

 
Figure 4.12 Histogram of Post-GO scores for TIG, 5EG, and MIG 
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Figure 4.13 Histogram of Post-SD scores for TIG, 5EG, and MIG 

 

 
Figure 4.14 Histogram of Post-SE scores for TIG, 5EG, and MIG 
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Figure 4.15 Histogram of Post-ANX scores for TIG, 5EG, and MIG 

 

Next, Boxôs test of equality of covariance matrices should be used for checking the 

multivariate normality whether the null hypothesis of the variance-covariance matrices 

is the same in the groups or not. If the matrices are equal, the statistic should not be 

significant. As shown in Table 4.8, 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 this study since the 

statistic was non-significant. Thus, the multivariate normality assumption was also 

validated. 

 

Table 4. 8 Box's Test of Equality of Covariance Matrices 

Box's M 95,741 

F 1,227 

df1 72 

df2 59595,009 

Sig. ,092 
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4.2.2.5. Outliers  

Another important assumption in this study 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 considered that there are cases (one or more) 

with exemplifying extreme 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 data. The outliers could be detected by the boxplot in 

Figure 4.16 and 4. 17. 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 Pre-SD (number of case-51 in the TIG and number of case-106,130,135, 

and 150 in the MIG), two of them on the Pre-SE (number of case-72 and 81), and two 

of them on the Pre-GO (number of case-72 in the 5EG, number of case-106 in the 

MIG) and one of them on the Pre-ASTC (number of case-55). Moreover, the Figure 4. 

17 revealed that there were four extreme points in the post-tests scores, which were 

one extreme data points (54) on the Post-IM in the TIG, one outlier (31) on the Post-

ANX, one extreme data points (95) on the Post-GO in the 5EG, and one outlier (106) 

on the Post-SD in the MIG, respectively.  

 

According to results, it was necessary to examine whether those outliers had a 

significant impact on the mean. For this issue, one method is that all of the continuous 

variables data is transformed to standardize scores (z-scores), and then if the z-scores 

are higher than +3.29 or lower than -3.29, these cases are the potential outliers 

(Tabachnick & Fidell, 2007, p.73). The results all pre- and post-tests minimum and 

maximum z values were represented in Table 4.8 to see potential outliers in the groups. 

It can be seen that none extreme z-scores were detected since all min. and max 

standardized scores for the variables were between -3.29 and +3.29. Especially, it was 

the aforementioned outliers on 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. 

 

 

 

 



106 

 

 

 

 

Figure 4.16. The extreme cases of the independent variables in the groups. 
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Figure 4.17. The extreme values of the dependent variables in the groups. 
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Table 4.9. Pre- and post-tests min. and max z scores values 

 TIG 5EG MIG 

 Min. Max. Min. Max. Min. Max. 

Pre-CPAT -2,22 1,68 -2,22 1,25 -2,22 1,68 

Pre-ASTC -1,70 2,11 -1,90 2,01 -2,58 1,72 

Pre-IM -2,28 2,21 -2,28 1,93 -1,72 1,93 

Pre-GO -2,42 1,96 -2,59 1,96 -2,42 1,96 

Pre-SD -3,03 1,72 -1,76 1,72 -2,42 1,77 

Pre-SE -2,59 1,87 -2,78 2,06 -2,40 1,87 

Pre-ANX -1,51 2,81 -1,51 1,94 -1,51 2,59 

Post-CPAT -2,39 1,32 -1,74 2,19 -1,96 2,19 

Ret-CPAT -2,16 0,81 -1,31 1,87 -1,10 2,50 

Post-ASTC -1,98 2,12 -1,77 2,12 -1,66 1,81 

Post-IM -3,12 1,79 -1,65 1,79 -2,14 1,79 

Post-GO -2,54 1,65 -1,79 1,95 -2,39 1,95 

Post-SD -2,99 1,61 -1,84 1,61 -2,42 1,61 

Post-SE -1,89 2,05 -1,89 2,05 -1,89 1,86 

Post-ANX -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. 

Mahalanobis 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 met, Mahalanobis distance value 

was calculated whether or not any data points have an unusual pattern of scores across 

the eight dependent variables in the data. It was found that the Mahalanobis distance 

maximum value was 34,771 (see at the bottom of Table 4.10.). Also, this value was 

needed to compare a critical value to understand whether there were one or more 

multivariate outlier/s or not. This critical value can be evaluated for each case by using 

the chi-square 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. 280). According to the chi-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. Residuals Statisticsa 

 Minimum Maximum Mean 

Std. 

Deviation N 

Predicted Value ,99 3,19 1,97 ,468 151 

Std. Predicted Value -2,100 2,595 ,000 1,000 151 

Standard Error of 

Predicted Value 
,079 ,345 ,167 ,044 151 

Adjusted Predicted 

Value 
,99 3,24 1,97 ,470 151 

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 Leverage 

Value 
,006 ,232 ,053 ,034 151 

a. Dependent Variable: Groups 

 

Therefore, The Mahalanobis distance maximum value (31,874) was greater than the 

critical chi-square 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 MAH-1 column, only two participants had 

scores that exceeded 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 analysis 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 leave this person in the data analysis. As a result, the 

assumption of univariate and multivariate outliers was verified.  

 



110 

 

4.2.2.6. Linearity 

In this part, it was needed to evaluate the assumption of the linearity for running the 

MANCOVA analysis. This means that the linear relationships should be checked 

among all pairs of dependent variables, all pairs of covariates, and all dependent-

covariate variable pairs in each cell conducted by splitting the data when we looked at 

a scatterplot of scores (Tabachnick & Fidell, 2007). Also, it is necessary to see a 

straight line among these variables, roughly since if among the variables are not 

linearly related, the power of the test can be decreased. This assumption should be 

assessed by graphical methods that are generated a matrix of scatterplots between each 

pair of the variables for all groups, separately. (Tabachnick & Fidell, 2007; Pallant, 

2005). When we looked at the linearity for all covariates and all dependent variable in 

terms of groups in Figure 4. 17 and Figure 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 clear non-linearity 

for all dependent variable-covariate pairs in terms of groups in Figure 4. 19. Thus, this 

assumption of linearity was met. 
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Figure 4. 18. Scatter plots that present linearity for all covariates variable in terms of 

groups. 
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Figure 4. 19. Scatter plots that show linearity for all dependent variable in terms of 

groups. 

 

 



114 

 

 
 

Figure 4.20. Scatter plots that indicate linearity for all dependent variable - covariate 

pairs in terms of groups. 
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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 Pre-CMQ 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 lower than .90. Another way to verify this assumption was checked the ñ Variance 

Influence Factor (VIF) Valuesò to detect whether or not there was multicollinearity in 

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, 2001; Tabachnick and Fidell, 2007). For this study, it 

was good all 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 satisfied.  

 

 

 

 

 

Table 4. 12.  Pearson Correlation among the dependent variables 

 

Post- 

CPAT 

Ret- 

CPAT 

Post- 

ASTC 

Post- 

IM 

Post- 

GO 

Post- 

SD 

Post- 

SE 

Post- 

ANX 

Post-CPAT 1 ,789** ,232** ,182* ,259** ,175*  ,141 ,137 

Ret-CPAT ,789** 1 ,270** ,238 ,304** ,175* ,194* ,119 

PostASTC ,232** ,270** 1 ,689** ,613** ,611** ,708** ,305** 

Post-IM ,182* ,238** ,689** 1 ,536** ,524** ,584** ,201* 

Post-GO ,259** ,304* ,613** ,536** 1 ,606** ,614** ,153 

Post-SD ,175* ,175* ,611** ,524** ,606** 1 ,622** -,008 

Post-SE ,141 ,194* ,708** ,584** ,614** ,622** 1 ,235** 

Post-ANX ,137 ,119 ,305** ,201** ,153 -,008 ,235** 1 
** Correlation is significant at the 0.01 level (2-tailed) * Correlation is significant at the 0.05 level (2-

tailed). 
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Table 4. 13 Analysis of multicollinearity for all dependent variables by regression 

analysis 

 

 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT  ,909 1,100 

Post-ASTC  ,331 3,019 

Post-IM  ,491 2,036 

Post-GO  ,491 2,035 

Post-SD  ,463 2,161 

Post-SE  ,404 2,473 

Post-ANX ,825 1,212 

a. Dependent Variable: Ret-CPAT 

 

Coefficientsa 

Model 

Collinearity 

Statistics 

Tolerance VIF 

1 Post-CPAT ,370 2,702 

Ret-CPAT ,361 2,767 

Post-IM ,576 1,737 

Post-GO ,494 2,023 

Post-SD ,482 2,077 

Post-SE ,452 2,213 

Post-ANX ,872 1,147 

a. Dependent Variable: Post-ASTC 
 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT ,373 2,681 

Ret-CPAT ,362 2,765 

Post-ASTC ,350 2,855 

Post-IM ,489 2,044 

Post-GO ,486 2,057 

Post-SD ,499 2,003 

Post-SE ,410 2,437 

a. Dependent Variable: Post-ANX 

 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT ,373 2,683 

Ret-CPAT ,361 2,768 

Post-ASTC ,370 2,702 

Post-IM ,494 2,023 

Post-GO ,509 1,965 

Post-SD ,492 2,031 

Post-ANX ,836 1,196 

a. Dependent Variable: Post-SE 
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(Table 4. 13 continued.) 

 

 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT ,370 2,703 

Ret-CPAT ,365 2,741 

Post-ASTC ,337 2,971 

Post-IM ,495 2,022 

Post-SD ,496 2,017 

Post-SE ,423 2,364 

Post-ANX ,824 1,214 

a. Dependent Variable: Post-GO 

 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT ,371 2,698 

Ret-CPAT ,363 2,758 

Post-ASTC ,389 2,568 

Post-GO 
,492 2,034 

Post-SD ,462 2,162 

Post-SE ,408 2,449 

Post-ANX ,824 1,214 

a. Dependent Variable: Post-IM 
 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 Post-CPAT ,373 2,680 

Ret-CPAT ,364 2,746 

Post-ASTC ,347 2,878 

Post-IM ,493 2,027 

Post-GO ,526 1,903 

Post-SE ,434 2,305 

Post-ANX 
,896 1,116 

a. Dependent Variable: Post-SD 

 

Coefficientsa 

  Model 

Collinearity Statistics 

Tolerance VIF 

1 Ret-CPAT ,887 1,127 

Post-ASTC ,331 3,021 

Post-IM ,490 2,041 

Post-GO ,486 2,057 

Post-SD ,463 2,162 

Post-SE ,407 2,457 

Post-ANX ,830 1,204 

a. Dependent Variable: Post-CPAT 
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4.2.2.8. Homogeneity of Regression 

The assumption of homogeneity of regression should be tested with customizing 

settings in MANCOVA to control whether there is an interaction between 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 (Post-CPAT, Ret-CPAT, Post-ASTC, Post-

IM, Post-GO, Post-SD, Post-SE, and Post-ANX) were moved to the dependent 

variable box, the independent variables (Groups) was moved to the fixed factors 

box, and the covariates (Pre-ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-

ANX) were moved in the covariates box. Next, it was clicked on model and custom 

selections. Then, this factor and covariates were put in the model box (Groups, Pre-

ASTC, Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX as main effects and Groups 

*  Pre-ASTC, Groups * Pre-IM, Groups * Pre-GO, Groups * Pre-SD, Groups * Pre-

SE, Groups * Pre-ASTC as interactions). Finally, it was clicked on ñContinueò and 

then ñOKò buttons. Afterward, when it was checked the significance level of the 

interactions between terms in the output (See Table 4.13), all significance values for 

the interactions were greater than the alpha level (0.05). Therefore, it could be said 

that there was no significant interaction between covariates and method of teaching. 

Consequently, it could be implied that the homogeneity of regression assumption 

was verified for this study. 

Table 4. 14. A multivariate test of homogeneity of regression for the interaction 

between the independent variable and covariates. 

 

Effect Value F Hypothesis df Error df  Sig. 
 

Groups * Pre-

ASTC 

Pillai's Trace ,164 1,381 16,000 248,000 ,151  

Wilks' Lambda ,842 1,378b 16,000 246,000 ,153  

Hotelling's Trace ,180 1,375 16,000 244,000 ,154  

Roy's Largest Root ,124 1,929c 8,000 124,000 ,061  

Groups * Pre-IM Pillai's Trace ,081 ,657 16,000 248,000 ,835  

Wilks' Lambda ,920 ,652b 16,000 246,000 ,839  

Hotelling's Trace ,085 ,648 16,000 244,000 ,843  

Roy's Largest Root ,822c 8,000 124,000 ,584  

Groups * Pre-GO Pillai's Trace ,094 ,767 16,000 248,000 ,722  

Wilks' Lambda ,907 ,768b 16,000 246,000 ,721  

Hotelling's Trace ,101 ,769 16,000 244,000 ,720  

Roy's Largest Root ,081 1,259c 8,000 124,000 ,271  
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(Table 4. 14 continued.) 

 

 

Groups * Pre-SD Pillai's Trace ,111 ,911 16,000 248,000 ,557  

Wilks' Lambda ,892 ,904b 16,000 246,000 ,565  

Hotelling's Trace ,118 ,898 16,000 244,000 ,572  

Roy's Largest Root ,068 1,053c 8,000 124,000 ,400  

Groups * Pre-SE Pillai's Trace ,171 1,451 16,000 248,000 ,119  

Wilks' Lambda ,835 1,451b 16,000 246,000 ,119  

Hotelling's Trace ,190 1,451 16,000 244,000 ,119  

Roy's Largest Root ,136 2,107c 8,000 124,000 ,040  

Groups * Pre-

ANX 

Pillai's Trace ,098 ,798 16,000 248,000 ,688  

Wilks' Lambda ,903 ,803b 16,000 246,000 ,682  

Hotelling's Trace ,106 ,808 16,000 244,000 ,677  

Roy's Largest Root ,093 1,437c 8,000 124,000 ,188  

 

 

4.2.2.9. Homogeneity of Variance 

The Assumption of Homogeneity of Variance is again tested by using Box's M Test 

to test the equality of variances of the study it was already indicated in Table 4.8. The 

results showed that the significance values for the Box's M Test (p= .092) were greater 

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 

analysis could be used with the Leveneôs Test to test whether the variances of each 

dependent variable scores are the similar for each group, separately. It was assumed 

that the variances are equal across groups as the null hypothesis in the Leveneôs Test. 

If the resulting p-value of Levene's test is less than the alpha level (.05), it could be 

rejected. Thus, it means that there are differences between the variances of the groups. 

Table 4.14 represent the result of Leveneôs test and the Post-CPAT, Ret-CPAT, Post-

IM, Post-GO, Post-SE, Post-ANX values were larger than .05, which indicates the 

error variances across groups were equal. Also, the error variances across groups for 

Post-ASTC and Post-SD values were significantly different since their values were 
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less than alpha level (0.05). Therefore, the null hypotheses were false and the 

assumption of homogeneity of variances was not satisfied for Post-ASTC and Post-

SD values. This situation can directly cause to increase the chance of a Type-I for this 

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 0.05 level to reduce the likelihood of incorrectly rejecting a null 

hypothesis (Type-I error). For this aim, the Bonferroni correction should be set the 

significance cut-off at Ŭlpha/number of separate analyzes to determine significance 

level for the follow-up ANCOVA analysis. At this point, the original alpha level of 

.05 was divided by the number of analysis. 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 follow-up ANCOVA analysis (0.05/8). In other words, it was 

considered the study results significantly only if the probability value was less than 

.0063. 

 

Table 4.15 Leveneôs Test of Equality of Error Variances    

 F df1 df2 Sig. 

Post-CPAT ,214 2 148 ,808 

Ret-CPAT 1,781 2 148 ,172 

Post-ASTC 5,451 2 148 ,005 

Post-IM ,110 2 148 ,896 

Post-GO ,564 2 148 ,570 

Post-SD 9,310 2 148 ,000 

Post-SE ,127 2 148 ,880 

Post-ANX 1,072 2 148 ,345 

 

4.3. Interpretation of the MANCOVA Analysis Results 

The main problem of the study was to examine the effects of through instruction the 

based on 5E learning cycle model and Gardner's multiple intelligence theory oriented 

instructions studentsô 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 ninth grade students. Therefore, 

it was performed the appropriate the SPSS explore procedure to interpret and support 

with the evidences them when the main problem and the following null hypotheses 

were tested. 
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4.3.1 Null Hypothesis-1 

It was needed to perform MANCOVA analysis and interpret the SPSS its output to 

test null Hypothesis-1. All assumptions were already satisfied to run for this analysis. 

The first null Hypothesis, which related to the main problem for this study, was that 

ñThere is no 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 instruction on the population mean of the collective dependent 

variables of the ninth grade students post- test scores of achievement, their retention 

level on the unit of chemical properties concepts, attitude towards chemistry, and 

construct of motivation to learn chemistry when studentsô prior attitude, and constructs 

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

first table in the MANCOVA output was the Multivariate tests table (see Table 4.15). 

Thanks to this table, it would be indicated whether there were statistically significant 

differences among the groups on a linear combination of the dependent variables 

(Pallant, 2005). 

 

Table 4. 16. Multivariate tests results table 

Effect Value F 

Hypothesis 

df 

Error 

df Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerd 

Intercept Pillai's 

Trace 
,264 6,060b 8,000 135,000 ,000 ,264 48,477 1,000 

Wilks' 

Lambda 
,736 6,060b 8,000 135,000 ,000 ,264 48,477 1,000 

Hotelling's 

Trace 
,359 6,060b 8,000 135,000 ,000 ,264 48,477 1,000 

Roy's 

Largest Root 
,359 6,060b 8,000 135,000 ,000 ,264 48,477 1,000 

Pre-

ASTC 

Pillai's Trace ,157 3,150b 8,000 135,000 ,003 ,157 25,203 ,960 

Wilks' 

Lambda 
,843 3,150b 8,000 135,000 ,003 ,157 25,203 ,960 

Hotelling's 

Trace 
,187 3,150b 8,000 135,000 ,003 ,157 25,203 ,960 

Roy's 

Largest Root 
,187 3,150b 8,000 135,000 ,003 ,157 25,203 ,960 
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(Table 4.16 continued) 

Pre-IM Pillai's Trace ,187 3,872b 8,000 135,000 ,000 ,187 30,975 ,987 

Wilks' Lambda ,813 3,872b 8,000 135,000 ,000 ,187 30,975 ,987 

Hotelling's Trace ,229 3,872b 8,000 135,000 ,000 ,187 30,975 ,987 

Roy's Largest Root ,229 3,872b 8,000 135,000 ,000 ,187 30,975 ,987 

Pre-GO Pillai's Trace ,225 4,889b 8,000 135,000 ,000 ,225 39,111 ,998 

Wilks' Lambda ,775 4,889b 8,000 135,000 ,000 ,225 39,111 ,998 

Hotelling's Trace ,290 4,889b 8,000 135,000 ,000 ,225 39,111 ,998 

Roy's Largest Root ,290 4,889b 8,000 135,000 ,000 ,225 39,111 ,998 

Pre-SD Pillai's Trace ,149 2,951b 8,000 135,000 ,005 ,149 23,605 ,945 

Wilks' Lambda ,851 2,951b 8,000 135,000 ,005 ,149 23,605 ,945 

Hotelling's Trace ,175 2,951b 8,000 135,000 ,005 ,149 23,605 ,945 

Roy's Largest Root ,175 2,951b 8,000 135,000 ,005 ,149 23,605 ,945 

Pre-SE Pillai's Trace ,309 7,530b 8,000 135,000 ,000 ,309 60,242 1,000 

Wilks' Lambda ,691 7,530b 8,000 135,000 ,000 ,309 60,242 1,000 

Hotelling's Trace ,446 7,530b 8,000 135,000 ,000 ,309 60,242 1,000 

Roy's Largest Root ,446 7,530b 8,000 135,000 ,000 ,309 60,242 1,000 

Pre-

ANX 

Pillai's Trace ,338 8,631b 8,000 135,000 ,000 ,338 69,049 1,000 

Wilks' Lambda ,662 8,631b 8,000 135,000 ,000 ,338 69,049 1,000 

Hotelling's Trace ,511 8,631b 8,000 135,000 ,000 ,338 69,049 1,000 

Roy's Largest Root ,511 8,631b 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 8,210b 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 16,864c 8,000 136,000 ,000 ,498 134,913 1,000 

 

In this study, the Wilksô Lambda, which is the most appropriate multivariate 

significance tests, was used to report the overall effect of the independent variable on 

the dependent variables. When the main effect was investigated, the results of the 

Wilksô Lambda in the Table 4.15 indicated that the combined dependent variables 

significantly different across 5EG, MIG, and TIG were revealed. In other words, there 

were statistically significant mean differences among the groups on the combined 

dependent variables of Post-CPAT, Ret-CPAT, Post-ASTC, Post-IM, Post-GO, Post-

SD, Post-SE, Post-ANX scores when studentsô prior attitude, and constructs of 

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

Wilksô Lambda value (0.453, F(16, 270) = 8.210, p = 0.000) was less than .0063 (new 

adjusted alpha value). Hence, the null hypothesis-1 was rejected. Moreover, 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 that approximately 32,7% of the 

multivariate variance of the dependent variables was explained by treatments. Also, 

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 study. Therefore, 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 output was the ñTests of Between-Subjects Effectsò to 

examine further 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 studentsô achievement, their retention level on the unit of chemical properties 

concepts, attitude towards chemistry, and construct of motivation to learn chemistry, 

differ for group independent variable when studentsô prior attitude and constructs of 

motivation (SE, ANX, GO, IM, and SD) scores are controlled as covariates. If one of 

them is different, then which group differ these study results in terms of the studentsô 

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 

different the current study results altogether. This information was provided in the 

ñTests of Between-Subjects Effectsò output table (See Table 4.16). 

 

Table 4.17. Tests of between-subjects effect table 

Source 

Dependent 

Variable 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Poweri 

Corrected 

Model 

Post-CPAT 792,652a 8 99,082 5,982 ,000 ,252 47,855 ,996 

Ret-CPAT 1377,012b 8 172,126 12,459 ,000 ,412 99,672 1,000 

Post-ASTC 9026,427c 8 1128,303 30,326 ,000 ,631 242,611 1,000 

Post-IM 1318,203d 8 164,775 19,982 ,000 ,530 159,854 1,000 

Post-GO 3971,122e 8 496,390 25,746 ,000 ,592 205,967 1,000 

Post-SD 916,580f 8 114,573 18,281 ,000 ,507 146,247 1,000 

Post-SE 2395,518g 8 299,440 22,744 ,000 ,562 181,951 1,000 

Post-ANX 1433,008h 8 179,126 11,463 ,000 ,392 91,702 1,000 

Intercept Post-CPAT 494,178 1 494,178 29,835 ,000 ,174 29,835 ,996 

Ret-CPAT 416,620 1 416,620 30,156 ,000 ,175 30,156 ,996 

Post-ASTC 55,696 1 55,696 1,497 ,223 ,010 1,497 ,064 

Post-IM ,987 1 ,987 ,120 ,730 ,001 ,120 ,009 

Post-GO 3,459 1 3,459 ,179 ,673 ,001 ,179 ,011 

Post-SD 47,843 1 47,843 7,634 ,006 ,051 7,634 ,498 

Post-SE 30,138 1 30,138 2,289 ,133 ,016 2,289 ,108 

Post-ANX 28,412 1 28,412 1,818 ,180 ,013 1,818 ,081 
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(Table 4.17 continued) 

Pre-ASTC Post-CPAT ,358 1 ,358 ,022 ,883 ,000 ,022 ,007 

Ret-CPAT ,917 1 ,917 ,066 ,797 ,000 ,066 ,008 

Post-ASTC 832,094 1 832,094 22,365 ,000 ,136 22,365 ,974 

Post-IM 57,078 1 57,078 6,922 ,009 ,046 6,922 ,446 

Post-GO 54,506 1 54,506 2,827 ,095 ,020 2,827 ,142 

Post-SD 6,792 1 6,792 1,084 ,300 ,008 1,084 ,044 

Post-SE 20,125 1 20,125 1,529 ,218 ,011 1,529 ,065 

Post-ANX 4,469 1 4,469 ,286 ,594 ,002 ,286 ,014 

Pre-IM Post-CPAT 24,250 1 24,250 1,464 ,228 ,010 1,464 ,062 

Ret-CPAT 9,200 1 9,200 ,666 ,416 ,005 ,666 ,027 

Post-ASTC 312,919 1 312,919 8,411 ,004 ,056 8,411 ,552 

Post-IM 213,838 1 213,838 25,931 ,000 ,154 25,931 ,989 

Post-GO 41,695 1 41,695 2,163 ,144 ,015 2,163 ,100 

Post-SD 1,528 1 1,528 ,244 ,622 ,002 ,244 ,013 

Post-SE 23,742 1 23,742 1,803 ,181 ,013 1,803 ,080 

Post-ANX 17,928 1 17,928 1,147 ,286 ,008 1,147 ,047 

Pre-GO Post-CPAT 1,450 1 1,450 ,088 ,768 ,001 ,088 ,009 

Ret-CPAT 5,149 1 5,149 ,373 ,543 ,003 ,373 ,017 

Post-ASTC 47,132 1 47,132 1,267 ,262 ,009 1,267 ,053 

Post-IM ,065 1 ,065 ,008 ,929 ,000 ,008 ,007 

Post-GO 618,758 1 618,758 32,093 ,000 ,184 32,093 ,998 

Post-SD 47,379 1 47,379 7,560 ,007 ,051 7,560 ,493 

Post-SE 12,442 1 12,442 ,945 ,333 ,007 ,945 ,038 

Post-ANX ,223 1 ,223 ,014 ,905 ,000 ,014 ,007 

Pre-SD Post-CPAT 21,173 1 21,173 1,278 ,260 ,009 1,278 ,053 

Ret-CPAT ,031 1 ,031 ,002 ,962 ,000 ,002 ,006 

Post-ASTC 191,899 1 191,899 5,158 ,025 ,035 5,158 ,312 

Post-IM 54,244 1 54,244 6,578 ,011 ,044 6,578 ,420 

Post-GO 76,896 1 76,896 3,988 ,048 ,027 3,988 ,223 

Post-SD 96,608 1 96,608 15,415 ,000 ,098 15,415 ,873 

Post-SE 8,577 1 8,577 ,651 ,421 ,005 ,651 ,027 

Post-ANX ,000 1 ,000 ,000 ,996 ,000 ,000 ,006 

Pre-SE Post-CPAT 8,275 1 8,275 ,500 ,481 ,004 ,500 ,021 

Ret-CPAT 45,194 1 45,194 3,271 ,073 ,023 3,271 ,172 

Post-ASTC 62,904 1 62,904 1,691 ,196 ,012 1,691 ,074 

Post-IM 3,498 1 3,498 ,424 ,516 ,003 ,424 ,019 

Post-GO 1,443 1 1,443 ,075 ,785 ,001 ,075 ,008 

Post-SD 35,274 1 35,274 5,628 ,019 ,038 5,628 ,348 

Post-SE 540,796 1 540,796 41,076 ,000 ,224 41,076 1,000 

Post-ANX 7,475 1 7,475 ,478 ,490 ,003 ,478 ,021 
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(Table 4.17 continued) 

Pre-ANX Post-CPAT 4,268 1 4,268 ,258 ,613 ,002 ,258 ,013 

Ret-CPAT 3,433 1 3,433 ,248 ,619 ,002 ,248 ,013 

Post-ASTC 17,234 1 17,234 ,463 ,497 ,003 ,463 ,020 

Post-IM 4,745 1 4,745 ,575 ,449 ,004 ,575 ,024 

Post-GO 45,644 1 45,644 2,367 ,126 ,016 2,367 ,113 

Post-SD 20,950 1 20,950 3,343 ,070 ,023 3,343 ,177 

Post-SE 19,210 1 19,210 1,459 ,229 ,010 1,459 ,062 

Post-ANX 907,010 1 907,010 58,042 ,000 ,290 58,042 1,000 

Groups Post-CPAT 659,859 2 329,930 19,919 ,000 ,219 39,838 ,999 

Ret-CPAT 1167,236 2 583,618 42,244 ,000 ,373 84,488 1,000 

Post-ASTC 825,806 2 412,903 11,098 ,000 ,135 22,196 ,942 

Post-IM 141,478 2 70,739 8,578 ,000 ,108 17,157 ,847 

Post-GO 748,332 2 374,166 19,407 ,000 ,215 38,813 ,999 

Post-SD 92,639 2 46,320 7,391 ,001 ,094 14,781 ,770 

Post-SE 127,164 2 63,582 4,829 ,009 ,064 9,659 ,513 

Post-ANX 95,525 2 47,763 3,056 ,050 ,041 6,113 ,284 
 

Error Post-CPAT 2352,023 142 16,564      

Ret-CPAT 1961,796 142 13,815      

Post-ASTC 5283,162 142 37,205      

Post-IM 1170,975 142 8,246      

Post-GO 2737,818 142 19,280      

Post-SD 889,963 142 6,267      

Post-SE 1869,529 142 13,166      

Post-ANX 2218,992 142 15,627      

Total Post-CPAT 75921,000 151       

Ret-CPAT 64864,000 151       

Post-ASTC 459499,000 151       

Post-IM 49842,000 151       

Post-GO 116626,000 151       

Post-SD 58699,000 151       

Post-SE 131953,000 151       

Post-ANX 29171,000 151       

Corrected Total Post-CPAT 3144,675 150       

Ret-CPAT 3338,808 150       

Post-ASTC 14309,589 150       

Post-IM 2489,179 150       

Post-GO 6708,940 150       

Post-SD 1806,543 150       

Post-SE 4265,046 150       

Post-ANX 3652,000 150       
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It could be reported that main effect of group on studentsô Post-CPAT  (F(2,142)= 

19,919 p=0.000, p<0,0063 with the effect size=0.219), Ret-CPAT (F(2,142)= 42,244, 

p=0.000, p<0,0063 with the effect size=0.373, Post-Attitude (F(2,142)= 11,098, 

p=0.000, p<0,0063 with the effect size=0.135, Post-Intrinsic motivation (F(2,142)= 

8,578, p=0.000, p<0,0063 with the effect size=0.108, Post-Goal orientation 

(F(2,142)=19,407, p=0.000, p<0,0063 with the effect size=0.215), Post-Self-

determination (F(2,142)=7,391, p=0.001, p<0,0063 with the effect size=0.094) were 

statistically significant whereas main effect of group on studentsô Post-Self-efficacy 

(F(2,142)=4,829, p=0.009, p>0,0063 with the effect size=0.064) and Post-Anxiety 

(F(2,142)=3,056, p=0.050, p>0,0063 with the effect size=0.041) were not found as 

statistically significant, respectively. The results indicated that six univariate effects 

for ñGroupò independent variable were statistically significant. In other words, the 

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 chemistry except for anxiety and self-efficacy. 

Although it was pointed out that the 5EG, MIG or TIG differed in terms of 

achievement, retention level, attitude, intrinsic motivation, goal orientation, and self-

determination, it was not known which group was different from the other or others. 

To find this out, it was necessary to check MANCOVAs with Bonferroni post-hoc 

tests. Hence, this test was also conducted and the pairwise comparisons were indicated 

in Tables 4.18. 

Table 4.18 Pairwise Comparisons 

Dependent 

Variable (I) Groups 

(J) 

Groups 

Mean 

Difference 

(I -J) 

Std. 

Error  Sig.b 

95% Confidence Interval for 

Differenceb 

Lower 

Bound Upper Bound 

Post-CPAT 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 

Ret-CPAT 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 

Post-ASTC 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. 18 continued) 

 
Post-IM 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 

Post-GO TIG 5EG -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 

Post-SD 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 
 

Post-SE 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 ,747 ,421 -2,916 ,702 

MIG TIG 2,301* ,741 ,007 ,507 4,095 

5EG 1,107 ,747 ,421 -,702 2,916 

Post-ANX 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 significant at the 0.0063 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 

terms of the mean scores of studentsô achievement (Post-CPAT) on the unit of 

chemical properties concepts, there were no statistically significantly different 

between 5EG and MIG (p >.0063). Moreover, while the mean differences between 

5EG and TIG was 4,651 in favor of 5EG, the mean differences between MIG and TIG 

was 4,427 in favor of MIG. On the other hand, it was seen that 5EGôs mean scores 

seem slightly higher than MIGôs mean scores (0.224) (Hypothesis-2) 

 

Similarly, there were statistically significant different both between 5EG and TIG (p 

< .0063) and MIG and TIG ( p<,0063) in terms of the mean scores of studentsô 

retention level (Ret-CPAT) on the unit of chemical properties concepts, there were no 
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statistically significantly different between 5EG and MIG (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 supported 

the previous achievement result; however, the average differences between 

experimental groups and control group was a bit higher than before. Again, it was 

found that MIGôs mean scores seem slightly higher (0.652) than 5EGôs mean scores 

as obtaining different from previous achievement result (Hypothesis-3) 

 

Another significant mean differences were observed among the 5EG, MIG, and TIG 

with respect to studentsô attitude towards chemistry. 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 studentsô attitude towards chemistry 

(Post-ASTC), there were no statistically significant mean differences between 5EG 

and MIG (p > .0063). Also, while the mean differences between 5EG and TIG was 

4,316 in favor of 5EG, the mean differences between MIG and TIG was 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 5EG (Mean differences between 5EG and MIG was 

1.224 in favor of MIG (Hypothesis-4). 

 

Finally, when the significant mean differences was examined among groups regarding 

the studentsô intrinsic motivation, goal-orientation, self-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 differences in terms of studentsô self-

efficacy, anxiety construct of motivation to learn chemistry (p > .0063). For the IM 

(Hypothesis-5), 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 studentsô intrinsic motivation (Post-IM), there were no statistically significant mean 

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 5EG, the mean differences 

between MIG and TIG was 2,175 in favor of MIG. The Table 4. 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 < .0063) in respect to the mean 

scores of studentsô goal-orientation (Post-GO), there were not any statistically 

significant mean differences between 5EG and MIG (p > .0063).On the other hand, 

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 (Hypothesis-6). 

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 

chemistry 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 (Hypothesis-7),  

The statistically mean differences in terms of studentsô self-determination had only 

between 5EG and TIG. 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 not statistical significant (p > .0063). On the 

contrary, The Table 4.17 indicated that the mean differences in terms of studentsô self-

efficacy (Hypothesis-8) and anxiety (Hypothesis-9) 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 in respect to the studentsô self-

efficacy between MIG and TIG was 2,301, the mean differences in respect to the 

studentsô anxiety between MIG and TIG was 1,971 in favor of MIG. However, these 

mean differences were no significant. 

 

Consequently, it was summarized the findings of the analysis that the studentsô mean 

scores in the 5EG and MIG were higher than the those TIG scores in terms of Post-

CPAT, Ret-CPAT, Post-ASTC Post-IM Post-GO Post-SD dependent variable when 

students óprior attitude, and constructs of motivation (SE, ANX, GO, IM, and SD) 

scores are controlled as a covariate 

 

4.3.2. Interpretation of Follow up the ANCOVA Analysis Results 

After the significant results were observed from the MANCOVA analysis, the 

hypotheses of the current study should be set out to double-check with additional 
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analysis (Follow-up ANCOVAs). All assumption was met to conduct follow-up 

ANCOVA, except the assumption of homogeneity variance were not satisfied for Post-

ASTC and Post-SD values. This situation could lead to increasing the chance of a 

Type-I for the current study. For this aim, the original alpha level of .05 was divided 

by the number of analyzes. As highlighted in the previous paragraph, there were eight 

dependent variables to examine in the study; therefore, the new alpha level for the 

current study was set as .0063 in the follow-up ANCOVA analysis. 

4.3.2.1. Null Hypothesis-2 

The second null hypothesis was ñThere 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 post-test achievement scores in chemical properties 

concepts when studentsôprior attitude, and constructs of motivation (SE, ANX, GO, 

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

 

A follow-up ANCOVA was performed to examine the effect of teaching methods on 

the Post- CPAT scores as a dependent variable among the groups. A follow-up 

ANCOVA results tables were given below: 

 

Table 4.19. Test of between-subjects effects for Post-CPAT dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
792,652a 8 99,082 5,982 ,000 ,252 47,855 ,996 

Intercept 494,178 1 494,178 29,835 ,000 ,174 29,835 ,996 

Pre-ASTC ,358 1 ,358 ,022 ,883 ,000 ,022 ,007 

Pre-IM 24,250 1 24,250 1,464 ,228 ,010 1,464 ,062 

Pre-GO 1,450 1 1,450 ,088 ,768 ,001 ,088 ,009 

Pre-SD 21,173 1 21,173 1,278 ,260 ,009 1,278 ,053 

Pre-SE 8,275 1 8,275 ,500 ,481 ,004 ,500 ,021 

Pre-ANX 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 4.20. Pairwise comparisons for Post-CPAT in terms of groups   

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.b 

99,37% Confidence Interval 

for Differenceb 

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 Post-CPAT in terms of groups 

Groups Mean Std. Error 

99,37% Confidence 

Interval 

Lower Bound 

Upper 

Bound 

TIG 19,040a ,569 17,463 20,617 

5EG 23,691a ,599 22,029 25,353 

MIG 23,467a ,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 hypothesis-2 ( F(2,142)= 19,919, p=.000) for the alpha level 0.0063. 

It could be pointed out that there was statistically significant difference among the 

5EG, MIG, and TIG in respect to the studentsô achievement of unit of chemical 

properties. Moreover, when it was inspected the Table 4.19 to compare which groups 

were different from each other in terms of the mean scores of studentsô achievement 

(Post-CPAT) 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 5EG and MIG (p 

>.0063). Also, the Post-CPAT 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 Post-CPAT in terms of groups were 19,04 for the TGI, 23,69 

for the 5EG, and 23,467, respectively (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 5EG, the mean differences between MIG 

and TIG was 4,427 in favor of MIG. On the other hand, it was seen that 5EGôs mean 

scores seem slightly higher than MIGôs mean scores (0.223).  
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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 shows a large effect 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 (Post-CPAT) on 

unit of chemical properties while the observed power in terms of instructional methods 

was observed as 0.996.  

 

4.3.2.2. Null Hypothesis-3 

The  third null hypothesis was ñThere 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 studentsôprior attitude and constructs of motivation (SE, ANX, GO, 

IM, and SD) scores are controlled as a covariate. For testing this null hypothesis, 

another follow-up ANCOVA was performed to investigate the effect of teaching 

methods on the Ret-CPAT scores as a dependent variable among the groups. A follow-

up ANCOVA results tables were indicated below: 

 

Table 4.22. Test of between-subjects effects for Post-CPAT dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
1377,012a 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 

Pre-IM 9,200 1 9,200 ,666 ,416 ,005 ,666 ,027 

Pre-GO 5,149 1 5,149 ,373 ,543 ,003 ,373 ,017 

Pre-SD ,031 1 ,031 ,002 ,962 ,000 ,002 ,006 

Pre-SE 45,194 1 45,194 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 64864,000 151       

Corrected 

Total 
3338,808 150       
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Table 4.23. Pairwise comparisons for Post-CPAT in terms of groups   

(I) 

Groups (J) Groups 

Mean 

Difference 

(I-J) 

Std. 

Error Sig.b 

99,37% Confidence 

Interval for Differenceb 

Lower Bound 

Upper 

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 Post-CPAT in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound Upper Bound 

TIG 16,317a ,519 14,877 17,757 

5EG 22,003a ,547 20,485 23,521 

MIG 22,655a ,535 21,171 24,139 

 

As could be seen from Table 4.21, it was observed that the null hypothesis-3 

((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 

on the studentsô retention level on the unit of chemical properties. Moreover, when it 

was checked the Table 4.22 to compare which groups were different from each other 

in terms of the mean scores of studentsô retention level (Ret-CPAT) 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 5EG and MIG (p >.0063). This result was 

consistent with the previous achievement result. In addition, while the Ret-CPAT 

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 the Post-CPAT in 

terms of groups were 16,317 for 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 mean differences between MIG and TIG was 6,338 in favor 

of the MIG. On the other hand, it was seen that MIGôs mean scores seem slightly 



134 

 

higher than 5EGôs mean scores (,652). Taking into account this finding, it could be 

surmised that the participants in the TIG might 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 post-test and retention test.  

 

Another result of the analysis was that the partial eta square was found to be 0.373 for 

the Ret-CPAT and eta square was calculated as 0.366; which indicates a large effect 

size Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment accounts for 

36.6% of the variability in student retention level (Ret-CPAT) on the unit of chemical 

properties while the observed power of treatment was reported as 1,000.  

 

4.3.2.3. Null Hypothesis-4 

The fourth null hypothesis was ñThere 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 post-test attitude towards chemistry scores when 

studentsôprior attitude and constructs of motivation (SE, ANX, GO, IM, and SD) 

scores are controlled as a covariate.  

 

For testing this null hypothesis-4, another follow-up ANCOVA was performed to seek 

the effect of instructional methods on the Post-ASTC scores as a dependent variable 

among the groups. A follow-up ANCOVA results tablesrom the Table 4.24, it was 

apparent that it was observed that the null hypothesis-4 (F(2,142)= 11,098, p=.000) 

was rejected for the alpha level 0.0063. It was pointed out that there were statistically 

significant differences among the 5EG, MIG, and TIG the in terms of the studentsô 

attitude towards chemistry as a school subject. On the other hand, when it was 

examined the Table 4.25 to contrast which groups were different from each other in 

terms of the mean scores of studentsô attitude towards chemistry (Post-ASTC), there 

were statistically significant different between 5EG and TIG (p < .0063) and MIG and 

TIG (p <.0063). However, there were not any statistically significantly different 

between 5EG and MIG (p >.0063). Also, the Post-ASTC mean test scores for the 

groups were 53,28 for the TIG, 54,79 for the 5EG, and 54,94 for the MIG (see from 

Table 4.3) whereas the estimated marginal means for the Post-CPAT 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 between-subjects effects for Post-ASTC dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
9026,427a 8 1128,303 30,326 ,000 ,631 242,611 1,000 

Intercept 55,696 1 55,696 1,497 ,223 ,010 1,497 ,064 

Pre-

ASTC 
832,094 1 832,094 22,365 ,000 ,136 22,365 ,974 

Pre-IM 312,919 1 312,919 8,411 ,004 ,056 8,411 ,552 

Pre-GO 47,132 1 47,132 1,267 ,262 ,009 1,267 ,053 

Pre-SD 191,899 1 191,899 5,158 ,025 ,035 5,158 ,312 

Pre-SE 
62,904 1 

62,904 

 
1,691 ,196 ,012 1,691 ,074 

Pre-ANX 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 459499,000 151       

Corrected 

Total 
14309,589 150       

 

 

Table 4.26. Pairwise comparisons for Post-ASTC in terms of groups   

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.b 

99,37% Confidence Interval 

for Differenceb 

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 Post-ASTC in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound 

Upper 

Bound 

TIG 51,102a ,852 48,739 53,466 

5EG 55,418a ,898 52,926 57,909 

MIG 56,697a ,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 that MIGôs mean scores seem a bit greater than 5EGôs mean scores 

(1,279) despite the lack of statistical difference between these groups. Moreover, the 

results of the current study demonstrated that while the participants in the MIG (the 

mean differences between pre- versus post-attitude were 4.00) and 5EG (the mean 

differences between pre- versus post-attitude were 2.489) might be positively affected 

regarding their attitude towards chemistry, there was a noticeable decrease in the 

studentsô attitude, who taught with the traditional instruction (the mean differences 

between pre- versus post-attitude were -3.444).  

 

Another result of the analysis was that the partial eta squared was found to be 0.135 

for the Post-ASTC and eta squared was computed as 0.106; which is showed a large 

effect size (Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment 

accounts for 10.6% of the variability in studentsô attitude towards chemistry (Post-

ASTC) while the observed power of treatment was reported as .942.  

 

4.3.2.4. Null Hypothesis-5 

The fifth null hypothesis is ñThere 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 means of the post-test scores of the intrinsic motivation construct of 

motivation to learn chemistry questionnaire when studentsôprior attitude and 

constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a 

covariate..ò 

 

For testing this null hypothesis-5, another follow-up ANCOVA was run to search the 

effect of instructional methods on the Post-IM scores as a dependent variable among 

the groups. A follow-up ANCOVA results tables were showed below: 
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Table 4.28. Test of between-subjects effects for Post-IM dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
1318,203a 8 164,775 19,982 ,000 ,530 159,854 1,000 

Intercept ,987 1 ,987 ,120 ,730 ,001 ,120 ,009 

Pre-

ASTC 
57,078 1 57,078 6,922 ,009 ,046 6,922 ,446 

Pre-IM 213,838 1 213,838 25,931 ,000 ,154 25,931 ,989 

Pre-GO ,065 1 ,065 ,008 ,929 ,000 ,008 ,007 

Pre-SD 54,244 1 54,244 6,578 ,011 ,044 6,578 ,420 

Pre-SE 3,498 1 3,498 ,424 ,516 ,003 ,424 ,019 

Pre-ANX 4,745 1 4,745 ,575 ,449 ,004 ,575 ,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 

Total 
2489,179 150       

 

Table 4.29. Pairwise comparisons for Post-IM in terms of groups   

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.b 

99,37% Confidence Interval 

for Differenceb 

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 Post-IM in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound Upper Bound 

TIG 16,359a ,401 15,246 17,472 

5EG 18,381a ,423 17,208 19,554 

MIG 18,534a ,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 hypothesis-5 ( F(2,142)= 8,578, p=.000) for the 

alpha level 0.0063. It was reported that there was statistically significant difference 

among the 5EG, MIG, and TIG the in terms of the studentsô intrinsic motivation to 
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learn chemistry. Besides, when the mean scores of studentsô intrinsic motivation (Post-

IM) in the groups was 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 >.0063). Furthermore, the Post-IM 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) 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 TGI, 

18,381 for the 5EG, and 18,534 for the MIG after the covariatesôeffect. Thus, while 

the mean differences between 5EG and TIG was 2,022 in favor of 5EG, the mean 

differences between MIG and TIG was 2,175 in favor of MIG. Also, MIGôs mean 

scores seem nearly same with 5EGôs mean scores. Moreover, although the decrease of 

studentsô intrinsic motivation in the TIG was observed, the participants in the MIG and 

5EG were positively improved during the study. 

 

The results of the current study demonstrated that the partial eta squared was found to 

be 0.106 for the Post-IM and eta squared was calculated as 0.086; which indicates a 

medium effect size (Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment 

explains 8.6% of the variability in studentsô intrinsic motivation to learn chemistry 

(Post-IM) while the observed power of treatment was reported as .847.  

 

4.3.2.5. Null Hypothesis-6 

The sixth null hypothesis is ñThere 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 means of the post-test scores of the goal-orientation construct of 

motivation to learn chemistry questionnaire when studentsôprior attitude and 

constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a 

covariate. 

 

It was conducted another follow-up ANCOVA to evaluate the effect of instructional 

methods on the Post-GO scores as a dependent variable among the groups. A follow-

up ANCOVA results tables were showed below: 
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Table 4.31. Test of between-subjects effects for Post-GO dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
3971,122a 8 496,390 25,746 ,000 ,592 205,967 1,000 

Intercept 3,459 1 3,459 ,179 ,673 ,001 ,179 ,011 

Pre-

ASTC 
54,506 1 54,506 2,827 ,095 ,020 2,827 ,142 

Pre-IM 41,695 1 41,695 2,163 ,144 ,015 2,163 ,100 

Pre-GO 618,758 1 618,758 32,093 ,000 ,184 32,093 ,998 

Pre-SD 76,896 1 76,896 3,988 ,048 ,027 3,988 ,223 

Pre-SE 1,443 1 1,443 ,075 ,785 ,001 ,075 ,008 

Pre-ANX 45,644 1 45,644 2,367 ,126 ,016 2,367 ,113 

Groups 748,332 2 374,166 19,407 ,000 ,215 38,813 ,999 

Error 2737,818 142 19,280      

Total 116626,000 151       

Corrected 

Total 
6708,940 150       

 

Table 4.32. Pairwise comparisons for Post-GO in terms of groups   

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.b 

99,37% Confidence Interval 

for Differenceb 

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 Post-GO in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound Upper Bound 

TIG 23,967a ,614 22,265 25,668 

5EG 29,330a ,647 27,536 31,123 

MIG 28,026a ,632 26,273 29,779 

 

From the Table 4.30, it was found that there was an evidence to reject the null 

hypothesis-6 (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 

terms of the studentsô goal orientation to learn chemistry. Additionally, when the mean 

scores of studentsô Post-GO in the groups was checked 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 5EG and MIG (p >.0063). Moreover, the 

Post-GO 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 for the MIG after the covariatesôeffect. 

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 

be stated that 5EGôs mean scores were 1,304 points higher than MIGôs mean scores 

despite the lack of statistical difference between these groups. Moreover, the 

participants in the MIG and 5EG were positively improved in terms of their goal 

orientation to learn chemistry whereas the students in the TIG was approximately same 

during the study. 

 

Another result of the study indicated that the partial eta squared was reported to be 

0.215 for the Post-GO and eta squared was computed as 0.173; which could be told a 

large effect size (Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment 

clarifies 17,3% of the variability in studentsô goal orientation to learn chemistry (Post-

GO) while the observed power of treatment was reported as .999.  

 

4.3.2.6. Null Hypothesis-7 

The seventh null hypothesis was ñThere 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 means of the post-test scores of the self-determination construct of 

motivation to learn chemistry questionnaire when studentsôprior attitude and 

constructs of motivation (SE, ANX, GO, IM, and SD) scores are controlled as a 

covariate. A follow-up ANCOVA was run to investigate the effect of teaching methods 

on the Post-SD scores as a dependent variable among the groups. A follow-up 

ANCOVA results tables were depicted below:  
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Table 4.34. Test of between-subjects effects for Post-SD dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
916,580a 8 114,573 18,281 ,000 ,507 146,247 1,000 

Intercept 47,843 1 47,843 7,634 ,006 ,051 7,634 ,498 

Pre-ASTC 6,792 1 6,792 1,084 ,300 ,008 1,084 ,044 

Pre-IM 1,528 1 1,528 ,244 ,622 ,002 ,244 ,013 

Pre-GO 47,379 1 47,379 7,560 ,007 ,051 7,560 ,493 

Pre-SD 96,608 1 96,608 15,415 ,000 ,098 15,415 ,873 

Pre-SE 35,274 1 35,274 5,628 ,019 ,038 5,628 ,348 

Pre-ANX 20,950 1 20,950 3,343 ,070 ,023 3,343 ,177 

Groups 92,639 2 46,320 7,391 ,001 ,094 14,781 ,770 

Error 889,963 142 6,267      

Total 58699,000 151       

Corrected 

Total 
1806,543 150       

 

Table 4.35. Pairwise comparisons for Post-SD in terms of groups   

(I) Groups (J) Groups 

Mean 

Difference 

(I-J) 

Std. 

Error Sig.b 

99,37% Confidence 

Interval for Differenceb 

Lower 

Bound 

Upper 

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 Post-SD in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound 

Upper 

Bound 

TIG 18,425a ,350 17,455 19,395 

5EG 19,506a ,369 18,483 20,528 

MIG 20,386a ,360 19,386 21,385 

Table 4.32 was showed that there was an evidence to reject the null hypothesis-7 

(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 

regarding the studentsô self-determination to learn chemistry. In addition, when the 

mean scores of studentsô self-determination (Post-SD) in the groups was 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 >.0063). Mean differences between MIG and TIG was 1.961 in 

favor of 5EG. Besides, students in the 5EG had a higher mean score of self-

determination to learn chemistry (1,081) than those in the TIG despite the lack of 

statistical difference between these groups. Also, the Post-SD mean test scores for the 

groups were 18,85 for 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 for the MIG after the covariatesôeffect. Therefore, it could be said 

that the participants in the MIG were positively developed in terms of their self-

determination to learn chemistry. 

 

In the Table 4.33, the partial eta squared was observed to be 0.094 for the Post-SD and 

eta squared was calculated as 0.078; which could be said a medium effect size 

(Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment clarifies 7,3% of 

the variability in studentsô self-determination to learn chemistry (Post-SD) while the 

observed power on the treatments was reported as .770.  

 

4.3.2.7. Null Hypothesis-8 

The eighth null hypothesis was ñThere 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 means of the post-test scores of the self-efficacy 

construct of motivation to learn chemistry when studentsôprior attitude and constructs 

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

follow-up ANCOVA was conducted to examine the effect of teaching methods on the 

Post-SE scores as a dependent variable among the groups. A follow-up ANCOVA 

results tables were indicated below: 
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Table 4.37. Test of between-subjects effects for Post-SE dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
2395,518a 8 299,440 22,744 ,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 

Pre-IM 23,742 1 23,742 1,803 ,181 ,013 1,803 ,080 

Pre-GO 12,442 1 12,442 ,945 ,333 ,007 ,945 ,038 

Pre-SD 8,577 1 8,577 ,651 ,421 ,005 ,651 ,027 

Pre-SE 540,796 1 540,796 41,076 ,000 ,224 41,076 1,000 

Pre-ANX 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 131953,000 151       

Corrected 

Total 
4265,046 150       

 

Table 4.38. Pairwise comparisons for Post-SE in terms of groups 

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.a 

99,37% Confidence Interval 

for Differencea 

Lower Bound Upper Bound 

TIG 5EG -1,194 ,744 ,332 -3,525 1,137 

MIG -2,301 ,741 ,007 -4,622 ,020 

5EG TIG 1,194 ,744 ,332 -1,137 3,525 

MIG -1,107 ,747 ,421 -3,446 1,232 

MIG TIG 2,301 ,741 ,007 -,020 4,622 

5EG 1,107 ,747 ,421 -1,232 3,446 

 

Table 4. 39. Estimated marginal means for the Post-SE in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound Upper Bound 

TIG 27,946a ,507 26,540 29,352 

5EG 29,140a ,534 27,658 30,622 

MIG 30,247a ,522 28,798 31,695 

 

In contrast to previous results, it was evident from the Table 4.36 that the null 

hypothesis-8 (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 difference among the 5EG, MIG, and TIG the regarding the studentsô self-

efficacy construct of motivation to learn chemistry. Thus, there was no need to 

evaluate the pairwise comparisons for Post-SE in terms of groups. In addition, it was 

seen that the mean differences in respect to the studentsô self-efficacy between MIG 
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and TIG were 2,301 in favor of MIG; however, these mean differences were no 

significant. Also, the partial eta squared was observed to be 0.064 for the Post-SE and 

eta squared was computed as 0.049; which could be told a small effect size 

(Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment clarifies 4,3% of 

the variability in studentsô self-determination to learn chemistry (Post-SE) while the 

observed power on treatments was reported as .513.  

 

4.3.2.8. Null Hypothesis-9 

The ninth null hypothesis was ñThere 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 means of the post-test scores of the anxiety construct of motivation 

to learn chemistry questionnaire when studentsôprior attitude and constructs of 

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

 

Finally, a follow-up ANCOVA was performed to examine the effect of teaching 

methods on the Post-ANX scores as a dependent variable among the groups. A follow 

-up ANCOVA results tables were displayed from the Table 4.36 that the null 

hypothesis-9 (F (2,142) =3,056, p=0.050) was accepted at the alpha level of 0.0063. 

Therefore, there was no statistically significant difference among the groups the 

regarding the studentsô anxiety construct of motivation to learn chemistry. Thus, it was 

not necessary to check the pairwise comparisons for Post-ANX in terms of groups. 

Besides, it was reported that the mean differences in terms of the studentsô anxiety 

between MIG and TIG were 1,971 in favor of MIG despite the lack of statistical 

difference between these groups. 
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Table 4.40. Test of between-subjects effects for Post-ANX dependent variable 

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

Partial 

Eta 

Squared 

Noncent. 

Parameter 

Observed 

Powerb 

Corrected 

Model 
1433,008a 8 179,126 11,463 ,000 ,392 91,702 1,000 

Intercept 28,412 1 28,412 1,818 ,180 ,013 1,818 ,081 

Pre-ASTC 4,469 1 4,469 ,286 ,594 ,002 ,286 ,014 

Pre-IM 17,928 1 17,928 1,147 ,286 ,008 1,147 ,047 

Pre-GO ,223 1 ,223 ,014 ,905 ,000 ,014 ,007 

Pre-SD ,000 1 ,000 ,000 ,996 ,000 ,000 ,006 

Pre-SE 7,475 1 7,475 ,478 ,490 ,003 ,478 ,021 

Pre-ANX 907,010 1 907,010 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 29171,000 151       

Corrected 

Total 
3652,000 150       

  

Table 4.41. Pairwise comparisons for Post-ANX in terms of groups 

(I) 

Groups 

(J) 

Groups 

Mean 

Difference (I-J) 

Std. 

Error Sig.a 

99,37% Confidence Interval 

for Differencea 

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 Post-ANX in terms of groups 

Groups Mean Std. Error 

99,37% Confidence Interval 

Lower Bound Upper Bound 

traditional 12,127a ,552 10,595 13,659 

5E 12,835a ,582 11,220 14,450 

MIG 14,098a ,569 12,520 15,676 

 

The partial eta squared was observed to be 0.041 for the Post-ANX and eta squared 

was found as 0.029; which could be declared a small effect size (Tabachnick & Fidell, 

2007, p.54-55). In other words, the treatment clarifies 2,9% of the variability in 
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studentsô self-anxiety construct of motivation to learn chemistry (Post-ANX) while the 

observed power in respect to teaching methods was recorded 0.284.  

 

In a conclusion, when it was compared with the results of the MANCOVAôs and 

follow-up ANCOVAôs in terms of groups, all findings were completely same. 

Therefore, it could be said that the results were double checked. On the other hand, it 

was summarized the results of the analysis both MANCOVA and follow-up ANCOVA 

that the studentsô mean scores in the 5EG and MIG were higher than those TIG scores 

in terms of Post-CPAT, Ret-CPAT, Post-ASTC Post-IM Post-GO Post-SD as 

dependent variables when students óprior attitude and constructs of motivation (SE, 

ANX, GO, IM, and SD) scores are controlled as a covariate. Moreover, these findings 

of the current study implied that the difference among the groups arouse from the 

instructional effect and had practical significance. On the contrary, there were no 

differences regarding the participantsô average self-efficacy and anxiety scores among 

the groups. 
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CHAPTER 5 

 

 

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS  

 

 

 

In this part, it was talked about five sections that were a discussion of the results, 

threats to external and internal validity, implications of the study, and 

recommendations for further researches. 

 

5.1 Discussion of the Results of the Study 

First of all, this study aimed to seek the effectiveness of based on 5E learning cycle 

model and Gardner's multiple intelligence theory oriented instructions studentsô 

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 ninth grade public Anatolian high school students in Kecioren 

District of Ankara. The present study was taught two of the classes with the based on 

the traditionally, 5E learning cycle and Gardnerôs multiple intelligence theory over a 

period of eight weeks, respectively. At the beginning of the instruction, studentsô prior 

knowledge of unit of chemical properties concepts was evaluated with the Pre-CPAT 

to determine whether there was a significant mean difference among the 5EG, MIG, 

TIG and they had sufficient prior knowledge to implement the treatment methods. 

According to the Pre-CPAT test scores, it was seen that the average scores were very 

close to each other. It was computed that the mean of the participantssô Pre-CPAT 

scores were 12,89 for the TIG, 12,89 for the 5EG, and 13,50 for the MIG, respectively. 

When it was looked these findings, participantsô pre-existing knowledge regarding 

concepts taught the related the current unit were approximately medium level in all 

groups since the maximum possible score of the Pre-CPAT is 20. According to Sanger 

and Greenbowe (1997), pre-existing 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 possessed sufficient prior knowledge the related to chemical properties 

concepts to implement the based on the 5E LC and Gardnerôs MIT instructions. Also, 

when it was run the ANOVA for Pre-CPAT to control whether there was a statistically 

significant difference between the groups, the outcomes indicated that there was no a 

significant difference regarding prior knowledge among the groups. Therefore, 

participantsô prior knowledge did not influence their achievement on the unit of 

chemical properties after applying different teaching methods. Moreover, it could be 

indicated that the mean of participantsô Pre-ASTC scores in the TIG was greater than 

the other groups since the average of Pre-ASTC scores of students was 56,72 for the 

TIG, 52,30 for the 5EG, and 50,94 for the MIG, respectively. Also, 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, respectively. Hence, it was a necessary 

deeper analysis in the SPSS to control whether or not these differences are statistical 

significance. It was seen that there was a statistically significant difference between 

TIG and MIG on the mean of Pre-ASTC scores as determined by one-way ANOVA 

Thus, Pre-ASTC was assigned as a covariate in the main analysis. Finally, when it was 

tested the differences between the mean scores of the Pre-IM, Pre-GO, Pre-SD, Pre-

SE, and Pre-ANX values regarding the groups before the implementation, it was 

apparent that the pre-CMQ constructsô means among the 5EG, MIG, and TIG were 

nearly identical to each other. The mean of participantsô Pre-GO scores in TIG was 

only a bit higher than the treatments groups. Thus; it was a necessary deeper analysis 

in the SPSS to control whether or not these differences were statistical significance for 

the current study. According to one way ANOVA outcomes, there were no statistical 

significance differences regarding the average of the Pre-IM, Pre-GO, Pre-SD, Pre-SE 

and Pre-ANX scores to learn chemistry between the groups. However, it was necessary 

other statistically analysis to seek whether there was a correlation between these 

independent variables and dependent variables. As discussed in detail in Chapter-IV, 

the Pre-IM, Pre-GO, Pre-SD, Pre-SE, and Pre-ANX have either moderate or high 

correlation with at least one of the dependent variables. Hence, these independent 

variables was assigned as covariates for the main analysis according to Pearson 

correlation outcomes. 

 

After the descriptive statistics and potential covariates had been determined, it was 

performed the 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 

among groups is a dependable one or one that might have occurred by 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. It was performed the MANCOVA analysis and evaluate the SPSS its 

output to check Null Hypotheses. As mentioned earlier, all assumptions were already 

satisfied to run for the MANCOVA analysis. The main null hypothesis for the current 

study was that ñThere is no 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 instruction on the population mean of the 

collective dependent variables of the ninth grade students post- test scores of 

achievement, their retention level on the unit of chemical properties concepts, attitude 

towards chemistry, and construct of motivation to learn chemistry when studentsô pre-

existing attitude and constructs of motivation (SE, ANX, GO, IM, and SD) scores are 

controlled as a covariate. According to MANCOVA outputs, the six univariate effects 

for ñGroupò independent variable were statistically significant when studentsô prior 

attitude and constructs of motivation (SE, ANX, GO, IM, and SD) scores were 

controlled as a covariate. In other 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 self-efficacy. Furthermore, the estimates of the effect size were 

calculated as 0,327 which is a large effect size (Cohen, 1988). It meant for this effect 

size value that treatments explained approximately 32,7% of the multivariate variance 

of the dependent variables. 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 size. Another crucial statistics was that the observed power of the test 

was equal to 1.00 for the main effect of instructional methods, and this value was 

larger than the calculated power (0.80) at the beginning of the study. Therefore, it 

could be stated that the differences among the groups had practical significance. 

Although it was noted that the 5EG, MIG or TIG differed regarding achievement, 

retention level, attitude, intrinsic motivation, goal orientation, and self-determination, 

it was not known which group was different from the other or others. Therefore, it 

was performed by MANCOVA 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 

(Post-CPAT) for the current study, all of the descriptive statistics results for the group 

independent variable were compared with each other. The average of the participantsô 

Post-CPAT scores in the 5EG (23,66) and MIG (23,22) were approximately four points 

greater than TIG (19,52) while participantsô the pre-existing knowledge of the unit of 

chemical properties in the groups was similar to each other. It was seen that both the 

based on the 5E LC and Gardnerôs MIT might be positively influenced the studentsô 

achievement on the unit of chemical properties than TIM as the primarily finding. 

After interpreting the descriptive statistics, The MANCOVA and follow-up ANCOVA 

analysis were separately run to obtain evidence regarding inferential statistical results. 

Firstly, there was a statistically significant difference between 5EG and TIG in favour 

of 5E learning cycle instruction (p < .0063) regarding the mean scores of studentsô 

achievement (Post-CPAT) on the unit of chemical properties concepts. The related 

literature supports this finding for science education (Arslan, 2014; Abdi, 2014; 

Bektas, 2011; Bybee, 1997; Campbell, 2006; Ceylan & Geban, 2009; Dindar-Cetin, 

2012; Pabuccu, 2008; Trowbridge, Bybee, & Powell, 2000; Qarareh, 2012; Supasorn, 

2015). For example, Akar (2005), Kēlavuz (2005) and Aggul-Yalcēn and Bayrakceken 

(2010) declared that the based on 5E LC model under the constructivist approach has 

the effect students' achievement on acid-base concepts positively. Another 

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 studentsô achievement. Moreover, A similar 

examination applied by Cigdemoglu (2012) revealed a similar finding: The 5E LC 

instruction was found to be more effective with respect to increasing eleventh-grade 

students óachievement of the chemical reactions and energy concepts than TIG. 

Consequently, the instruction based on the 5E LC instructional model might help the 

ninth-grade student develop academic achievement on the unit of chemical properties 

concepts when compared to the traditional instructional method. Another crucial 

finding for this study, students who instructed based on MIT were more succesful than 

students who receive an education based on traditional methods in terms of the mean 

scores of students óPost-CPAT on the current topic (p < .0063). The result obtained 

from the present study are also paralell with the findings of other studies (Ascē & 

Demircioglu, 2002; Balēm, 2006; Baragona, 2009; Bellflower, 2008; Campbell & 

Campbell, 1999; Douglas, Burton, & Reese-Durham, 2008; Kayēran & Iflazoĵlu,  
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2007; Lindvall, 1995; OôConnell, 2009; Ongoren & Sahin, 2008; Shearer, 2004; Uslu, 

2005; Wares, 2013; Yēlmaz & Fer, 2003). For instance, Bilgin (2006) found the based 

on the MIT instruction to more successful for chemical bonding concept when 

compared to TIM regarding studentsô achievement. A similar investigation conducted 

by Akkus (2007) saw a similar finding: According to him, the students who taugt with 

the based on the MIT instruction was better with respect to their achievement of 

alcohols and ethers concepts than ones with TIG. Therefore, it might be provided 

evidence in term of enhancing the studentsô achievement on the unit of chemical 

properties by using the Gardnerôs MIT instruction Another crucial finding for the 

current study that there were no statistically significantly different between 5EG and 

MIG (p >.0063). These new findings have contributed national and international 

chemistry literature since it was not encountered an investigation comparing the based 

on the MIT and 5E LC instruction regarding effectiveness studentsô achievement on 

the chemistry concept from the each other. In fact, this finding was expected both 

instructional models under constructivist approach. The 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 the 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 the Ret-CPAT scores for the 5EG (22.02) 

and MIG (22,46) were approximately six points higher than TIG (16,52). These results 

also provided us evidence that the based on the 5E learning cycle and Multiple 

Intelligence Theory instructional model have contributed to studentsô achievement and 

retention level of acquired knowledge. Furthermore, when we checked the minimum 

and maximum scores of the participantsô Pre, Post, and Ret-CPAT in the each group, 

the minimum and maximum scores of the Pre-CPAT were similar for TIG, 5EG, and 

MIG (see Table 4.2). However, the maximum possible scores Post-CPAT were 32 for 

the experimental groups (both 5EG and MIG) and 28 for the TIG. Similarly, there were 

statistically significant different both between 5EG and TIG (p < .0063) and MIG and 

TIG ( p<,0063) regarding the mean scores of studentsô retention level (Ret-CPAT) on 

the unit of chemical properties concepts. In the literature, it was found similar results 

by researchers that the researchers 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, & Harmandar, 2011; Kºksal & Yel, 2007; 

¥zdemir, G¿neysu, & Tekkaya, 2006). Ones who taught with 5E learning cycle was 

also affected positively in terms of their level of retention of science concepts (Ajaja 

& Eravwoke, 2012; Aydemir, 2012; Sunar, 2013), There were no statistically 

significantly different between 5EG and MIG (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 mean differences between experimental 

groups and control group was a bit higher than before. Again, it was found that MIGôs 

mean scores seem slightly higher (0.652) than 5EGôs mean scores as obtaining 

different from previous achievement result. Another result of the analysis was that the 

partial eta square was found to be 0.373 for the Ret-CPAT and eta square was 

calculated as 0.366; which indicates a large effect size (Tabachnick & Fidell, 2007, 

p.54-55). In other words, the treatment accounts for 36.6% of the variability in student 

retention level (Ret-CPAT) on the unit of chemical properties while the observed 

power of treatment was reported as 1,000. Taking into account this finding, it could be 

surmised that the participants in the TIG might 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 post-test and retention test. 

 

After the instructions, when the mean of Post-ASTC 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 attitude toward chemistry course than TIG. Another striking result of this data 

was that traditional methods of instruction might negatively affect the participantsô 

attitude toward chemistry from beginning to the study to after the instruction. Whatôs 

more, the range of post-Attitude 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 for 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 the potential maximum scores on participantsô attitude toward 
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chemistry during the study. Another significant mean differences were seen among the 

5EG, MIG, and TIG on studentsô attitude towards chemistry. There were statistically 

significant different both between 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, Kanlē, Unsal, 2008; Sunar, 2013) while it was inconsistent with 

the some of them (Ekici, 2007; Kēlavuz, 2005; Pabuccu, 2008). It was observed the 

similar finding between MIG and TIG (p < .0063) regarding the mean scores of 

studentsô attitude towards chemistry (Post-ASTC). In the literature, most of the studies 

directed at student attitudes demonstrated the based on the MIT instruction positively 

affected studentsô interests towards science (Balēm, 2006; Balēm, Pekmez and Erdem, 

2002; Goodnough, 2001; Kayēran and Iflazoĵlu, 2007; Koken-Bilgin, 2006) although 

some of them (Akamca, 2003; Ascē, 2003; Batman, 2002; Gurcay, 2003; Ozdemir, 

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 TIM. There were no statistically significant mean differences 

between 5EG and MIG (p > .0063). Also, while the average differences between 5EG 

and TIG were 4,316 in favor of 5EG, the mean differences between MIG and TIG was 

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 5EG (Mean differences between 5EG and MIG 

was 1.224 in favor of MIG. Moreover, it could be stated that MIGôs mean scores seem 

a bit greater than 5EGôs mean scores (1,279) despite the lack of statistical difference 

between these groups. Moreover, the results of the current study demonstrated that 

while the participants in the MIG (the mean differences between pre- versus post-

attitude were 4.00) and 5EG (the average differences between pre- versus post-attitude 

were 2.489) might be positively affected regarding their attitude towards chemistry, 

there was a noticeable decrease in the studentsô attitude, who implemented with the 

traditional instruction (the mean differences between pre- versus post-attitude were -

3.444). Another finding of the analysis was that the partial eta squared was found to 

be 0.135 for the Post-ASTC and eta squared was computed as 0.106; which is showed 

a large effect size (Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment 

accounts for 10.6% of the variability in studentsô attitude towards chemistry (Post-

ASTC) while the observed power in respect to treatment was reported as .942.  
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It could be pointed out that the mean of studentsô Post-IM, Post-GO, Post-SD, Post-

SE and Post-ANX scores were in favor of 5EG and MIG. Especially, the average of 

Post-GO values for 5EG and MIG were approximately four points greater than TIG 

although the mean of pre-test score of TIG had more than the other groups. Moreover, 

the other constructs of motivation were slight differences in favor of 5EG and MIG 

after the instruction. A remarkable result was that the students in both 5EG 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 the studentsô intrinsic motivation, goal-orientation, self-

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 

differences in terms of studentsô self-efficacy, anxiety construct of motivation to learn 

chemistry (p > .0063).  

 

It was reported that there was statistically significant difference among the 5EG, MIG, 

and TIG the regarding the studentsô intrinsic motivation to learn chemistry. Besides, 

when the mean scores of studentsô IM in the groups was inspected whether they were 

different from each other. There were statistically significantly 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 >.0063). Furthermore, the Post-IM 

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) 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 

TGI, 18,381 for the 5EG, and 18,534 for the MIG after the covariatesôeffect. Thus, 

while the mean differences between 5EG and TIG was 2,022 in favor of 5EG. This 

result is consistent with previous investigations (Cetin-dindar, 2012; Cigdemoglu, 

2012; Krull, Suchomel,& Bechtel, 2015). Moreover, The mean differences between 

MIG and TIG were 2,175 in favor of MIG. This findings are also similar to earlier 

studies (Akkuzu & Akcay, 2010) Also, MIGôs mean scores seem nearly same with 

5EGôs mean scores. Moreover, although the decrease of studentsô intrinsic motivation 

in the TIG was observed, the participants in the MIG and 5EG were positively 

improved during the study. The results of the current study demonstrated that the 

partial eta squared was found to be 0.106 for the Post-IM and eta squared was 
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calculated as 0.086; which indicates a medium effect size (Tabachnick & Fidell, 2007, 

p.54-55). In other words, the treatment explains 8.6% of the variability in studentsô 

intrinsic motivation to learn chemistry while the observed power of treatment was 

reported as .847.  

 

Similarly, it was remarked that there were statistically significant different both 

between students in the 5EG and TIG (p < .0063) and MIG and TIG (p < .0063) in 

respect to the mean scores of studentsô goal-orientation. This findings are consisted 

with 5E learning cycle studies such as Aydemir, (2012). Cetin-Dindar, (2012), 

Cigdemoglu, (2012), respectively. On 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 provide a contribution to future 

investigations. there were not any statistically significant mean differences between 

5EG and MIG (p > .0063). In addition, 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 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 chemistry than students in the MIG (Mean differences between 5EG 

and MIG was 1.304 in favor of 5EG).  

 

A different result was observed that the statistically mean differences in terms of 

studentsô self-determination had only between MIG and TIG. Mean differences 

between MIG and TIG was 1.961 in favor of . 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 not statistical significant 

(p > .0063). Although the average difference between 5E LC instruction and TIM the 

this result was not supported with the previous investigation since one of the studies 

found the based on the MIT instruction positively affected studentsô self deternination 

to learn chemistry (Dindar-Cetin, 2012). Therefore, it could be stated that there was 

statistically significant difference among the 5EG, MIG, and TIG the regarding the 

studentsô self-determination to learn chemistry. In addition, when the mean scores of 
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studentsô self-determination in the groups was 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 >.0063). Mean 

differences between MIG and TIG was 1.961 in favor of MIG. Besides, students in the 

5EG had a higher mean score of self-determination to learn chemistry (1,081) than 

those in the TIG despite the lack of statistical difference between these groups. Also, 

the Post-SD 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 instructional methods, which were 18,425 for the TGI, 19,506 for the 5EG, 

and 20,386 for the MIG after the covariatesôeffect. Therefore, it could be said that the 

participants in the MIG were positively developed in terms of their self-determination 

to learn chemistry. The partial eta squared was observed to be 0.094 for the Post-SD 

and eta squared was calculated as 0.078; which could be said a medium effect size 

(Tabachnick & Fidell, 2007, p.54-55). In other words, the treatment clarifies 7,3% of 

the variability in studentsô self-determination to learn chemistry (Post-SD) while the 

observed power in respect to treatment was reported as .770.  

 

On the contrary, The Table 4.17 indicated that the mean differences in terms of 

studentsô self-efficacy and anxiety 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 in respect to the studentsô self-efficacy between MIG and TIG 

was 2,301. Also, In literature, there is examination finding similar results to the present 

study (Koura and Al-Hebaishi, 2014) the mean differences in respect to the studentsô 

anxiety between MIG and TIG was 1,971 in favor of MIG. However, these mean 

differences were no significant. Despite of the fact that the mean difference between 

5E LC instruction and TIM in terms of studentsô self- efficacy, these mean differences 

were not statisticaly significant. This outcome was not supported with the previous 

investigation since some of the studies indicated the based on the 5E LC instruction 

positively affected studentsô self efficacy to learn chemistry in the literature (Aydemir, 

2012; Dindar-Cetin, 2012). MIGôs mean scores seem nearly same with 5EGôs mean 

scores. Moreover, although the decrease of studentsô intrinsic motivation in the TIG 

was observed, the 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 was revealed that the based on the 5E 

learning cycle and multiple intelligence theory instructions were effective than 

traditionally designed instruction in terms of studentsô achievement and retention level 

on unit of chemical properties concepts, their attitude toward chemistry and some 

constructs of motivation to learn chemistry. In light of this result demonstrated that 

there might be many reasons. The subject 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, instructional methods play a crucial role in learning 

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. Moreover, it was taught concepts in a teacher-

centered way to control group, in direct. Also, 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 did not consider regarding how the 

participants could learn according to their different personalities and learning styles. It 

was also focused on the studentsô mathematics and verbal intelligence while teaching 

the unit of chemical properties in the TTM, in general. This situation was caused 

hardship for participants to utilize their real potential skills and intelligence while 

learning chemistry concepts. On the other hand, students who instructed with the based 

on the 5E LC and Gardnerôs MIT were intended to investigate the knowledge related 

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 their own information by associating this 

knowledge with everyday events. Moreover, individual differences and pre-existing 

knowledge has a crucial role during the imlementation the based on the 5E LC and 

Gardnerôs MIT. Therefore, 5E LC and Gardnerôs MIT under the constructivist 

approach was provided them the multiple learning environments (students-centered 

activities) to learn chemistry concepts in the this levels such as experiments, the games, 

videos, theater, etc. Thanks to these students-centered activities, students have a 

chance to write hypotheses, obtained data with their observation, investigate on the 

experiment, make observation, interpret their findings, connect their prior knowledge 
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to new knowledge or everyday lives situations, work and discuss in groups with their 

peers whereas students who participated in control group did not encounter these kind 

of activities. This students- centered activities, which take into consideration students 

individual differences and pre-existing knowledge might be caused the difference in 

the students achievement and test scores in traditional instruction versus both the based 

on 5E learning cycle and multiple intelligence theory instructions. The traditional 

instructional methods utilized in chemistry curriculum do not also improve studentsô 

attitude and motivation in the subject matter. All activities might be increased 

participantsô attitude toward chemistry and some of the constructs of motivation to 

learn chemistry. Also, it was seen that there were no the mean difference some of the 

constructs of motivation between treatments groups and TIM. As a reason for these 

results, ninth grade participants have just not determined one of four tracks which are 

the Turkish languageïmathematics, science, social sciences, and foreign languages. 

This mean that ones who would select a track of Turkish language-mathematics or 

foreign languages are the possibility; therefore, they might possess the low motivation 

to learn chemistry. Moreover,  this study was intended for eight weeks school period. 

Thus, some students may have been a short this time to increase their motivation to 

learn chemistry. If 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 students. In 

conclusion, all of these benefits by conducting the 5E LC and Gardnerôs MIT 

instructions are more apt to 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 included in the study which mean there were students that have 

different characteristics. They may differ in their abilities, interests, experiences, ages, 

SES etc. These various subject characteristics might cause a threat to internal validity. 

To overcome this threat, the pre-tests were applied to the students. Even if the pre-tests 

are applied for controlling the subject characteristics threat, this will then cause another 

threat that is the testing threat. The reason for this threat to occur is because pre-tests 

will alert the students and they will be practicing on the treatment and the subject. 

 

In the study, because the 5EG and MIG include laboratory hours, the students in the 

experimental group changed their location in their lectures. This might cause the 
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ñlocationò threat if the control group took their lectures in the classroom environment. 

Time of the classes at the day was conducted different and students in TIG were given 

their instructions in the laboratory to remove this effect as much as possible. 

 

In the study, all ethic rules were taken into account. The related information was 

provided for students and the teachers. For example, the students were given a 

guarantee about they could leave the study anytime they want or all information of the 

students was protected from others to be reached. There was no pressure to the students 

to be involved in the study.   

 

If the students were unmotivated during the treatment, there might be some loss of 

subjects from the sample. There may also be students that may be sick, and they may 

also leave the treatment. This loss of subjects may cause a threat called as the mortality. 

If there will be students who do not answer pre-tests or post-tests, these students will 

not be used in the study due to the dependent variables. If there would be any missing 

data on independent variables such as gender and 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 erased from the study and if the missing data is between 5% and 20%, then dummy 

coding strategy will be applied. First of all, a dummy coding will be made like 0 for 

present data and 1 for missing data. Then it will be checked if the dummy variable is 

giving a significant value with the dependent 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 replacement will be used while 

erasing the formed dummy variable from the 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 the implications of the present study are as follows:  

¶ For developing studentsô achievement on the unit of chemical properties 

concepts, both MIT and 5E LC should be used. 
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¶ MIT and 5E LC should be instructed to improve studentsô attitude toward 

chemistry as a school subject.  

¶ MIT and 5E LC should be instructed to improve studentsô goal-orientation, 

intrinsic motivation and self-determination that are the constructs of motivation 

to learn chemistry,  

¶ Student-centered activities such as theater, experiment, the game should be 

used to increase studentsô attitude and motivation to learn chemistry.  

¶ Prior knowledge of the students should be taken into account before teaching 

a new unit in chemistry. 

¶ The chemistry laboratory should be used to develop studentsô achievement, 

attitude toward chemistry as a school 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: 

¶ The effect of based on the 5E learning cycle and multiple intelligence theory 

instructions could also be conducted with different chemistry topics.  

¶ These methods should be applied to another type schools, cities, and sample to 

generalize. 

¶ For better analysis, follow-up interviews should be conducted with the students 

and teachers. 

¶ A longitudinal study should be carried out to observe the effect of 5E LC and 

Gardnerôs NIT on each construct of motivation to learn.  

¶ To use laboratories effectively in chemistry education, chemists, who would help 

teacher before experiments to prepare the equipments and who would also help 

with experiments should be appointed to schools. This will be encouraging 

teachers to have more experiments and also this would make students safe 

against possible chemistry accidents or injuries. 

¶ Weekly class hours should be increased with to chemistry curriculum. Because 

application time of activities complying with MIT and 5E LC takes time. 
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¶ Sample chemistry teaching plans, which are designed according 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 

cooperation with teachers in different disciplines. 

¶ Students ómisconception on the chemical properties should be studied. 

¶ In-service and pre-service chemistry teachersô subject matter and pedagogical 

knowledge should be explored since teachers, who are the key elements of 

education, should be known the necessary theoretical information. 

¶ When preparing activities according to MIT and 5EI, various equipment and 

materials would be required. Therefore, school managements should be provided 

these requirements to be used in education. 

¶ The most important aspect that should be considered when preparing activities 

according to MIT is to make these activities appropriate for studentsô levels. 

Activities that are above or below student level would affect education 

negatively. 

¶ Students should be informed of their developed or developable intelligences 

beginning from pre-school. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



162 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



163 

 

 

REFERENCES 

 

 

 

Abdi, A., Laei S., & Ahmadyan, H. (2013). The effect of teaching strategy based on 

multiple intelligences on studentsô academic achievement in science course. 

Universal Journal of Educational Research, 1(4), 281-284. doi: 

10.13189/ujer.2013.010401.  

 

 

Abdi, A. (2014). The effect of inquiry-based learning method on studentsô academic 

achievement in science course. Universal Journal of Educational Research, 

2(1): 37-41. 

 

 

Abraham, M. R. (1982). A descriptive instrument for use in investigating science 

laboratories. Journal of Research in Science Teaching, 19(2), 155-165. 

Abraham, M. R., & Renner, J. W. (1986). The sequence of learning cycle 

activities in high school chemistry. Journal of Research in Science Teaching, 

23(2), 121-143. 

 

 

Abraham, M. R., & Renner, J. W. (1986). The sequence of learning cycle activities in 

high school chemistry. Journal of Research in Science Teaching, 23(2), 121-

143. 

 

 

Adeloka, T. (2013). ThePsyhology of intelligence: Multiple intelligences. Retrieved 

from http:// www.mathstoughtbook.com. Last accessed on 7 April 2015. 

 

 

Aggul, Yal­ēn, F.A., & Bayrakceken, S. (2010). The effect of 5E learning model on 

pre- service science teachersô achievement of acids-bases subject. International 

Online Journal of Educational Sciences, 2(2), 508-531. 

 

 

Akbas, A. & Kan, A. ( 2007) .Affective factors that influence chemistry achievement 

(Motivation and Anxiety) and the power of these factors to predict chemistry 

achievement-II. Journal of Turkish Science Education, 4(1). 10-19. 

 

 

Akkus, H. Kadayifci, H., Atasoy, B. & Geban, O. (2003). Effectiveness of Instruction 

Based on Constructivist Approach on Understanding Chemical Equilibrium 

Concepts. Research in Science and Technological Education, 21 (2), 209-227. 

 

 



164 

 

Ajaja, O.P. & Eravwoke, U.O. (2012). Effects of 5E Learning Cycle on Studentôs 

Achievement in Biology and Chemistry, Cypriot Journals of Educational 

Sciences, 7 (3), 244-262. 

 

 

Akar, E. (2005). Asit ve Baz Kavramlarēnēn Anlaĸēlmasēnda 5E ¥ĵretim Modelinin 

Etkisi. Yayēmlanmamēĸ Y¿ksek Lisans Tezi, Orta Doĵu Teknik ¦niversitesi, 

Fen Bilimleri Bºl¿m¿, Ankara. 

 

 

American Association for the Advancement of Science (AAAS). (1993). Benchmarks 

for science literacy. New York: Oxford University Press. 

 

 

Armstrong, T., (1994). Multiple Intelligences: Seven ways to approach curriculum, 

Educational Leadership, 26-28. 

 

 

Armstrong, T., (1994). Multiple intelligences in the classroom, 2nd edition, 

Alexandria, VA, Association for Supervision and Curriculum Development. 

USA. 

 

 

Armstrong, T., (2009). Multiple Intelligence in the classroom, 3nd edition, Alexandria, 

VA, Association for Supervision and Curriculum Development. USA. 

 

 

 

Arroyo, A. A., Rhoad, R., & Drew, P. (1999). Meeting diverse student needs in urban 

schools: Research-based recommendations for school personnel. Preventing 

School Failure, 43(4), 145-153. Doi:10.1080/10459889909604990 

 

 

Aĸ­ē, Z. ve Demircioglu, H. (2002). ¢oklu Zek© Teorisine Gºre Geliĸtirilen Ekoloji 

¦nitesinin 9. Sēnēf ¥rencilerinin Ekoloji Baĸarēsēna ve Tutumuna Olan Etkisi, 

V.Ulusal Fen Bilimleri ve Matematik Eitimi Kongresi, ODTU, Ankara, 

T¿rkiye. 

 

 

Atasoy, B., Genc , E., Kadayēfcē, H., Akkus, H. (2007). The effect of cooperative 

learning to grade 7 students understanding of physical and chemical changes 

topic. Hacettepe ¦niversitesi Eĵitim Fak¿ltesi Dergisi 32, 12-21. 

 

 

Ausubel, D.P. (1968). Educational Psychology: A Cognitive View. New York: Holt, 

Rinehart and Winston. 

 

 



165 

 

Aydemir, N. (2012). 5E ºĵrenme modelinin lise ºĵrencilerinin ­ºz¿n¿rl¿k dengesi 

konusunu anlamasēna etkisi. Yayēmlanmamēĸ doktora tezi. Ortadoĵu Teknik 

¦niversitesi, Fen Bilimleri Enstit¿s¿, Ankara. 

 

 

Azar, A., Presley, A. I., & Balkaya, ¥. (2003). ¢oklu zeka kuramēna dayalē ºĵretimin 

baĸarē, tutum, hatērlama ve biliĸsel s¿re­ becerilerine etkisi. Hacettepe 

¦niversitesi Eĵitim Fak¿ltesi Dergisi, 30, 45-54. 

 

 

Azar, A., Presley, A. I., & Balkaya, ¥. (2006). ¢oklu Zek© Kuramē Temelli ¥ĵretimin 

¥ĵrencilerin Baĸarē, Tutum, Hatērlama ve Biliĸsel S¿re­ Becerilerine Etkileri, 

Hacettepe ¦niversitesi Eĵitim Fak¿ltesi Dergisi, 30, 67-75. 

 

 

Balcē, S., ¢akēroglu, J., Tekkaya, C. (2006) Engagement, exploration, explanation, 

extension, and evaluation (5E) learning cycle and conceptual change text as 

learning tools. Biochemistry and Molecular Biology Education. 34(3): 199-

203. 

 

 

Balēm, A. G. (2006). Fen konularēnēn ­oklu zeka kuramēna dayalē ºĵretiminin 

ºĵrencilerin baĸarēlarēna ve kalēcēlēĵēna etkisi. Eĵitim Araĸtērmalarē, 23, 10-19 

 

 

Balēm, G., ķahin Pekmez, E., & ¥za­ēk Erdem, M. (2002). Asitler bazlar konusunda 

­oklu zeka kuramēna dayalē uygulamalarēn ºĵrenci baĸarēsēna etkisi. Ege 

Eĵitim Dergisi, 2, 13-19. 

 

 

Bandura, A. (1997). Self efficacy: The exercise of control. New York, NY: W. H. 

Freeman & Company. 

 

 

Baragona, M. (2009). Multiple intelligences and alternative teaching strategies: The 

effects on student academic achievement, conceptual understanding and 

attitude Unpublished Doctoral Dissertation, University of Mississippi, USA 

 

 

Baser, M. Geban O. (2007). Effect of Instruction Based on Conceptual Change 

Activities  on Studentsô Understanding of Static Electricity Concepts. Research 

in Science & Technological Educational, 25 (2), 243-267. 

 

 

Baĸbay, A. (2000). ¢oklu zek© kuramēna gºre eĵitim programlarē ve sēnēf i­i 

etkinliklerinin incelenmesi. Yayēnlanmamēĸ Y¿ksek Lisans Tezi, Hacettepe 

¦niversitesi Sosyal Bilimler Enstit¿s¿, Ankara. 

 

 



166 

 

Batman, K. A. (2002). ¢ok boyutlu zek© kuramē etkinlikleriyle destekli ºĵretimin eriĸi, 

tutum ve kalēcēlēĵa etkisi. Yayēnlanmamēĸ Doktora Tezi, Hacettepe 

¦niversitesi Sosyal Bilimler Enstit¿s¿, Ankara. 

 

 

Beaton, A. E., Martin, M. O., Mullis, I. V. S., Gonzalez, E. J., Smith, T., & Kelly, D. 

L. (1996b). Science achievement in the middle school years: IEAôs third 

international mathematics and science study. Chestnut Hill, MA: Center for the 

Study of Testing, Evaluation, and Educational Policy, Boston College. 

 

 

Beisenherz, P., & M. Dantonio. (1996). Using the learning cycle to teach physical 

science. Portsmouth, NH: Heinemann. 

 

 

Bektaĸ, O. (2011). The effect of 5E learning cycle model on tenth grade studentsô 

understanding in the particulate nature of matter, epistemological beliefs, 

Unpublished Ph.D. Thesis, Middle East Technical University, Ankara 

 

 

Bellamy, B., & Baker, C. (2005). Multiple Intelligences: Classroom Application. In 

M. Orey (Ed.), Emerging perspectives on learning, teaching, and technology. 

Retrieved Oct 14, 2009, from http://projects.coe.uga.edu/epltt/ .Last accessed 

on 12 March, 2015. 

 

 

Bellflower, J. B. (2008). A case study on the perceived benefits of Multiple 

Intelligence instruction: Examining its impact on student learning. 

Unpublished Doctoral Dissertation, Fielding Graduate University, USA. 

 

 

Bevenino, M. M., J. Dengel., & K. Adams. (1999). Constructivist theory in the 

classroom. The Clearing House, 275-278. 

 

 

Bilgin-Koken, E. ( 2006). The Effect Of Multiple Intelligences Based Instruction On 

Ninth Grades Chemistry Achievement And Attitudes Toward Chemistry. 

Unpublished Master Thesis. Middle East Technical University. Ankara. 

 

 

Bishop, W. E. (1980). Successful teachers of the gifted. In Renzulli, J. S. and Stoddard, 

E. P. (Eds), Under One Cover: Gifted and Talented Education in Perspective 

(pp. 152-160). Reston, VA: Council for Exceptional Children. 

 

 

Boiche, J. C. S., Sarrazin, P. G., Grouzet, F. M. E., Pelletier, L. G., & Chanal, J. P. 

(2008). Students' motivational profiles and achievement outcomes in physical 

education: a self-determination perspective. Journal of Educational 

Psychology, 100, 688-701. 

 

http://projects.coe.uga.edu/epltt/


167 

 

 

Boghossian, P. (2006). Behaviourism, Constructivism and Socratic Pedagogy, 

Educational Philosophy and Theory, 38(4). 713-722. 

 

 

 

Bozdogan, E. A., & Altuncekic. (2007). Fen bilgisi ºĵretmen sdaylarēnēn 5E ºĵretim 

modelinin kullanēlabilirliĵi hakkēndaki gºr¿ĸleri. Kastamonlu Eĵitim Dergisi, 

15(2), 579-590.  

 

 

Brigham, F. J., Scruggs, T. E., & Mastropieri, M. A. (2011). Science education and 

students with learning disabilities. Learning Disabilities Research & Practice, 

26(4), 223-232. 

 

 

Brown, A.L. (1994). The advancement of learning. Educational Researcher, 23(8), 4-

12. 

 

 

Bruinsma, M. (2004). Motivation, cognitive processing and achievement in higher 

education. Learning & Instruction, 14(6), 549-568. 

 

 

Bryan, R. R., Glynn, & Kittleson, J. M. (2011). Motivation, Achievement, and 

Advanced Placement Intent of High School Students Learning Science. 

Science Education, 95(6). 1049-1065. 

 

 

Bybee, R.W. et al. (1989). Science and technology education for the elementary years: 

Frameworks for curriculum and instruction. Washington, D.C: The National 

Center for Improving Instruction. 

 

Bybee, R.W. & Landes, N.M. (1990). Science for life & living: An elementary school 

science program from the biological sciences curriculum study. The American 

Biology Teacher, 52(2), 92-98. 

 

 

Bybee R.W., (1997), Achieving scientific literacy: from purposes to practices, 

Portsmouth, NH, Heinmann Publishing, pp. 82-86. 

 

 

Bybee, R., Taylor, J. et al. (2006). The BSCS 5E instructional model: Origins and 

effectiveness. Colorado Springs, CO: BSCS. 

 

 

Bybee, R. W., Powell, J. C., & Trowbridge, L. W. (2008). Teaching secondary school 

science (9th ed.). Columbus, OH: Pearson Prentice Hall.  

 

 



168 

 

Bybee, R., McCrae, B., & Laurie, R. (2009). An assessment of scientific literacy. 

Journal of Research in Science Teaching, 46(8), 865ï883. 

 

 

Calēskan, I. (2014). An international comparative case study about using science 

notebooks in science. Teacher Education Education and Science 39(175) 108-

120. 

 

 

Can, S., Altun, D.G., & Harmandar, M. (2011). ¢oklu zek© kuramēôna dayalē ºĵretimin 

eririĸi, tutum ve kalēcēlēĵa etkisi. e-Journal of New World Sciences Academy, 

(6)1, 147-168. 

 

 

Campbell, B. (1989) Multiple intelligence in the classroom. New horizons for learning 

on the beam. IX. No.2 Winter, 7-167 

http://www.newhorizons.org/art_mirclsrm.html . Last accessed on 31 March, 

2015. 

 

 

Campbell, L. (1997). Variations on a theme.How teachers interpret MI theory. 

Educational Leadership, 55(1), 14ï19. 

 

 

Campbell, B. (1991). Multiple intelligences in the classroom. Context Quarterly, 27, 

12-15. 

 

 

Campbell, L., & Campbell, B. (1999). Multiple intelligences and student achievement 

Success stories from six schools. Alexandria, VA.: Association for Supervision 

and Curriculum Development. 

 

 

Campbell, M. (2006). The effects of the 5e learning cycle model on studentsô 

understanding of force and motion concepts. A Masterôs Thesis. University of 

Central Florida Department of Teaching and Learning Principles, Florida. 

 

 

Campbell, B. (2008). Handbook of differentiated instruction using the multiple 

intelligences: Lesson plans and more. Boston, MA: Pearson Allyn & Bacon. 

(Grades K-12). Call number: Curr.Mat. LB1031 .C346 2008 

 

 

Caprio, M. W.  (1994). Easing into constructivism, connecting meaningful learning 

with student experience.  Journal of College Science Teaching, 23 (4), 210-

212. 

 

 

Cassady, J.C., & Johnson, R.E.(2002).Cognitive test anxiety and academic 

performance. Contemporary Educational Psychology, 27, 270ï295. 

http://www.newhorizons.org/art_mirclsrm.html


169 

 

  

 

Cavas, P. (2011). Factors affecting the motivation of Turkish primary students for 

science learning. Science Education International, 22, 31-42. 

 

 

Cetin-Dindar, A., & Geban, O. (2011) Development of a three-tier test to assess high 

school studentsô understanding of acids and bases Procedia - Social and 

Behavioral Sciences. Volume 15, 2011, Pages 600ï604 3rd World Conference 

on Educational Sciences ï 2011. 

 

 

Cetin-Dindar, A. (2012). The effect of 5E learning cycle model on eleventh grade 

studentsô conceptual understanding of acids and bases concepts and 

motivation to learn chemistry. Unpublished Dissertation, Middle East 

Technical University, Ankara, Turkey. 

 

 

Ceylan, E., & Geban, ¥. (2009). Facilitating comceptual change in understanting state 

of matter and solubility concepts by using 5E learning cycle model. Hacettepe 

University Journal of Education. 36: 41-50. 

 

 

Cigdemoglu, C. (2012). Effectiveness of Context-Based Approach Through 5E 

Learning Cycle Model on Studentsô Understanding of Chemical Reactions and 

Energy Concepts, and Their Motivation to Learn Chemistry. Unpublished 

Doctoral Dissertation, Middle East Technical University, Ankara, Turkey. 

 

 

Chapman, C. & Freeman, L. (1996). Multiple Intelligences Centers and projects 

centers and Projects. Arlington Heights, H. Skylight Professional 

Development. 

 

 

Chittleborough, G., Treagust, D. F., & Mocerino, M. (2002). Constraints to the 

development of first year university chemistry students' mental models of 

chemical phenomena. In Focusing on the Student. Proceedings of the 11th 

Annual Teaching Learning Forum, 5-6 February 2002. Perth: Edith Cowan 

University.http://lsn.curtin.edu.au/tlf/tlf2002/abstracts/chittleborough-

abs.html 

 

 

Cohen, J. (1988). Statistical power anaiysis for the behavioral sciences (2nd 

ed.).Hillsdale NJ:Erlbaum. 

 

 

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple 

regression/correlation analysis for the behavioral sciences (3rd edition). 

Mahwah, NJ: Erlbaum. 

 

http://www.sciencedirect.com/science/journal/18770428
http://www.sciencedirect.com/science/journal/18770428
http://www.sciencedirect.com/science/journal/18770428/15/supp/C


170 

 

 

Choi, N. (2005). Self-efficacy and self-concept as predictors of college students' 

academic performance. Psychology in the Schools, 42(2),197-205. 

 

 

Colburn, A., & Clough, M.P. (1997). Implementing the Learning Cycle, The Science 

Teacher 64(5), 30ï33. 

 

 

Davis K., Christodoulou J. A., Seider S., Gardner H. (2011). The Theory of Multiple 

Intelligences. In: Sternberg RJ, Kaufman SB Cambridge Handbook of 

Intelligence. New York: Cambridge University Press. pp. 485-503. 

 

 

DeBoer, G.E. (2000). Scientific Literacy: Another Look at its Historical and 

Contemporary Meanings and its Relationships to Science Education Reform. 

Journal of Research in Science Teaching, 37(6), 583ï599. 

 

 

Deci, E. L. (1980). The psychology of self-determination. Lexington, MA: D. C. Heath 

(Lexington Books). 

 

 

Deci, E.L. (1996). Why we do what we do: Understanding self-motivation. New York: 

Penguin. 

 

 

De Jong, O., & Taber, K. S. (2007). Teaching and learning the many faces of 

chemistry. In S. K. Abell & N. G. Lederman (Eds.), Handbook of research on 

science education (pp. 631-652). Mahwah, New Jersey: Lawrence Erlbaum 

Associates. 

 

 

Demirel, ¥., Tuncel, Ķ., Demir, K., & Demirhan, C. (2004). Uluslararasē bakalorya 

felsefesi dikkate alēnarak hazērlanmēĸ ­oklu zek© kuramē uygulamalarēnēn; 

ºĵrencilerin eriĸi d¿zeylerine, ºĵrenilenlerin kalēcēlēĵēna, ºĵrenci-ºĵretmen 

gºr¿ĸlerine ve deĵerlendirme s¿recine etkisi. Eĵitimde iyi ¥rnekler Konferansē 

Ķstanbul: Sabancē ¦niversitesi. 22 Ekim 2006ôda 

http://www.erg.sabanciuniv.edu/iok2004/ adresinden alēnmēĸtēr 

 

 

Diseth, ¡. (2011). Self-efficacy, goal orientations and learning strategies as mediators 

between preceding and subsequent academic achievement. Learning and 

Individual Differences, 21(2), 191ï195 

 

 

http://scholar.harvard.edu/joanna/publications/theory-multiple-intelligences
http://scholar.harvard.edu/joanna/publications/theory-multiple-intelligences


171 

 

Douglas, O., Burton, Smith, K., & Reese-Durham, N. (2008). The effects of the 

multiple intelligence teaching strategy on the academic achievement of eighth 

grade math students. Journal of Instructional Psychology, 35(2), 182-187. 

 

 

Driscoll, M. P. (2005). Psychology of learning for instruction (3rd ed.). Needham 

Heights, MA: Allyn and Bacon. 

 

 

Duit, R., & Treagust, D.F. (1998). Learning in science- from behaviourism towards 

social constructivism and beyond. In B. Fraser and K Tobin (Eds.), 

International handbook of science education, Part 1. (pp. 3-25). Dordrecht, The 

Netherlands: Kluwer. 

 

 

Dweck, C.S. (1992). The study of goals in psychology. Psychological Science, 3, 165ï

167. 

 

 

Ebenezer, J. V., & Haggerty, M. S. (1999). Becoming A Secondary School Science 

Teacher. Merill Press, New Jersey. 

 

 

Ekici, F. (2007). Yapēlandērmacē yaklaĸēma uygun 5e ºĵrenme dºng¿s¿ne gºre 

hazērlanan ders materyalinin ise 3. sēnēf ºĵrencilerinin y¿kseltgenme 

indirgenme tepkimeleri ve elektrokimya konularēnē anlamalarēna etkisi. 

Yayēmlanmamēĸ Y¿ksek Lisans Tezi. Gazi ¦niversitesi, Fen Bilimleri 

Enstit¿s¿, Ankara. 

 

 

Ekici, G. (2002). ¢oklu zek© kuramēna dayalē biyoloji ºĵretiminin analizi. V. Ulusal 

Fen Bilimleri ve Matematik Eĵitimi Kongresi. 16-18 Eyl¿l 2002. Ankara: 

ODT¦ K¿lt¿r ve Kongre Merkezi. www.fedu.metu.edu.tr/ufbmek- 

5/ozetler/msword/d018.doc. . Last accessed on 12 July 2015. 

 

 

Erden, M. & Akman, Y.  (1995). Eĵitim Psikolojisi Geliĸim-¥ĵrenme-¥ĵretme, 

Ankara: Arkadaĸ Yayēnevi. 

 

 

Ergin, Ķ., Kanlē, U., & ¦nsal,Y. (2008). An example for the effect of 5E model on the 

academic success and attitude levels of studentsô: ñInclined Projectile Motionò. 

T¿rk Fen Eĵitimi Dergisi (TUFED), 5(3), 47-59. 

 

 

Felder, R.M., & Brent, R.(2005). Understanding student differences. J. Engr. 

Education 94(1), 57ï72. 

 

http://www.fedu.metu.edu.tr/ufbmek-%205/ozetler/msword/d018.doc
http://www.fedu.metu.edu.tr/ufbmek-%205/ozetler/msword/d018.doc


172 

 

Fiji Education Commission (2000) 

http://education.blogs.erithacus.org/MIS_EdBlog/the-fiji -education-

commissi.html Last accessed on 15 September 2014. 

 

Francis, R. (2006). Drawing together teaching methods and strategies into a model for 

science education. Research in Science Education.17, 175-181. 

 

Fraenkel, J. R., & Wallen, N. E. (2003). How to design and evaluate research in 

education (5th ed.). Boston: McGraw-Hill.  

 

Fraenkel, J. R. & Wallen, N. E.(2009).How to design and evaluate research in 

education (7thed.).New York :Mc Graw ïHill.  

 

 

Gardner, H. (1982). Art, Mind and Brain. New York: Basic Books. 

  

 

Gardner, H. (1983). Frames of Mind. New York: Basic Books.  

 

Gardner, H. (1993). Multiple intelligences: The Theory in Practice. NY: Basic Books.  

 

Gardner, H. (1999). Intelligence reframed: Multiple intelligences for the 21st century. 

New York: Basic Books. 

 

Gardner, H. (2011). Frames of mind: The theory of multiple intelligences. New York, 

NY: Basic Books. 

 

 

Geban, ¥., Ertepēnar, H., Yēlmaz, G., Altēn, A., & ķahbaz, F. (1994). Bilgisayar 

destekli eĵitimin ºĵrencilerin fen bilgisi baĸarēlarēna ve fen bilgisi ilgilerine 

etkisi. I. Ulusal Fen Bilimleri Eĵitimi Sempozyumu: Bildiri ¥zetleri Kitabē, 

Dokuz Eyl¿l ¦niversitesi, Ķzmir, 1-2. 

 

 

Glasersfeld, E.  (1993). Questions and answers about radical constructivism.  In K. 

Tobin (Ed.). The practice of constructivism in science education (pp. 23-

38).  Hillsdale, NJ: Lawrence Erlbaum Associates. Hagen, J.P.(2000). 

Cooperative Learning in Organic II. Increased Retention on a Commuter.  

 

 

Glynn, S. M. & Koballa, T. R. (2005). Contextual Teaching and Learning. In R. Yager 

(Eds.), NSTA professional development monograph. Arlington (pp.75-84). 

VA: National Science Teachers Association. 

 

 

http://education.blogs.erithacus.org/MIS_EdBlog/the-fiji-education-commissi.html
http://education.blogs.erithacus.org/MIS_EdBlog/the-fiji-education-commissi.html


173 

 

Glynn, S.M., & Koballa, T.R. Jr., (2006). Motivation to learn in college science. In 

J.J. Mintzes & W.H. Leonard (Eds.), Handbook of college science teaching 

(pp. 25ï32). Arlington, VA: National Science Teachers Association Press. 

 

 

Glynn, S.M., Taasoobshirazi, G., & Brickman, P. (2007). Nonscience majors learning 

science: A theoretical model of motivation. Journal of Research in Science 

Teaching, 44, 1088ï1107. 

 

 

Goodnough, K. (2001). Multiple intelligences theory: A Framework for Personalizing 

Science Curricula. School Science & Mathematics, 101(4): 180- 193. 

 

 

Goldberg, M. D., & Cornell, D. G. (1998). The influence of intrinsic motivation and 

selfconcept on academic achievement in second- and third-grade students. 

Journal for the education of the Gifted, 21(2), 179-205. 

 

 

Gºkdere, M. ve Bak, Z. (2004). Atom modelleri ve yapēsē konusunda ­oklu zek© 

kuramēna uygun etkinlik geliĸtirme ­alēĸmasē. ¦st¿n Yetenekli ¢ocuklar 

Bildiriler Kitabē, I. T¿rkiye ¦st¿n Yetenekli ¢ocuklar Kongresi Yayēn Dizisi: 

2, 229-247. 

 

 

Gracious, F. L. A., & Shyla, F. L. J. A. (2012). Multiple intelligence and digital 

learning awareness of prospective B.Ed. teachers. Turkish Online Journal of 

Distance Education, 11 (3), Article 3. Retrieved from 

https://tojde.anadolu.edu.tr/tojde47/articles/article_3.htm. . Last accessed on 

20June2015 

 

 

 

G¿r­ay, D. & Eryēlmaz, A. (2002). Lise 1. sēnēf ºĵncilerinin ­oklu zeka alanlarēnēn 

tespiti ve fizik eĵitimi ¿zerine etkileri. V. Ulusal Fen Bilimleri ve Matematik 

Eltitimi Kongresi, Ankara. 

 

 

Gurcay, D. (2003). The effect of multiple intelligences based instruction on students' 

physics achievement. Middle East Technical University, Ankara, Unpublished 

Doctoral Thesis. 

 

 

Guvercin, O., Tekkaya, C., & Sungur, S. (2010). A cross age study of elementary 

studentsô motivation towards science learning. H. U. Journal of Education, 39, 

233-243. 

 

 

Hand, B., Treagust, D. F., & Vance, K. (1997). Student perceptions of social 

constructivist classroom. Science Education, 81, 561-575. 

https://tojde.anadolu.edu.tr/tojde47/articles/article_3.htm


174 

 

 

 

Hamurcu, H., G¿nay, Y., & ¥zyēlmaz, G. (2002). Buca Eĵitim Fak¿ltesi fen bilgisi ve 

sēnēf ºĵretmenliĵi bºl¿m¿ ºĵrencilerinin ­oklu zek© kuramēna dayalē profilleri 

[Buca Education Faculty science and classroom preservice teachersô profiles 

based on multiple intelligence theory]. Retrieved from 

http://www.fedu.metu.edu.tr/ufbmek5/b_kitabi/PDF/Science/Bildiri/+334.pdf 

Last accessed on January 20, 2015. 

 

 

Hancock, D. R., Bray M., & Nason, S. A. (2003). Influencing university studentsô 

achievement and motivation in a technology course. The Journal of 

Educational Research, 95, 365-372. 

 

 

Hanley, S. (1994). On Constructivism. Retrieved July, 1996 from the 

http://www.inform.umd.edu/UMS+State/UMDProjects/MCTP/Essays/Constr

uctivism.txt 

 

 

Hassard, J. (2003). Back of Meaningful Learning Model. 

http://www.csudh.edu/dearhabermas/advorgbk02.htm. Last accessed on 27 

May 2015. 

 

 

Hein, G.E. 2007.Constructivist Learning Theory.Manachusetts.Lesley College Press 

 

 

Hsieh, B. (2014). The importance of orientation: implications of professional identity 

on classroom practice and for professional learning, Teachers and Teaching: 

theory and practice, 21(2) 178-190.DOI: 10.1080/13540602.2014.928133 

 

 

Jain, A. (2012), Modeling of Indian summer monsoon rainfall. Directions Special lssue 

on Water, published by IIT Kanpur. http://home.iitk.ac.in/~ashujain/. Last 

accessed on 15 June, 2015. 

 

 

Jamil, A., & Atta, M. (2012). Effects of motivation and parental influence on the 

educational attainments of students atsSecondary level. Academic Research 

International. 

 

 

Jing, J. 2013. Teaching English Reading through Multiple Intelligences Theory in 

Primary Schools. Published by Canadian Center of Science and Education, 

Vol. 6, No. 1, p. 132 [Available at: http://dx.doi.org/105539/elt/v6n1p132] 

Retrieved: 30 September 2013.. 

 

 

http://www.inform.umd.edu/UMS+State/UMDProjects/MCTP/Essays/Constructivism.txt
http://www.inform.umd.edu/UMS+State/UMDProjects/MCTP/Essays/Constructivism.txt
http://www.csudh.edu/dearhabermas/advorgbk02.htm.%20Last%20accessed%20on%2027
http://home.iitk.ac.in/~ashujain/


175 

 

Johnson, D. W., & Johnson, R. T. & Stanne, M. B., (2002). Cooperative learning 

methods: A meta-analysis. [viewed 23 Nov 2004, verified 29 Apr 2005] 

 

 

Jonassen, D. H. (1991). Objectivism versus constructivism: do we need a new 

philosophical paradigm? Educational Technology Research and Development, 

39 (3), 5-14. 

 

 

Kan, A. & Akbas, A. (2006). Affective factors that influence chemistry achievement 

(attitude and self efficacy) and the power of these factors to predict chemistry 

achievement-I. Journal of Turkish Science Education, 3(1): 76-85. 

 

 

Kaptan, F. (1998). Teaching science. Istanbul: Ministry of Education Publications 

Teacher Books Series. 

 

 

Karplus, R., and Thier, H. (1967). A new look at elementary school science. Chicago: 

Rand-McNally. 

 

 

Kayēran, B.K., & Ķflazoĵlu, A. (2007). ¢oklu zek© kuramē destekli kubaĸēk ºĵrenme 

yºnteminin T¿rk­e dersine iliĸkin tutuma ve okuduĵunu anlama baĸarēsēna 

etkisi. Eurasian Journal of Educational Research, 29, 129-141. 

 

 

Kaynar, D., (2007). The Effects of 5E Learning Cycle Approach on Sixth Grade 

Studentsô Understanding of Cell Concept, Attitude Toward Science and 

Scientific Epistemological Beliefs. Unpublished Master Thesis, Middle East 

Technical University, Ankara Turkey.  

 

 

Kēlavuz, Y. (2005). The Effects of 5E Learning Cycle Model Based on Constructivist 

Theory on Tenth Grade Studentsô Understanding of Acid-Base Concepts. 

Unpublished Master Thesis, Middle East Technical University, Ankara 

Turkey.  

 

 

Koballa, T.R. & Glynn, S.M. (2007). Attitudinal and motivational constructs in 

science education. In S.K. Abell& N. Lederman (Eds.), Handbook for research 

in science education (pp. 75-102). Mahwah, NJ: Erlbaum. 

 

 

Kocakaya, S. (2011). An educational dilemma: Are educational experiments working? 

Educational Research and Reviews. 6(1), 110-123. 

 

 

Koksal, M., & Yel, M. (2007). The effect of multiple intelligences theory-based 

instruction on attitudes towards the course, academic success, and permanence 



176 

 

of teaching on the topic of "Respiratory Systems". Educational Sciences: 

Theory & Practice. 7, 231-239. 

 

 

Kozcu-¢akēr, N., & ķenler, B. (2007). Fen bilgisi ve sēnēf ºĵretmenliĵi anabilim 

dalēnda ºĵrenim gºren ºĵretmen adaylarēnēn ºz-yeterlik inan­larēnēn 

belirlenmesi (Muĵla ¦niversitesi ¥rneĵi). 16. Ulusal Eĵitim Bilimleri 

Kongresi. Gaziosmanpaĸa ¦niversitesi, Eĵitim Fak¿ltesi, 5-7 Eyl¿l 2007. 

 

 

K¿­¿kahmet, L. (2003). ¥ĵretimde planlama ve deĵerlendirme (13. baskē). Ankara: 

Nobel Yayēn Daĵētēm. 

 

 

Kurey, M. M. (1991). The traditional and learning cycle approaches to performance 

inhigh school chemistry topics by students tested for Piagetian 

cognitivedevelopment. Unpublished doctoral dissertation, Temple University, 

USA.  

 

 

Lacy, L. (2005). Science Learning Experiences using the 5-E Learning Cycle 

http://dese.mo.gov/divimprove/curriculum/science/SciLearnExp5_E11.05.pdf

.Last accessed on 18 March 2015 

 

 

Lawson, A.E. (1988). A better way to teach biology. The American Biology Teacher, 

50(5), 266-289. 

 

 

Lawson, A. E. (1995). Science teaching and the development of thinking. Belmont, 

CA: Wadsworth Publishing Company. 

 

 

Lehmann, K. (1996). Bad Chemistry. Dept of Chemistry, Princeton University, NJ.  

 

 

Lepper, M. R., Corpus, J. H., & Iyengar. S. S. (2005). Intrinsic and extrinsic 

motivational orientations in the classroom: Age differences and academic 

correlates. Journal of Educational Psychology, 97, 184-196. 

 

 

Levin, J., & Nolan, J. (2007) Principles of Classroom Management: A Professional 

Decision Making Model (5th Ed.). Boston: Allyn & Bacon. 

 

 

Lindvall, R. (1995). Addressing multiple intelligences and learning styles: Creating 

active learners.Unpublished Doctoral Dissertation, IL: Saint Xavier University. 

 

 

http://dese.mo.gov/divimprove/curriculum/science/SciLearnExp5_E11.05.pdf.Last
http://dese.mo.gov/divimprove/curriculum/science/SciLearnExp5_E11.05.pdf.Last


177 

 

Lucangeli D., Scrugss T.E. (2003). Text Anxiety, Perceived Competence, and 

Academic Achievement in Secondary School Students. Advances in Learning 

and Behavioural Disabilities, 16, 223-230. 

 

 

Marek, E. A., Eubanks, C., & Gallaher, T. (1990). Teachers' understanding and the use 

of the learning cycle. Journal of Research in Science Teaching, 27, 821-834. 

 

 

Marek, E., & A. Cavallo. (1997). The Learning cycle: Elementary school science and 

beyond. Portsmouth, NH: Heinemann. 

 

 

Mascolo, M. F. (2009). Beyond student centered and teacher centered pedagogy: 

Teaching and Learning as guided participation. Pedagogy and Human 

Sciences. 1 (1), 3-27. 

 

 

Mattern, N., & Schau, C. (2002). Gender differences in science attitude ï achievement 

relationships over time among white middle-class students. Journal of 

Research in Science Teaching, 39, 324-340. 

 

 

Mayers, A. (2013) Introduction to statistics and Spss in Psychology. Pearson 

Education Limited 

 

 

Milli Eĵitim Bakanlēĵē, (2013), ¥ĵretim kimya ºĵretim m¿fredatē 

file:///C:/Users/mustafa/Downloads/95_dosya_1428922988.pdf Last accessed 

on 19 January 2014. 

 

 

McClellan, J. & Conti, G. (2008, November). Identifying the multiple intelligences of 

your students. Journal of Adult Education. 37. 13-32. Retrieved from 

http://www.doc-stoc.com/docs/39646581/Identifying-the-Multiple-

Intelligences-of-Your-Students 

 

 

McCormick, S.T. (2000). Fast Algorithms for Parametric Scheduling come from 

Extensions to Parametric Maximum Flow. Operations Research, 47, 744ï756; 

an extended abstract appears in Proceedings of Symposium on the Theory of 

Computing (1996) 319ï 328. 

 

 

Michael, J. A. (2001). In pursuit of meaningful learning. Advances in Physiology 

Education, 25,145-158.Retrieved from 

http://advan.physiology.org/cgi/reprint/25/3/145. Last accited on 19 January 

2016 

 

 

file:///C:/Users/mustafa/Downloads/95_dosya_1428922988.pdf
http://www.doc-stoc.com/docs/39646581/Identifying-the-Multiple-Intelligences-of-Your-Students
http://www.doc-stoc.com/docs/39646581/Identifying-the-Multiple-Intelligences-of-Your-Students
http://people.commerce.ubc.ca/faculty/mccormick/L11ggtsch3.pdf
http://people.commerce.ubc.ca/faculty/mccormick/L11ggtsch3.pdf
http://advan.physiology.org/cgi/reprint/25/3/145


178 

 

Miyazaki, K. (2004). "How well do we understand absolute pitch?" Acoustical Science 

and Technology 25(6): 270ï282. doi:10.1250/ast.25.426 

 

 

Montgomery, D.C. (2001). Design and Analysis of Experiments (5th ed.) New York: 

John Wiley and Sons. 

 

 

Morgan, G. (2006). Images of Organizations. Thousand Oaks: Sage Publications, Inc. 

 

 

Motlagh S.E., Amrai K., Yazdani M.J., Abderahim, H.A., & Souri, H. (2011). The 

relationship between self-efficacy and academic achievement in high school 

students. Procedia - Social and Behavioral Sciences, 15: 765- 768. doi: 

10.1016/j.sbspro.2011.03.180. 

 

 

Musheno, B. V. & Lawson A. E. (1999). Effects of learning cycle and traditional text 

on comprehension of science concepts by students at differing reasoning levels. 

Journal of Research in Science Teaching, 36 (1), 23-37. 

 

 

Nadeem, M., Akhtar A., Maqbool, S., & Zaidi, S.U. (2012). Impact of anxiety on the 

academic achievement of students. International Online Journal of Educational 

Sciences, 4 (3), 519-528. 

 

 

National Research Council. (1996). National science education standards. 

Washington, DC: National Academy Pres. 

 

 

News Digest 25 (ND25), (1997). Interventions for Students with Learning Disabilities 

http://www.nichcy.org/pubs/newsdig/nd25txt.htm Last accited on 9 March 

2015. 

 

 

Nieswandt, M. (2007). Student affect and conceptual understanding in learning 

chemistry. Journal of Research in Science Teaching, 44(7), 908-937. doi: 

10.1002/tea.20169. 

 

 

Novak, J. D., & Gowan, D. B. (1984). ñLearning how to learnò. Cambridge: 

Cambridge University Press. 

 

 

OôConnell, K. (2009). Investigation of Gardnerôs theory of multiple intelligence 

interrelate with student engagement and motivation on urban middle school 

youth. Walden University. 

 

 

http://psyche.ge.niigata-u.ac.jp/Psyche/Miyazaki/Papers/Miyazaki2004.pdf
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1250%2Fast.25.426
http://www.nichcy.org/pubs/newsdig/nd25txt.htm


179 

 

Odom A. & P. Kelly. (1998). Making learning meaningful. The Science Teacher 

65(4):33-37. 

 

 

OECD. (2006). The PISA 2006 Assessment Framework for Science, Reading and 

Mathematics. Paris: OECD. 

 

 

OECD (2007), PISA 2006, Science Competencies for Tomorrowôs World, ISBN 978-

92-64-04000-7, ú 40, 390 pages (especially Chapter 4, ñQuality and Equity in 

the Performance of Students and Schoolsò), or visit www.pisa.oecd.org. Last 

accessed on 12 December 2015. 

 

 

Ongoren, H., & Sahin, A. (2008). ¢oklu zeka kuramē tabanlē ºĵretimin ºĵrencilerin 

fen bilgisi baĸarēlarēna etkileri. Pamukkale University Education Faculty 

Journal, 1(23), 24-35. 

 

 

Orey, M. (2010). Emerging perspectives on learning, teaching, and technology. 

Zurich, Switzerland: Global Text. Retrieved July 14, 2015. 

 

 

Osborne,ΠJ.ΠF.,ΠSimon,ΠS.,Π&ΠCollins,ΠS.Π(2003).ΠAttitudesΠtowardsΠScience:ΠA

ΠReviewΠofΠtheΠLiteratureΠandΠitsΠImplications.ΠInternationalΠJournalΠof

ΠScienceΠEducation,Π25(9),Π1049ï1079. 

 

 

Ozdemir, P. (2002). ¢oklu Zeka Kuramē Tabanlē ¥ĵretim Yºnteminin ¥ĵrencilerin 

Canlēlar ¢eĸitlidir ¦nitesini Anlamalarē ¦zerine Etkisi, Orta Doĵu Teknik 

¦niversitesi, Ankara, Yayēnlamamēĸ Y¿ksek Lisans Tezi. 

 

 

Ozdemir, P., Guneysu, S., & Tekkaya, C. (2006). Enhancing learning through multiple 

intelligences. Journal of Biological Education, 40(2), 74-78. 

 

 

Pabu­cu, P. (2008). Improving 11th grade students' understanding of acid-base 

concepts by using 5E learning cycle model. Unpublished Doctoral Dissertation, 

Middle East Technical University, Ankara, Turkey. 

 

 

Padilla, M.J., (1991). Science Activities, Process Skills, and Thinking in The 

Psychology of Learning Science. Glynn, S. M., Yeany, R. H., and Britton, B. 

K., Eds. Hillsdale, New Jersey: Lawrence Erlbaum, 205-217. 

 

 

Pajares, F. & Schunk, D.H. (2001). Self-beliefs and school success: Self-efficacy, 

Selfconcept, and school achievement. In R.Riding & S.Rayner (Eds.), self-

perception (pp.239- 266).London: Ablex Publishing. 

http://www.pisa.oecd.org/


180 

 

 

 

Pallant, J.( 2005). SPSS survival manual: a step by step guide to data analysis using 

SPSS for windows (Version 12). 2nd ed. Maidenhead: Open University Press. 

 

 

Pal, B. (2011). Education psychology. India: Prerna Parkashan. 

 

 

Parakash, J. (2011) ñWhat are the aims of Teaching Science to students?ò 

http://www.preservearticles.com/201105216962/aimsof-teaching-

science.html. 2011.Last accesed on 18 April 2015 

 

 

Pavelich, M.J., & Abraham, M.R. (1979). An Inquiry format laboratory for general 

chemistry, Journal of Chemical Education. 53(2), 100-103. 

 

 

Perrier, F. & Nsengiyumva, J. B. (2003). Active science as a contribution to the trauma 

recovery process. Preliminary indications with orphans for the 1994 genocide 

in Rwanda. International Journal of Science Education, 25, 1111- 1128. 

 

 

Piaget, J. (1977). The Role of Action in the Development of Thinking. In W.F. Overton 

& J.M Gallagher (Eds.), Advances in Research and Theory. New York: Plenum 

Press. 

 

 

Pintrich, P. R., & Schunk, D. H. (2002). Motivation in education: Theory, research, 

and applications (2nd ed.). Upper Saddle River, NJ: Prentice Hall. 

 

 

Qarareh, A. O. (2012). The Effect of using the learning cycle method in teaching 

science on the educational achievement of the sixth graders. International 

Journal of Science Education, 4(2), 123-132. 

 

 

Raghubir, K. P. (1979). The laboratory-investigative approach to science 

instruction. Journal of Research in Science Teaching, 16(1), 13-18. 

 

 

Regina Conlon Tratnyek, (1996) "The effects of prior knowledge and instructional 

patterns on academic achievement and metacognition in global studies" 

(January 1, 1996). ETD Collection for Fordham University 

PaperAAI9631025. http://fordham.bepress.com/dissertations/AAI9631025 

 

 

Renner, J. W., Abraham, M.R., & Birnie, H.H. (1985). Secondary school students' 

beliefs about the physics laboratory. Science Education, 69(5), 649-663. 

 

http://www.preservearticles.com/201105216962/aimsof-teaching-science.html.%202011
http://www.preservearticles.com/201105216962/aimsof-teaching-science.html.%202011
http://fordham.bepress.com/dissertations/AAI9631025


181 

 

 

Royer, J.M. (1986). Desingnig instruction to Produce Understanding: An Approach 

based on Cognitive Theory. Cognitive Classroom Learning. 

 

 

Sadi,O. & Cakiroglu, J. (2010). Effects of 5E learning cycle on studentsô human 

circulatory system achievement. Journal of Applied Biological Sciences 4 (3): 

63-67. 

 

 

Sahin, A., ¥ngºren, H., & ¢okadar, H. (2010). ¢oklu zek© kuramē tabanlē ºĵretimin 

ºĵrencilerin Fen Bilgisine yºnelik tutumlarēna etkisi. Education Sciences, 5(2), 

431- 445. 

 

 

Sanfeliz M, Stalzer M. (2003). Science motivation in the multicultural class room. Sci. 

Teach. 70(3):64-66. 

 

 

Sanger, M. J., & Greenbowe T. J. (1997a). Students' Misconceptions in 

Electrochemistry Regarding Current Flow in Electrolyte Solutions and the Salt 

Bridge. Journal of Chemical Education, 74(7), 819-823. 

 

 

Sansgiry, S.S., Bhosle, M., & Dutta, A. P. (2005). Predictors of test anxiety in doctor 

of pharmacy students: An empirical study. Pharmacy Education, 5(2), 121-

129. 

 

 

Saunders, W. L. & Shepardson, D. (1987). A comparison of concrete and formal 

scienceinstruction upon science achievement and reasoning ability of sixth-

grade students. Journal of Research in Science Teaching 24(1), 39-51. 

 

 

Schlenker, R.M., Blanke, R., & Mecca, P. (2007). Using the 5E learning cycle 

sequence with carbon dioxide. Science Activities, 44(3), 83-93. 

 

 

Schneider, L. S. & Renner, J. W. (1980). Concrete and formal teaching. Journal of 

Research in Science Teaching 17(6), 503-517. 

 

 

Schunk, D. H. (2000). Learning Theories, Prentice hall, Third edition. 

 

 

Seipp, B. (1991). Anxiety and academic performance: A meta-analysis of findings. 

Anxiety Res. 4. 27-41. 

 

 



182 

 

Shearer, B. (2004). Multiple intelligences theory after 20 years. Teachers college 

record, 106, 2-16. Retrieved March 6, 2008, from EBSCO Host Database. 

 

 

Shuell, T. (1986). Cognitive Conceptions of Learning. Review of Educational 

Research.56 (4), 411-436. 

 

 

Stanford, P. (2003). Multiple intelligence for every classroom. Intervention in School 

and Clinic. 39 (2). 80. 

 

 

Struwig, F.W. & Stead, G.B. (2001). Planning, designing and reporting research. 

RSA: Maskew Miller Longman (Pty) Ltd. 

 

 

Sunar, S. (2013). The effect of context-based instruction integrated with learning cycle 

model on studentsôachievement and retention related to states of matter subject. 

Unpublished Doctoral Dissertation, Middle East Technical University, Ankara, 

Turkey. 

 

 

Supasorn, S. (2015). Grade 12 studentsô conceptual understanding and mental models 

of galvanic cells before and after learning by using small-scale experiments in 

conjunction with a model kit. Chemistry Education Research and Practise. 16, 

393-407. 

 

 

Supasorn, S. & Promarak, V. (2014). Implementation of 5E inquiry incorporated with 

analogy learning approach to enhance conceptual understanding of chemical 

reaction rate for grade 11 students Chemistry Education Research and Practise 

16, 121-132. DOI: 10.1039/C4RP00190G. 

 

 

Simsek, N., (2004), Yapēlandērmacē ¥ĵrenme ve ¥ĵretime Elestirel Bir Yaklasēm. 

Eĵitim Bilimleri ve Uygulama, Haziran, 3(5), 115ï139. 

 

 

Tabachnick, B.G., & Fidell, L. S. (2007). Using multivariate statistics, 5th ed. Boston, 

MA: Allyn and Bacon 

 

 

Tarouco, L.M, Geller, M., Roseclea-Medina, R. (2006) ñCmap as a Communication 

Tool to Promote Meaningful Learningò Universidade Federal do Rio Grande 

do Sul, Universidade Luterana do Brasil, Universidade Federal de Santa Maria, 

Brazil. Rethttp://cmc.ihmc.us/cmc2006Papers/cmc2006-p152.pdf.Last accited 

on 15 April 2015 

 

http://cmc.ihmc.us/cmc2006Papers/cmc2006-p152.pdf


183 

 

Tasezen, S. S. (2005). ¢oklu zek© kuramēna gºre hazērlanan ºĵretim etkinliklerinin 

eriĸiye, kavram ºĵrenmeye ve tutuma etkisi. Yayēmlanmamēĸ Y¿ksek Lisans 

tezi, Marmara ¦niversitesi, Ķstanbul. 

 

 

Thornton, R. K. (1999). Why Donôt Physics Students Understand Physics? Building a 

Consensus, Fostering Change. Chapter in The Thirteenth Labor, Improving 

Science Education, E.J. Chaisson, TC Kim ed., (Amsterdam, Gordon and 

Breach Publishers). 

. 

Tobin, K., Tippins, D., & Gallard, A. J. (1994). Research on instructional strategies 

for teaching science. In D. L. Gabel (Ed.), Handbook of Research on Science 

Teaching and Learning (pp. 45-93). New York: Macmillan Publishing 

Company. 

 

 

Treagust, D. F., Harrison, A. G., Venville, G. J., & Dagher, Z. (1996). Using an 

analogical teaching approach to engender conceptual change. International 

Journal of Science Education, 18(2), 213-229. 

 

 

Treagust, D. F., Dust, R., & Fraser, B., (1996). Overview: research on studentsô 

preinstructional conceptions- the driving force for improving teaching and 

learning in science and matematics in Improving Teaching and Learning in 

Science and Mathematics. D. F. Treagust, & R. Duit, & B.J. Fraser, Eds. New 

York: Teachers College Press, 1-16. 

 

 

Trowbridge, L. W., Bybee, R. W., & Powell, J. C. (2000). Teaching Secondary School 

Science, Upper Saddle River, NJ: Merrill / Prentice Hall. 

 

 

Turk & Calēk. (2008). Using different conceptual change methods embedded within 

5E model: A sample teaching of endothermic- exothermic reactions. Asia- 

Pacific forum on science learning and teaching. 9(1). 

 

 

Ucak, E., Bag, H., & Usak, M. (2006). Enhancing learning through multiple 

ēntelligences in elementary science education. Journal of Baltic Science 

Education, 2(10), 61-69. 

 

 

Uslu, F. (2005). ¢oklu zeka kuramēna dayalē biyoloji ºĵretimin ºĵrencilerin baĸarē ve 

tutumuna etkisi. Doktora Tezi, Dokuz Eyl¿l ¦niversitesi, Eĵitim Bilimleri 

Enstit¿s¿, Ķzmir. 

 

 

Uzuntiryaki, E., Boz, Y., Kērbulut, D., & Bektas, O. (2010). "Do Pre-Service 

Chemistry Teachers Reflect Their Beliefs About Constructivism To Their 

Teaching Practice?" Research in Science Education, C. 40, 403-424.  



184 

 

 

Uzuntiryaki- Kondak­ē,E. & Senay,A. (2015) Predicting Chemistry Achievement 

through Task Value, Goal Orientations, and Self-Efficacy: A Structural Mode.l 

Croatian Journal of Education 17(3). 

 

 

Vicent, L., (2007). ñThe online student on technical degree courses. Motivation, 

interests and technical problemsò. In: Federico BORGES (coord.). ñThe virtual 

environment studentò [online dossier]. Digithum. Iss. 9. UOC. [Date of 

citation: dd/mm/yy]. http://www.uoc.edu/digithum/9/dt/eng/vicent.pdf>. Last 

accessed on 27 February 2015. 

 

 

Von Glasersfeld, E. (1993). Questions and answers about radical constructivism. In 

K. Tobin (Ed.), The practice of constructivism in science education (pp. 23-

38). Hillsdale, NJ: Lawrence Erlbaum Associates. 

 

 

Vygotsky, L. S. (1980). Mind in Society: The Development of Higher Psychological 

2006Processes. Cambridge: Harvard University Press. 

 

 

Wares, A. (2013). An application of the theory of multiple intelligences in 

mathematics classrooms in the context of origami. International Journal of 

Mathematical Education in Science & Technology, 44(1), 122-131. 

doi:10.1080/0020739X.2012.662297 Available from http://navigator-

iup.passhe.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true

&db=eue&AN=84423224&site=eds-live.Last accited on 11 September 2015. 

 

 

Ward, C.R. & Herron, D. (1980). Helping students understand formal chemical 

concepts. Journal of Research in Science Teaching, 17(5), 387-400. 

 

 

Wandersee, J.H., Mintzes, J.J., & Novak, J.D. (1994). Research on alternative 

conceptions in science. In D.L. Gabel (Ed.), Handbook of research on science 

teaching and learning (pp. 177-210). New York: MacMillan. 

 

 

Warner, M. E. (2012). Privatization and Urban Governance: The Continuing 

Challenges of Efficiency, Voice and Integration, Cities, in press. 

 

 

Woolfolk, A. E. (2005). Educational psychology (9'h ed.). Boston: Allyn 8: Bacon. 

 

 

Woolfolk, Anita. (2004). Educational Psychology. (9th ed). Boston: Allyn and Bacon. 

 

Yager, R. E. (1991). The constructivist learning model: Towards real reform in science 

education. The Science Teacher, September, 53-57. 

http://www.uoc.edu/digithum/9/dt/eng/vicent.pdf%3e
http://navigator-iup.passhe.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eue&AN=84423224&site=eds-live.Last
http://navigator-iup.passhe.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eue&AN=84423224&site=eds-live.Last
http://navigator-iup.passhe.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eue&AN=84423224&site=eds-live.Last


185 

 

Yal­ēn, A. & Kēlē­, Z. (2005). ¥ĵrencilerin Yanlēĸ Kavramalarē ve Ders Kitaplarēnēn 

Yanlēĸ Kavramalara Etkisi ¥rnek Konu: Radyoaktivite. Gazi ¦niversitesi, 

Gazi Eĵitim Fak¿ltesi Dergisi, 25(3), 125-141. 

 

 

Yēldēran-Sonmez,D.( 2015) Effect of case based learning instruction on 11th grade 

studentsô understanding of acids and bases concepts and their motivation to 

learn chemistry. Unpublished Ph.D. Thesis, Middle East Technical University, 

Ankara 

 

 

Yēlmaz, G. ve Fer, S. (2003). ¢ok yºnl¿ zeka alanlarēna gºre d¿zenlenen ºĵretim 

etkinliklerine iliĸkin ºĵrencilerin gºr¿ĸleri ve baĸarēlarē. Hacettepe 

¦niversitesi Eĵitim Fak¿ltesi Dergisi, 25, 235-245. 

 

 

Y¥K/D¿nya Bankasē Milli Eĵitimi Geliĸtirme Projesi, Fak¿lte-Okul Ķĸbirliĵi, Y¥K 

Yayēnē, Ankara 1997. 

 

 

Yurt, E., & Polat, S. (2015). The effectiveness of multiple intelligence applications on 

academic achievement: a meta-analysis. Journal of Social Studies Education 

Research, (6)1, 84-122. (H.W. Wilson's Education Full Text). 

 

 

Zimmerman, B. J., & Bandura, A. (1994). Impact of self-regulatory influences on 

writing course attainment. American Educational Research Journal, 31, 845ï

862. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



186 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



187 

 

 

APPENDICES 

 

 

A. MEB PERMISSION 

(MEB ĶZNĶ) 

 

 

 

 



188 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



189 

 

B. CHEMICAL PROPERTIES ACHIEVEMENT PRE -TEST 

(KĶMYASAL ¥ZELLĶKLER BAķARI ¥N-TESTĶ) 

 

 

 

A­ēklama:  

Sevgili ºĵrenciler;  

Bu test bir araĸtērma i­in d¿zenlenmiĸtir. Bu bºl¿mdeki kimyasal deĵiĸimler ¿nitesi 

ile ilgili sorularē cevaplandērmak i­in her bir soru i­in verilen 5 se­enekten birini 

se­meniz gerekmektedir. Teste 20 soru vardēr. Sorularē dikkatli okuyunuz ve her 

soruyu cevaplamaya ­alēĸēnēz. Yardēmlarēnēz ve katkēlarēnēzdan dolayē ­ok teĸekk¿r 

ederim.     

Araĸ.Gºr. Mustafa T¦YS¦Z 

 

Soru 1 

  

Sal­anēn k¿flenmesi 

 

S¿t¿n mayalanmasē    

 

Buzullarēn erimesi 

 

Elmanēn ­¿r¿mesi        

 

Hamurun mayalanmasē  Kaĵēdēn yērtēlmasē 

Yukarēda numaralandērēlmēĸ deĵiĸimler fiziksel ya da kimyasal oluĸlarēna gºre 

aĸaĵēdaki se­eneklerin hangisinde doĵru olarak sēnēflandērēlmēĸtēr? 

 Fiziksel Deĵiĸim Kimyasal Deĵiĸim 

 

A) I-IV-VI  II -III -V 

B) III -VI  I-II -IV-V 

C) I-II -IV-V III -VI  

D) I-II  III -IV-V-VI  

E) I-II -III  IV-V-VI  
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Soru 2 

 

Yukarēda tanecik boyutta gºsterimleri verilen ĸekillerden hangisinde maddeler I. 

durumdan II. duruma ge­erken fiziksel ya da kimyasal deĵiĸime uĵraĸmēĸtēr 

belirleyiniz. 

 I.Durum II.Durum III.Durum 

A) Fiziksel Kimyasal Kimyasal 

B) Fiziksel Fiziksel Fiziksel 

C) Kimyasal Kimyasal Fiziksel 

D) Kimyasal Fiziksel Fiziksel 

E) Kimyasal Kimyasal Kimyasal 

 

Soru 3 

I. CH4(sēvē) + 2O2(gaz)                  CO2(gaz) + 2H2O(sēvē) 

II.  H2O(sēvē) H2O(katē) 

III.  CO2(gaz) CO2(suda) 

IV. Fe(katē) + O2(gaz) Fe2O3(katē) 

V NaOH(suda) + HCl(suda)  NaCl(suda) + H2O(sēvē) 

VI.  KI(katē) KI (suda) 

 Yukarēda denklemleri verilen deĵiĸimler fiziksel ya da kimyasal oluĸlarēna 

gºre aĸaĵēdaki hangi se­enekte doĵru olarak sēnēflandērēlmēĸtēr? 

 Fiziksel Deĵiĸim Kimyasal Deĵiĸim 

 

A) II -III -IV  I-V-VI  

B) I-II -V III -IV-VI  

C) I-IV-V II -III -VI  
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D) I-II -III  IV-V-VI  

E) II -III -VI  I-IV-V 

   

SORU 4 

 

 Yukarēdaki ĸemada camēn geri-dºn¿ĸ¿m aĸamalarē ºzetlenmiĸtir. Bu gºre camēn 

numaralandērēlmēĸ durumlarēndaki deĵiĸimleri i­in aĸaĵēdakilerden hangisi doĵrudur? 

 I.Durum II.Durum III.Durum 

 

A) Fiziksel Kimyasal Kimyasal 

B) Fiziksel Fiziksel Fiziksel 

C) Kimyasal Kimyasal Kimyasal 

D) Kimyasal Fiziksel Fiziksel 

E) Fiziksel Kimyasal Fiziksel 

 

 

 

Soru 5 

Aĸaĵēda denklemleri verilen tepkimelerden hangisi ekzotermik bir olaya ºrnektir? 

A) C3H8(sēvē)    C3H8(gaz) 

B) KClO3(katē)                          KCl(katē) + O2(gaz) 

C) C2H4(sēvē) + 3O2(gaz)                   2CO2(gaz)+ 2H2O(sēvē) 

D) C6H12O6(katē)                   C6H12O6(suda) 

E) H2O(katē)                H2O(sēvē) 
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Soru 6 

 

Yukarēda tanecik boyutta gºsterimi verilen madde numaralandērēlmēĸ deĵiĸimlerinin 

hangisi yada hangilerinde ­evreden ēsē almēĸtēr?   

A) I, II, IV  B) II, III  C) I, II  D) III, IV  E) I, II, III, IV  

 

 

 

 

Soru 7 

 

Yukarēda g¿nl¿k yaĸamda karĸēlaĸtēĵēmēz olaylar endotermik ya da ekzotermik 

oluĸlarēna gºre sēnēflandērēlmēĸtēr. Buna gºre numarandērēlmēĸ olaydan hangileri yer 

deĵiĸtirilirse doĵru bir sēnēflandērma yapēlmēĸ olur?  

A) 1 numaralē olayla 7 numaralē olay yer deĵiĸtirilerek 

B) 3 numaralē olayla 6 numaralē olay yer deĵiĸtirilerek 

C) 2 numaralē olayla 5 numaralē olay yer deĵiĸtirilerek 

D) 4 numaralē olayla 8 numaralē olay yer deĵiĸtirilerek 

E) 3 numaralē olayla 5 numaralē olay yer deĵiĸtirilerek 
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Soru 8 

 MgO(suda) + Zn(katē)  Ą  ZnO(suda) + Mg(katē)    

 ZnCO3(katē) + ēsē Ą ZnO(katē) + CO2(gaz)                   

 N2(g) + 3H2(g) Ą 2NH3(g) 

 HNO3(suda) + KOH(suda) Ą KNO3(suda) +H2O(sēvē)  

 C4H10(gaz) + O2(gaz) Ą CO2(gaz) + H2O(gaz)      

Yukarēda denklemleri verilen tepkimelerin t¿r¿ne gºre sēnēflandērēlmasē aĸaĵēdaki 

se­eneklerin hangisinde doĵru olarak verilmiĸtir?       

 Yer 

deĵiĸtirme 

tepkimesi 

Yanma 

tepkimesi 

Asit-Baz 

tepkimesi 

Birleĸme 

Tepkimesi 

Ayrēĸma 

tepkimesi 

A) II  III  V I IV  

B) III  II  I IV  V 

C) IV  I II  V III  

D) I V IV  III  II  

E) V IV  III  II  I 

 

Soru 9 

I.       

II.   

III.  

Yukarēda tanecik boyutta verilen tepkimelerin t¿r¿ne gºre sēnēflandērēlmasē aĸaĵēdaki 

se­eneklerin hangisinde doĵru olarak verilmiĸtir?       

 I II  III  

A) Yerdeĵiĸtirme 

tepkimesi 

Asit-baz tepkimesi Yanma tepkimesi 

B) Asit-baz tepkimesi Yerdeĵiĸtirme 

tepkimesi 

Yanma tepkimesi 
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C) Asit-baz tepkimesi Yanma tepkimesi Yerdeĵiĸtirme 

tepkimesi 

D) Yanma tepkimesi Yerdeĵiĸtirme 

tepkimesi 

Asit-baz tepkimesi 

E) Yerdeĵiĸtirme 

tepkimesi 

Asit-baz tepkimesi Yanma tepkimesi 

 

 

 

Soru 10 

Fērat ve grup arkadaĸlarēnēn kimya dersinde yaptēklarē deneylerin verileri aĸaĵēdaki 

gibidir: 

I. deneyde potasyum hidroksit ­ºzeltisi ile hidrojen klor¿r ­ºzeltisini karēĸtērēyorlar. 

II. deneyde ise potasyum kloratē ayrēĸtērēyorlar. 

III. deneyde ise bakēr nitrat ­ºzeltisi ile g¿m¿ĸ klor¿r ­ºzeltisini karēĸētērēyorlar. 

 

 Buna gºre Fērat ve grup arkadaĸlarēnēn yaptēklarē deneylerde ger­ekleĸen 

tepkimelerin ­eĸitleri aĸaĵēdakilerden hangisinde doĵru olarak verilmiĸtir? 

 

 I.Deney II.Deney III.Deney 

 

    

A) Asit- baz tepkimesi Analiz tepkimesi Birleĸme tepkimesi 

B) Birleĸme tepkimesi Yanma tepkimesi Yerdeĵiĸtirme tepkimesi 

C) Yanma tepkimesi Asit-baz tepkimesi Yanma tepkimesi 

D) Analiz tepkimesi Birleĸme tepkimesi Asit-baz tepkimesi 

E) Asit-baz tepkimesi Analiz tepkimesi Yerdeĵiĸtirme tepkimesi 

 

Soru 11 

Ceren ve grup arkadaĸlarē kimya laboratuarēnda bir takēm deneyler yapmēĸlardēr. 

Yaptēklarē deneyler sonucunda ¿­ farklē ­ºzelti elde etmiĸlerdir. Bu ­ºzeltilerin ne 

olduĵunu belirlemek i­in t¿plere X, Y, Z olarak etiketlendirmiĸlerdir.  Kērmēzē turnusol 

kaĵēdēnē X ­ºzeltisine batērdēklarēnda herhangi bir deĵiĸiklik olmamēĸtēr, Y ­ºzeltisine 
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batērēldēĵēnda mavi renk almēĸtēr ve son olarak Z ­ºzeltisine batērdēklarēnda mavi 

turnusol kaĵēdē kērmēzē renk almēĸtēr. Buna gºre X, Y, Z ­ºzeltileri aĸaĵēdakilerden 

hangisi olabilir?  

 X Y Z 

A) HCl  NaOH NaCl 

B) KOH HCl KCl 

C) NaCl NaOH HCl 

D) HCl KCl KOH 

E) NaOH NaCl HCl 

 

 

 

 

 

Soru 12 

 

 

Yukarēda pH doĵrusu ¿zerindeki  X, Y ve Z maddelerinin  yerleri ĸekildeki gibidir. 

Buna gºre X,Y, Z maddeleri aĸaĵēdakilerden hangisi olabilir? 

 

 

 X Y Z 

A) amonyak diĸ macunu sirke 

B) yemek tuzu ­amaĸēr suyu amonyak 

C) limon amonyak maden suyu 

D) ­amaĸēr suyu maden suyu yemek tuzu 

E) sirke yemek tuzu diĸ macunu 
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Soru 13 

 

 

Yukarda tanecik boyutta gºsterilen ĸekil-1 ve ĸekil-2ô deki kaplardaki ­ºzeltilere mavi 

turnusol kaĵēdē batērēlēyor. Buna gºre aĸaĵēdakilerden hangisi ya da hangileri 

doĵrudur? 

 

I. Mavi turnusol kaĵēdē ĸekil-1ôdeki kaba batērēldēĵēnda renkte deĵiĸim olmaz. 

II.  Mavi turnusol kaĵēdē ĸekil-2ôdeki kaba batērēldēĵēnda renk kērmēzēya dºn¿ĸ¿r. 

III.  Mavi turnusol kaĵēdē ĸekil-1ôdeki kaba batērēldēĵēnda renk kērmēzēya dºn¿ĸ¿r. 

IV. Mavi turnusol kaĵēdē ĸekil-2ôdeki kaba batērēldēĵēnda renkte deĵiĸim olmaz. 

Yalnēz I  B) I, IV C) I, II   D) II, III           E) III, IV  

 

 

 

Soru 14 

 

Yukarēda pH metrede verilen besinler i­in aĸaĵēdakilerden hangisi yanlēĸtēr? 

A) Domates ve elma bazik ºzellik gºsterir. 

B) Peynir asidik ºzellik gºsterir. 

C) Ekmek mavi turnusol kaĵēdēnē kērmēzēya ­evirir. 

D) Balēk kērmēzē turnusol kaĵēdēnē maviye ­evirir. 
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E) Dolmabiber daha ­ok bazik ºzelliktedir. 

 

SORU 15 

I. Mutfak mermeri ¿zerinde bērakēlan limonun belli bir s¿re sonra mutfak 

mermerini aĸēĵēndērmasē. 

II.  Bulaĸēk makinelerinde yēkanan cam bardaklarēn zamanla matlaĸmasē. 

III.  Yediĵimiz yiyeceklerin zamanla diĸlerimizi ­¿r¿tmesi. 

IV. Asit ile bazlarēn tuz ve su oluĸturmasē. 

Yukardaki olaylardan hangisi yada hangileri  asitlerin tahriĸ edici ºzelliklerine ºrnek 

olarak gºsterilebilir? 

 A) I, II      B) I,  III        C) II. IV           D) I, II, III           E) I, II, IV 

 

Soru 16 

KOH ve HNO3 ­ºzeltileri arasēnda ger­ekleĸen tepkimeyle ilgili olarak;  

I. Asitten gelen NO3
- iyonu ile bazdan gelen K+ iyonu tuzu oluĸturur. 

II.  Nºtrleĸme tepkimesidir. 

III.  Tepkimenin denkleĸtirilmiĸ denklemi; 

KOH(aq) + HNO3(aq)  KNO3(aq) +  H2O(s) ĸeklindedir. 

IV. KOH(aq) asit, HNO3(aq) ise bazdēr. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

I ve II  B) I ve III  C) I ve IV  D) I, II ve III    E) I, III ve IV 

 

Soru 17 

 

Yukarēdaki kaplarda hidrojen klor¿r, potasyum hidroksit ve hidrojen iyod¿r ­ºzeltileri 

bulunmaktadēr. I. kaba X, II. kaba Y, III. kaba ise Z ­ºzeltileri ilave ediliyor. Birinci 

kapta herhangi bir deĵiĸiklik meydan gelmezken, II. ve III. kaplarda deĵiĸiklik 

gºzlemleniyor. Buna gºre X, Y, Z ­ºzeltileri i­in aĸaĵēdakilerden hangisi doĵru 

olabilir? 
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 X Y Z 

A) kalsiyum hidroksit hidrojen nitr¿r sodyum hidroksit 

B) hidrojen nitr¿r sodyum klor¿r hidrojen nitr¿r 

C) sodyum hidroksit hidrojen brom¿r sodyum klor¿r 

D) hidrojen brom¿r hidrojen nitr¿r kalsiyum hidroksit 

E) sodyum klor¿r sodyum hidroksit hidrojen brom¿r 

 

Soru 18 

 

 

       1.kap          2.kap           3.kap 

Bir kimya ºĵretmeni kimyasal tepkimeler konusunu iĸlerken tahtaya yukarēda tanecik 

boyutta gºsterimi verilen tepkimeyi ­iziyor ve ºĵrencilerinden bu tepkimenin 

ºzelliklerini bulmalarēnē istiyor. Buna gºre ºĵrencilerin cevaplarēndan hangisi 

yanlēĸtēr? 

A) 1. kapta verilen madde asittir. 

B) 2. kapta verilen madde bazdēr. 

C) Nºtrleĸme tepkimesidir. 

D) 3. kapta tuz ve su oluĸumu sembolize edilmiĸtir. 

E) 2. kapta verilen madde mavi turnusol kaĵēdēnēn rengini kērmēzēya ­evirir. 

 

Soru 19 

 

+ 
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 Yukarēdaki tepkime en k¿­¿k tamsayēlarla denkleĸtirildiĵinde tepkimeye giren 

ve tepkimeden ­ēkan maddelerin katsayēlarē hangi se­enekte doĵru olarak 

gºsterilmiĸtir? 

 

 

 

  
 

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 

 

Yukarēdaki asit- baz tepkimesinin denkleĸtirilmiĸ denklemi aĸaĵēdakilerden 

hangisinde doĵru olarak verilmiĸtir? 

A) Mg(OH)2 + 2H2SO4  Ą 2MgSO4 + H2O 

B) Mg(OH)2 + H2SO4  Ą Mg2SO4 + 2H2O 

C) H2SO4 + 2Mg(OH)2   Ą 2MgSO4 + H2O 

D) 2Mg(OH)2 + H2SO4  Ą MgSO4 + 3H2O 

E) Mg(OH)2 + H2SO4  Ą MgSO4 + 2H2O 
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C. CHEMICAL PROPERTIES ACHIEVEMENT PRE -TEST 

(KĶMYASAL ¥ZELLĶKLER BAķARI SON-TESTĶ) 

 

 

 

A­ēklama:  

Sevgili ºĵrenciler;  

Bu test bir araĸtērma i­in d¿zenlenmiĸtir. Bu bºl¿mdeki kimyasal deĵiĸimler ¿nitesi 

ile ilgili sorularē cevaplandērmak i­in her bir soru i­in verilen 5 se­enekten birini 

se­meniz gerekmektedir. Teste 40 soru vardēr. Sorularē dikkatli okuyunuz ve her 

soruyu cevaplamaya ­alēĸēnēz. Yardēmlarēnēz ve katkēlarēnēzdan dolayē ­ok teĸekk¿r 

ederim.     

Araĸ.Gºr. Mustafa T¦YS¦Z 

 

 

 

SORU 1 

Bir kimyasal tepkimede atomlarēn diziliĸ ĸekilleri yer deĵiĸtirir. 

Kimyasal tepkimeler elektron alēĸveriĸine dayanēr. 

Kimyasal tepkimeler elektiriksel etkileĸimler sonucunda ger­ekleĸir. 

 Yukarēdaki kimyasal tepkimelerle ilgili verilen a­ēklamalarēn Daltonôun 

kimyasal tepkime tanēmē ve modern tepkime tanēmē ile eĸleĸtirilmesi hangi ĸēkta doĵru 

olarak verilmiĸtir?  

 Daltonôun Kimyasal Tepkime 

 

Modern Kimyasal Tepkime 

A) I-II  III  

B) I-III  II -III  

C) I I-II -III  

D) II -III  I 

E) I-II -III  I-II  
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SORU 2  

Aĸaĵēda tanecik boyutta verilen tepkimelerden hangisi  Daltonôun ºne s¿rd¿ĵ¿ 

tepkime tanēmēnē ºrnekler?  

 

 

 

 

I-II   B) II-III  C) I-III   D)Yalnēz III  E) I-II -III  

 

 

 

 

SORU 3 

¥ĵretmeni Aliôden proje ºdevi olarak termik santrallerden enerji ¿retimi konusunu 

araĸtērmasēnē istemiĸtir. Ali araĸtērmasēnē ĸu ĸekilde ºzetler: 

Santralden elektirik enerjisi ¿retmek i­in kºm¿r gibi fosil yakētlar buhar kazanēnda 

yakēlēr. 

Yanma sonucunda borular i­erisindeki su ēsētēlarak buhar haline getirilir ve t¿rbinlere 

gºnderilir. 

T¿rbinlere gºnderilen buhar kēsmen genleĸerek t¿rbin ­arklarēnē dºnd¿r¿r. Bºylelikle 

t¿rbinlerden elektirik enerjisi elde edilir. 

Yukarēdaki a­ēklamaya gºre numaralandērēlmēĸ c¿mlelerdeki fiziksel ve kimyasal 

deĵiĸimleri belirleyiniz. 

 I.Durum II.Durum III.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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SORU 4 

 

Yukarēda ķekil-1 ve ķekil-2ô de ­izilen tanecikler  I. durumdan II. duruma ge­tiĵinde 

meydana gelen deĵiĸimlerle ilgili olarak aĸaĵēdakilerden hangisi doĵrudur?  

 

Her iki ĸekilde de tanecikler I. durumdan II. duruma ge­tiĵinde fiziksel bir deĵiĸim 

olmuĸtur. 

ķekil-1ôde, maddenin molek¿l yapēsē deĵiĸmiĸtir. 

ķekil-2ôde, taneciklerin sadece gºr¿n¿m¿ deĵiĸmiĸtir. 

ķekil-1ôde, tanecikler II. durumdan I. duruma kolaylēkla dºnebilir. 

I. durumdan II. duruma ge­iĸ ķekil-1ôde kimyasal deĵiĸimi ºrneklerken, ķekil-2ôde 

fiziksel deĵiĸimi ºrnekler. 

 

A) I, II, IV  B) II, III, V  C) I, II, III  D) II, III, IV, V  E) I, II, III, V  

 

 

 

SORU 5  

I. C2H6O(sēvē) + 3O2(gaz)                  2CO2(gaz) + 3H2O(sēvē) 

II.  H2O(sēvē) H2O(katē) 

III.  O2(gaz) O2(suda) 

IV. S(katē) + O2(gaz) SO2(gaz) 

V. C10H8(katē)  C10H8(gaz) 

VI.  NH3(gaz) + HCl(gaz)  NH4Cl(katē) 

VII.  Mg(katē) + 2HCl(suda) MgCl2(katē) + H2(gaz) 

VIII.  NaCl(katē) NaCl(suda) 

 Yukarēda denklemleri verilen deĵiĸimler fiziksel ya da kimyasal oluĸlarēna 

gºre aĸaĵēdaki hangi se­enekte doĵru olarak sēnēflandērēlmēĸtēr? 
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 Fiziksel Deĵiĸim Kimyasal Deĵiĸim 

 

A) III -IV-VI-VII  I-II -V-VIII  

B) II -IV-V-VIII  I-III -VI-VII  

C) II -III -V-VIII  I-IV-VI-VII  

D) I-II -III -V IV-VI-VII -VIII  

E) I-IV-VI-VII  II -III -V-VIII  

   

 

 

 

 

SORU 6 

 

 

Yukarēdaki kaplarda ĸeker suya atēldēĵēnda elde edilen karēĸēmēn tanecik boyutunda 

gºsterimi ķekil-1ôdeki gibidir ve ĸeker ēsētēlma iĸlemi sonrasēnda ortaya ­ēkan 

durumun tanecik boyutundaki gºsterimi ķekil-2ô deki gibidir.  Buna gºre aĸēdakilerden 

hangisi doĵrudur? 

 

A) ķekerin suda ­ºz¿nmesi kimyasal bir deĵiĸimdir. 

B) ķeker ēsētēldēĵēnda kimyasal ºzelliĵi deĵiĸmez. 

C) ķeker suya atēldēĵēnda kimyasal ºzelliĵini korur. 

D) ķekerin ēsētēlmasē sērasēnda sadece fiziksel deĵiĸim ger­ekleĸir. 

E) ķeker ēsētēldēĵēnda fiziksel yollarla tekrar eski haline getirilebilir. 
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SORU 7 

 

 Rēdvan yukarēdaki numaralandērēlmēĸ deĵiĸimleri fiziksel ya da kimyasal 

oluĸlarēna gºre sēnēflandērmēĸtēr. Bu sēnēflandērmasēnē grup arkadaĸēna gºsterdiĵinde 

bazē numaralandērēlmēĸ deĵiĸimlerin yanlēĸ sēnēflandērdēĵēnē fark etmiĸtir. Buna gºre 

aĸaĵēdaki se­eneklerde belirtilen hangi deĵiĸimi yaptēklarēnda Rēdvan ve grup arkadaĸē 

doĵru bir sēnēflandērma yapmēĸ olurlar? 

A) 5, 6 numaralē deĵiĸimlerle 7, 12 numaralē deĵiĸimleri yer deĵiĸtirerek 

B) 2,3 numaralē deĵiĸimlerle 8,9 numaralē deĵiĸimleri yer deĵiĸtirerek 

C) 2,4 numaralē deĵiĸimlerle 8,10 numaralē deĵiĸimleri yer deĵiĸtirerek 

D) 1,6 numaralē deĵiĸimlerle 11,9 numaralē deĵiĸimleri yer deĵiĸtirerek 

E) 1,4 numaralē deĵiĸimlerle 10,12 numaralē deĵiĸimleri yer deĵiĸtirerek 

 

 

SORU 8 

Aĸaĵēdaki g¿nl¿k yaĸamēmēzda karĸēlaĸtēĵēmēz olaylardan hangisinde madde 

karĸēsēndaki deĵiĸime uĵradēĵēnda kimyasal yapēsē deĵiĸir? 

 Madde Deĵiĸim 

 

A) Su Kaynatēldēĵēnda 

B) Sa­ Kesilmesi 

C) ¢im Bi­ilmesi 

D) Cam Kērēlmasē 

E) Yumurta Piĸirilmesi 
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SORU 9 

 

 

 Yukarēdaki tepkime en k¿­¿k tamsayēlarla denkleĸtirildiĵinde tepkimeye giren 

ve tepkimeden ­ēkan maddelerin katsayēlarē hangi se­enekte doĵru olarak 

gºsterilmiĸtir? 

 

 

 

  
 

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 

Tarēk ve arkadaĸlarē yakan top oynarken ­alēlarēn arasēndan bir duman ­ēktēĵēnē fark 

ederler. Dumanēn geldiĵi yºne doĵru hareket ettiklerinde ­alēlarēn yandēĵēnē gºr¿rler. 

Tarēk arkadaĸlarēna kimya dersinde, ºĵretmenleriyle yangēn sºnd¿rmek i­in yaptēklarē 

deneyleri anlatēr. Kēsa s¿re i­erisinde yangēnē sºnd¿r¿rler. Buna gºre Tarēkôēn yangēnē 

sºnd¿rmek i­in kullandēĵē yºntem ve bu yºntemi kullanma nedeni hangi ĸēkta doĵru 

olarak eĸleĸtirilmiĸtir? 

Yºntem Neden 

   

   

I.¢alēya su dºkmek 

a) ¢alēnēn oksijenle temasēnē kesmek 

II.¢alēya kum dºkmek 

III.¢alēya r¿zgar 

yapmak 

b)Yanma olayē oksijenle ger­ekleĸtiĵinden oksijenle 

reaksiyona girmeyen bir madde olduĵu i­in 

 

 

I-a  B) I-b  C) I-b  D) I-a  E) I-a 

III -a      II -a      III -a      III -b      II -b 
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SORU 11 

                         

 Oksijen gazēnēn farklē elementlerle girdiĵi tepkimelerin denklemleri yukarēda 

gºsterilmiĸtir. Buna gºre aĸaĵēdaki se­eneklerden hangisi doĵrudur? 

A) Pt ve Feônin kimyasal ºzellikleri aynēdēr. 

B) H2, Feôye gºre daha aktif bir maddedir. 

C) Pt, H2 gazēna gºre daha aktif bir maddedir. 

D) Fe, O2ôye karĸē asaldēr. 

E) Pt, Feôye gºre daha aktif bir maddedir. 

 

 

 

 

SORU 12 

Aĸaĵēdaki durumlardan hangileri kimyasal ºzelliklerin maddenin t¿r¿ne veya 

bulunduĵu ĸartlara gºre deĵiĸebileceĵine ºrnek olarak verilebilir ? 

 

I. Azot normal sēcaklēkta oksijen ile tepkime vermezken y¿ksek sēcaklēklarda 

verebilir. 

II.  Demir a­ēk havada paslanērken, altēn paslanmaz. 

III.  Hidrojen gazē yanēcēdēr; ancak Helyum gazē yanmaz. 

 

A)Yalnēz I B) Yalnēz II C) Yalnēz III  D) I, II     E) I, II, III  
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SORU 13 

25oC  

Y¿ksek sēcaklēkta  

 

Yukarēdaki farklē sēcaklēklarda tanecik boyutta gºsterilen durumlarla ilgili olarak;  

Asallēk ve reaktiflik ĸartlara baĵlē olarak deĵiĸen gºreceli birer kavramdēr. 

Y¿ksek sēcaklēkta I. durumdan II. duruma ge­iĸte yanma tepkimesi oluĸmuĸtur. 

Reaksiyon her sēcaklēkta ger­ekleĸir. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

Yalnēz I  B) Yalnēz II C) Yalnēz III D) I ve II      E) I,II ve III 

 

 

 

SORU 14 

 

I. 
6CO2(g) + 6 H2O(g)         C6H12O6(k) + 6O2(g) 

                                       Klorofil  

 

II.  C6H12O6(k) + 6O2(g)                      6CO2(g) + 6H2O(g) + Enerji 

 

III.  KNO3(k) + H2O(s) + Isē (Q)   K+
(aq)  +  NO3

-
(aq) 

 

IV.                       ēsē 

H2O(s)  H2O(g) 

 

V. Zn(k) + CuSO4(aq)                    ZnSO4(aq) + Cu+2
(k) + Elektrik enerjisi 

 

  

 Yukarēdaki denklemleri verilen tepkimeler endotermik ve ekzotermik 

oluĸlarēna gºre hangi se­enekte doĵru olarak sēnēflandērēlmēĸtēr? 
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Endotermik     Ekzotermik 

 

A.       I , III                                 II, IV, V 

B.       I, III, IV                            II, V 

C.      II, III                                  I, IV, V 

D.      I, IV                                   II, III, V 

E.      IV, V                                  I, II, III 

 

SORU 15 

 

 

Yukarēda bakēr ve ­inko arasēnda ger­ekleĸen tepkimenin tanecik boyutta ĸemasē 

gºsterilmiĸtir. Bu tepkime  sonucunda lamba yandēĵēna gºre; 

I. Tepkime endotermik bir tepkimedir. 

II.  Tepkime ekzotermik bir tepkimedir. 

III.  Kimyasal bir deĵiĸme ger­ekleĸmiĸtir. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

A) Yalnēz I   B) Yalnēz II  C) I, III  D) II, III  E) I, II, III  

 

SORU 16 

 Dicle ve grup arkadaĸlarēnēn kimya dersinde yaptēklarē deneylerin verileri 

aĸaĵēdaki gibidir: 

I. deneyde hidrojen klor¿r ve sodyum hidroksit ­ºzeltilerini karēĸtērēyorlar. Bir s¿re 

sonra karēĸtērdēklarē kabēn dēĸ kēsmēnēn ilk duruma gºre daha sēcak olduĵunu fark 

ediyorlar. 

II. deneyde sodyum bikarbonat ve sitrik asit ­ºzeltilerini karēĸtērdēklarēnda kabēn ilk 

duruma gºre soĵuduĵunu fark ediyorlar. 
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III. deneyde magnezyum ĸeridi yaktēklarēnda ise ēsē ve ēĸēk ­ēktēĵēnē gºzlemliyorlar. 

 

 Buna gºre Dicle ve grup arkadaĸlarēmēn yaptēklarē deneylerin endotermik ve 

ekzotermik olarak sēnēflandērēlmasē hangi se­enekte doĵru olarak verilmiĸtir? 

 I.Deney II.Deney III.Deney 

 

A) Ekzotermik Ekzotermik Endotermik 

B) Endotermik Ekzotermik Endotermik 

C) Ekzotermik Endotermik Ekzotermik 

D) Endotermik Endotermik Ekzotermik 

E) Ekzotermik Ekzotermik Ekzotermik 

 

 

 

 

 

SORU 17 

I. Pamukkale travertenlerinin oluĸmasē 

II.  Maĵaralardaki sarkēt ve dikitlerin oluĸmasē 

III.  Hidrojen klor¿r ve sodyum hidroksitôin tepkimesinden sodyum klor¿r 

tuzunun oluĸmasē 

IV  Tencere ve ­aydanlēklarda su kaynatēlmasēna baĵlē olarak zamanla madde 

birikiminin oluĸmasē 

Yukarēdaki olaylardan hangileri ­ºkelme tepkimelerine ºrnek olarak verilebilir? 

I ve II  B) Ive III  C) I,II ve III  D) I,II ve IV  E) I,II,III ve IV  
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SORU 18 

 

  K2SO4(aq) ve FeBr3(aq)  ­ºzeltileri karēĸtērēldēĵēnda Fe2(SO4)3(k) katēsēnēn 

­ºkt¿ĵ¿ gºzlemleniyor. Buna gºre bu tepkimenin denkleĸtirilmiĸ denklemi 

aĸaĵēdakilerden hangisidir? 

A) K2SO4(aq) + FeBr3(aq)  Fe2(SO4)3(k) + KBr(aq) 

B) K2SO4(aq) + 2FeBr3(aq) Fe2(SO4)3(k) + 2KBr(aq) 

C) 3K2SO4(aq) + 2FeBr3(aq) Fe2(SO4)3(k) + 6KBr(aq) 

D) K2SO4(aq) + FeBr3(aq)     Fe2(SO4)3(k) 

E) 2K2SO4(aq) + 2FeBr3(aq) Fe2(SO4)3(k) + KBr(aq) 

 

 

 

 

 

SORU 19 

            

          

ķekil Iô de gºsterilen g¿m¿ĸ nitrat ­ºzeltisi ve lityum iyod¿r ­ºzeltisi karēĸtērēlmasēyla 

ķekil-IIôdeki gºr¿n¿m elde ediliyor. Buna gºre; 

¢ºz¿nme-­ºkelme tepkimesi oluĸur. 

ķekil-2ôde kaptaki ­ºzelti lityum nitrattēr.  

ķekil-2ôdeki kapta dipte g¿m¿ĸ iyod¿r katēsē vardēr. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

Yalnēz I     B) Yalnēz II    C) Yalnēz III     D) I ve III    E) I,II ve III 
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SORU 20 

 

 

 

 

I. ve II. kaptaki ­ºzeltiler III. kapta karēĸtērēlēyor. Bu olayla ilgili olarak ; 

I. Nºtrleĸme tepkimesidir. 

II. Kimyasal deĵiĸme olmuĸtur. 

III. G¿m¿ĸ nitrat suda ­ºz¿nm¿ĸt¿r. 

yargēlarēndan hangisi ya da hangileri doĵrudur ? 

Yalnēz I        B) Yalnēz II      C) I ve II          D) II ve III           E) I, II, III 

 

 

SORU 21 

                                                                     

                 

 ķekildeki kaplarda h y¿ksekliĵinde HCl ­ºzeltileri bulunmaktadēr. Y¿kseklik 

2h olacak ĸekilde eĸit deriĸimde NaOH ­ºzeltisi ilave edildiĵinde hangi kaplarda pH 

deĵeri 7 olur? 

Yalnēz I B) Yalnēz II C) Yalnēz III D) I ve II E) I, IIveIII  

 

 

 

 

h 
h 
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SORU 22 

Aĸaĵēdaki olaylarda hangileri nºtrleĸme tepkimelerine ºrnek olarak verilebilir ? 

I. Midesi gereĵinden fazla asit salgēlayan insanlarēn bazik ºzellikte ila­lar 

kullanēlarak tedavi edilmesi. 

II.  Aĵēzdaki bakterilerin ¿rettiĵi asitlerin diĸ macunu kullanēlarak yok edilmeye 

­alēĸēlmasē. 

III.  Solunum olayē sonucunda su oluĸmasē. 

 A) Yalnēz I      B) I ve II        C) I ve III           D) II ve III            E) I, II, III 

 

 

SORU 23 

Ca(OH)2 ve H3PO4 ­ºzeltileri arasēnda ger­ekleĸen tepkimeyle ilgili olarak;  

I. Asitten gelen PO4
3- iyonu ile bazdan gelen Ca2+ iyonu tuzu oluĸturur. 

II.  Nºtrleĸme tepkimesidir. 

III.  Tepkimenin denkleĸtirilmiĸ denklemi; 

3Ca(OH)2(aq) + 3H3PO4(aq)  Ca3(PO4)2(aq) +  6H2O(s) ĸeklindedir. 

IV. Ca(OH)2 asit, H3PO4 ise bazdēr. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

A)I ve II  B) I ve III  C) I ve IV  D) I, II ve III    E) I, III ve IV 

 

 

SORU 24 

 

                     

          1.kap      2.kap            3.kap 

Bir kimya ºĵretmeni kimyasal tepkimeler konusunu iĸlerken tahtaya yukarēda tanecik 

boyutta gºsterimi verilen tepkimeyi ­iziyor ve ºĵrencilerinden bu tepkimenin 

ºzelliklerini bulmalarēnē istiyor. Buna gºre ºĵrencilerin cevaplarēndan hangisi 

yanlēĸtēr? 

 

 

+ 
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A) Nºtrleĸme tepkimesidir. 

B) 1. kapta verilen madde asittir. 

C) 2. kapta verilen madde bazdēr. 

D) 3. kapta tuz ve su oluĸumu sembolize edilmiĸtir. 

E) 1. kapta verilen madde kērmēzē turnusol kaĵēdēnēn rengini maviye ­evirir. 

 

 

SORU 25  

 

Yukarēdaki maddelerden hangileri mavi turnusol kaĵēdēnēn rengini kērmēzēya ­evirir ? 

A) B) C) D) E) 

Sirke - Soda Soda - Diĸ macunu Elma - 

Sirke 

Diĸ macunu - 

Sirke 

Elma ï Soda 

 

 

SORU 26 

¢ºz¿nme-­ºkelme ve nºtrleĸme tepkimeleriyle ilgili olarak; 

Anyon ve katyonlarēn yer deĵiĸtirmesiyle oluĸmalarē 

Elektron alēĸveriĸine dayanmalarē 

Tepkime sonucunda su oluĸmasē 

ºzelliklerinden hangileri ortaktēr? 

Yalnēz I    B) Yalnēz II   C) Yalnēz III 

  D) I ve II  E) I,II ve III 
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SORU 27 

NaCl(aq) + AgNO3(aq) AgCl(k) + NaNO3(aq) 

HCl(aq)  +  NaOH(aq)   NaCl(aq) + H2O(s) 

Yukarēda denklemleri verilen tepkimelerle ilgili olarak; 

Her ikisi de yer deĵiĸtirme tepkimesidir. 

Her ikisi de zēt y¿kl¿ iyonlar arasēnda ger­ekleĸir. 

2. tepkime ­ºz¿nme-­ºkelme tepkimesidir. 

 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

A) Yalnēz I    B) Yalnēz II   C) Yalnēz III 

D) I ve II  E) I,II ve III  

 

SORU 28 

 

Br2 + SO2 + 2H2O            2HBr + H2SO4 tepkimesiyle ilgili olarak; 

H2SO4ôte Sônin y¿kseltgenme basamaĵē +6ôdēr. 

SO2 indirgendir. 

Br elektron vermiĸtir. 

Hônin y¿kseltgenme basamaĵē +1ôdir. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

I ve II     B) II ve III    C) I ve IV    D) I, II ve III    E) I, II ve IV 

 

 

SORU 29 

 

Havadaki oksijen tanecikleri ile demir atomu arasēndaki tepkime yukarēda 

gºsterilmiĸtir. Bu tepkimeyle ilgili olarak ; 
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Fe y¿kseltgenmiĸtir. 

O2 indirgendir. 

Feônin y¿kseltgenme basamaĵē +3ôd¿r. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

Yalnēz I  B) Yalnēz II C) Yalnēz III  D) I ve III  E) I,II,III  

 

 

SORU 30 

 

ķekil 1ôdeki g¿m¿ĸ nitrat ­ºzeltisine ­inko ­ubuk daldērēlēyor. Bir s¿re sonra ­inko 

­ubuĵun aĸēndēĵē , kabēn dibinde ise g¿m¿ĸ toplandēĵē ve ­inko nitrat ­ºzeltisi oluĸtuĵu 

gºzlemleniyor. Buna gºre bu olayla ilgili aĸaĵēdaki ifadelerden hangisi yanlēĸtēr? 

Y¿kseltgenme indirgenme tepkimesi olmuĸtur. 

¢inko y¿kseltgenmiĸtir. 

G¿m¿ĸ indirgenmiĸtir. 

¢inko y¿kseltgendir. 

¢inko elektron vermiĸtir. 

 

 

SORU 31 

Yaygēn y¿kseltgen ve indirgen maddelerin kullanēm alanlarēyla ilgili olarak verilen 

ifadelerden hangisi yanlēĸtēr? 

Karbon n¿kleer reaktºrlerle ve enerji ¿retiminde kullanēlēr. 

Nitrik asit g¿bre ¿retiminde kullanēlēr. 

Sodyumbis¿lfit boya yapēmēnda ve tekstil sanayisinde kullanēlēr. 

Potasyumpermanganat i­me sularēnēn arētēlmasēnda kullanēlēr. 

Oksijen yanma olaylarēnēn tamamēnda kullanēlēr. 
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SORU 32 

Monemerlerin farklē sayēlarda bir araya gelmeleriyle oluĸan yapēlar dimer, trimer, 

tetramer..... polimer olarak adlandērēlēr. 

Buna gºre aĸaĵēdaki yapēlarla ilgili verilen bilgilerden hangisi yanlēĸtēr? 

I. 

 

II.  

 

III.  

 

 

 

 

 

 

 

 

 

A) I. madde monomerdir. 

B) II. madde polimerdir. 

C) III. maddenin monomeri        

 

ĸeklindedir. 

 

D) III. madde dimerdir 

E) I. maddenin polimeri  

ĸeklindedir. 
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SORU 33 

   

I. Plastik boru II. PVC                                 III.  Teflon  

 

Yukarēda g¿nl¿k yaĸantēmēzda sēk­a karĸēlaĸtēĵēmēz maddeler verilmiĸtir. Buna  gºre 

aĸaĵēdaki ĸe­eneklerden hangisinde bu yapēlarē oluĸturan monomerler doĵru olarak 

verilmiĸtir? 

 Plastik boru            PVC     Teflon 

A)                 

 

B)                

C)                  

D)       

  E)            
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SORU 34 

Aĸaĵēda sembolik gºsterimi verilen maddelerden hangisi polimer yapēdadēr? 

 

A) B) C) D) E) 

 
  

 

 

 

SORU 35 

Ķnsanlarēn saĵlēklē yaĸamasē ve b¿y¿mesi i­in gerekli olan proteinin oluĸumu aĸaĵēda 

tanecik boyutunda gºsterilmiĸtir. 

 

Buna gºre: 

Kondenzasyon tepkimesidir. 

Proteinler poliamid olarak adlandērēlēr. 

Et, s¿t, yumurta, tahēllar gibi hayati ºneme sahip besinlerde bulunur. 

yukarda verilen yargēlardan hangisi ya da hangileri doĵrudur? 

Yalnēz I B) Yalnēz II C) I ve III D) I ve II E) I, II ve III 

 

SORU 36 

                                                         

Yukarēda proteinlerin oluĸumuna ait verilen tepkime denklemiyle ilgili olarak; 

I. Kondenzasyon polimerleĸmesidir. 

II.  Ķki aminoasidin birleĸmesi sērasēnda bir H2O molek¿l¿ a­ēĵa ­ēkar. 

III.  Peptit baĵē oluĸmuĸtur. 

yargēlarēndan hangisi ya da hangileri doĵrudur? 

A) Yalnēz I   B) Yalnēz II    C)YalnēzIII  

 D) II ve III    E) I,II ve III  

 

+ 
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SORU 37 

Aĸaĵēda g¿nl¿k hayatta karĸēmēza ­ēkan bazē polimerler, elde ediliĸ yollarē ve kullanēm 

alanlarē verilmiĸtir. Buna gºre hangi se­enekte verilen bilgiler yanlēĸtēr? 

 

 Polimer Elde ediliĸi Kullanēm alanlarē 

 

A) Polipropilen Katēlma 

polimerleĸmesi 

 

Mutfak kaplarē, 

oyuncak 

B) PVC Katēlma 

polimerleĸmesi 

 

ķiĸe,yer dºĸemesi, 

hortum 

C) Poliamid Kondenzasyon 

polimerleĸmesi 

Tekstil sanayi 

 

 

D) Teflon Hidroliz tepkimesi End¿stri kaplarē 

 

E) Poliester Kondenzasyon 

polimerleĸmesi 

Ķplik, lif 

 

SORU 38 

 Tanecik boyutta gºsterilen aĸaĵēdaki tepkime i­in : 

      

 

 denklemine gºre 

ger­ekleĸir. 

Hidroliz tepkimesidir. 

Kondenzasyon tepkimesidir 

Bu tepkime i­in yukardakilerden hangisi ya da hangileri doĵrudur? 

A) Yalnēz I B) Yalnēz II C) I ve III D) I ve II E) I, II ve III 
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SORU 39 

Ķnsanlarēn ve hayvanlarēn, bitkiler tarafēndan ¿retilen besinlerden yararlanabilmeleri 

i­in b¿y¿k molek¿lleri par­alayabilmeleri gerekmektedir. Buna gºre;  

denklemine gºre ger­ekleĸen hidroliz tepkimesinde yer alan ĸekerlerin yapēlarē i­in 

aĸaĵēdakilerden hangisi doĵrudur? 

 Niĸasta Maltoz Glikoz 

 

A) Disakkarit Disakkarit Monosakkarit 

B) Polisakkarit Monosakkarit Disakkarit 

C) Polisakkarit Polisakkarit Disakkarit 

D) Polisakkarit Disakkarit Monosakkarit 

E) Monosakkarit Disakkarit Polisakkarit 

 

 

SORU 40 

  

 

 Yukarēda bazē hidroliz tepkimelerinin ºrnekleri verilmiĸtir. Verilen 

ºrneklerden hangisi yanlēĸtēr? 

A) 1  B) 2  C) 3   D) 4  E) 5 

 

 

Test bitmiĸtir.. Ķlginiz i­in teĸekk¿r ederizJ 
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D. ATTITU DE SCALE TOWARD CHEMISTRY  

(KĶMYA TUTUM ¥L¢EĴĶ) 

 

 

 

1. Bºl¿m: Kisisel Bilgiler 

 

1. Adēnēz, Soyadēnēz : _________________________ 

2. Sēnēfēnēz: ___________ 

3. Cinsiyetiniz: 

  Kēz        Erkek       

4. Yaĸēnēz: _________ 

Aĸaĵēda Kimya dersine yºnelik tutumunuzu ºl­meye yºnelik ifadeler yer almaktadēr. 

L¿tfen c¿mleleri dikkatlice okuyarak size uygun olan tek bir yanētē (X) ile 

iĸaretleyiniz. Teĸekk¿r ederim. 

 

H
i
­
 
k
a
t
ē
l
m
ē
y
o
r
u
m

 

K
a
t
ē
l
m
ē
y
o
r
u
m

 

K
a
r
a
r
s
ē
z
ē
m

 

K
a
t
ē
l
ē
y
o
r
u
m

 

T
a

m
a

m
e

n 

K
a
t
ē
l
ē
y
o
r
u
m

 

1. Kimya ­ok sevdiĵim bir alandēr.   

 

 

 

 

 

 

 
2. Kimya ile ilgili kitaplarē okumaktan hoĸlanērēm.   

 

 

 

 

 

 

 
3. Kimyanēn g¿nl¿k yaĸamda ­ok ºnemli yeri 

yoktur. 

  

 

 

 

 

 

 

 

 

 

 

 

4. Kimya ile ilgili ders problemlerini ­ºzmekten 

hoĸlanērēm. 

  

 

 

 

 

 

 

 
5. Kimya konularē ile ilgili daha ­ok ĸey ºĵrenmek 

isterim. 

     

6. Kimya dersine girerken sēkēntē duyarēm.   

 

 

 

 

 

 

 
7. Kimya derslerine zevkle girerim.   

 

 

 

 

 

 

 
8. Kimya derslerine ayrēlan ders saatinin daha 

fazla olmasēnē isterim. 

  

 

 

 

 

 

 

 

 

 

 

 

9. Kimya dersini ­alēĸērken canēm sēkēlēr.   

 

 

 

 

 

 

 
10.Kimya konularēnē ilgilendiren g¿nl¿k olaylar 

hakkēnda daha fazla bilgi edinmek isterim. 

isterim. 

 isterim. 

  

 

 

 

 

 

 

 
11. D¿ĸ¿nce sistemimizi geliĸtirmede Kimya 

ºĵrenimi ºnemlidir. 

  

 

 

 

 

 

 

 

 

 

 

 

12. Kimya ­evremizdeki doĵal olaylarēn daha iyi 

anlaĸēlmasēnda ºnemlidir. 

  

 

 

 

 

 

 

 
13. Dersler i­inde Kimya dersi sevimsiz gelir.   

 

 

 

 

 

 

 
14. Kimya konularēyla ilgili tartēĸmaya katēlmak 

bana cazip gelmez. 

  

 

 

 

 

 

 

 
15. ¢alēĸma zamanēmēn ºnemli bir kēsmēnē Kimya 

dersine ayērmak isterim. 
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225 

 

 

E. CHEMISTRY MOTIVATION QUESTIONAIRE  

(KĶMYA MOTĶVASYON ANKETĶ) 

 

 

Kimya dersi hakkēnda ne d¿ĸ¿nd¿ĵ¿n¿z¿ ve nasēl hissettiĵinizi anlamak 

i­in l¿tfen aĸaĵēdaki ifadeleri burada verilen c¿mleyi dikkate alarak 

deĵerlendirip size en uygun olan kutucuĵu iĸaretleyiniz:  

ñKimya dersinde olduĵum zaman...ò 

 

1 2 3 4 5 

Hi­bir zaman Nadiren  Bazen  Genellikle Her zaman 

 

Arĸ. Gºr. Mustafa T¦YS¦Z 

  1 2 3 4 5 

1 Kimyayē ºĵrenmekten hoĸlanērēm.      

2 ¥ĵrendiĵim kimya bilgisi benim kiĸisel hedeflerimle 

iliĸkilidir. 

     

3 Kimya sēnavlarēnda diĵer ºĵrencilerden daha baĸarēlē 

olmak isterim. 

     

4 Kimya sēnavlarēnēn nasēl ge­eceĵini d¿ĸ¿nmek beni 

endiĸelendirir. 

     

5 Eĵer kimya ºĵrenirken zorluk ­ekersem nedenini 

bulmaya ­alēĸērēm. 

     

6 Kimya sēnavē zamanē geldiĵinde endiĸelenirim      

7 Kimyadan iyi bir not almak benim i­in ºnemlidir.      

8 Kimyayē ºĵrenmek i­in gerekli ­abayē gºsteririm.      

9 Kimyayē iyi ºĵrenmemi saĵlayacak stratejiler kullanērēm.      

10 Kimyayē ºĵrenmenin iyi bir iĸ bulmada bana nasēl 

yardēmcē olacaĵēnē d¿ĸ¿n¿r¿m. 
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Test Bitti. Katkēlarēnēzdan dolayē teĸekk¿r ederim... 

 

11 ¥ĵrendiĵim kimya bilgisinin bana nasēl faydasē olacaĵēnē 

d¿ĸ¿n¿r¿m. 

     

12 Kimya dersi baĸarēmēn diĵer ºĵrenciler kadar veya daha 

iyisinin olacaĵēnē d¿ĸ¿n¿r¿m. 

     

13 Kimya sēnavlarēnda baĸarēsēz olmaktan endiĸelenirim.      

14 Kimya dersinde diĵer ºĵrencilerin daha baĸarēlē 

olduĵunu d¿ĸ¿nmek beni kaygēlandērēr. 

     

15 Kimya ders notumun genel not ortalamamē nasēl 

etkileyeceĵini d¿ĸ¿n¿r¿m. 

     

16 Benim i­in kimyayē ºĵrenmek aldēĵēm nottan daha 

ºnemlidir. 

     

17 Kimya ºĵrenmenin kariyerime nasēl faydasē olacaĵēnē 

d¿ĸ¿n¿r¿m. 

     

18 Kimya sēnavlarēna girmekten hoĸlanmam.      

19 ¥ĵrendiĵim kimyayē nasēl kullanacaĵēmē d¿ĸ¿n¿r¿m.      

20 Kimyayē anlayamēyorsam bu benim hatamdēr.      

21 Kimya laboratuarēnda ve projelerinde baĸarēlē 

olacaĵēmdan eminim. 

     

22 Kimya ºĵrenmeyi ilgin­ bulurum.      

23 ¥ĵrendiĵim kimya hayatēmla iliĸkilidir.      

24 Kimya dersindeki bilgi ve becerileri tam olarak 

ºĵrenebileceĵime inanērēm. 

     

25 ¥ĵrendiĵim kimyanēn benim i­in pratik deĵeri vardēr.      

26 Kimya sēnavlarē ve laboratuarlarē i­in iyi hazērlanērēm.      

27 Beni zorlayan kimya hoĸuma gider.      

28 Kimya sēnavlarēnda baĸarēlē olacaĵēma eminim.      

29 Kimya dersinden en y¿ksek notu alabileceĵime inanērēm.      

30 Kimyayē anlamak bana baĸarē duygusu verir.      
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F. SAMPLE LESSON PLANS FOR 5E LEARNI NG CYCLE GROUP 

(5E ¥ĴRENME D¥NG¦S¦ GRUBU Ķ¢ĶN ¥RNEK DERS PLANI) 

 

 

B¥L¦M 1 

Dersin Adē: Kimya ve teknoloji 

Sēnēf: 9. Sēnēf 

¦nitenin Adē/No: Kimyasal Deĵiĸimler (3. ¦nite) 

Konu: Reaksiyon nedir? (3. ¦nite, 1. Kēsēm) 

¥nerilen S¿re: 180 dakika 

 

B¥L¦M 2 

¥ĵrenci Kazanēmlarē:  

1. Kimyasal tepkimelerin betimlenmesi ile 

ilgili olarak ºĵrenciler;  

 

1.1. Kimyasal tepkimelerde maddelerin 

kimlik ºzelliklerinin deĵiĸtiĵini Dalton 

atom teorisi ile iliĸkilendirerek a­ēklar. 

1.2. Kimyasal ºzelliklerin kimyasal 

deĵiĸmeler ile ortaya ­ēktēĵēnē fark eder. 

1.3. Yanēcēlēk, asitlik-bazlēk, asallēk gibi 

kimyasal ºzelliklere temel olan ºrnek 

tepkimelerin denklemlerini yazar. 

1.4. Kimyasal deĵiĸmelere enerji 

deĵiĸmelerinin de eĸlik ettiĵini ºrneklerle 

gºsterir. 
 

Bilimsel S¿re­ basamaklarē Gºzlemlere dayanarak bir veya birden fazla 

ºzelliĵe gºre karĸēlaĸtērmalar yapar.  

Olmuĸ olaylarēn sebepleri hakkēnda 

gºzlemlere dayanarak a­ēklamalar yapar.   
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Gºzlem, ­ēkarēm veya deneylere dayanarak 

geleceĵe yºnelik olasē sonu­lar hakkēnda 

fikir ºne s¿rer. 

¦nite Kavramlarē ve Sembolleri: Å Kimyasal Tepkime 

Å Kimyasal ¥zellik 

Å Kimyasal Deĵiĸme 

Å Yanēcēlēk 

Å Asitlik 

Å Bazlēk 

Å Asallēk 

¥ĵretme- ¥ĵrenme Yºntem ve  

Teknikleri: 

5E ºĵrenme halkasē, Deney, soru-cevap, 

tartēĸma, anoloji, sunuĸ 

 

Kullanēlan Ara­ Gere­ ve  

Kaynaklar 

Ders kitabē, Ķnternet, Akēllē tahta, Kesme 

ķeker, KMnO4, Na2SO3, H2SO4, H2O, 

NaHCO3, CaCO3, NH3, NaOH, Na2CO3, 

CuSO4, H2SO4, NaCl, HCl, KNO3, KClO3, 

MnO2, ­inko metali par­alarē, magnezyum 

metali par­alarē, bakēr metali par­alarē s¿t, 

sirke, kola, ­amaĸēr suyu, Sitrik asit, 

Magnezyum ĸerit,  100 mL beher , karēĸtērēcē, 

havan, mum, pens, termometre, ­akmak, 

turnusol kaĵēdē, spat¿l, ēsētēcē, tutacak, deney 

t¿p¿, baget, maĸa 

G¿venlik Sembolleri: Isē ile yapēlan deneylerde dikkatli olunmalē, 

gaz ­ēkēĸē olan deneylerde ortam 

havalandērēlmalē, gºzl¿k ve ºnl¿k 

kullanēlmalē. Asitle temas halinde bol suyla 

yēkanmalēdēr. Deneyleri yaparken mutlaka 

eldiven takēlmalēdēr. 
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3. ¦NĶTE: KĶMYASAL DEĴĶķĶMLER 

3.1. Reaksiyon Nedir? 

3.1.1. Fiziksel ve Kimyasal Deĵiĸimler 

Giriĸ (Engage) 

¥ĵretmen, ºĵrencilerle karĸēlēklē selamlaĸtēktan sonra ºĵrencileri derse hazērlamak 

adēna hal ve hatērlarēnē sorar. Daha sonra óóyaĸam bize bir ­ok deĵiĸikliĵi beraberinde 

getirir,  iĸimiz deĵiĸir, evimiz deĵiĸir, arkadaĸ ­evremiz deĵiĸir, okulumuz deĵiĸir, 

bunlarē ­oĵaltabiliriz. Bazē deĵiĸimler bizi ­ok fazla etkilemese de bazē deĵiĸimler bizi 

derinden etkileyebilir. Kimyada da bºyle bir ­ok deĵiĸim vardēr. Sekizinci sēnēfta da 

gºrd¿ĵ¿n¿z fiziksel ve kimyasal deĵiĸimler konusunda gºrd¿ĵ¿n¿z gibi denirôô ve  

sonrasēnda  ºn bilgilerini ºl­mek ve derse ilgilerini ­ekmek i­in aĸaĵēda g¿nl¿k 

yaĸamdan fiziksel ve kimyasal deĵiĸimlere ºrnek olarak verilen resimler ve sorularla 

derse baĸlanēr.  

Resimlerde gºsterilen maddelerin hangilerinin fiziksel hangilerinin kimyasal bir 

deĵiĸime uĵradēĵēnē d¿ĸ¿n¿yorsunuz. Neden? 

 

 

 

 

 

Resim -1        Resim-2 

karpuzun dilimlere ayrēlmasē    Etin kēyma haline getirilmesi 

 

 

 

 

 

Resim- 3       Resim 4 

Peynirin k¿flenmesi      Demirin paslanmasē 
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Resim- 5       Resim- 6 

    Mumum yanmasē             Suyun donmasē 

 

 

¥ĵrencilerin fikirleri alēnma aĸamasēnda d¿ĸ¿nmelerini saĵlayacak sorular sorulur;  

ñNeden fiziksel yada kimyasal bir deĵiĸim olduĵunu d¿ĸ¿nd¿n?ò,  

ñHangi resimde maddelerin kimlikleri deĵiĸmiĸtir?ò  

ñHangi resimde maddelerin tanecik yapēlarē deĵiĸmiĸtir?ò,  

ñHangi resimde deĵiĸim sonucu yeni bir madde oluĸmuĸtur?ò 

 ñResimlerdeki deĵiĸimlerin hangilerinde maddenin deĵiĸime uĵramadan ºnceki 

durumuna dºn¿ĸ¿m¿ kolaydēr? Neden? 

ñHer kimyasal  deĵiĸime bir fiziksel  deĵiĸim de eĸlik eder mi ? Neden?ò  v.b. sorular 

sorar. 

Burada ºĵrencilerin fikirleri alēnēp doĵru cevaplar verilmez, ºĵretmen ºĵrencilerin 

sahip olduklarē ºn bilgileri a­ēĵa ­ēkarēr. Resimlere daha sonra tekrar dºn¿leceĵini 

belirtir. (varsa ºĵrenme zorluklarē ve kavram yanēlgēlarē bunlarē not eder.)  

Keĸfetme (Explore): 

Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-1 yaptērēlēr. 

Bu deneyde ºĵrencilerden fiziksel ve kimyasal deĵiĸimlerin farklarēnē nasēl ayērt 

edebileceklerini gºrmeleri ama­lanēr. 

Etkinlik -1 

Fiziksel ve Kimyasal Deĵiĸimler  

PROBLEM: ķekerde yapēlan ¿­ farklē deĵiĸimin farkē nedir?  
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ARA¢-GERE¢: kesme ĸeker, iki adet 100 mL beher , iki adet karēĸtērēcē, havan  

ĶķLEM:  

Altē tane k¿p ĸekeri havanda toz haline getirerek gºzlemlerinizi kaydedin. 

100 mllik her bir behere altēĸar tane kesme ĸeker atēnēz. Birinci behere 40 ml kaynamēĸ 

su ilave ediniz. Ķkinci behere 40 ml konsantre s¿lfirik asit ekleyerek karēĸtērēcēlarla 

karēĸtērēnēz. 

2-3 dk beklendikten sonra gºzlemlerinizi not ediniz.  

 

 

 

 

G¥ZLEM ve SONU¢ 

 

TARTIķMA 

 

I. beherdeki, II. beherdeki ve havandaki ĸekerlerin deĵiĸimlerini fiziksel ve kimyasal 

olarak sēnēflandērēnēz?  

Gºzlemlediĵiniz hangi delillerden yola ­ēkarak bu sēnēflandērmayē yaptēnēz. Nasēl 

fiziksel ya da kimyasal bir deĵiĸim olduĵuna karar verdiniz 

Gºzlemlediĵiniz ĸekerlerdeki deĵiĸimlerden hangisi ya da hangilerini tekrar k¿p ĸeker 

olarak elde edebilirsiniz? Neden? 

Eĵer ĸekeri tanecik boyutta             ĸeklinde gºsterirsek havanda ve beherlerdeki ĸeker 

taneciklerinin uĵradēklarē deĵiĸim neticesindeki ĸekli nasēl olur? 

Bu  bºl¿mde ºĵretmen bir rehber, yºnetici, kolaylaĸtērēcē, ºĵrenciyi sēk sēk teĸvik edici, 

onlarē dinleyen, gºzlemleyen, ºĵrenciler arasēnda etkileĸim saĵlayan bir roldedir. 

Gerekli durumlarda sorularla, yani bilgiyi direk vermeden ºĵrencileri yºnlendirerek 

bilgiye ulaĸmalarēnē saĵlar. Onlara deneyi tamamlamalarē i­in yeterli zaman tanēr. 

Bu kēsēmda ºĵretmen ayrēca sēk sēk gruplarē gezer. Deneyin gidiĸatē hakkēnda bilgi alēr. 

Zorlandēklarē evrelerde onlara rehberlik ederek deneyi tamamlamalarēnē saĵlar. B¿t¿n 

grup ¿yelerini deneye katkē yapmalarē i­in teĸvik eder. 

A­ēklama (Explain): 

Deney sonucunda gruplarēn bulduklarē sonu­lar tartēĸēlēr. ¥ĵrencilerin ºncelikle 

fiziksel ve kimyasal deĵiĸimin farklarēnē, hangi durumun kimyasal hangi durumun 

fiziksel deĵiĸim olduĵunu yukarēda verilen sorular eĸliĵinde cevaplamalarē saĵlanēr. 
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¥ĵrencilerle birlikte fiziksel ve kimyasal deĵiĸim tanēmē yapēlēr. Ayrēca bu kavramlar 

kimyanēn makroskopik, sembolik ve mikroskobik doĵasē vurgulanarak tartēĸēlēr.  

Fiziksel deĵiĸme: Maddelerin yapēsē deĵiĸmeden sadece hal, bi­im, ĸekil, dēĸ 

gºr¿n¿ĸ¿nde meydana gelen deĵiĸimlere verilen isimdir. Fiziksel deĵiĸmeler 

sonucunda yeni maddeler oluĸmaz. Yalnēzca maddenin ĸekil, b¿y¿kl¿k gibi ºzellikleri 

deĵiĸir. Diĵer bir ifadeyle fiziksel deĵiĸim sonucunda maddenin kimliĵi deĵiĸmez. 

Fiziksel deĵiĸmeye uĵrayan bir madde kolayca eski haline dºn¿ĸt¿r¿lebilir. ¥rnek: 

odunun kērēlmasē, naftalinin buharlaĸmasē, ĸekerin ­ayda ­ºz¿nmesi....v.b. (ºrnekler 

ºĵrenciler tarafēndan ­oĵaltēlmalēdēr.) (makroskopik seviye) 

 

 

 (makroskopik seviye gºsterim) 

Peki fiziksel deĵiĸimleri sembolik seviyede nasēl gºsterebiliriz? Suyun hal deĵiĸim 

aĸamalarēnē, oksijenin  ve yemek tuzunun suda ­ºz¿nmesini sembolik seviyede nasēl 

gºsterebiliriz? (Bu aĸamada ºĵrenciler daha ºnceden elementlerin sembollerini 

ºĵrenmiĸlerdi) ¥ĵrencilerin fikirleri alēnarak ya da isteĵe baĵlē olarak tahtaya 

yazdēralabilir. 

H2O(katē)   H2O(sēvē)  H2O(gaz) 

O2(gaz)   O2(suda) 

NaCl(katē)  NaCl(suda)  

Sembolik seviyede gºsterimler 

http://tr.wikipedia.org/wiki/Madde
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Son olarak fiziksel deĵiĸimleri mikroskobik(tanecik) seviyede nasēl gºsterebiliriz? Su 

sēvē halden gaz hale ge­erken suyu oluĸturan tanecikler deĵiĸir mi?  Oksijenin suda 

­ºz¿nmesinde oksijen molek¿lleri deĵiĸir mi? (Bu aĸamada ºĵrencilerin makroskopik 

seviyede gºrd¿kleri deĵiĸimleri tanecik boyutta irdelemeleri saĵlanmalēdēr, bununla 

birlikte bir ka­ ºĵrenciye tahtaya ­ēkarēlēp ­izdirilmesi istenebilir ve deneyde 

yaptēklarē ­izimler grup baĸkanlarē tarafēndan sēnēfta tartēĸēlmalēdēr). 

 

 

 

 

Yukardaki a­ēklamalar eĸliĵinde, fiziksel olaylarda maddenin, kimyasal ºzelliĵinin 

deĵiĸmediĵi, molek¿l form¿l¿n¿n deĵiĸmediĵi, toplam k¿tlesinin deĵiĸmediĵi, toplam 

atom sayēsēnēn deĵiĸmediĵi, ancak bazē fiziksel ºzelliklerinin deĵiĸtiĵi vurgulanēr.(Bu 

kēsēm ºĵrencilere sorularak ­ēkartēlēr.)  

Kimyasal deĵiĸme: Bir maddenin ­eĸitli etkilerle kimliĵini deĵiĸtirerek baĸka 

maddelere dºn¿ĸmesine kimyasal deĵiĸim denir Kimyasal deĵiĸim sērasēnda renk 

deĵiĸimi, gaz ­ēkēĸē, ēsē veya ēĸēk yayēlmasē gibi belirtiler gºzlenir  Maddenin i­ 

yapēsēnda meydana gelen deĵiĸmelerdir  Kimyasal deĵiĸmeye uĵrayan maddeler eski 

haline yine kimyasal deĵiĸimlerle dºn¿ĸt¿r¿l¿r Bunun yanēnda her kimyasal 

deĵiĸimde mutlaka fiziksel bir deĵiĸimde ger­ekleĸir. ¥rnek:  yumurtanēn piĸmesi, 

s¿tten yoĵurt, peynir elde edilmesi, diĸlerin ­¿r¿mesi, g¿m¿ĸ¿n kararmasē v.b. 

(ºrnekler ºĵrenciler tarafēndan ­oĵaltēlmalēdēr.)  

http://www.forumlord.net/ask-sevgi-sevda-sokagi/113720-ask-sozleri-2013-a.html
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Makroskopik seviye 

 Kimyasal deĵiĸimleri sembolik seviyede nasēl gºsterebiliriz? Suyun oluĸum 

tepkimesini, yemek tuzunun oluĸum tepkimesini, doĵalgazēn yanma tepkimesini 

sembolik seviyede nasēl gºsterebiliriz? (Bu ºrnekler ºĵrencilerin fikirleri alēnarak 

­oĵaltēlmalē ve bir ka­ ºĵreciye tahtada yazdērēlmalēdēr). 

2H2 + O2 2H2O 

HCI + NaOH       NaCI + H2O 

CH4  +  2O2 CO2 + 2H2O 

Kimyasal deĵiĸimlerde maddeler nasēl kimlik deĵiĸtiriyor? Bunu ºĵrenmek i­in 

maddenin ilk durumunu ve deĵiĸimden sonraki durumunu mikroskobik seviyede 

incelememiz gerekir. Suyun elektrolizinde, yemek tuzu oluĸumunda ve metan oksijen 

ile tepkimeye girdiĵinde maddelerin tanecikleri deĵiĸir mi?  (Bu aĸamada ºĵrencilerin 

makroskopik seviyede gºrd¿kleri deĵiĸimleri tanecik boyutta irdelemeleri 

saĵlanmalēdēr, bununla birlikte bir ka­ ºĵrenciye tahtaya ­ēkarēlēp ­izdirilmesi 

istenebilir). 
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¥ĵretmen gerekli gºrd¿ĵ¿ yerlerde d¿zeltmeler yapar. Ardēndan dersin giriĸ 

bºl¿m¿nde ºĵrencilere gºsterilen resimler ¿zerinde tekrar tartēĸēlēr ve deĵiĸimler 

fiziksel ve kimyasal olarak doĵru bir bi­imde sēnēflandērēlēr. 

Bir kimyasal deĵiĸmede maddenin, fiziksel ve kimyasal ºzellikleri deĵiĸir, toplam 

atom sayēsē deĵiĸmez, toplam k¿tle deĵiĸmez, toplam molek¿l sayēsē deĵiĸebilir, 

Molek¿l formul¿ ve element atomunun elektron sayēsē deĵiĸir. (Bu kēsēm da 

ºĵrencilere sorularak ­ēkartēlēr.) 

Derinleĸtirme (Elaborete): 

Bu evrede yeni deneyimlerle kavramēn anlaĸēlma sēnērlarē geliĸtirilir. ¥ĵrenme devam 

ederken iliĸkili kavramlarla baĵlantēlar kurulur. ¥ĵrenciler yine beĸer kiĸiden oluĸan 

altē gruba ayrēlēr ve Etkinlik-2 i­erisinde yer alan deneyler yaptērēlēr. 
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Etkinlik-2 

PROBLEM:KMnO4 ile yapēlan iĸlemlerdeki deĵiĸimleri sēnēflandērēnēz. 

ARA¢-GERE¢: KMnO4, Na2SO3, H2SO4, H2O, NaHCO3, bir adet 100 mL beher , bir 

adet karēĸtērēcē  

ĶķLEM:  

1. Spat¿l ucuyla alēnan bir miktar KMnO4ôu  bir behere koyup ¿zerine H2O ilave 

ederek gºzlemlerinizi kaydediniz. 

2. Ķkinci aĸamada aynē behere spat¿l ucuyla bir miktar Na2SO3 ekleyerek 

gºzlemler n z  kayded n z. 

3. ¦­¿nc¿ aĸamada aynē behere  10 ml H2SO4 ekleyerek gºzlemler n z  

kayded n z. 

4. Dºrd¿nc¿ aĸamada aynē behere 10 ml de daha H2SO4 ekleyerek gºzlemler n z  

kayded n z. 

5. Son aĸamada aynē behere y ne spat¿l ucuyla NaHCO3 ekleyerek gºzlemlerinizi 

kaydediniz. 

G¥ZLEM ve SONU¢ 

Aĸamalar fiziksel 

deĵiĸim 

kimyasal 

deĵiĸim 

gºzlemler 

Aĸama    

Aĸama    

Aĸama    

Aĸama 

 

   

Aĸama    

Deĵerlendirme (Evaluation) 

Soru 1 

Ateĸ bºceĵinin karanlēkta ēĸēk vermesi hangi deĵiĸime ºrnek bir durumdur? Neden? 

Soru 2 

Deniz suyundan i­me suyu elde edilebilmesi i­in, deniz suyunun farklē aĸamalardan 

ge­irilmesi gerekmektedir. Bu ama­la; deniz suyu ºnce kaynatēlēr elde edilen buharlar 

bir kazanda toplanēr. Daha sonra bu kazandaki buhar yoĵunlaĸtērēlarak sēvē hale 

getirilir ve i­me suyu olarak kullanēlēr. Buna gºre verilen aĸamalarē fiziksel ya da 
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kimyasal deĵiĸim olarak sēnēflandērēnēz. Bu sēnēflandērmanēn nedenini tanecik boyutta 

gºstererek a­ēklayēnēz.  

 

 

3.1.2. Fiziksel ve Kimyasal ¥zellikler 

Giriĸ (Engage) 

Fiziksel ve kimyasal deĵiĸimlerin neler olduĵunu, ºzelliklerini, nedenlerini ve nasēl 

ayērt edildiĵini ºnceki dersimizde gºrm¿ĸt¿k diyerek derse baĸlanēr. Ge­en derste 

deĵerlendirme i­in verilen sorular ile ºĵrencilerle kavramsal bir ºzet yapēlēr. 

Anlamayan ºĵrencilerin olup olmadēĵēndan emin olunduktan sonra yeni kavrama 

ge­ilir. Maddelerin uĵradēĵē bu deĵiĸimler her madde i­in ge­erli midir? Her maddenin 

fiziksel ºzellikleri ya da kimyasal ºzellikleri aynē mēdēr?  Bir madde b¿t¿n maddelerle 

tepkime verir mi? Kimyasal tepkime nedir? Mesela, neden evlerimizde ēsēnmak i­in 

doĵalgaz yerine baĸka bir maddeyi kullanmēyoruz ya da lpgli ara­larda neden metan 

gazē kullanēlēyor da, karbondioksit gazē kullanēlmēyor? Neden takēlar g¿m¿ĸ, altēn ya 

da elmastan yapēlēyor? Neden demirden yapēlan malzemeler boyanēyor ? Neden 

porselen tabaklar cam tabaklara gºre daha pahalē? Neden karbondioksit yangēn 

sºnd¿rmede kullanēlēyor?  v.b. sorularla ºĵrencilerin ilgileri ­ekilir, ve ºn bilgileri 

ortaya ­ēkartēlēr.  

Burada ºĵrencilerin fikirleri alēnēp doĵru cevaplar verilmez, ºĵretmen ºĵrencilerin 

sahip olduklarē ºn bilgileri a­ēĵa ­ēkarēr. (Varsa ºĵrenme zorluklarē ve kavram 

yanēlgēlarē bunlarē not eder.)  

Keĸfetme (Explore): 

Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-3 yaptērēlēr. 

Bu deneyde ºĵrencilerden kimyasal ve fiziksel ºzellikleri nasēl ayērt edebileceklerini 

gºrmeleri ama­lanēr. 

Etkinlik-3  

Fiziksel ve Kimyasal ¥zellikler  

PROBLEM: Bazē maddelerin fiziksel ve kimyasal ºzelliklerinin belirlenmesi. 
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ARA¢-GERE¢:   

ķeker Na2CO3 Tutacak 

CaCO3 CuSO4 Isētēcē 

NH3 0,1 M H2SO4 Spat¿l 

0,1 NaOH NaCl Beher 

Mum Deney t¿p¿ Turnusol kaĵēdē 

 

ĶķLEM:  

Birinci Kēsēm 

Bir maddenin sudaki ­ºz¿n¿rl¿ĵ¿ 

 Deney t¿p¿ne spat¿l ucuyla bir miktar katē madde alēnēr, ¿zerine 20 damla su 

eklenir ve ­alkalanēr. Madde ­ºz¿nmemiĸse aynē miktarda su tekrar eklenir ve sonu­ 

kaydedilir.(gaz ­ēkēĸē, ­ºkelek oluĸumu, ­ºz¿nme ve renk deĵiĸimi gibi) 

Isētma karĸēsēndaki davranēĸ 

 Deney t¿p¿ne spat¿l ucuyla bir miktar katē alēnēr. T¿p, bek alevinin en ¿st 

kēsmēnda 45Á ólik a­ēyla tutulur. (t¿p¿n aĵzē deneyi yapana ve ­evredeki kiĸilere dºn¿k 

olmamalēdēr.) Meydana gelen deĵiĸiklik kaydedilir. 

 c) 0,1 Môlēk H2SO4 ile reaksiyon 

 Deney t¿p¿ne spat¿l ucuyla bir miktar katē alēnēr, ¿zerine 20 damla seyreltik 

H2SO4  ilave edilir ve ­alkalanēr. Meydana gelen deĵiĸiklikler kaydedilir. 

 Deney i­in daha ºnce bahsedilen CuSO4, ĸeker, Na2CO3, CaCO3 sērasēyla 

alēnarak (a),(b),(c) deneylerinin herbiri i­in yapēlēr. Sonu­lar  bir ­izelgede toplanēr. 

Maddenin adē Sudaki 

­ºz¿n¿rl¿ĵ¿ 

Isētmadaki 

Davranēĸ 

H2SO4 ile 

tepkime 

CuSO4    

ķeker    

Na2CO3    

CaCO3    

Ķkinci Kēsēm 

¦­ tane mum alēnarak yakēlēr. Birinci mumun ¿zerine beher koymadan yakēnēz, ikinci 

mumum ¿zerine 250 mlôlik beher koyarak yakēnēz, ¦­¿nc¿ mumun ¿zerine 500 mlôlik 

beher koyarak yakanēz ve gºzlemlerinizi kaydediniz? 
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¦­¿nc¿ kēsēm 

Mavi ve kērmēzē turnusol kaĵēdēnē 10 ml alēnan NaCl, NH3, H2SO4, NaOH ­ºzeltilerine 

sērasēyla batērēnēz ve gºzlemlerinizi kaydediniz. 

 

 

Maddenin adē Mavi turnusol 

kaĵēdē 

Kērmēzē turnusol 

kaĵēdē 

Asit/ Baz 

NaCl    

NH3    

H2SO4    

NaOH    

 

TARTIķMA 

Gºzlemlerinize gºre kullandēĵēnēz maddelerin fiziksel ºzellikleri aynē mēdēr? 

Gºzlemlerinize gºre kullandēĵēnēz maddelerin kimyasal ºzellikleri aynē mēdēr? 

Yaptēĵēnēz gºzlemler sonucunda maddelerin fiziksel ve kimyasal ºzelliklerinin 

farklarēnē nedeniyle  a­ēklayēnēz. 

Yaptēĵēnēz gºzlemlere gºre kullandēĵēnēz maddeler ilk durumdaki fiziksel ya da 

kimyasal ºzelliklere sahip midirler? Neden? 

Gºzlemlerinize gºre yanēcēlēk kimyasal bir ºzellik midir? Neden? 

Yanma olayēnda oksijen miktarē ºnemli midir? Neden? 

Hangi maddeler asit, hangi maddeler baz ºzelliĵi gºsterir? Neden? 

 

A­ēklama (Explain): 

Deney sonucunda gruplarēn bulduklarē sonu­lar tartēĸēlēr. ¥ĵrencilerin ºncelikle; 

fiziksel ºzellik nedir?  Kimyasal ºzellik nedir? Fiziksel ºzelliklerle kimyasal 

ºzelliklerin  farklarē nelerdir?, Hangi durumun kimyasal hangi durumun fiziksel 

ºzelliĵi belirtiĵini yukarēda verilen sorular eĸliĵinde cevaplamalarē saĵlanēr. 

¥ĵrencilerle birlikte fiziksel ve kimyasal ºzellik tanēmē yapēlēr. Ayrēca bu kavramlar 

kimyanēn makroskopik, sembolik ve mikroskobik doĵasē vurgulanarak tartēĸēlēr.  

Fiziksel ¥zellikler: 

Maddenin bir baĸka madde veya maddelere dºn¿ĸmeksizin gºzlemlenebilen, 

ºl­¿lebilen veya hissedilebilen ºzellikleridir. Fiziksel ºzellikler fiziksel deĵiĸimlerle 

belirlenir. Renk, koku, tat, ĸekil, sertlik, miktar, erime noktasē, kaynama noktasē, 
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yoĵunluk, saydamlēk, ºz ēsē, elektrik iletkenliĵi, kērēlgan olup olmama  v.b. birer 

fiziksel ºzelliktir. B¿t¿n hal deĵiĸim olaylarē, maddelerin suda ­ºz¿nmeleri, karēĸēm 

oluĸturmalarē fizikseldir. Fiziksel ºzellikler beĸ duyu organē ile algēlanabilir.  

K¿tle, hacim, tanecikli yapē ve eylemsizlik maddelerin ayērt edilmesinde 

kullanēlmayan ºzelliklerdir. ¢¿nk¿ b¿t¿n maddelerin k¿tlesi ve hacmi vardēr. Yine 

b¿t¿n maddeler taneciklerden oluĸur ve eylemsizlik ºzelliĵine sahiptir. Dolayēsēyla bu 

b¿y¿kl¿klere ortak ºzellik adē verilmiĸtir.  

Ķnsanlar maddelerin fiziksel ºzelliklerini sēnēflandērarak onlarē g¿nl¿k hayatlarēnda 

iĸlerini kolaylaĸtērmak i­in belirlemeye ­alēĸmaktadērlar. ¥rneĵin, sēcak havalarda 

insanlar daha serinletici ĸeyler giyerken kēĸēn ­ok daha sēcak tutacak giysiler tercih 

ederler. Annelerimiz yemek yaparken tahta tencere yerine ­elik tencereleri kullanērlar. 

Arabalarda tekerlek demir yerine plastikten yapēlmēĸtēr v.b.(ºrnekler ºĵrencilerle 

birlikte ­oĵaltēlmalēdēr.) Bu ºrnekler maddelerin sahip olduklarē fiziksel ºzelliklerinin 

belirlenerek ancak amacēna uygun olarak kullanēlabilir. Aĸaĵēda resimleri verilen 

madelerin fiziksel ºzelliklerini sēnēfla tartēĸēnēz! 
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Kimyasal ¥zellikler(kazanēm 1. 2.) 

Maddenin bir baĸka madde ya da baĸka maddelere dºn¿ĸ¿mleri sērasēnda gºzlenebilen 

ve i­ yapēsē ile ilgili olan ºzellikleridir. Yanēcē olup olmamasē, su ile tepkime verip 

vermemesi, asidik ve ya bazik olmasē, aktiflik, kararlēlēk, indirgenme eĵilimi ve 

y¿kseltgenme eĵilimi vb. ºzellikler maddenin kimyasal ºzellikleridir. Kimyasal 

ºzellikler kimyasal deĵiĸimlerle yani kimyasal tepkimelerle ortaya ­ēkar. Peki 

kimyasal tepkime nedir?  

Ge­miĸten g¿n¿m¿ze bir ­ok bilim adamē kimya biliminin geliĸimine sayēsēz katkēlar 

yaparak g¿n¿m¿zdeki kimya bilgisine ulaĸēlmēĸtēr. Bu bilgi seviyesi bilim ve teknoloji 

geliĸimiyle daha da artacaktēr. Simya dºneminden kimya bilimine ge­iĸte b¿y¿k 

katkēsē olan John Daltonôun maddelerin atomlardan oluĸtuĵu fikrini ortaya atmasēnēn 
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yanē sēra kimyasal tepkimeler ile ilgili a­ēklamalarda da bulunmuĸtur. Daltonôa gºre 

kimyasal tepkimeler(kazanēm 1.1), maddeyi oluĸturan atomlarēn d¿zenleme t¿r¿n¿n 

ve birleĸme ĸeklinin deĵiĸmesidir. Yani Dalton kimyasal tepkimeleri atomlarēn diziliĸ 

ĸekillerinin deĵiĸmesine dayandērarak a­ēklamēĸtēr. Daltonô un atomlarē i­i dolu 

k¿relere benzettiĵi d¿ĸ¿necek olursak bu a­ēklama yaĸadēĵē ­aĵ i­in ge­erli bir 

a­ēklamadēr ve ayrēca diĵer bilim adamlarēnēn araĸtērmalarēna da yol gºsterici 

olmuĸtur. Ancak bilim ve teknoloji zamanla deĵiĸip geliĸtiĵi i­in g¿n¿m¿zde 

atomlarēn atom altē taneciklerden oluĸtuĵu fikri yaygēndēr bu y¿zden Daltonôun ºne 

s¿rm¿ĸ olduĵu kimyasal tepkimeler tanēmē g¿n¿m¿zde kabul gºrmemektedir.  

 

Tanecik boyutta Daltonô a gºre kimyasal tepkime 

G¿n¿m¿zde kimyasal tepkime ise daha ºnceki ¿nitede gºrd¿ĵ¿n¿z gibi atomlarēn 

deĵerlik katmanēndaki elektron sayēsēna baĵlē olarak elektronlarē alma, verme, ya da 

ortaklaĸma eĵilimi sonucunda oluĸur. Farklē eĵilimi olan atomlar bir araya 

geldiklerinde elektron alēĸ veriĸi olur ve iyonlar oluĸur. Elektron alma eĵilimli atomlar 

bir araya geldiklerinde ise elektronlarē ortaklaĸa kullanērlar. Atomlar arasēnda ister 

elektronlar alēnsēn verilsin ister ortaklaĸa kullanēlsēn elektriksel etkileĸim olur. Bu 

elektriksel etkileĸim kimyasal baĵ olarak tanēmlanēr. Modern kimyasal tepkime 

a­ēklamasē kimyasal baĵlarla yapēlēr. Yani kimyasal tepkime, tepkimeye giren 

maddelerin tanecikleri arasēndaki baĵlarēn kopmasē ve taneciklerin yeniden 

d¿zenlenerek yeni baĵlarēn oluĸmasēdēr.  

 

Tanecik boyutta modern kimyasal tepkime tanēmēna uygun bir tepkime ºrneĵi 

Gºr¿ld¿ĵ¿ gibi Dalton ile modern kimyasal tepkime tanēmlarē karĸēlaĸtērēldēĵēnda 

ikiside d¿zen deĵiĸikliĵinden bahsetmesine raĵmen modern kimyasal tepkime 

elektron, baĵ ve elektriksel ­ekimleri a­ēklamalarēnda kullanmaktadēr. Buna gºre 

Dalton teorisinde kimyasal tepkimelerin ve buna baĵlē olarak kimlik deĵiĸmelerinin 

a­ēklanmasēna kēsmen doĵru bir yaklaĸēm getirmiĸtir. Fakat bu yaklaĸēm yetersizdir. 

(bu kēsēm ºĵrencilerle birlikte tartēĸēlēr onlarēn fikirleri de alēnarak bu farkē ­ēkarmasē 

saĵlanmalēdēr.) 
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Peki maddelerin kimyasal ºzellikleri nasēl belirlenir? Aĸaĵēda makroskopik, sembolik 

ve mikroskobik d¿zeyde verilen tepkimeleri inceleyelim.    

 

Yukarēda gºsterilen ĸekilde magnezyum oksijen ile ­ok hēzlē bir ĸekilde tepkimeye 

girerken,  

 

Demirin oksijen ile tepkimesi ise ­ok yavaĸ ger­ekleĸir. 

 

Not: Herhangi bir yanlēĸ kavramaya sebep vermemek adēna tanecik boyuttaki 

gºsterimlerde atomlarēn, yada molek¿llerin ger­ekte o renkte olmadēklarē sadece 

gºsterim ve ayērt etmek amacēyla renklendirildiĵi vurgulanēr. 

Altēn ise oksijen ile hi­ tepkime vermez. Yaptēĵēnēz deneylerde ve yukarēdaki 

ĸekillerde gºrd¿ĵ¿n¿z gibi bir maddenin baĸka maddelerle tepkimeleri farklē ĸekilde 

ger­ekleĸebilir. Yani bir madde bazē maddelerle ­ok hēzlē bir ĸekilde tepkime verirken, 
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bazēsēyla ­ok yavaĸ, bazē maddeler ile hi­ tepkime vermeyebilir. Bu bakēmdan 

kimyasal ºzellikler tek bir tepkimeye gºre belirlenemez. Bu y¿zden yukarēdaki 

resimlerde de gºr¿ld¿ĵ¿ gibi oksijenin tepkimeye girme eĵilimi ­ok y¿ksektir demek 

yerinde bir ifade olmamaktadēr. Dolayēsēyla bir maddenin kimyasal ºzelliĵinden 

bahsederken mutlaka tepkimeye girdiĵi maddeyi belirtmemiz gerekir. Bir baĸka 

ifadeyle maddenin hangi koĸullarda, hangi madde ile tepkimeye girdiĵi belirtilmelidir. 

Bununla birlikte yaptēĵēnēz deneylerden ve yukarēda bahsedilenlerden yola ­ēkarak 

bazē maddelerin tepkimeye girme eĵilimleri diĵerlerine gºre ­ok daha y¿ksek olduĵu 

gºr¿lmektedir. (ñTēpkē bazē kiĸiler ­oĵu insanla rahat­a ileĸim kurarken bazē insanlar 

ise daha i­e kapanēk daha az kiĸiyle iletiĸim kurmasē gibiò ĸeklinde analojisi 

yapēlabilir.) Bu y¿zden kimyada tepkimeye girme eĵilimi y¿ksek olan maddelere 

reaktif madde denir. Reaktif maddelerin aksine maddelerin tepkimeye girme 

yeteneklerinin hi­ olmamasē veya ­ok d¿ĸ¿k olmasēna asallēk ºzelliĵi denir. Asallēk 

ºzelliĵi en y¿ksek olan maddeler, asal gazlardēr. Asal gazlar neredeyse hi­ bir 

maddeyle tepkime vermez. Asal gazlar gibi tepkimeye girme eĵilimi ­ok d¿ĸ¿k olan 

metallerde vardēr. Bu metaller Au(altēn), Pt(platin), Pd(palladyum)dur. Bu kimyasal 

ºzelliklerden dolayē altēn takēlarda, platin ise v¿cudumuzun iskelet yapēsēnda meydana 

gelen kērēklarda kemikleri birbirine tutturmak i­in kullanēlmaktadēr.  

Bilindiĵi gibi hava bir gaz karēĸēmēdēr. Bu karēĸēmēn %78ôini azot gazē oluĸtururken, 

%21ôini oksijen gazē oluĸturur. Ancak normal koĸullarda azot ve oksijen gazē tepkime 

vermez. Tepkime y¿ksek sēcaklēklarda(ºrneĵin ĸimĸek ­akmasē durumunda) 

ger­ekleĸir ve azotdioksit bileĸiĵi oluĸur. Bu tepkimenin y¿ksek sēcaklēklarda 

ger­ekleĸmesi canlēĵēn devamē i­in son derece ºnemlidir. Aksi halde atmosferdeki 

oksijen gazē miktarē t¿kenir. (Bu kēsēm  ºĵrencilere sorulmalē)(kazanēm 1.3)  

Yaptēĵēnēz deneyleri de gºz ºn¿ne aldēĵēnēzda yukarēda  makroskopik, mikroskopik 

ve sembolik  boyutta verilen tepkimeleri de incelediĵinizde sizce yanēcēlēk maddeler 

i­in kimyasal bir ºzellik midir? Bir maddenin yanēcē olmasē ne demektir? Ya da yanēcē 

olmamasē ne demektir?( Bu kēsēm ºĵrenciler ile birlikte soru cevap ĸeklinde tartēĸēlēr. 

¥ĵrencilerin maddelerin oksijen ile tepkime vermesine yanēcēlēk olarak adlandērmasē 

saĵlanēr. Ayrēca madde oksijenle tepkime verse bile bu tepkimenin belli bir sēcaklēkta 

ger­ekleĸtiĵi, bu y¿zden yanma olayēnēn ĸartlara baĵlē olduĵu ve oksijen miktarēnēn 

yanma iĸleminin s¿resini belirlediĵi bilgisi ºĵrencilerle birlikte ortaya 

­ēkarēlēr.)(kazanēm 1.3) ¥ĵretmen makroskopik, mikroskopik ve sembolik boyutta 

verilen yukarda ve aĸaĵēdaki resimlerle konuyu anlatēr.)   
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Reaktiflik ya da asallēk gibi kimyasal ºzelliklerden biri de yanēcēlēktēr. Yanma 

ilkºĵretim fen ve teknoloji dersinden de hatērlayacaĵēnēz gibi maddelerin oksijen ile 

tepkimeye girmesidir. ¥rneĵin resimde gºr¿ld¿ĵ¿ gibi arabalarda benzin oksijen ile 

tepkimye girerek karbondioksit ve suyu oluĸturur. Yine evlerde ēsēnmak i­in kullanēlan 

doĵalgaz(metan gazē) kombilerde oksijen ile tepkimeye girerek yine CO2 ve H2Oô yu 

oluĸturur. Bu bakēmdan yanma olayēnēn ger­ekleĸmesi i­in mutlaka bir maddenin 

oksijen ile tepkimeye girmesi gerekmektedir.( Yanma tepkimesini sembolik olarak 

yukardaki resimlerde gºsterilmiĸti tekrar geri dºn¿l¿r tepkime ºĵrencilere gºsterilir.) 

Peki b¿t¿n yanma tepkimeleri alevli midir?  (ºĵrencilere sorulur, fikirler alēndēktan 

sonra ºĵretmen devam eder). Yanma olayē denince hepimizin aklēmēza alev gelir fakat 

daha ºnce biz yanmayē bir maddenin oksijen ile tepkimeye girmesi olarak 

tanēmlamēĸtēk. Peki bisiklet demirinin paslanmasē, takē olarak kullandēĵēmēz g¿m¿ĸ 

y¿z¿k ve kolyelerin zamanla kararmasē bir yanma olayē mēdēr? (ĸeklinde bir g¿nl¿k 

hayattan ºrnek birer soru sorularak ºĵrencilerin fikirleri alēnēr ve Evet yanētē alēndēktan 

sonra) Peki, bu olaylar da demirin ve g¿m¿ĸ¿n oksijen ile tepkimeye girerek demir 

oksit ve g¿m¿ĸ oksit bileĸiklerini oluĸturduĵu kimyasal birer tepkimelerdir. Pekala bu 

tepkimelerde herhangi bir alev gºr¿rm¿y¿z? (¥ĵrencilerden hayēr cevabē alēnēr.) Bu 

tepkimeler metanēn oksijen ile tepkime vererek karbondioksit ve suyu oluĸturmasē gibi 

birer yanma tepkimesidir. Fakat metanēn yanma tepkimesinde olduĵu gibi alev 

gºzlemlenmez. Sonu­ olarak b¿t¿n yanma tepkimeleri alevli olduĵu d¿ĸ¿ncesi 

yanlēĸtēr Her yanma tepkimesinde alev gºr¿lmeyebilir sonucuna ºĵrencilerle birlikte 

ulaĸēlēr.  

Maddelerin yanēcēlēk ºzellikleri koĸullara ve oksijenle tepkime verip vermemesine 

gºre deĵiĸir mi? (ĸeklinde bir soru sorularak ºĵrencilerin reaktiflik ve asallēk 

tanēmlarēnda gºrd¿kleri tepkimelerden bu ºzelliĵi ­ēkartmalarē beklenir.) ¥rneĵin 

magnezyum d¿ĸ¿k sēcaklēklarda  alevsiz yanar. Yani g¿m¿ĸ metalinde olduĵu gibi 
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kararēr. Ancak y¿ksek sēcaklēklarda alev ­ēkararak yanar. Yukarda bahsedildiĵi gibi 

havadaki N2 normal ĸartlarda O2 ile tepkime vermezken  y¿ksek sēcaklēklarda tepkime 

verir. Dolasēyla yanēcēlēk ºzelliĵi ĸartlara gºre deĵiĸmektedir. Yine magnezyum 

tanecikleri oksijen tanecikleri ile ­ok hēzlē tepkimeye girerken altēn tanecikleri hangi 

ĸart olursa olsun oksijen tanecikleriyle tepkime vermezler. Yani magnezyumun 

oksijen ile tepkime verme eĵilimi ­ok y¿ksekken altēnēn ­ok ­ok d¿ĸ¿kt¿r. Dolayēsēyla  

oksijenle tepkimeye girmede magnuzyum reaktifken, altēn asaldēr. Bu y¿zden 

maytaplar magnezyum metalinden yapēlērken, deĵerli takēlar altēndan yapēlmaktadēr.  

Sizce  maddelerin kimyasal ºzelliklerden bir diĵeri de asitlik-bazlēk olabilir mi? 

(Kazanēm 1.3) Yaptēĵēnēz deneylerde neler gºzlemlemiĸtiniz? Hangi maddelere asit 

hangi maddelere baz diyoruz ? (¥ĵrencilerle birlikte bu sorular cevap aranēr. 

¥ĵrencilerden gerekli cevaplar alēndēktan sonra ºĵretmen konuyu toplar) 

deneylerinizde de gºrd¿ĵ¿n¿z gibi turnusol kaĵēdēnē bazē maddeler kērmēzēya bazē 

maddeler de maviye boyadē. Turnusol kaĵēdēnēn bu ĸekilde renk deĵiĸtirmesi 

maddelerin asitlik ve bazlēk ºzelliklerinden kaynaklabilir mi? (ķeklinde bir soruyla 

devam edilir, ºĵrencilerden evet cevabē alēndēktan sonra ºĵretmen devam eder. Daha 

sonra ºĵrencilerle birlikte asit ve baz tanēmē yapēlēr.  

 

Daha ºnceden hatērlayacaĵēnēz gibi en genel tanēmēyla sulu ­ºzeltisine hidrojen iyonu 

(H+) veren maddelere asit, hidroksit iyonu (OH-) veren maddelere baz denir. Asit 

ºzelliĵi gºsteren maddeler mavi turnusol kaĵēdēnē kērmēzēya ­evirirken, bazlar kērmēzē 

turnusol kaĵēdēnē maviye ­evirirler. Tuzlar mavi ve kērmēzē, her iki turnusol kaĵēdēnēn 

da rengini deĵiĸtirmez. 
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 ¥rnek verecek olursak  limon suyu asidik ºzellik gºsterirken sēvē sabun bazik ºzellik 

gºsterir. 

 

 

Derinleĸtirme (Elaborete): 

Bu evrede yeni deneyimlerle kavramēn anlaĸēlma sēnērlarē geliĸtirilir. ¥ĵrenme devam 

ederken iliĸkili kavramlarla baĵlantēlar kurulur. ¥ĵrenciler yine beĸer kiĸiden oluĸan 

altē gruba ayrēlēr ve Etkinlik-4 i­erisinde yer alan deneyler yaptērēlēr. 

Etkinlik-4 

Problem: Yanēcēlēk, asitlik-bazlēk ve asallēk gibi kimyasal ºzelliklerin belirlenmesi 

ARA¢-GERE¢: 3 tane beher, seyreltik HCl ­ºzeltisi, ­inko metali par­alarē, 

magnezyum metali par­alarē, bakēr metali par­alarē s¿t, sirke, kola,  ­amaĸēr suyu, 

pens, turnusol kaĵēdē, beher, t¿p, ­akmak, 

ĶķLEM:  

Birinci Kēsēm 

1. Beherlerin yarēsēna kadar seyreltik HCl ­ºzeltisi doldurunuz 

2. Birinci behere pens yardēmēyla birka­ tane Mg metali attēnēz ve gºzlemlerinizi 

not ediniz. 

3. Ķkinci behere pens yardēmēyla birka­ tane Zn metali attēnēz ve gºzlemlerinizi 

not ediniz. 

4. ¦­¿nc¿ behere pens yardēmēyla birka­ tane Cu metali attēnēz ve gºzlemlerinizi 

not ediniz. 

G¥ZLEM ve SONU¢ 

Aĸamalar gºzlemler 

Aĸama  

Aĸama  

Aĸama  
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Ķkinci Kēsēm 

Turnusol kaĵēdēnē s¿t, sirke, yoĵurt, kola,  ­amaĸēr suyu maddelerine batērēp 

gºzlemlerinizi kaydediniz. 

Madde Mavi turnusol 

kaĵēdē 

Kērmēzē turnusol 

kaĵēdē 

Gºzlemler 

S¿t    

Sirke    

kola    

­amaĸēr 

suyu 

   

 

 

¦­¿nc¿ kēsēm 

Magnezyum, bakēr ve ­inko metallerini ve ­akmaĵē yakēnēz ve gºzlemlerini 

kaydediniz? 

TARTIķMA 

Gºzlemlerinize gºre hangi beherde tepkime ger­ekleĸtiĵini d¿ĸ¿n¿yorsunuz? Neden? 

Gºzlemlerinize gºre hangi beherde tepkime daha hēzlē ger­ekleĸti? 

Gºzlemlerinize gºre HCl ­ºzeltisinin Zn, Cu, Mg metalleriyle tepkimeye girme 

eĵilimlerini karĸēlaĸtērēnēz. 

Gºzlemlerinize gºre hangi maddeler asitlik, hangi maddeler bazlēk ºzelliĵi gºsterir? 

Neden? 

Hangi maddeler oksijen ile tepkimeye girer? Neden? 

Yaptēĵēnēz deneylerdeki kimyasal olaylarēn denklemlerini yazēnēz? 

Deĵerlendirme (Evaluation) 

Soru 1  

Yangēn sºnd¿rme t¿plerinin ­alēĸma prensibi kēsaca a­ēklayēnēz. Bu t¿plerin i­erisinde 

hangi maddeler bulunur ve neden bu maddeler yangēn sºnd¿rmede kullanēlēr? Yangēn 

sºnd¿rme t¿plerinde CO olsaydē nasēl bir sonu­la karĸēlaĸēlērdē? 

Soru  2  

Aĸaĵēda verilen resim bir bombardēman bºceĵine aittir. Bu bºceĵi diĵer bºceklerden 

ayēran ilgin­ bir ºzelliĵi vardēr. Bu 1.5 cm'lik hayvanēn v¿cudunda olduk­a karmaĸēk 

bir "kimyasal silah" yer alēr. Bºcek kendisini yemeye hazērlanan bir d¿ĸmanē 
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tarafēndan tehdit edildiĵinde, v¿cudunun arka kēsmēnda yer alan ºzel bir borudan, 

d¿ĸmanēna doĵru kaynar sēcaklēkta ve tahriĸ edici bir kimyasal sēvē fēĸkērtēr. Bu sēvēyla 

haĸlanan d¿ĸmanēn tek ­aresi olabildiĵince hēzlē ka­maktēr. Bu kimyasal silahēn ne 

olabileĵi nasēl bir tepkime olabileĵini araĸtērēnēz? 

  

 

 

 

Soru 3 

G¿nl¿k yaĸamēnēzda kullandēĵēnēz beĸ tane asit, beĸ tane baz madde yazēnēz. Neden 

asit yada baz olduĵunu kēsaca a­ēklayēnēz. 

 

Ekzotermik ve Endotermik Olaylar 

Giriĸ (Engage) 

 ¥ĵrencilerin ilgilerini ­ekmek ve ºn bilgilerini yoklamak amacēyla 

atmosferdeki su dºng¿s¿n¿ anlatan bir gºrselle derse giriĸ yapēlēr. 

 

 

 ¥ĵretmen su dºng¿s¿n¿ genel hatlarēyla a­ēklar. 

Su bazē doĵal kuvvetler ve hava hareketleriyle atmosfer ile yer y¿z¿ndeki karalar ve 

sular arasēnda sistemli bir ĸekilde hareket etmektedir. Bu doĵal ­evrim su dºng¿s¿ 

olarak adlandērēlēr. 
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 ¢eĸitli kaynaklardan atmosfere ­ēkan su buharē; yaĵmur, kar, dolu gibi yaĵēĸ 

bi­imleriyle yeniden yer y¿z¿ne dºner. Bu suyun bir miktarē yer altē sularēna karēĸērken 

daha b¿y¿k bir kēsmē gºl ve deniz gibi kaynaklarda birikir. Su dºng¿s¿ de ºteki t¿m 

dºng¿ler gibi s¿reklidir. Bitkiler de terleme ile su dºng¿s¿ne katēlēr.  

 Bu kēsa a­ēklamanēn akabinde ºĵrencilerin fikirlerini  almak amacēyla sorular 

sorar; 

óó Su yer y¿z¿nden hangi olaylar neticesinde atmosfere ­ēkar?ôô 

óóYer y¿z¿nde biriken sularēn atmosfere ­ēkmasēnē etkileyen etmenler hakkēnda ne 

d¿ĸ¿n¿yorsunuz?ôô 

óó Atmosferde biriken suyun  tekrar yer y¿z¿ne dºnmesine hangi olaylar neden 

olmuĸtur?  Bu olaylarēn meydana gelmesini etkileyen etmenler hakkēnda ne 

d¿ĸ¿n¿yorsunuzôô 

 

 

2 NaN3 Ÿ 2Na + 3N2  Arabalarda kullanēlan hava yastēklarē(airbag) ­alēĸma prensibi 

yandaki denklemi verilen kimyasal tepkime ile ger­ekleĸmektedir. Ara­ bir kaza 

anēnda bir tepkime ger­ekleĸtirerek hava yastēĵē a­ēlēr s¿r¿c¿y¿ olasē zararlardan 

korumaktadēr. Peki sizce  anlēk olan bu tepkimenin ger­ekleĸmesi neye baĵlēdēr ve 

nasēl ger­ekleĸir?  

Enerji nedir? Sizce fiziksel ve kimyasal deĵiĸimlerde enerjinin rol¿ nedir?  

(Burada sadece ºĵrencilerin fikirleri alēnēr doĵru cevap verilmez derse ilgileri ­ekilir 

daha sonra tekrar bu resme dºn¿leceĵi ifade edilir. Etkinlik 6 i­in ºĵrenciler 

laboratuvar ­alēĸmasē i­in gruplara ayrēlēr.) 

Keĸfetme (Explore): 

Etkinlik 5 

Problem: Kimyasal ve fiziksel deĵiĸimlere enerji eĸlik edip etmediĵini belirlemek. 

ARA¢-GERE¢: 2 adet deney t¿p¿, termometre, spat¿l, NaOH katēsē, KNO3 katēsē, 

baget 

ĶķLEM:  
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Deney t¿plerinin yarēsēna kadar su ile doldurunuz. 

Termometreyle deney t¿plerindeki sularēn sēcaklēĵēnē ºl­¿n¿z. ¥l­¿m sonu­larēnēzē 

kaydediniz. 

Deney t¿plerinden birine bir spat¿l NaOH, diĵerine ise bir spat¿l KNO3 katēsē 

eklenerek karēĸtērēlēr. 

Karēĸēmlarēn sēcaklēklarēnē ºl­¿n¿z. ¥l­¿m sonu­larēnēzē kaydediniz.  

 

G¥ZLEM ve SONU¢ 

Deneyler Baĸlangē­taki 

sēcaklēk 

Karēĸēmdan sonraki 

sēcaklēk 

deney   

deney   

 

TARTIķMA 

T¿plerde ger­ekleĸen sēcaklēk deĵiĸimlerini ekzotermik ve endotermik oluĸlarēna gºre 

sēnēflandērēnēz. Neden?  

T¿plerde ger­ekleĸen deĵiĸimlerin denklemlerini yazēnēz? 

T¿plerde ger­ekleĸen deĵiĸimler fiziksel ya da kimyasal bir deĵiĸimdir? Neden? 

A­ēklama (Explain): 

 Canlēlarēn yaĸamēnē devam ettirebilmesi i­in enerjiye ihtiya­larē vardēr. Peki bu 

enerjinin kaynaĵē nedir?(ºĵrencilerden beklenir g¿neĸ cevabē). En temel enerji 

kaynaĵēmēz g¿neĸtir. Hatērlayacaĵēnēz gibi bitkilerin en ºnemli ºzelliĵi fotosentez 

yapabilmeleridir. Fotosentez, bitkinin g¿neĸ enerjisini kullanarak karbondioksit ve 

suyu glikoza dºn¿ĸt¿rmesidir. Bu olayēn tepkime denklemi ĸu ĸekilde gºsterilebilir. 

 

Yukardaki tepkimede g¿neĸten alēnan enerji bitkilerin meydana getirdiĵi glikoz 

molek¿l¿nde depolanmēĸtēr. Peki bu depolanan enerji ne zaman a­ēĵa 

­ēkar?(ºĵrencilerin fikirleri  alēnarak canlēlarēn sindirimi ve fosil yakētlarēn kullanēmēna 

ge­ilmelidir.) 

Glikoz molek¿l¿nde depolanmēĸ enerjinin a­ēĵa ­ēkmasē iki  ĸekilde ger­ekleĸir. 

Birincisi canlē metabolizmasēnda ger­ekleĸen olaylardēr. Daha ºnce gºrd¿ĵ¿n¿z gibi 

enerji verici besin maddelerin temelini karbonhidratlar oluĸturur. Karbonhidratlarēn en 
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k¿­¿k birimini ise glikozlar oluĸturmaktadēr.(polimerleĸme konusunda daha ayrēntēlē 

iĸlenecek). Dolayēsēyla yiyeceklerimizde bulunan glikoz, v¿cudumuza alēndēĵēnda 

yakēlēr. Bu yanma olayē alevsiz bir yanmadēr.(yanma olayēnē daha ºnceki derslerde 

gºrm¿ĸlerdi burada bu tepkime ºĵrencilere yazdērēlēr.)  

C6H12O6(k) + 6O2(g)  6CO2(g) + 6 H2O(g) + Enerji 

 Fotosentezde depolanmēĸ enerjinin a­ēĵa ­ēkma ĸekli fosil yakētlarēn 

yakēlmasēdēr. Bitki  ve hayvan t¿rlerinin kalēntē ve atēklarē uzun yēllar havayla temasēz 

kaldēĵēnda metan gazē gibi farklē bir hidrokarbon bileĸiĵine dºn¿ĸebilirBu gaz oksijen 

ile tepkimeye girdiĵinde ēsē enerjisi a­ēĵa ­ēkar.(yanma tepkimelerinde ºĵrenciler bu 

denklemi de ºĵrenmiĸlerdi onlarda yazmalarē istenir.) 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(g) 

 

Canlēlarēn hayatlarēnē devam ettirebilmeleri ve g¿nl¿k yaĸamda bir ­ok alanda ihtiyacē 

olan enerjiyi bu ĸekilde elde edilir.  Bu ĸekilde elde edilen enerji ilkºĵretim fen ve 

teknoloji dersinden de hatērlayacaĵēnēz ¿zere ēsē, ēĸēk, ses gibi bir ­ok farklē enerji t¿r¿  

birbirine dºn¿ĸebilmektedir. ¥rneĵin termik santrallerde yakēlan kºm¿r sayesinde 

elde edilen ēsē enerjisi, evlerimizde elektrik enerjisine dºn¿ĸebilmektedir. Hatta bu 

elektrik enerjisi aydēnlatma amacēyla kullandēĵēmēz lambalarda ēsē ve ēĸēk enerjisine 

dºn¿ĸ¿r. Otomobillerde kullandēĵēmēz yakēt yanarak elde edilen ēsē enerjisi hareket 

enerjisine dºn¿ĸ¿r(¥rnekler ºĵrencilerle birlikte ­oĵaltēlabilir).  

 ¥nceki derslerde maddenin yapēsēnda meydana gelen deĵiĸimleri fiziksel ve 

kimyasal olarak sēnēflandērmēĸtēk. Peki fiziksel ve kimyasal deĵiĸimler de meydana 

gelen enerji deĵiĸimleri i­in ne sºyleyebilirsiniz? (kazanēm 1.4)(ºĵrencilerle daha 

ºnce yaptēklarē deneyler hatērlatēlēr orada gºzlemledikleri enerji deĵiĸimleri 

hatērlatēlarak ºn bilgilerinin hatērlanmasē saĵlanēr.) 

 

Isē veren bir tepkime 
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Isē veren bir tepkime 

 

Isē alan bir fiziksel deĵiĸim 

Bir deĵiĸim ister fiziksel olsun , ister kimyasal, bu deĵiĸime mutlaka bir enerji eĸlik 

eder. Yani maddeler fiziksel ya da kimyasal deĵiĸime uĵradēklarēnda ya dēĸarēdan ēsē 

alēr, ya da dēĸarēya ēsē verir. Ancak fiziksel deĵiĸimlerde enerji alēĸ veriĸi k¿­¿kt¿r. Bu 

nedenle ­oĵu zaman tepkime denkleminde gºsterilmez. Kimyasal deĵiĸimlerde ise bu 

alēĸ veriĸ , fiziksel deĵiĸimlere kēyasla daha b¿y¿kt¿r. Bu nedenle tepkime 

denkleminde alēnan ya da verilen ēsē belirtilir.  Isē enerjisi tepkimelerde Q ile gºsterilir. 

Kimyasal deĵiĸimlere enerji deĵiĸiminin eĸlik ettiĵini fark eden bilim insanlarē bu 

enerjiden kontroll¿ olarak nasēl faydalanabileceklerini araĸtērmaya baĸlamēĸlardēr. 

1800ôlerde Alessandro Volta, belli ­ºzeltilerle metal elektrotlar arasēndaki kimyasal 

tepkimelerden faydalanēlarak elektrik enerjisi  ¿retebileceĵini keĸfetmiĸtir. 

Zn(k) +  CuSO4(suda)    Ą ZnSO4(suda) + Cu(k) + elektrik enerjisi 

Bu kefiĸle birlikte bir ­ok bilim insanē bu alanda ­alēĸmalar yaparak farklē maddeler 

kullanarak Voltaônēn kesfini geliĸtirmiĸlerdir. (ºrneĵin Danniell) Bu tepkimeden fark 

edildiĵi gibi bazē tepkimelere eletrik enerjisi eĸlik etmektedir. Elektrik enerjisi 

genellikle ¿r¿nler tarafēndadēr. Peki, elektrik enerjisi, girenler tarafēnda olursa ne olur? 

(Suyun elektrolizi ºrneĵi verilir.) 

Tepkimelerde girenler tarafēnda ēsē enerjisi olabildiĵi gibi elektrik enerjisi de 

olabilmektedir. Ķĸte kimyasal tepkimelerin bu ºzelliĵi sayesinde ĸarj edilebilir piller, 

kaplamacēlēk sektºr¿ geliĸmiĸtir. (¥rneĵin herhangi bir metal eĸyanēn altēnla 

kaplanmasē)  

Enerji alēĸ veriĸi yºn¿nden tepkimeler iki  kēsēmda incelenir. 
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Endotermik (ēsē alan) tepkimeler : Dēĸarēdan ēsē alarak ger­ekleĸen fiziksel ve kimyasal 

olaylar  endotermik tepkime olarak adlandērēlēr. Endotermik tepkimelerde alēnan ēsē 

tepkimenin girenler kēsmēnda gºsterilir. 

 CaCO3 + ēsē (Q) Ą CaO + CO2 

 H2O (s) + ēsē (Q) Ą H2O(g) 

 2NH3(g) + ēsē (Q) Ą N2(g) + 3H2(g) 

 CO2(g) + ēsē (Q) Ą CO(g) + İ O2(g) 

 

Endotermik Olaylar 

Katēlarēn erimesi 

Sēvēlarēn buharlaĸmasē 

Katēlarēn s¿blimleĸmesi 

Genellikle katēlarēn sēvēlarda ­ºz¿nmesi 

Element atomlarēnēn elektron vermesi 

Baĵlarēn kērēlmasē 

Bileĸiklerin bileĸenlerine ayrēlmasē 

Elektroliz  

 

2. Ekzotermik tepkimeler: Dēĸarēya ēsē vererek ger­ekleĸen fiziksel ve kimyasal olaylar 

ekzotermik tepkime olarak adlandērēlēr. Ekzotermik tepkimlerde verilen ēsē tepkimenin 

¿r¿nler kēsmēnda gºsterilir. 

 C(k) + O2(g) Ą CO2(g) + ēsē (Q) 

 H2O(g) Ą H2O (s) + ēsē (Q) 

 S(k) + O2(g) Ą SO2(g) 

Ekzotermik Olaylar 

Gazlarēn yoĵunlaĸmasē  

Sēvēlarēn donmasē 

Bir gazēn suda ­ºz¿nmesi 

Kēraĵēlaĸma 

Elementlerin elektron almasē 

Baĵlarēn oluĸmasē 

Genellikle yanma tepkimeleri 

Oksitlenme, paslanma 

K¿­¿k molek¿llerin birleĸerek b¿y¿k molek¿ller oluĸturmasē 
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Giriĸ kēsmēnda verilen resimlere tekrar dºn¿lerek resimlerde gºr¿len deĵiĸimlerin 

ekzotermik mi yoksa endotermik mi olduĵu tekrar ºĵrencilere sorulur. 

 

Derinleĸtirme (Elaborete): 

Bu evrede yeni deneyimlerle kavramēn anlaĸēlma sēnērlarē geliĸtirilir. ¥ĵrenme devam 

ederken iliĸkili kavramlarla baĵlantēlar kurulur. ¥ĵrenciler yine beĸer kiĸiden oluĸan 

altē gruba ayrēlēr ve Etkinlik-6 i­erisinde yer alan deneyler yaptērēlēr. 

Etkinlik-6 

Problem: Isē alan ve ēsē veren fiziksel ve kimyasal deĵiĸimlerin belirlenmesi. 

ARA¢-GERE¢:  

NaHCO3 ­ºzeltisi MnO2 

Sitrik asit Termometre 

Deriĸik H2(SO)4 ­ºzeltisi Isētēcē 

Magnezyum ĸerit Beher 

KClO3 Spat¿l, Karēĸtērēcē, Maĸa 

 

ĶķLEM:  

20 ml NaHCO3 ­ºzeltisi alēnēz bir beher ve sēcaklēĵēnē ºl­erek kaydediniz daha sonra 

¿zerine 20 ml sitrik asit ilave ediniz ve tekrar termometreyle karēĸēmēn sēcaklēĵēnē 

ºl­erek kaydediniz. 

10 ml deriĸik H2(SO)4 ­ºzeltisini bir t¿pe koyunuz ve sēcaklēĵēnē termometreyle 

ºl­erek deĵeri kaydediniz. Daha sonra bir miktar magnezyum ĸerit alēnarak t¿pe ilave 

ediniz ve bu sefer karēĸēmēn sēcaklēĵēnē ºl­erek son sēcaklēĵē kaydediniz. 

 Bir spat¿l MnO2 bir t¿pe konur ve ¿zerine 4 gr KClO3 katēsē ilave edilir. Maĸayla t¿p 

tutturularak 45 derecelik a­ēyla ēsētēcēdan ­ēkan alevin ¿st¿nde ēsētēlēr ve gºzlemler 

kaydedilir. 

G¥ZLEM ve SONU¢ 

Aĸamalar gºzlemler 

Aĸama  

Aĸama  

Aĸama  
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TARTIķMA 

Gºzlemdiĵiniz deĵiĸimlerden hangileri ekzotermik hangileri endotermik tepkimelere 

ºrnektir. Neden? 

Gºzlemlediĵiniz tepkimelerin denklemlerini yazēnēz? 

Tepkimelerdeki oluĸan ve kērēlan baĵlarē belirleyiniz. Ekzotermik ve endotermik 

tepkimelerle iliĸkilendirerek a­ēklayēnēz? 

 

Deĵerlendirme (Evaluation) 

Soru 1 

Aĸaĵēda verilen deĵiĸimleri endotermik ve ekzotermik oluĸlarēna gºre sēnēflandērēnēz? 

Deĵiĸim Endotermik Ekzotermik 

Eterin Buharlaĸmasē   

Hidrojenin elektron vermesi   

Suyun donmasē   

Demirin paslanmasē   

Naftalinin s¿blimleĸmesi   

Etin piĸmesi   

Buzun erimesi   

Suyun elektroliz edilmesi   

ķekerin suda ­ºz¿nmesi   

Alkoll¿n buharlaĸmasē   

Alkol¿n yanmasē   

Suyun buharlaĸmasē   

Karbondioksit gazēnēn suda ­ºz¿nmesi   

Mumun yanmasē   

Kurĸunun oksitlenmesi   

Mumun erimesi   

Su buharēnēn yoĵunlaĸmasē   

Kurĸunun erimesi   

Amonyak gazēnēn suda ­ºz¿nmesi   

Azot ve oksijen gazēndan amonyak oluĸmasē   

Suyun hidrojen ve oksijen gazēna ayrēĸmasē   
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5E MODELĶNE G¥RE HAZIRLANMIķ DERS PLANI-2 

B¥L¦M 1 

Dersin Adē: Kimya ve teknoloji 

Sēnēf: 9. Sēnēf 

¦nitenin Adē/No: Kimyasal Deĵiĸimler (3. ¦nite) 

Konu: Reaksiyon Tipleri  (3. ¦nite, 2. Kēsēm) 

¥nerilen S¿re: 225 dakika 

 

 

 

B¥L¦M 2 

¥ĵrenci Kazanēmlarē:  

2. Farklē kimyasal tepkime tipleri ile ilgili 

olarak ºĵrenciler;  

 

 

2.1. Basit ­ºz¿nme-­ºkelme 

tepkimelerinin denklemlerini yazar.  

2.2. Nºtralleĸme tepkimelerinin genel 

ºzelliĵini a­ēklar.  

2.3. ¢ºz¿nme-­ºkelme ile nºtralleĸme 

tepkimelerinin ortak ºzelliĵini belirtir.  

2.4. Elektron alēĸ-veriĸi ile y¿r¿yen 

deĵiĸmelerde indirgeni ve y¿kseltgeni 

belirler.  

2.5. Yaygēn y¿kseltgen ve indirgen 

maddelere, kullanēm alanlarē ile birlikte 

ºrnekler verir.  

 
 

Bilimsel S¿re­ basamaklarē Gºzlemlere dayanarak bir veya birden fazla 

ºzelliĵe gºre karĸēlaĸtērmalar yapar.  

Olmuĸ olaylarēn sebepleri hakkēnda 

gozlemlere dayanarak acēklamalar yapar.   
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Gºzlem, ­ēkarēm veya deneylere dayanarak 

geleceĵe yonelik olasē sonuclar hakkēnda 

fikir ºne s¿rer. 

¦nite Kavramlarē ve Sembolleri:  

Å ¢ºz¿nme  

Å ¢ºkelme  

Å Nºtralleĸme  

Å Redoks  

Å Ķndirgen  

Å Y¿kseltgen  

 

¥ĵretme- ¥ĵrenme Yºntem ve  

Teknikleri: 

5E ºĵrenme halkasē, deney, soru-cevap, 

tartēĸma, anoloji, sunuĸ 

 

Kullanēlan Ara­ Gere­ ve  

Kaynaklar 

Ders kitabē, Ķnternet, Akēllē tahta, Pb(NO3)2, 

KI, NaCl, Cu(NO3)2, Zn(NO3)2, AgNO3, 

HCl, HNO3, KOH, NaOH, CuSO4, ZnSO4, 

doymuĸ KCl, ­inko levha, bakēr levha, 

metalik bakēr par­alarē, metalik ­inko 

par­alarē, metalik, kurĸun par­alarē  ¢amaĸēr 

suyu, Musluk suyu, Ķndikatºr (fenolftaleyn), 

pH kaĵēdē karēĸtērēcē,  spat¿l, havan, beher, 

ēsētēcē, damlalēk, turnusol kaĵēdē, tutacak, 

b¿ret, deney t¿p¿, etiket, pipet, tartē, t¿pl¿k, 

cam U boru, galvanometre, termometre, cam 

pamuĵu, baĵlantē kablolarē, 

G¿venlik Sembolleri: Isē ile yapēlan deneylerde dikkatli olunmalē, 

gaz ­ēkēĸē olan deneylerde ortam 

havalandērēlmalē, gºzl¿k ve ºnl¿k 

kullanēlmalē. Asitle temas halinde bol suyla 

yēkanmalēdēr. Deneyleri yaparken mutlaka 

eldiven takēlmalēdēr. 
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3. ¦NĶTE: KĶMYASAL DEĴĶķĶMLER 

3.2. Reaksiyon Tipleri 

3.2.1. ¢ºz¿nme-¢ºkelme Tepkimeleri  

Giriĸ (Engage) 

¥ĵretmen, ºĵrencilerle karĸēlēklē selamlaĸtēktan sonra ºĵrencileri derse hazērlamak 

adēna hal ve hatērlarēnē sorar. Ge­en derslerimizde maddelerin fiziksel ve kimyasal 

ºzelliklerini neler olduĵunu  belirlemiĸtik. Kimisin yanēcēlēk, kimisinin reaktiflik,  

kimisinin asallēk ºzelliĵini gºrd¿k. Ķnsanlar bu ºzellikleri kullanarak maddeleri 

tanēmakta ve uygun yerlerde kullanmaktadērlar. Yine d¿nyamēzda milyonlara ­eĸit 

madde ve canlē t¿r¿ bulunmaktadēr. Bazēlarē birbirine benzerken bazēlarē birbirine hi­ 

benzememektedir. Bunlarēn en ºnemli sebeplerinden birisi kimyasal tepkimelerdir. 

Tēpki fiziksel ve kimyasal ºzelliklerin sēnēflandērēldēĵē gibi kimyasal tepkimelerde 

sēnēflandērēlabilir mi? ķeklinde bir soruyla derse baĸlanēr. Sonrasēnda  ºn bilgilerini 

ºl­mek ve derse ilgilerini ­ekmek i­in aĸaĵēda g¿nl¿k yaĸamdan kimyasal tepkime 

­eĸitlerinden biri olan ­ºz¿nme-­ºkelme tepkimesine  ºrnek bir resimler ve sorularla 

derse baĸlanēr.  

 

 

Resimde gºsterilen yer hepimizin bildiĵi gibi Denizli ili sēnērlarē i­erisinde yer alan 

Pamukkale Traverteni T¿rkiye ve d¿nyanēn en tanēnmēĸ doĵa olaylarēndan biridir. Bu 

doĵa olayē sizce nasēl oluĸmuĸtur? 
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¢aydanlēk ve ­amaĸēr makinelerinde biriken tortular sizce neden kaynaklanmaktadēr? 

¥ĵrencilerin fikirleri alēnēr derse olan ilgileri ­ekilir ve doĵru cevaplar verilmez. 

Resimlere ileriki aĸamalarda tekrar dºn¿leceĵi belirtilir.)  

Keĸfetme (Explore): 

Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-7 yaptērēlēr. 

Bu deneyde ºĵrencilerden ­ºkt¿rme tepkimelerini ayērt edebilmeleri 

ama­lanmaktadēr.  

Etkinlik 7 

PROBLEM: ¢ºz¿nme-­ºkelme tepkimelerinin doĵasēnē kavramak 

ARA¢-GERE¢:  

Pb(NO3)2 ­ºzeltisi 

 

NaCl ­ºzeltisi 

KI ­ºzeltisi Cu(NO3)2 ­ºzeltisi 

t¿p spat¿l 

ĶķLEM:  

Yarēm spat¿l miktari Pb(NO3)2 katēsēnu ¿­ t¿pte koyunuz. 

Yarēm spat¿l KI, NaCl, Cu(NO3)2 katēlarēnē ayrē ayrē t¿pler i­erisine koyunuz.  

T¿plerin yarēsēna gelecek ĸekilde su ilave ederek ­ºzeltilerini hazērlayēnēz. 

¦­ t¿pte hazērlanan Pb(NO3)2 ­ºzeltilerini sērasēyla diĵer t¿plerde hazērlanan KI, 

NaCl, Cu(NO3)2 ­ºzeltilerine ekleyiniz ve gºzlemlerinizi kaydediniz.  

 

 

G¥ZLEM ve SONU¢ 

¢ºzeltiler KI ­ºzeltisi NaCl ­ºzeltisi Cu(NO3)2 ­ºzeltisi 

 

Pb(NO3)2 ­ºzeltisi 

   

 

 

TARTIķMA 

Soru 1: Karēĸtērdēĵēnēz  t¿plerde oluĸan tepkimelerin hangisinin ya da hangilerinin 

­ºz¿nme-­ºkelme tepkimesi olduĵunu d¿ĸ¿n¿yorsunuz? Neden? 
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Soru 2: T¿plerde oluĸan tepkimelerin denklemlerini yazēnēz? 

Soru 3: T¿plerde ­ºken maddeler nelerdir? 

Soru 4: Sizce t¿plerde bazē maddeler ­ºz¿n¿rken neden bazē maddeler ­ºkm¿ĸt¿r? 

A­ēklama (Explain): 

Bir maddenin diĵer madde i­erisinde homojen olarak daĵēlmasēna ­ºz¿nme denir. Bu 

olay sonunda oluĸan karēĸēma ­ºzelti denir. Bir ­ok iyonik bileĸik suda kolaylēkla 

­ºz¿nerek iyonlarēna ayrēĸērken, bir kēsmē nispeten az ­ºz¿nmekte, bir kēsmē ise suda 

ihmal edilebilecek derecede az ­ºz¿nmektedir. Bir iyonik bileĸik suda ­ºz¿nd¿ĵ¿nde 

iyonlarēna ayrēĸērken etrafē su molek¿lleri tarafēndan ­evrelenir. Ķyonik madde olan 

NaCl bileĸiĵi suda ­ºz¿n¿rken aĸaĵēdaki ĸekilde gºr¿ld¿ĵ¿ gibi iyonlarēna ayrēĸēr ve 

iyonlar su molek¿lleri ile sarēlēr. Molek¿ler bir madde olan CH3OH ise suda 

­ºz¿nd¿ĵ¿nde, aĸaĵēda gºr¿ld¿ĵ¿ gibi, iyon oluĸmamakta ve ­ºz¿nme molek¿ler 

olarak ger­ekleĸmektedir. (ºĵrencilere bu kēsēm hatērlatēldēktan sonra ilerde ­ok 

derinden anlatēlacaĵē vurgulanēr.) 

 

(Burada yaptēklarē deneylere vurgu yaparak). Yapmēĸ olduĵunuz deneylerde t¿plere 

eklediĵiniz katē madda suda ­ºz¿nm¿ĸm¿yd¿?( evet cevabē ºĵrencilerden alēndēktan 

sonra) Aldēĵēnēz maddeler suyun i­erisinde molek¿ler mi iyonik halde mi ­ºz¿nd¿ler? 

( ĸeklinde soru sorularak devam edilir, ºĵrencilerden iyonik olarak ­ºz¿nd¿ cevabē 

alanēr.) Peki ­ºzeltileri birbirleriyle karēĸtērdēĵēnēzda bazēlarēnda ­ºken maddeler 

gºrd¿n¿z bazēlarēnda gºrmediniz? ¢ºken madde suda ­ºz¿nm¿ĸm¿d¿r? (hayēr cevabē 

alēndēktan sonra). Peki iki tane suda ­ºz¿nen  ­ºzelti karēĸtērēldēĵēnda neden bir ­ºken 

madde  oluĸturdu? ( burada ºĵrencilerin ­ºzelti i­erisinde kimyasal bir tepkime 

ger­ekleĸtiĵini sºylemesi beklenir.) Bu kimyasal tepkimenin denklemini yazabilir 

misiniz? ( yaptēklarē deneyde tartēĸma kēsmēnda sorulan 2. Soruya vurgu yapēlēr o 

soruda hangi denklemi yazdēklarē gruplara sºyletilir.) Mesela birinci t¿pte Pb(NO3)2 

katēsē ikinci t¿pte ise KI katēsē vardē. Bu t¿plere su ilave edildiĵinde (daha ºnce 

sºylemiĸtiniz) nasēl bir ­ºz¿nme ger­ekleĸti? (ºĵrencilerden iyonik cevabē alēnēr) 
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Daha sonra birinci ve iki t¿pte sembolik olarak hangi iyonlar var sizce? ķeklinde bir 

soruyla devam edilerek aĸaĵēda denklemler yazēlēr. (Kazanēm 2.1.)  

 

Birinci t¿pte: Pb(NO3)2(katē) 2Pb2+
(suda)  + NO3

-
(suda) 

 

Ķkinci t¿pte:   KIkatē)                       K
+

(suda)  + I-(suda)  denklemleri ºĵrencilerle birlikte 

yazēlēr. 

 

Peki bu iki t¿pte bulunan ­ºzelti karēĸtērēldēĵēnda nasēl bir denklem ortaya ­ēkar sizce? 

 

 

Ķki t¿p¿n karēĸēmē sonucunda yukarda mavi ile gºsterilen iyonlar ­ºzelti i­erinde 

ger­ekleĸen tepkime sonucunda birleĸerek PbI2 bileĸiĵini oluĸturur. Bu bileĸik suda 

­ok az ­ºz¿nd¿ĵ¿nden dolayē ­ºzeltiden ayrēlarak katē halde ­ºker. Kērmēzē ile 

gºsterilen iyonlar ise KNO3 bileĸiĵini oluĸtururlar fakat KNO3 bileĸiĵi suda iyi 

­ºz¿nd¿ĵ¿nden( nitrat tuzlarē suda geneklikle ­ok ­ºz¿n¿r.)  ­ºzelti i­erisinde kalēr. 

Yukarēda denklemi verilen tepkimenin tanecik boyutta gºsterimi ise aĸaĵēdaki gibidir. 

Bu tepkime de tanecikler ĸekilde gºr¿ld¿ĵ¿ gibi ikili olarak yer deĵiĸtirmiĸlerdir. 

(taneciklerin sadece ayērt etmek i­in renklendirilmiĸtir. Ger­ekten taneciklerin bu 

ĸekilde renklerinin olmadēĵē ºĵrencilere belirtilir.) 

 

 

Ķĸte bu ĸekilde oluĸan tepkimelere ­ºz¿nme-­ºkelme tepkimeleri denir. G¿nl¿k 

yaĸamda pek ­ok ºrneĵine rastlarēz ­ºz¿nme-­ºkelme tepkimelerinin diyerek devam 

edilir. Ve baĸta gºsterilen resimlere dºn¿l¿r. Pamukkale travertenlerinin oluĸumu, 
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­aydanlēkta ve ­amaĸēr makinasē rezistansēndaki tortu birikimin nasēl ger­ekleĸtiĵi 

ºĵrencilere tekrar sorulur.  

(Burada bir kimyasal tepkime olduĵu ve ­ºz¿nme-­ºkelme tepkimeleri ile ­ºken 

maddelerin oluĸtuĵu ºĵrencilere sºyletilerek,  pamukkale travertenlerinin, 

­aydanlēktaki ve ­amaĸēr makinasē rezistansēndaki tortularēn bu tip reaksiyonlardan 

sonra meydana geldiĵini ºĵrencilerin sºylemeleri beklenir.) 

¥ĵrencilere bu tip reaksiyonlara g¿nl¿k yaĸamdan baĸka ºrnekler verebilir misiniz 

diye sorulur. Daha sonra onlarēn fikirleri alēnēr ve ºĵretmen bu tepkimelerin kullanēm 

alanlarēnē sºyler. Mesela pek ­ok analiz laboratuvarlarēnda maddelerin bileĸimini 

bulmak i­in bu tepkime ºrneklerinden faydanēlmaktadēr. ¥rneĵin toksit ºzelliĵi olan 

kurĸunun saptanmasē i­in kurĸun iyonlarē s¿lfirik asitle tepkimeye sokularak, kurĸun 

s¿lfat ­ºkt¿r¿lmektedir. Bu tepkimenin denklemi aĸaĵēdaki gibidir. 

Pb(NO3)2(suda) + H2SO4(suda)           PbSO4(katē) + 2HNO3(suda) 

¢ºz¿nme-­ºkelme tepkimeleri her zaman olumlu sonu­lar doĵurmayabilir. Yukarda 

resimde gºr¿ld¿ĵ¿ gibi halk arasēnda kire­lenme olarak tabir edilen olay, tencere, 

­aydanlēk, ­amaĸēr makinasē rezistansē, su borularēndaki madde birikimidir. Sularda 

­ºz¿nm¿ĸ olarak bulunan kalsiyum iyonlarē ile karbonat iyonlarēnēn tepkimesiyle 

oluĸan bu madde, ēsēyē iyi iletmemekte ve dolayēsēyla ēsē ve elektrik enerjisinin boĸa 

harcanmasēna neden olmaktadēr. Bu tepkimenin denklemi aĸaĵēdaki ĸekilde 

gºsterilebilir. 

CaCl2(suda) + Na2CO3(suda)            2NaCl(suda) + CaCO3(suda)   

 

Derinleĸtirme (Elaborete): 

Bu evrede yeni deneyimlerle kavramēn anlaĸēlma sēnērlarē geliĸtirilir. ¥ĵrenme devam 

ederken iliĸkili kavramlarla baĵlantēlar kurulur. ¥ĵrenciler yine beĸer kiĸiden oluĸan 

altē gruba ayrēlēr ve Etkinlik-8 i­erisinde yer alan deneyler yaptērēlēr. 

Etkinlik 8 

PROBLEM: Sudaki klor iyonu tayini  

ARA¢-GERE¢:  

Musluk suyu HCl 

AgNO3 ­ºzeltisi Damlalēk 

¢amaĸēr suyu Beher 
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ĶķLEM:  

Behere bir miktar musluk suyu doldurunuz.  

Bir ka­ damla AgNO3 ­ºzeltisi ilave ederek gºzlemlerinizi kaydediniz. 

Aynē iĸlemleri ­amaĸēr suyu ve HCl i­inde yapēnēz. 

G¥ZLEM ve SONU¢ 

 

TARTIķMA 

Beherlerde ne ­eĸit bir tepkime ger­ekleĸmiĸtir? 

Ger­ekleĸen tepkimelerin denklemlerini yazēnēz? 

¢ºken maddeler nelerdir? 

Deney kabēnda ger­ekleĸen  kimyasal tepkime tanecik boyutta nasēl gºsterilir? 

 

Deĵerlendirme (Evaluation) 

Atēk Su Arētma Yºntemleri 

Ev ve iĸyerlerine daĵētēlan su, kullanēldēktan sonra atēk su haline gelir ve bir kanal aĵē 

ile toplanēr. Atēk  sular, insanlarēn kullandēĵē suya ek olarak, atēk su kanallarēna kontrol 

dēĸē giren sēzēntē sularēnē, y¿zey sularēnē ve ka­ak yaĵmur suyunu da i­ermektedir. Atēk 

sular; evsel ve end¿striyel atēk sular olmak ¿zere iki ana grupta toplanabilir. Atēk sular, 

kanallar ve pompa istasyonlarēndan oluĸan kompleks bir toplama sistemi ile 

oluĸtuklarē yerden arētēlacaklarē yere iletilirler. Sularēn, kullanēldēktan sonra 

kaybettikleri ºzelliklerinin bir kēsmēnē veya tamamēnē tekrar kazandērabilmek ve/veya 

boĸaltēldēklarē alēcē ortamēn doĵal yapēsēnē deĵiĸtirmeyecek hale getirilebilmesini 

saĵlamak i­in uygulanacak her t¿rl¿ fiziksel, kimyasal ve biyolojik iĸleme, atēk su 

arētma denilmektedir. Atēk su arētma tesisleri de; ­eĸitli faaliyetler sonucu ortaya ­ēkan 

atēk sularēn arētēldēklarē, i­erisindeki kirliliklerin uzaklaĸtērēldēĵē tesislerdir. B¿t¿n 

atēksu arētma tesislerinde toplama, arētma ve uzaklaĸtērma olmak ¿zere ¿­ ana unsur 

mevcuttur. Genelde birbirini takip eden havuz veya tanklardan meydana gelen atēk su 

arētma tesisinde, ­eĸitli ¿nitelerde fiziksel, kimyasal, fizikokimyasal veya biyolojik 

iĸlemler/s¿re­ler ile atēk su i­inde yer alan partik¿ller veya erimiĸ haldeki kirliliklerin 

tutulmasē ve uzaklaĸtērēlmasē saĵlanēr. Atēk sularēn arētēlma s¿re­lerini Fiziksel, 

Kimyasal, Biyolojik ve Ķleri Biyolojik Arētma olmak ¿zere dºrt ana baĸlēk altēnda 

toplamak m¿mk¿nd¿r: Peki bu fiziksel ve kimyasal arētma nasēl yapēlēr? Hangi 

reaksiyon tiplerinden yararlanēr? Kēsaca a­ēklayēnēz 

3.2.2. Asit-Baz Tepkimeleri 
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Giriĸ (Engage) 

 ¥nceki dersimizde ¢ºz¿nme-­ºz¿nme tepkimelerinin neler olduĵunu ve nasēl 

ger­ekleĸtiĵini ayrēntēlē bir ĸekilde incelemiĸtik diyerek derse baĸlanēr. Ge­en derste 

deĵerlendirme i­in verilen sorular ile ºĵrencilerle kavramsal bir ºzet yapēlēr. 

Anlamayan ºĵrencilerin olup olmadēĵēndan emin olunduktan sonra yeni kavrama 

ge­ilir. ¥ĵrencilerin asitler ve bazlar konusundaki ºn bilgilerini yoklamak ve konuya 

olan ilgilerini arttērmak amacēyla aĸaĵēdaki sorularla derse baĸlanēr. 

Soru1: Sindirim sistemi organlarēmēzdan mide bazē besinlerin fiziksel ve kimyasal 

sindiriminin yapēlmasēnē saĵlar. Kimyasal sindirim sērasēnda kullanēlan mide asidi 

olduk­a kuvvetli bir asittir. Asitlerin tahriĸ edici etkisi d¿ĸ¿n¿ld¿ĵ¿nde mide asidinin 

midemize zarar vermesinin nasēl ºnlendiĵini d¿ĸ¿n¿yorsunuz? 

 

Soru2: Lara ve arkadaĸlarē okullarēnda d¿zenlenen sene sonu pikniĵine katēlēr. Piknikte 

yapēlan gºrev paylaĸēmē sonucunda Lara salata yapma gºrevini ¿stlenir. Lara 

domatesleri doĵradēĵē sērada bir eĸek arēsē Laraônēn parmaĵēnē sokar. Eĸek arēsēnēn 

salgēsē bazik olduĵuna gºre Laraôya yapēlacak ilk m¿dahale i­in ne ºnerirsiniz ? 

Neden? 

 

Burada ºĵrencilerin fikirleri alēnēp doĵru cevaplar verilmez, ºĵretmen ºĵrencilerin 

sahip olduklarē ºn bilgileri a­ēĵa ­ēkarēr. Sorulara daha sonra tekrar dºn¿leceĵini 

belirtir. (varsa ºĵrenme zorluklarē ve kavram yanēlgēlarē bunlarē not eder.)  

Keĸfetme (Explore): 
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Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-9 yaptērēlēr. 

Bu deneyde ºĵrencilerden asit ve bazlarē keĸfetmeleri ve son durumda hazērladēklarē 

karēĸēmlarē asit, baz ve nºtr olarak sēnēflandērmalarē beklenmektedir. 

Etkinlik-9 

PROBLEM: Asit-baz tepkimeleri nasēl ger­ekleĸir? 

ARA¢-GERE¢:   

HCl,  

HNO3,  

KOH,  

NaOH,  

turnusol kaĵēdē,  

pH kaĵēdē,  

4 adet beher,  

6 adet deney t¿p¿,  

tutacak, 

damlalēk 

 

 

 

ĶķLEM:  

1. 15ôer ml  HCl, HNO3,KOH ve NaOH ­ºzeltilerini ayrē beherlere alarak  turnusol 

kaĵēdē ya da pH kaĵēdē yardēmēyla asitlik ve bazlēklarēnē kontrol edip gºzlemlerinizi 

kaydediniz. 

2. Her bir ­ºzeltiden 5ôer ml alarak aĸaĵēdaki tabloya gºre ­ºzeltileri karēĸtērēnēz ve 

gºzlemlerinizi kaydediniz. 

3. Her bir t¿pte oluĸan karēĸēmēn pH kaĵēdē yardēmēyla asitlik ve bazlēk derecesini 

kontrol ediniz. 

G¥ZLEM ve SONU¢ 

Karēĸēmlar       T¿pler Gºzlem 

HCl-HNO3 t¿p  

HCl-KOH t¿p  
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HCl-NaOH t¿p  

HNO3-KOH t¿p  

HNO3-NaOH t¿p  

KOH-NaOH t¿p  

 

TARTIķMA 

Ķlk durumda beherlere aldēĵēnēz ­ºzeltilerin asitlik ve bazlēklarē hakkēnda ne 

d¿ĸ¿n¿yorsunuz? Neden? 

T¿plerde oluĸturduĵunuz maddelerin asitlik ve bazlēklarē hakkēnda ne 

d¿ĸ¿n¿yorsunuz? Neden? 

Bu  bºl¿mde ºĵretmen bir rehber, yºnetici, kolaylaĸtērēcē, ºĵrenciyi sēk sēk teĸvik edici, 

onlarē dinleyen, gºzlemleyen, ºĵrenciler arasēnda etkileĸim saĵlayan bir roldedir. 

Gerekli durumlarda sorularla, yani bilgiyi direk vermeden ºĵrencileri yºnlendirir. 

Onlara deneyi tamamlamalarē i­in yeterli zaman tanēr. 

Bu kēsēmda ºĵretmen ayrēca sēk sēk gruplarē gezer. Deneyin gidiĸatē hakkēnda bilgi alēr. 

Zorlandēklarē evrelerde onlara rehberlik ederek deneyi tamamlamalarēnē saĵlar. B¿t¿n 

grup ¿yelerini deneye katkē yapmalarē i­in teĸvik eder. 

A­ēklama (Explain): 

Deney sonucunda gruplarēn bulduklarē sonu­lar tartēĸēlēr. ¥ĵrencilerle ºncelikle; Asit 

nedir? Baz nedir? Asitlerin ve bazlarēn ºzellikleri nelerdir? Asitlerle bazlar 

karēĸtērēldēklarēn ger­ekleĸen tepkimeyle ilgili olarak ne d¿ĸ¿n¿yosunuz? (sorular 

­oĵaltēlabilir) sorularē  sorularak , yaptēklarē etkinliĵe gºre bu sorularē cevaplamalarē 

saĵlanēr. Ayrēca bu kavramlar kimyanēn makroskopik, sembolik ve mikroskobik 

doĵasē vurgulanarak tartēĸēlēr.  

 

Asitler: 

Suda ­ºz¿nd¿ĵ¿nde H+ iyonu oluĸturan maddeler asit olarak adlandērēlēr. 

HCl Ą H+
(suda) + Cl-(suda) 

HNO3 Ą H+
(suda) + NO3

-
(suda) 
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(HNO3ô¿n suda ­ºz¿nmesini tanecik boyutta bir ºĵrencinin tahtaya ­izmesi istenir) 

 

Asitlerin genel ºzellikler 

Tatlarē ekĸidir. 

 

Mavi turnusolu kērmēzēya ­evirirler. 

 

Sulu ­ºzeltileri elektrik akēmēnē iletir. 

 

 

Bazē asitler katē maddeler i­in yakēcē ve tahriĸ edicidir. 
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Bazē asitler ve form¿lleri: 

 

Bazlar 

Suda ­ºz¿nd¿ĵ¿nde  OH- iyonu veren maddeler baz olarak adlandērēlēr. 

 NaOH Ą Na+
(suda) + OH-

(suda) 

 KOH Ą K+
(suda) + OH-

(suda) 

 

(KOHôēn ­ºz¿nmesini tanecik boyutta bir ºĵrencinin tahtaya ­izmesi istenir) 

 

 

Bazlarēn Genel ¥zellikleri 

Tatlarē acēdēr. Ele kayganlēk hissi verir. 

 

 

Kērmēzē turnusol kaĵēdēnē maviye ­evirirler. 

 

Sulu ­ºzeltileri elektrik akēmēnē iletir. 



270 

 

 

Evlerde kullanēlan temizlik maddelerinin ­oĵu bazik ºzellik gºsterir. 

 

 

 

Asitler ve bazlarēn pH deĵerleri 

 

 

Nºtrleĸme Tepkimeleri  

Asit ve bazēn tepkimeye girerek tuz ve su oluĸturmalarē asit ï baz tepkimesi ya da 

nºtrleĸme tepkimesi olarak adlandērēlēr. Nºtrleĸme tepkimesi sonucunda oluĸan tuz 

katē halde deĵildir. Tepkime sulu ­ºzelti ortamēnda ger­ekleĸtiĵi i­in oluĸan tuz suda 

­ºz¿nm¿ĸ halde bulunur. Nºtrleĸme tepkimelerinin genel durumu ĸºyledir: (Kazanēm 

2.2.) 

 

asit + baz Ą tuz + su 

HCl + NaOH Ą NaCl + H2O 
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 Nºtrleĸme  olayē sērasēnda asitten gelen H+ ile bazdan gelen OH-  iyonlarē 

birleĸerek H2Oôyu oluĸtururken, asitten gelen anyon ile bazdan gelen katyon birleĸerek 

tuzu oluĸturur. Tepkimelerde her hidroksit iyonu bir hidrojen iyonuyla birleĸmektedir. 

Dolayēsēyla tepkime denklemi yazēlērken bu oran gºz ºn¿nde tutulmalē ve tepkimedeki 

maddelerin katsayēlarē buna gºre denkleĸtirilmelidir. 

¥rnek: 

 2KOH(suda) + H2SO4(suda) Ą K2SO4(asuda) + 2H2O(s) 

Bir asit ï baz tepkimesine nºtrleĸme tepkimesi denilebilmesi i­in mutlaka su 

oluĸmalēdēr. Aĸaĵēdaki verilen tepkime ºrneĵi asit ï baz tepkimesi olduĵu  halde 

¿r¿nlerde H2O olmadēĵē i­in nºtrleĸme tepkimesi sēnēfēnda incelenemez. 

 NH3 + HCl Ą NH4Cl 

Nºtrleĸme tepkimelerinde ortamēnēn pHôēna gºre renk deĵiĸtiren organik boyar 

maddeler kullanēlēr. Bu maddelere indikatºr adē verilir. Ķndikatºrlerle ortamēn asit, baz 

ya da nºtr olduĵu anlaĸēlēr. Ķndikatºrlere ºrnek olarak turnusol kaĵēdē ve fenolftalein 

verilebilir. 

 

 

 

G¿nl¿k hayatta nºtrleĸme 

¢ift­iler fazla asitli topraklardan verimli ¿r¿n alamazlar. Topraĵēn asitliĵini azaltmak 

i­in topraĵa bir baz olan sºnmemiĸ kire­ ( CaO) katarlar. 

Bal arēsē soktuĵunda asidik bir madde salgēladēĵēndan bu bºlgeye kabartma tozu 

(sodyum bikarbonat) s¿r¿l¿r ve nºtrleĸme saĵlanēr. 

Eĸek arēsē soktuĵunda bazik madde salgēlandēĵēndan bu bºlgeye sirke s¿r¿lerek 

nºtrleĸme saĵlanēr. 

Bazē insanlarēn midesi gerekenden fazla asit salgēlar. Bu asit Mg(OH)2 gibi baz i­eren 

ila­lar kullanēlarak nºtralize edilir. 

Aĵzēmēzda bakterilerin ¿rettiĵi asit diĸlerimizi ­¿r¿t¿r. Diĸ macunlarēndaki bazik 

maddeler asidi nºtrleĸtirir. 



272 

 

Mide olduk­a asidiktir. Mideden ge­en yiyecekler , karaciĵerden gelen ve bazik 

ºzellikteki safra suyu ile nºtrleĸir. (bu kēsēm ºĵrencilerle tartēĸēlmalēdēr. ¥ĵrencilere 

ilk kēsēm sºylenip cevabē kendilerinin sºylemeleri beklenmelidir.) 

¢ºz¿nme ï ¢ºkelme ve Nºtrleĸme Reaksiyonlarēnēn Ortak ve Farklē Yanlarē  

Bilimsel araĸtērmada sēnēflandērma ­ok ºnemlidir. Sēnēflandērma sayesinde bilim 

insanlarē d¿nyada ger­ekleĸen her olayē ayrē ayrē araĸtērmaktan kurtulur. Bunun 

dēĸēnda birbirine benzer ºzelikte ger­ekleĸen durumlar aynē sēnēfta incelenerek ­alēĸma 

kolaylēĵē saĵlanmēĸ olur. ¥rneĵin canlēlar benzer ºzelliklerine gºre 5 aleme 

ayrēlmēĸtēr. Periyodik cetvelde elementler benzer ºzeliklerine gºre sēnēflandērēlmēĸtēr. 

ķu anda gºrd¿ĵ¿m¿z kimyasal tepkimler konusunu ele alalēm. Doĵada milyonlarca 

farklē madde ve tepkime ­eĸidi yer aldēĵē d¿ĸ¿n¿ld¿ĵ¿nde, kimyasal tepkimeleri de 

ºzelliklerine gºre gruplandērmak hem ­alēĸma hem de anlama kolaylēĵē saĵlar.  

¥nceki dersimizde gºrd¿ĵ¿m¿z ­ºz¿nme-­ºkelme tepkimeleri ve bu ders 

gºrd¿ĵ¿m¿z nºtrleĸme tepkimeleri birbirine benzer ºzellikler taĸēr. Bu iki tepkimenin 

ger­ekleĸme bi­imini d¿ĸ¿nd¿ĵ¿n¿zde hangi ºzellikleri itibariyle birbirine benzerdir? 

sorusu ºĵrencilere sorularak ºĵrencilerle birlikte ­ēkarēm yapēlēr. (Kazanēm 2.3.) 

Benzerlikleri; 

 1.Her iki tepkime de ­ºzelti ortamēnda, zēt y¿kl¿ iyonlar arasēnda ger­ekleĸir. 

2.Her iki tepkime de yer deĵiĸtirme tepkimesidir. Nºtrleĸme ve ­ºz¿nme-­ºkelme 

tepkimelerinde ¿r¿nler, anyon ve katyonlarēn yer deĵiĸtirmesiyle oluĸur. Bu nedenle 

bu t¿r tepkimeler yer deĵiĸtirme tepkimesi olarakta adlandērēlēr. 

Farklēlēklarē: 

1.¢ºkme sonucu katē bir madde oluĸurken, nºtrleĸme sonucunda H2O sēvēsē oluĸur. 

Derinleĸtirme (Elaborete): 

Bu evrede yeni deneyimlerle kavramēn anlaĸēlma sēnērlarē geliĸtirilir. ¥ĵrenme devam 

ederken iliĸkili kavramlarla baĵlantēlar kurulur. ¥ĵrenciler yine beĸer kiĸiden oluĸan 

altē gruba ayrēlēr ve Etkinlik-10 i­erisinde yer alan deneyler yaptērēlēr. 

Etkinlik ï 10 

Problem: Nºtrleĸme tepkimelerinde indikatºr kullanarak nºtrleĸme anēnda renk 

deĵiĸimini gºzlemleyebilme 

Ara­-Gere­: 

1 adet 100 mlôlik beher          

1 adet 50 mlôlik b¿ret 

2 adet 250 mlôlik erlen   
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¢eĸme suyu 

0,1M HCl ­ºzeltisi               

0,1M NaOH 

Ķndikatºr (fenolftaleyn) 

ĶķLEM:  

0,1 Môlēk 24 ml HCl ­ºzeltisi  i­ine bir ka­ damla fenolftaleyn eklenerek erlen i­erisine  

konur.  

0,1 Môlēk  NaOH ­ºzeltisinden  50 ml alēnarak b¿retin i­ine konur. 

B¿retin musluĵu a­ēlarak damla damla  NaOH ­ºzeltisi, HCl ­ºzeltisi i­ine damlatēlēr 

ve bu sērada erlen s¿rekli ­alkalanēr. 

Erlen i­erisindeki ­ºzelti renk deĵiĸtirene kadar bu iĸleme devam edilir. 

 

 

 

G¥ZLEM ve SONU¢ 

 

TARTIķMA 

1.¢ºzeltinin renk deĵiĸtirdiĵi anda ka­ ml NaOH ­ºzeltisi kullanēlmēĸtēr? 

2.Renk deĵiĸim anēnda erlen i­erisindeki ­ºzeltinin pHôēnēn ka­ olmasēnē beklersiniz? 

Neden? 

3.Bu sērada meydana gelen tepkimenin denklemini yazēnēz ve tanecik boyutta 

gºsteriniz. 

 

Deĵerlendirme (Evaluation) 

Soru 1 

Aĸaĵēda verilen madde ­iftleri arasēnda ger­ekleĸen tepkimelerin denklemlerini 

yazarak tanecik boyutta gºsterimini yapēnēz. 

H2SO4 ve Mg(OH)2 

H3PO4 ve Ca(OH)2 
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Soru 2  

100 yēldēr cildin hafif asidik olduĵu bilinir. Modern metodlar cildin ortalama pH 

deĵerinin 5.5  olduĵunu ortaya ­ēkarmēĸtēr. Bu deĵer, ciltte bulunan asidik maddeler 

(ter, sebum ve cilt h¿creleri) neticesinde oluĸmaktadēr. Cildin asidik ºzelliĵinin iĸlevi, 

ñkoruyucu asit ºrt¿ò terimiyle a­ēklanmēĸtēr. Gºrevi, cildi zararlē 

mikroorganizmalardan ve ­evrenin zararlē etkilerinden korumaktēr, Bºylece cilt 

enfeksiyon, alerji, tahriĸ ve kuruluĵa karĸē korunmuĸ olur. Buna ek olarak, bozulmamēĸ 

asit ºrt¿s¿ doĵal deodorant etkisi gºsterir. V¿cut kokusuna neden olan, terin 

i­eriĵindeki maddelerin bakteriler tarafēndan par­alanmasē engellenir. Bu y¿zden, cilt 

bakēmē ve temizliĵindeki en ºnemli beklenti koruyucu asit ºrt¿s¿n¿n mutlaka devam 

ettirilmesidir. Buna gºre  klasik alkali sabunlarla (pH 9-10) cildimizi temizlemimiz ne 

gibi sonu­lar doĵurur? Sizce cildinimizin temizliĵi i­in ne t¿r maddeler 

kullanēlmalēdēr. 

 

3.2.3. Y¿kseltgenme-Ķndirgenme Tepkimeleri 

Giriĸ (Engage) 

¥ĵretmen, ºĵrencilerle karĸēlēklē selamlaĸtēktan sonra ºĵrencileri derse hazērlamak 

adēna hal ve hatērlarēnē sorar. Ge­en derslerimizde yerdeĵiĸtirme tepkimelerini ve asit 

baz tepkimelerini gºrm¿ĸt¿k. Bug¿n yine baĸka bir reaksiyon ­eĸidini birlikte 

keĸfedeceĵiz. Aĸaĵēdaki resimlerde ne ­eĸit tepkime ger­ekleĸmiĸtir? Hayatēmēzda bir 

­ok yerde kullandēĵēmēz piller sizce hangi kimyasal tepkime ­eĸidi neticesinde 

kullanēlmaktadēr? Cep telefonumuzun bataryasē sizce hangi kimyasal tepkime ­eĸidi 

ile ĸarj edilebilmektedir? Arabalarda kullanēlan ak¿lerde yine hangi kimyasal tepkime 

­eĸidi kullanēlarak aracēn elektrik ihtiyacē karĸēlanmaktadēr? ķeklinde sorular 

sorularak ºĵrencilerin fikirleri alēnēr.(ºĵrenciler kimyasal tepkimelerin elektron alēĸ 

veriĸi ya da ortaklaĸmasēyla ger­ekleĸtiĵini daha ºnceki derslerde gºrm¿ĸlerdi. 

Gºsterilen resimlerde yanma, ekzotermik tepkimeler cevaplarēnē  sºylemeleri 

beklenir.) Bu ĸekilde ºĵrencilerin sahip olduklarē ºn bilgileri ortaya ­ēkartēlēr ve derse 

ilgileri ­ekilir. Aĸaĵēda g¿nl¿k yaĸamdan y¿kseltgenme-indirgenme tepkimeleri ile 

ilgili ºrnek resimler gºsterilerek derse baĸlanēr. 
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Keĸfetme (Explore): 

Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-11 yaptērēlēr. 

Bu deneyde ºĵrencilerden y¿kseltgenme- indirgenme tepkimelerini ayērt edebilmeleri 

ama­lanmaktadēr.  

ETKĶNLĶK 11 

PROBLEM: Y¿kseltgenme -indirgenme tepkimelerini ayērt etmek 

ARA¢-GERE¢LER: 

Bakēr II nitrat ( 0,3 g, 15 ml )  

Kurĸun II nitrat ( 0,3 g, 15 ml ) 

¢inko nitrat ( 0,3 g, 15 ml) 

Metalik bakēr par­a ( 3 g )  

Metalik ­inko par­a ( 3 g )    

Metalik kurĸun par­a ( 3 g ) 

Beherglas ( 100 mlô lik, 3 Adet ) 

Cam baget ( 1 Adet ) 

Deney t¿p¿ ( 9 Adet ) 

Etiket ( 1 Adet ) 

Pipet ( 10 ml, 1 Adet ) 

T¿p sporu ( 1 Adet ) 

Tartē 

 

ĶķLEM:  

Size verilen 9 adet deney t¿p¿n¿ 3ôerli gruplara ayērarak her gruptaki deney 

t¿plerine Zn(NO3)2, Cu(NO3)2, Pb(NO3)2 isimlerinden ¿­er tane yazarak 

etiketleyiniz. 
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Zn(NO3)2 yazēlē deney t¿plerine 5ôer ml Zn(NO3)2 ­ºzeltisinden, 

Cu(NO3)2 yazēlē deney t¿plerine 5ôer ml Cu(NO3)2  ­ºzeltisinden, 

Pb(NO3)2 yazēlē deney t¿plerine 5ôer ml Pb(NO3)2 ­ºzeltisinden koyunuz. 

T¿p sporuna deney t¿plerini gruplar halinde sērasē ile yerleĸtiriniz.( Zn(NO3)2, 

Cu(NO3)2, Pb(NO3)2 ĸeklinde 3 grup oluĸtur) . 

1.gruptaki  deney t¿plerine  ­inko par­asēnē, 2.gruptaki  deney t¿plerine de bakēr 

par­asēnē, 3.gruptaki  deney t¿plerine  kurĸun par­alarēnē atēnēz.                     

Bir s¿re bekleyerek deney t¿plerinde ge­en olaylarē gºzleyiniz. Zn, Cu, Pb gibi 

metallerin aktiflerini bu metallerin Zn(NO3)2, Cu(NO3)2 ve Pb(NO3)2 ­ºzeltileri ile 

etkileĸtirilmeleri ile belirlenir. 

Deney sērasēnda hangi metalin hangi ­ºzeltilerle reaksiyon verip vermediĵini bir 

yere not alēnēz. 

 

G¥ZLEM ve SONU¢ 

 Zn(NO3)2 Cu(NO3)2 Pb(NO3)2 

Zn    

Cu    

Pb    

 

TARTIķMA 

Deney t¿plerinde oluĸan reaksiyon denklemlerini yazēnēz. 

Deneyde kullanēlan elementleri y¿kseltgen etkilerine (aktifliklerine) gºre sēralayēnēz. 

Deney t¿plerinin hepsinde reaksiyon olmuĸ mudur? Sebebini a­ēklayēnēz. 

A­ēklama (Explain): 

Yery¿z¿nde ger­ekleĸen kimyasal tepkimelerin b¿y¿k bir kēsmēnē y¿kseltgenme 

indirgenme tepkimeleri oluĸturmaktadēr. Bunlarēn en bilinenleri ise daha ºnce 

deneylerinizde yaptēĵēnēz yanma tepkimeleridir. Yanma tepkimeleri neydi?(ĸeklinde 

bir hatērlatma yapēlēr ve ºĵrencilerden maddelerin oksijen tepkimeye girmesidir 

ĸeklinde cevap alēnarak devam edilir.) Bu y¿zden kimyacēlar uzun yēllar y¿kseltgenme 

ve indirgenme tepkimelerine ñoksitlenmeò adēnē vermiĸlerdir. Devam eden s¿re­te 

elektrik enerjisi ¿retilmesi saĵlayan kimyasal tepkimelerin oksitlenme tepkimelerine 

benzediĵi anlaĸēlmēĸtēr. Bunun ¿zerine oksitlenme kavramē bērakēlarak, y¿kseltgenme-

indirgenme tanēmē kullanēlmaya baĸlanmēĸtēr. Peki, pil tepkimeleriyle yanma 

tepkimelerinin hangi benzerlikleri olabilir?( bu kēsēm sēnēfa sorulur.)  
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4Fe(k) + 3O2(k) 2Fe2O3(k)  

Zn(k) + Cu(NO3)2(aq)                Zn(NO3)2(aq) + Cu(k)  

(ºĵrencilerden iki denklemi karĸēlaĸtērmalarē istenir. Daha ºnceki ¿nitede elementlerin 

y¿kseltgenme basamaklarēnēn nasēl bulunduĵunu ºĵrenmiĸlerdi. ¥ĵrencilere bu kēsēm 

hatērlatēlarak yanma ve y¿kseltgenme - indirgenme tepkimelerinin farklarēnē ve 

benzerliklerini ayērt etmeleri beklenir.) (Kazanēm 2.4.) 

Ķyonlarēn oluĸumu konusunda da hatērlayacaĵēnēz gibi bir elementin y¿kseltgenme 

basamaĵēnēn artmasē ya da azalmasē, elektron alēĸ veriĸiyle olur. Yani bir element 

elektron aldēĵēnda y¿kseltgenme basamaĵē aldēĵē elektron kadar azalērken, elektron 

verdiĵinde y¿kseltgenme basamaĵē verdiĵi elektron kadar artar. Bu bakēmdan 

y¿kseltgenme basamaĵēnēn artmasēna y¿kseltgenme, y¿kseltgenme basamaĵēnēn 

azalmasēna ise indirgenme denir. 

Bileĸiklerin oluĸumu konusundan hatērlayacaĵēnēz ¿zere elektron alēĸ-veriĸi aynē 

zamanda ger­ekleĸen olaylardēr. Yani bir atom elektron almēĸsa tepkimeye giren diĵer 

madde o elektronu vermiĸtir. Bu y¿zden bir tepkimede y¿kseltgenme olayē 

ger­ekleĸecekse, eĸ zamanlē olaylar olduĵundan mutlaka indirgenme olayē da 

ger­ekleĸecektir. Bºyle elektron alēĸ veriĸine dayanan tepkimelere y¿kseltgenme-

indirgenme ya da redoks tepkimeleri adē verilir. 

Y¿kseltgenme-indirgenme tepkimelerinde, tepkimeye giren maddeler y¿kseltgen ve 

indirgen olarak sēnēflandērēlēr. Bir ya da daha fazla elektronunu vererek, diĵer atomu 

veya atomlarē indirgeyen ve kendisi y¿kseltgenen maddelere indirgen (indirgeyici) adē 

verilir. ¥rneĵin metaller, elektronlarēnē verme eĵilimlerinin fazla olmasē nedeniyle 

kolayca y¿kseltgenir. Bu y¿zden tipik indirgendir. Ķndirgen maddeden gelen 

elektronlarē kabul eden madde, y¿kseltgenmeye neden olmuĸtur. Bu y¿zden 

y¿kseltgen (y¿kseltgeyici) adēnē alēr. Atomlarēnēn elektron alma eĵilimi y¿ksek 

olduĵundan, ametaller tipik y¿kseltgendir. (bundan sonraki kēsēmda makroskopik, 

mikroskopik ve sembolik boyutta gºsterimler verilir.) 
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Peki g¿nl¿k yaĸamēmēzda yaygēn kullanēlan y¿kseltgen ve indirgen maddeler 

hangileridir? Bu maddeler nasēl ve nerelerde kullanēlēr? (Kazanēm 2.5.) 

Madde  Form¿l¿ Kullanēm Alanē 

Oksijen O2 Yanma olaylarēnēn tamamēnda.  

Ozon O3 Ķ­me sularēnēn arētēmēnda, gēda end¿strisinde, ĸiĸe, ve 

yemek, kaplarēnēn dezenfeksiyonunda, insan kanēnda 

bulunan vir¿slerin giderilmesinde. 

Klor Cl2 Mikrop ºld¿r¿c¿ ve renk giderici olarak i­me sularēnēn 

arētēmēnda, bitkisel kaynaklē maddelerin 

aĵartēlmasēnda 

Ķyot I2 Dezenfektan madde olarak kullanēlan tent¿rdiyot 

¿retiminde 

Potasyum 

permanganat 

KMnO4 Tēpta bakterileri ºld¿rmede, beyazlatma, renk giderme 

ve saflaĸtērma i­in farklē sanayi dallarēnda, sakarin 

¿retiminde   

Hidrojen 

peroksit 

H2O2 Dezenfektan olarak eczacēlēkta, tēpta sa­larēn ve 

pamuklu giysilerin aĵartēlmasēnda 

Hipoklorik asit HClO ¢amaĸēr sularēnda  

Potasyum 

klorat 

KClO3 Yanēcē olarak kibritlerde 

Nitrik asit HNO3 Patlayēcē yapēmēnda, g¿bre ¿retiminde 

Potasyum nitrat KNO3 Mermilerde  

 

Yaygēn y¿kseltgen maddeler ve bazē kullanēm alanlarē (Kazanēm 2.5.) 

Madde  Form¿l¿ Kullanēm Alanē 

Hidrojen H2 Katē ve sēvē yaĵlarēn 

doyurulma iĸleminde, kaynak 

yapēmēnda, roket yakētlarēnda 

K¿k¿rt S Bitki mantarlarēnēn yok 

edilmesinde, doĵal kau­uk 

¿retiminde 

K¿k¿rt dioksit SO2 Bazē yaĵlarēn 

beyazlatēlmasēnda, etlerin 



280 

 

saklanmasēnda, kaĵēt 

¿retiminde ve soĵutmada 

kullanēlēr 

Sodyum bi s¿lfit NaHSO3 Boya yapēmēnda, tekstil 

sanayinde  

Karbon C N¿kleer reaktºrlerde, enerji 

¿retiminde  

Karbon monoksit CO Kimyasal maddelerin 

¿retiminde 

 

Yaygēn indirgen maddeler ve bazē kullanēm alanlarē 

Kimya bir­ok tepkimeleri inceleyen bir bilim dalēdēr. Bu kadar ­ok tepkimeyi 

incelemek, ºzelliklerini belirlemek kimya bilim insanlarē i­in ­ok zordur. Bu 

bakēmdan kimya bilim insanlarē iĸleri kolaytērmak i­in kimyasal tepkimeleri belirli 

ºzelliklerine gºre sēnēflandērmaya ­alēĸmēĸlardēr. Daha ºnce gºrd¿ĵ¿m¿z gibi asit-baz, 

yanma tepkimeleri, ekzotermik- endotermik tepkimeler, y¿kseltgenme-indirgenme 

tepkimeleri adē altēnda bazē kimyasal tepkimeleri ºzellikleriyle sēnēflandērmēĸtēk. Peki 

baĸka hangi tip kimyasal tepkimeler vardēr?  

Analiz (ayrēĸma) tepkimeleri 

Bir bileĸiĵin bileĸenlerine ayrēĸmasē tepkimeleridir. 

 

KClO3(k) + Q               KCl(k) + 3/2O2(g) 

CaCO3(k) + Q  CaO(k) + CO2(g) 

H2O + elektrik enerjisi  H2(g) + 1/2O2(g) 

Ayrēĸma tepkimeleri endotermiktir. 

Sentez (Birleĸme) Tepkimeleri 

K¿­¿k yapēlē molek¿llerin ya da elementlerin birleĸerek daha b¿y¿k molek¿lleri 

oluĸturmasēna sentez tepkimeleri denir. 
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H2(g) + Cl2(g)  2HCl(g) + Q 

NH3(g) + HCl(g)  NH4Cl(k) + Q 

N2(g) + 3H2(g)  2NH3(g) + Q 

Sentez tepkimeleri genellikle ekzotermiktir. 

(ñYukarēda gºr¿ld¿ĵ¿ gibi kimya bilim insanlarē iĸlerini kolaylaĸtērmak i­in bu 

sēnēflandērmalarē yaparlar. Fakat unutulmamalēdēr ki ºrneĵin; sentez reaksiyonlarē 

ayrēca ekzotermik reaksiyon olabilir, yanma reaksiyonu olabilir y¿kseltgenme-

indirgenme reaksiyonu olabilir. Bu y¿zden kimyasal tepkimeleri tek tip reaksiyon 

­eĸidi olarak alamayēz sadece o baĸlēk altēnda irdeleyebilirizò. ¥ĵrencilerle bu bilgi 

­ēkartēlarak kavramalarē saĵlanēr.) 

ETKĶNLĶK-12 

PROBLEM: Y¿kseltgenme-indirgenme tepkimelerinde elektron alēĸ veriĸini 

kavramak. 

ARA¢- GERE¢LER  

0.5 ve 1 M CuSO4,  

bakēr ĸerit, bakēr tel,  

0.5 ve 1 M ZnSO4,  

­inko ĸerit,  

doymuĸ KCl,  

beher (100 ml, 4 adet),  

cam U boru, 

galvanometre,  

termometre,  

cam pamuĵu. 

ĶķLEM  

Dºrt beherden ilkini 1 M CuSO4, ikincisini 1 M ZnSO4 , ¿­¿nc¿s¿n¿ 0.5M 

CuSO4 ve dºrd¿nc¿s¿n¿ ise 0.5M ZnSO4 ile doldurunuz. ¢ºzeltilerin sēcaklēklarēnē 

not ediniz. 

Doymuĸ KNO3 ile tuz kºpr¿s¿n¿ doldurarak, u­larēnē cam pamuĵu 

ile kapatēnēz. 

Bakēr ĸeridi 1M CuSO4 ­ºzeltisine ve ­inko ĸeridi 1M ZnSO4 ­ºzeltisine batērarak, 

ķekildeki d¿zeneĵi kurunuz. Galvanometre ibresindeki sapmayē okuyunuz.  

Aynē iĸlemleri t¿m Tablo' da belirtilen t¿m kombinasyonlar i­in yineleyiniz. 
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G¥ZLEM ve SONU¢ 

 

TARTIķMA 

Soru 1 

Deneyde gºzlemdiĵiniz kimyasal tepkimenin denklemini yazēnēz? 

Soru 2 

Hangi maddenin y¿kseltgendiĵini ve indirgendiĵini belirtiniz? 

Soru 3  

Hangi maddenin indirgen hangi maddenin y¿kseltgen olduĵunu belirtiniz? 

Soru 4  

Gºzlemlediĵiniz kimyasal tepkimeyi tanecik boyutta gºsteriniz?   

 

Deĵerlendirme (Evaluation) 

Dekoratif veya koruma amacēyla metal y¿zeylerine farklē metallerin kaplanmasēnda 

elektroliz yºntemi kullanēlēr ve bu iĸlem "elektrolitik metal kaplama" olarak 

adlandērēlēr. Bu kaplamalar ne t¿r kimyasal tepkimelerle ger­ekleĸir? Bir tane metal 

kaplama ºrneĵi vererek a­ēklayēnēz. 
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5E MODELĶNE G¥RE HAZIRLANMIķ DERS PLANI-3 

B¥L¦M 1 

Dersin Adē: Kimya ve teknoloji 

Sēnēf: 9. Sēnēf 

¦nitenin Adē/No: Kimyasal Deĵiĸimler (3. ¦nite) 

Konu: 3. Polimerleĸme ve Hidroliz (3. ¦nite, 3. Kēsēm) 

¥nerilen S¿re: 135 dakika 

 

B¥L¦M 2 

¥ĵrenci Kazanēmlarē:  

3. Polimerleĸme ve hidroliz ile ilgili olarak ºĵrenciler; 

 

3.1. Verilen basit polimerleĸme tepkimelerinde 

monomer, dimer,é., polimer t¿rlerini gºsterir. 

3.2. Farklē polimerleĸme tepkimelerine ºrnekler verir. 

3.3. Bazē b¿y¿k molek¿llerin su molek¿l¿ katēlmasē ile 

par­alanmasēna ºrnekler verir. 

 

 
 

Bilimsel S¿re­ 

basamaklarē 

Gºzlemlere dayanarak bir veya birden fazla ozelliĵe gore 

karsēlastērmalar yapar.  

Olmuĸ olaylarēn sebepleri hakkēnda gozlemlere 

dayanarak acēklamalar yapar.   

Gºzlem, ­ēkarēm veya deneylere dayanarak geleceĵe 

yonelik olasē sonuclar hakkēnda fikir ºne s¿rer. 

¦nite Kavramlarē ve 

Sembolleri: 

 

Å Polimerleĸme  

Å Monomer  

Å Dimer  

Å Polimer  

Å Hidroliz 
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¥ĵretme- ¥ĵrenme 

Yºntem ve  

Teknikleri: 

5E ¥ĵrenme halkasē, video gºsterimi, soru-cevap, 

tartēĸma, sunuĸ 

 

Kullanēlan Ara­ Gere­ 

ve  

Kaynaklar 

Ders kitabē, Ķnternet, Akēllē tahta,  

 

 

 

 

 

3. ¦NĶTE: KĶMYASAL DEĴĶķĶMLER 

3.3. Polimerleĸme ve Hidroliz 

Giriĸ (Engage) 

¥ĵretmen, ºĵrencilerle karĸēlēklē selamlaĸtēktan sonra ºĵrencileri derse hazērlamak 

adēna hal ve hatērlarēnē sorar. Ge­en derslerimizde yerdeĵiĸtirme tepkimelerini, asit 

baz ve y¿kseltgenme-indirgenme tepkimelerini gºrm¿ĸt¿k. Bug¿n yeni bir konu 

baĸlēĵē altēnda farklē kimyasal tapkime ­eĸitlerini birlikte keĸfedeceĵiz.  

 

. 
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Yukardaki resimler sizce neden ve nasēl  oluĸmaktadērlar?  

Bu maddeleri oluĸturan temel tanecikler sizce neler olabilir?  

Hayatēmēzda bir ­ok alanda kullandēĵēmēz plastikler sizce hangi kimyasal tepkimeler 

neticesinde ¿retilmektedir?  

Yine hayatēmēzē devam ettirmek i­in yediĵimiz besinlerin temel yapē maddeleri 

nelerdir? 

Besin maddeleri nasēl depo edilir yada sindirilir? 

Evlerimizde kullandēĵēmēz teflon, PVCôli penceler vb. maddelerin temel yapē maddesi 

nedir? Nasēl ¿retilir?  

 

ķeklinde sorular sorularak ºĵrencilerin fikirleri alēnēr.(ºĵrenciler organik bileĸikleri 

daha ºnceki konularda gºrm¿ĸlerdi. Resimleri gºsterilen maddelerin birer organik 

bileĸik olduĵunu  sºylemeleri beklenir.) Bu ĸekilde ºĵrencilerin sahip olduklarē ºn 

bilgileri ortaya ­ēkartēlēr ve derse ilgileri ­ekilir. Aĸaĵēda g¿nl¿k yaĸamdan 

polimerleĸme tepkimeleri ile ilgili ºrnek resimler gºsterilerek derse baĸlanēr. 

 

Keĸfetme (Explore): 

Giriĸ kēsmēndaki kavramlara yoĵunlaĸan ºĵrenciler bu evrede gºzlemler yaparak basit 

iliĸkiler oluĸturur, sorular ­ēkarēr ve ºrnekleri not eder. Bu y¿zden ºĵrenciler 

laboratuvara indirilerek beĸer kiĸiden oluĸan altē gruba ayrēlēr ve Etkinlik-13 yaptērēlēr. 

Bu deneyde ºĵrencilerden polimerleĸme tepkimelerini ve polimerleĸmenin ne 

olduĵunu birbirinden ayērt edebilmeleri ama­lanmaktadēr.  

http://www.youtube.com/watch?v=rtRn6-Fruuo 

http://www.youtube.com/watch?v=uKwr2-qtG4Y 

A­ēklama (Explain) 

http://www.youtube.com/watch?v=rtRn6-Fruuo
http://www.youtube.com/watch?v=uKwr2-qtG4Y
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Videolar ºĵrencilere izletilerek deney hakkēnda tartēĸmalarē istenir. Bir ºnceki ¿nitede, 

maddelerin organik ve anorganik olarak sēnēflandērēlabileceĵini ºĵrenmiĸ, organik 

maddeler hakēnda bilgiler edinmiĸtiniz. Yukarēda gºsterilen deneyde sizce tepkimeye 

giren maddeler organik midir yoksa anorganik midir? (ºĵrencilerden organik cevabē 

alēnēr.) Peki bu organik bileĸiklerin iĸlevsel yani tepkimeye giren kēsēmlarē i­in ne 

sºylersiniz? Bu bileĸikler karēĸtērēldēklarēnda naylon oluĸtuĵunu gºrd¿n¿z. Nasēl bir 

tepkime ger­ekleĸmiĸ olabilir? (daha ºnce gºrd¿kleri tepkime ­eĸitlerinden 

yararlanmalarē istenir.) Burada ºĵrenciler molek¿llerin bir araya gelerek daha b¿y¿k 

kompleks bileĸikler oluĸturduĵu fikrini sºylemeleri beklenir. 

G¿n¿m¿zde polimerler pek ­ok ama­la ­eĸitli yerlerde kullanēlan ¿r¿nlerdir. Elde 

ediliĸini gºzlemlediĵiniz naylon ilk geliĸtirilen polimerlerden biridir ve yapay ipeĵe 

benzer; elbise halat ve yelken yapēmēnda kullanēlēr. Bunun gibi bir ­ok madde polimer 

yapēdadēr hatta kimyacēlarēn yaklaĸēk yarēsēnēn polimerler ¿zerinde ­alēĸtēĵē 

d¿ĸ¿n¿lmektedir. Bu bakēmdan polimerlerin nasēl ¿retildiĵini anlayabilmek i­in 

polimerleĸme tepkimeleri hakkēnda bilgi edinmemiz gerekir. 

Polimer molek¿lleri oluĸturmak ¿zere, kovalent baĵlarla birbirine belirli bir d¿zende 

baĵlanan k¿­¿k molek¿llere monomer denir. 

Polimer, monomer denilen k¿­¿k yapē ¿nitelerinin (birim, molek¿l) tekrarlanarak 

birbirine kovalent baĵlanmasēyla oluĸan ­ok b¿y¿k molek¿llerdir. (Kazanēm 3.1.) 

2 monomer u­uca ekleniyorsa dimer 

3  ñ ñ ñ trimer 

4 ñ ñ ñ tetramer   v.b. ĸekilde isimlendirilir. 

 

Polimer, doĵal ve yapay olabilirler. ¥nemli doĵal polimerler arasēnda 

karbonhidratlar(niĸaĸta ve sel¿loz), ipek, kas lifi, ve enzimler gibi proteinler, n¿kleik 

asitler(RNA, DNA) sayēlabilir. Yapay (sentetik) polimerlere; yapay kau­uk, naylon, 

polietilen, teflon, PVC, silikonlar, kºp¿k, dacron(polietilen tetraftalat) ºrnek 

verilebilir. 

2 t¿r polimerleĸme reaksiyonu vardēr. 

Katēlma tepkimeleri (Kazanēm 3.2.) 
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Polimerleĸme tepkimeleri genel olarak iki farklē ĸekilde ger­ekleĸir. Bunlardan ilki 

alkenlerde gºzlenen katēlma tepkimeleridir. Katēlma ĸeklinde ger­ekleĸen 

polimerleĸme tepkimelerinin anahtar basamaĵē, serbest radikallerin oluĸtuĵu baĸlama 

basamaĵēdēr. Serbest radikaller, atomlarē oktet veya dublet kuralēna uymayan 

molek¿llerdir.  Aĸaĵēda ºrnek serbest radikal bileĸikleri sembolik olarak gºsterilmiĸtir.  

 

Polimerleĸme  tepkimelerini baĸlatan eĸleĸmemiĸ elektron bulunduran tanecikler 

organik peroksit tanecikleridir. Bu taneciklerin oluĸumu aĸaĵēda gºsterilmiĸtir.  

 

Polimerleĸme reaksiyonlarēnē baĸlatmak i­in farklē organik peroksitler kullanēlabilir. 

Bu y¿zden kimyacēlar bunu ifade etmek i­in ñRò harfini kullanēr. Yukarēdaki 

tepkimede gºsterilen ñRò harfi de karbon zincirini ifade etmek i­in kullanēlmēĸtēr. 

Organik peroksitlerin bozunmasēyla oluĸan radikallerden biri, ikili baĵ i­eren organik 

bileĸiklerle tepkimeye girer. Organik bileĸik, polimerin temel birimidir. Bu y¿zden 

monomer olarak adlandērēlēr. ¥rneĵin en ­ok bilinen polimerlerden biri olan 

polietilenin temel birimi yani monomeri C2H4 (etilen)dir. C2H4ô ¿n a­ēk molek¿l yapēsē 

aĸaĵēda verilmiĸtir. 

 

Eĸleĸmemiĸ elektron bulunduran taneciklerle monomerin tepkimeye girmesi 

sonucunda karbonlar arasēnda bulunan ikili baĵdan biri koparak O ile C arasēnda tekli 

baĵ oluĸur. Bu sērada diĵer C ¿zerinde eĸleĸmemiĸ bir elektron kalēr. C2H4ô e olan 

tepkimenin Lewis simgeleri aĸaĵēdaki gibidir. 

 

 

Yukardaki tepkime sonucunda oluĸan tanecik, ortamdaki baĸka bir etilen molek¿l¿ne 

katēlabilir. Bu katēlma tepkimesinin Lewis simgeleri aĸaĵēdaki gibidir. 
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Yukardaki tepkimeye bakēldēĵēnda monemer yapēya bir etilen molek¿ daha 

eklendiĵinde oluĸan bileĸiĵe dimer adē verilir. Bu ĸekilde eklenmelerle yapēya bir tane 

daha etilen molek¿l¿ baĵlanērsa trimer, baĸka bir etilen molek¿l¿ katēlērsa tetramer 

oluĸur. Bu ĸekilde etilen eklendik­e zincir uzar ve dolayēsēyla yapēdaki etilen molek¿l 

sayēsēnē belirlemek zorlaĸmaya baĸlar. Bu y¿zden oluĸan yapēya ­ok sayēda etilenin 

baĵlandēĵēnē ifade etmek i­in polimer denir. 

Y¿ksek yoĵunlukta polietilen(HDPE) Pazar ­antalarē, araba yakēt depolarē, paketleme 

iĸlemleri ve boru yapēmēnda kullanēlēr. D¿ĸ¿k yoĵunluklu polietilen(LDPE), y¿ksek 

yoĵunluklu polietilene gºre daha yumuĸak ve esnektir. LDPE ĸiĸe yiyecek 

paketleri,selofan ve plastik oyuncak yapēmēnda kullanēlēr. 

Polivinil Klor¿r 

Etilendeki bir H atomunun, Cl atomuyla yerdeĵiĸtirmesi sonucu oluĸan bir alken 

halojen¿rd¿r ve vinil klor¿r olarak bilinir. 

 

   

Polivinil Klor¿r(PVC), her t¿rl¿ su borularēnda, plastik perde ve yer dºĸemelerinde, 

kimlik kaplarēnda, plastik kapē ve pencere yapēmēnda, elektrik kablolarēnēnēn 

yalētēmēnda kullanēlēr. 

 

Polikrilonitril  

Etilendeki bir H atomunun Nitril(CN) kºk¿yle  yerdeĵiĸtirmesi sonucu oluĸan bileĸik 

akrilonitril olarak bilinir. Akrilonitrilin polimerleĸmesiyle poliakrilonitril oluĸur. 

Poliakrilonitril orlon olarak bilinir. Elyaf , halē ve kilim yapēmēnda ham madde olarak 

kullanēlēr. 
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Polistiren  

Etilendeki bir H atomunun, bir fenil ile yerdeĵiĸtirmesi sonucu oluĸan bileĸik stiren 

olarak bilinir. Polistiren ­atē kaplamacēlēĵēnda, ­i­ek saksēlarēn yapēmēnda, plastik 

oyuncak yapēmēnda, elektrikli ev aletlerinde, mobilya kaplamacēlēkta, yiyecek 

kaplarēnda, plastik bardak ve tabaklarda, televizyon, buzdolabē, ­amaĸēr ve bulaĸēk 

makineleri gibi ev eĸyalarēnēn taĸēnmasē i­in kullanēlan kºp¿klerin yapēmēnda 

kullanēlēr. 

 

Politetrafloroeten (Teflon) 

Etilendeki H atomlarēnēn tamamēnēn F atomuyla yerdeĵiĸtirmesi sonucu oluĸan bileĸik 

tetraflor etilendir. Tetraflor etilen polimerleĸerek politetrafloro etileni meydana getirir. 

Teflon olarak bilinir. Yapēĸmaz tava, tencere, kek kalēplarēnda kullanēlēr. Ayrēca 

aĸēnmaya dayanēklē t¿p ve borularda, otomobil sanayinde, u­ak yapēmēnda kullanēlēr. 

 

 

 


































































































































































































































































