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ABSTRACT 

 

 

THE EFFECT OF THE INSTRUCTION BASED ON THE EPISTEMOLOGICALLY AND 

METACOGNITIVELY IMPROVED 7E LEARNING CYCLE ON TENTH GRADE 

STUDENTSô ACHIEVEMENT AND EPISTEMOLOGICAL UNDERSTANDINGS IN 

PHYSICS 

 

 

 

Yerdelen Damar, Sevda 

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

Supervisor: Assoc. Prof. Dr. Ali Eryēlmaz  

 

January, 2013, 342 pages 

 

 

 

This study investigated the effect of the epistemologically and metacognitively stimulated 7E learning 

cycle (EM-7ELC) on tenth grade studentsô physics achievement and epistemological understandings 

in physics. The participants of the study included 107 (49 Female, 58 Male) tenth grade students at 

two Anatolian teacher training high schools in Ankara. A quasi-experimental with matching-only 

pretest-posttest control group design was employed. Two intact classes of each school were randomly 

assigned to the experimental and control group. The experimental group was instructed based on the 

EM-7ELC while the control group was taught with the traditional instruction. The study was 

conducted in 2009-2010 academic year. The Force and Motion Achievement Test-I and II were 

administered to assess the studentsô achievement in force and motion unit. The Turkish Physics 

Expectation Survey was applied to probe the studentsô epistemological understandings in physics. 

Analysis of Covariance (ANCOVA) was employed to examine the effect of the instruction relied on 

the EM-7ELC on the studentsô epistemological understandings when their pre-epistemological 

understandings were controlled. The result indicated that there was a significant difference between 

two groupsô post epistemological understandings in favor of the EM-7ELC group. In this study, a 

statistically significant interaction between the mode of instruction and the studentsô pre-

epistemological understandings was observed. Aptitude treatment interaction (ATI) analysis was used 

to figure out the nature of this interaction. The result of the analysis demonstrated that the traditional 

instruction was more effective for promoting physics achievement for the studentsô indicating very 

low epistemological stance. However, the EM-7ELC was more effective for the other types of the 

students.   

 

 

 

Keywords: Physics Education, Personal Epistemology, Metacogniton, Scientific Inquiry, 7E Learning 

Cycle, Force and Motion 
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¥Z  

 

 

EPĶSTEMOLOJĶK VE ¦ST-BĶLĶķSEL OLARAK ĶYĶLEķTĶRĶLMĶķ 7E ¥ĴRENME 

D¥NG¦S¦NE DAYALI ¥ĴRETĶMĶN ONUNCU SINIF ¥ĴRENCĶLERĶNĶN FĶZĶKTEKĶ 

BAķARISINA VE EPĶSTEMOLOJĶK ANLAYIķLARINA ETKĶSĶ  

 

 

 

Yerdelen Damar, Sevda 

Doktora, Orta ¥ĵretim Fen ve Matematik Alanlarē Eĵitimi Bºl¿m¿ 

Tez Yºneticisi: Do­. Dr. Ali Eryēlmaz    

Ocak, 2013, 342 sayfa 

 

 

Bu ­alēĸmanēn amacē, epistemolojik ve ¿st-biliĸsel olarak iyileĸtirilmiĸ 7E ºĵrenme dºng¿s¿n¿n 

onuncu sēnēf ºĵrencilerinin fizik baĸarēsēna ve epistemolojik anlayēĸlarēna etkisini araĸtērmaktēr. 

¢alēĸmaya, Ankaraôda bulunan iki Anadolu ºĵretmen lisesindeki 107 (49 Kēz, 58 Erkek) onuncu sēnēf 

ºĵrencisi katēlmēĸtēr. ¢alēĸmada yarē deneysel dizayn kullanēlmēĸtēr. Her bir okuldan iki sēnēf, kontrol 

ve deney gruplarēna rastgele atanmēĸtēr. Kontrol grubu geleneksel ºĵretimle ºĵretilirken, deney grubu 

epistemolojik ve ¿st-biliĸsel olarak iyileĸtirilmiĸ 7E ºĵrenme dºng¿s¿ ile ºĵretilmiĸtir. ¢alēĸma, 

2009-2010 akademik yēlēnda yapēlmēĸtēr. Kuvvet ve Hareket Baĸarē Testi-I ve II, ºĵrencilerin kuvvet 

ve hareket ¿nitesindeki baĸarēsēnē ºl­mek i­in uygulanmēĸtēr. Fizik Beklentileri Anketi, ºĵrencilerin 

epistemolojik anlayēĸlarēnē deĵerlendirmek i­in kulanēlmēĸtēr. ¥ĵrencilerin ºn-epistemolojik 

anlayēĸlarēnēn kontrol edildikten sonra, epistemolojik ve ¿st-biliĸsel olarak iyileĸtirilmiĸ 7E ºĵrenme 

dºng¿s¿n¿n ºĵrencilerinin epistemolojik anlayēĸlarēna etkisini test etmek i­in Kovaryans Analizi 

(ANCOVA) kullanēlmēĸtēr. Analiz sonucu, deney ve kontrol grubu ºĵrencilerinin epistemolojik 

anlayēĸ puanlarēnēn ortalamasē arasēnda deney grubu lehinde anlamlē bir farkēn olduĵunu gºstermiĸtir. 

Fizik baĸarēlarēnē a­ēklamada, ºĵretim yºntemi ve ºĵrencilerin ºn-epistemolojik anlayēĸlarē arasēnda 

istatistiksel olarak anlamlē bir etkileĸim gºzlenmiĸtir. Bu etkileĸimin nasēl olduĵunu anlamak i­in 

yetenek-ºĵretim yºntemi etkileĸim analizi yapēlmēĸtēr. Analiz sonucu, geleneksel yºntemin ­ok d¿ĸ¿k 

epistemolojik anlayēĸ gºsteren ­ocuklarēn fizik baĸarēlarēnē artērmada daha etkili olduĵunu; diĵer 

taraftan epistemolojik ve ¿st-biliĸsel olarak iyileĸtirilmiĸ 7E ºĵrenme dºng¿s¿n¿n diĵer ºĵrenciler 

i­in daha yararlē olduĵunu gºstermiĸtir.            

 

 

Anahtar Kelimeler: Fizik Eĵitimi, Kiĸisel Epistemoloji, ¦st-Biliĸ, 7E ¥ĵrenme Dºng¿s¿, Bilimsel 

Sorgulama, Kuvvet ve Hareket 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my parents, husband, and son 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vii  

ACKNOWLEDGEMENT  

 

 

 

I would like to express my sincere appreciation to my supervisor, Assoc. Prof. Dr. Ali Eryēlmaz for 

his advices, continuous support and guidance during my dissertation study. He always encouraged me 

to do the best during my PhD study. 

   

I need to acknowledge the members of the Thesis Monitoring Committee, Assoc. Prof. Dr. ¥mer 

Faruk Keser and Assoc. Prof. Dr. Esen Uzuntiryaki Kondak­ē for their suggestions during my 

dissertation study. 

 

I would like to also express my gratitude towards to Assoc. Prof. Dr. Andrew Elby for his advices, 

encouragement, and his support when I was a visiting researcher at University of Maryland Physics 

Education Research Group (UMD-PERG) and for his suggestions and comments as a thesis 

examining committee member . Many thanks to him for giving me chance to work with him. I need to 

thank other UMD-PERG members as well. They were always very kind and supportive that I felt I 

was at home.  

 

I need to thank Assist. Prof. Dr. ¥mer Faruk ¥zdemir, as well. He always kindly responded to my 

various questions and helped me control very heavy PhD depression. I also need to thank Assoc. Prof. 

Dr. Yezdan Boz as an examining committee member for her suggestions.     

 

I would like to thank my friends; Bet¿l Demirdoĵen, Hatice Sancar Tokmak, Haki Peĸman, Cansel 

Kadēoĵlu, K¿bra Eryurt, Ulaĸ ¦st¿n, Demet Kērbulut, Ayla ¢etin Dindar, Harika ¥zge Aslan, , 

Rēdvan Elmas, Funda Eraslan, Sabiha Subaĸē, Sevgi Ķpek­ioĵlu, Cezmi ¦nal, Nil¿fer Didiĸ, Derya 

Kaltak­ē, and Ibrahim Yaman, for their support and close friendship.  

 

I gratefully acknowledge The Scientific and Technological Research Council of Turkey (T¦BĶTAK) 

for providing financial support as PhD Fellowship and as Abroad Research Fellowship.   

 

I would also like to express my gratitude to my devoted parents for their supports and blessings. They 

tried their best to educate us.    

 

I would like to express my deepest gratitude to my beloved husband, B¿lent Damar, for his 

dedication. Without his support, patience, and encouragement, I would not be able to achieve PhD 

and this dissertation. 

 

And finally, I would like to thank my lovely son. His existence provided me motivation and power to 

study.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii  

TABLE OF CONTENTS 

 

 

 

ABSTRACT .......................................................................................................................................... iv 

¥Z .......................................................................................................................................................... v 

ACKNOWLEDGEMENT ................................................................................................................... vii  

TABLE OF CONTENTS .................................................................................................................... viii  

LIST OF TABLES ................................................................................................................................ xi 

LIST OF FIGURES ............................................................................................................................ xiii  

LIST OF ABBREVIATIONS ............................................................................................................. xiv 

CHAPTERS 

1. INTRODUCTION ............................................................................................................................. 1 

1.1 The Main Problem ....................................................................................................................... 3 

1.1.1 The Sub-Problems ................................................................................................................ 3 

1.2 Hypotheses................................................................................................................................... 4 

1.3 Definition of Important Terms ..................................................................................................... 4 

1.4 Significance of the Study ............................................................................................................. 5 

2. LITERATURE REVIEW OF RELATED STUDIES ........................................................................ 7 

2.1. Scientific Inquiry ........................................................................................................................ 7 

2.2. The Learning Cycle .................................................................................................................... 8 

2.2.1 The History of the Learning Cycle ....................................................................................... 8 

2.2.2 Research Studies on the Learning Cycle .............................................................................. 9 

2.2.2.1 Research Studies on the 7E Learning cycle model. .................................................... 25 

2.3. Personal Epistemologies ........................................................................................................... 27 

2.3.1. Epistemologies as Developmental Stages ......................................................................... 27 

2.3.1.1 Perryôs scheme ............................................................................................................ 27 

2.3.1.2 The reflective judgment model ................................................................................... 28 

2.3.1.3 Epistemological development as levels ....................................................................... 29 

2.3.2 Epistemologies as Beliefs ................................................................................................... 29 

2.3.3 Epistemologies as Theories ................................................................................................ 29 

2.3.4 Epistemologies as Resources .............................................................................................. 29 

2.3.5. What the Epistemological Frameworks Suggest About Epistemological Development ... 30 

2.3.6. Research Studies on the Personal Epistemology ............................................................... 30 

2.4. Metacognition ........................................................................................................................... 34 

2.4.1. Flavellôs Conceptualization of Metacognition................................................................... 34 

2.4.2. Brownôs Conceptualization of Metacognition ................................................................... 35 

2.4.3. Kluweôs Conceptualization of Metacognition ................................................................... 35 

2.4.4. Jacobs and Parisôs Conceptualization of Metacognition ................................................... 35 

2.4.6 The research studies on metacognition in Science Education ............................................ 36 

2.4.6.1 Research on Metacognitive Inquiry-Based Instructions.............................................. 44 

2.5. Summary of the Literature Review ........................................................................................... 48 

3. METHOD ........................................................................................................................................ 51 

3.1 Population and Sample .............................................................................................................. 51 

3.2 Variables .................................................................................................................................... 52 

3.3 Instruments ................................................................................................................................ 52 

3.3.1 The Maryland Physics Expectations Survey-II  .................................................................. 52 

3.3.2 Force and Motion Achievement Test ................................................................................. 54 

3.3.2.1 Pilot Study ................................................................................................................... 55 

3.3.2.2. Main Study ................................................................................................................. 57 

3.3.3 Classroom Observation Checklist ...................................................................................... 59 

3.4 Instructional Materials ............................................................................................................... 59 

3.4.1 Activity sheets .................................................................................................................... 59 

3.4.2 Teacher Guides ................................................................................................................... 62 

3.4.3 Homework Sheets............................................................................................................... 62 

3.4.4 Concept Map Drawing Guide ............................................................................................. 62 

3.5 Research Design ........................................................................................................................ 62 

3.6 Procedure ................................................................................................................................... 63 



 

ix 

3.7 The Implementation of the Treatment ....................................................................................... 64 

3.7.1 Treatment in the Experimental Group ................................................................................ 64 

3.7.2 Treatment in the Control Group ......................................................................................... 69 

3.8 Analyses of Data ....................................................................................................................... 69 

3.8.1 Missing Data Analysis ....................................................................................................... 69 

3.8.2 Descriptive Statistics .......................................................................................................... 69 

3.8.3 Inferential Statistics ........................................................................................................... 69 

3.8.4 Power Analysis .................................................................................................................. 70 

3.8.5 Unit of Analysis ................................................................................................................. 70 

3.9 Assumptions and Limitations .................................................................................................... 70 

4. RESULTS ......................................................................................................................................... 71 

4.1 Data Cleaning and Missing Data Analysis ................................................................................ 71 

4.2 Descriptive Statistics ................................................................................................................. 72 

4.3 Inferential Statistics ................................................................................................................... 74 

4.3.1 Selecting Covariates ........................................................................................................... 74 

4.3.2 Homogeneity of Regression Assumption ........................................................................... 74 

4.3.3 Multiple Regression Correlation (MRC) Analysis ............................................................. 75 

4.3.3.1 Assumptions of the MRC ........................................................................................... 76 

4.3.3.2 Results of the MRC .................................................................................................... 78 

4.3.4 One Way Analysis of Covariance (ANCOVA) ................................................................. 80 

4.3.4.1 Assumptions of ANCOVA ......................................................................................... 80 

4.3.4.2 Result of ANCOVA.................................................................................................... 81 

4.4 The Observation Checklist Results ........................................................................................... 81 

4.6 Summary of Results .................................................................................................................. 84 

5. DISCUSSION, CONCLUSION AND IMPLICATIONS ................................................................ 85 

5.1 Summary of the Study ............................................................................................................... 85 

5.2 Discussion of the Results .......................................................................................................... 85 

5.3 Internal Validity of the Study .................................................................................................... 87 

5.4. External Validity of the Study .................................................................................................. 89 

5.5. Conclusion of the Study ........................................................................................................... 89 

5.6. Implications .............................................................................................................................. 90 

REFERENCES ..................................................................................................................................... 92 

APPENDICES 

A. THE TURKISH MPEX-II  ............................................................................................................. 103 

B1. THE FIRST VERSION OF THE OBJECTIVE LIST ................................................................. 107 

B2.THE FIRST VERSION OF THE FMAT-I ................................................................................... 108 

B3. THE FIRST VERSION OF THE FMAT-II  ................................................................................. 116 

B4.THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-I .............. 126 

B5. THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-II ............ 127 

B6. EVALUATION CRITERIA ........................................................................................................ 128 

C1.THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT-I ............................. 129 

C2.THE SECOND VERSION OF THE FMAT-I USED IN THE PILOT STUDY .......................... 130 

C3.THE SECOND VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-II  ....... 138 

C4.THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT-II  ............................ 139 

C5.THE SECOND VERSION OF THE FMAT-II USED IN THE PILOT STUDY ......................... 140 

D.ITEMAN RESULTS FOR THE FMAT-I AND FMAT-II IN THE PILOT ................................... 149 

E1. THE FINAL VERSION OF OBJECTIVE LIST FOR THE MAIN STUDY .............................. 155 

E2. THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-I ............ 156 

E3. THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-II  ........... 157 

E4. THE FINAL VERSION OF THE FMAT-I USED IN THE MAIN STUDY............................... 158 

E5.THE FINAL VERSION OF THE FMAT-II USED IN THE MAIN STUDY .............................. 166 

F. ITEMAN RESULTS FOR THE FMAT-I AND FMAT-II IN THE MAIN STUDY ..................... 175 

G. KEYS FOR THE OBJECTIVE TYPE QUESTION IN THE FMAT-I AND II  ............................ 181 

H1. THE GENERAL ANALYTIC SCORING FRAMEWORK ....................................................... 182 

H2. SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT-I ..................... 183 

H3. SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT-II  ................... 191 

H4. STUDENTSô ANSWERS EXEMPLIFYING OBSERVED SUB-CATEGORIES ..................... 199 



 

x 

H5. THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE PREFMAT-I .................................................................................................... 209 

H6. THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE POFMAT-I ....................................................................................................... 214 

H7. THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE POFMAT-II  ..................................................................................................... 219 

I. CLASSROOM OBSERVATION CHECKLIST ............................................................................ 224 

J. ACTIVITY SHEETS ...................................................................................................................... 225 

K. THE GENERAL TEACHER GUIDE ........................................................................................... 278 

L. THE TEACHER GUIDES FOR ACTIVITY SHEETS ................................................................ 281 

M. HOMEWORK SHEETS............................................................................................................... 292 

N. CONCEPT MAP DRAWING GUIDE ......................................................................................... 303 

O. KEY WORDS ............................................................................................................................... 304 

P. STUDENTSô PRODUCTS ............................................................................................................ 305 

Q. RAW DATA ................................................................................................................................. 327 

R. FREQUENCY TABLES FOR QUESTIONS IN THE INSRUMENTS ....................................... 331 

S. PERMISSION DOCUMENT ........................................................................................................ 340 

CURRICULUM VITAE .................................................................................................................... 341 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xi 

LIST OF TABLES 

 

 

 

Table 2.1 Summary of studies conducted abroad and investigating the effect of the learning cycle in 

physics ................................................................................................................................... 11 
Table 2.2 Summary of studies conducted in Turkey and investigating the effect of the learning cycle 

in physics ............................................................................................................................... 13 
Table 2.3 Summary of studies investigating the effect of the learning cycle in chemistry .................. 15 
Table 2.4 Summary of studies investigating the effect of the learning cycle in biology ..................... 17 
Table 2.5 Summary of studies investigating the effect of the modified learning cycle which was 

enriched with other teaching activities .................................................................................. 20 
Table 2.6 Sample size ranges, the percentages of studies falling to the related sample size ranges. ... 23 
Table 2.7 Grade levels and the percentages of studies assigned to each grade level. .......................... 23 
Table 2.8 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional 

instruction in chemistry, physics, and biology and in total ................................................... 24 
Table 2.9 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional 

instruction on physics achievement in Turkey and abroad. ................................................... 24 
Table 2.10 Summary of the metacognitive studies conducted in science ............................................ 37 
Table 2.11 Grade levels of participants included in the metacognitive studies and the percentages of 

the studies categorized into the grade level ........................................................................... 43 
Table 2.12 Sample size intervals and the percentages of the studies falling into these intervals......... 43 
Table 2.13 Descriptive statistics of ESs of 13 research studies investigating influence of 

metacognitive instruction on studentsô achievement. ............................................................ 44 
Table 2.14 Descriptive statistics of ESs of 12 research studies excluding the outlier study. ............... 44 

Table 3.1 Sample of the study in terms of the school, group and gender ............................................ 51 

Table 3.2 The name, type, nature and scale of the variables in this study. .......................................... 52 

Table 3.3 Items falling into each dimension and sub-dimension of MPEX-II ..................................... 53 

Table 3.4 Summary statistics related to the ITEMAN for multiple-choice and matching type of 

questions of the FMAT-I in the pilot study ........................................................................... 56 

Table 3.5 Summary statistics related to the ITEMAN for multiple-choice and matching type of 

questions of the FMAT-II in the pilot study. ......................................................................... 56 

Table 3.6 The source of the questions in the FMAT-I ......................................................................... 57 

Table 3.7 The sources of the questions in the FMAT-II  ...................................................................... 57 

Table 3.8 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-I 

in the main study ................................................................................................................... 58 

Table 3.9 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-II 

in the main study ................................................................................................................... 58 

Table 3.10 Research design of the study ............................................................................................. 63 

Table3.11 The phases of the 7E learning cycle, epistemological and metacognitive and other activities 

used in the each phase and the aims of each phase of the EM-7ELC. ................................... 64 

Table 3.12 Metacognitive and epistemological activities and their occurrence in the activity sheets . 65 

Table 4.1 Variables in the study, the values of missing in these variables and percentage of missing 

values..................................................................................................................................... 71 

Table 4.2 Variables in the study, the values of missing in these variables and percentage of missing 

values after excluding missing subjects in the post-tests ....................................................... 71 

Table 4.3 Descriptive statistics for the continuous variables of the study ........................................... 72 

Table 4.4 The ESs calculated on the POFMAT-I, POFMAT-II, and POMPEX ................................. 73 

Table 4.5 Correlations among the variables in the study ..................................................................... 73 

Table 4.6 Descriptive statistics for the POTFMAT ............................................................................. 74 

Table 4.7 The correlations among the variables including the POTFMAT and excluding the 

POFMAT-I and POFMAT-II  ................................................................................................ 74 

Table 4. 8 The result of the MRC for the POTFMAT ......................................................................... 75 

Table 4.9 The result of the MRC for the POMPEX ............................................................................ 75 

Table4.10. Descriptive statistics of residuals, Mahalanobis Distance, Cook's Distance and Centered 

Leverage Value for POTFMAT ............................................................................................ 77 

Table 4.11 Coefficients of independent variables included in the regression model when the 

POTFMAT is dependent variable. ........................................................................................ 79 



 

xii  

Table 4.12 Levene's Test of Equality of Error Variances .................................................................... 80 

Table 4.13 The results of ANCOVA for the POMPEX scores ............................................................ 81 

Table 4.14 The mean and standard deviation of the items in the checklist for each group. ................. 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiii  

LIST OF FIGURES 

 

 

 

Figure 3.1 A refinement diagram is used in Tutorials in Physics Sense-Making ....................................... 60 

Figure 3.2 The seating arrangement of one of the experimental classes when they started Activity 2. ...... 66 

Figure 3.3 The refinement diagram for ñthe object ahead moves fasterò intuitive knowledge ................... 68 

Figure 4.1 Normal P-P plot of regression standardized residual for the POTFMAT ................................. 76 

Figure 4.2 Scatterplot of standardized residual for the POTFMAT ............................................................ 77 

Figure 4.3 The regression lines of the PREMPEX on the POTFMAT for control and the EM-7ELC 

group ............................................................................................................................................ 78 

Figure 4.4 The regression lines of the PREMPEX on the POTFMAT for control and the EM-7ELC 

group when Johnson-Neyman confidence band was included. .................................................... 79 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiv 

LIST OF ABBREVIATIONS  

 

 

 

EM-7ELC : Epistemologically and Metacognitively Improved 7E Learning Cycle 

TI  : Traditional Instruction 

ATTHS  : Anatolian Teacher Training High School 

DV  : Dependent Variable 

IV  : Independent Variable 

MPEX-II  : Maryland Physics Expectations-II  

POMPEX : Post-Test Scores on the Maryland Physics Expectations-II  

FMAT-I : Force and Motion Achievement Test- I 

POFMAT-I : Post-Test Scores on Force and Motion Achievement Test- I 

POFMAT-II  : Force and Motion Achievement Test- II  

POFMAT-II  : Post-Test Scores on Force and Motion Achievement Test- II  

PREMPEX : Pre-Test Scores on the MPEX-II  

PREFMAT-I : Pre-Test Scores on Force and Motion Achievement Test- I 

POTFMAT : Post-Test Scores on Total Force and Motion Achievement Test 

TMT : Teacher-Made Physics Achievement Test 

IM : Instructional Method 

FCI : Force Concept Inventory 

FMCE : Force and Motion Conceptual Evaluation 

TUG-K : Test of Understanding Graphs-Kinematics 

MBT : Mechanics Baseline Test 

THSPC : Turkish High School Physic Curriculum 

PERG : Physics Education Research Group 

OST : Open-Source Tutorials 

SPSS : Statistical Package for Social Studies 

ATI  : Aptitude Treatment Interaction 

MANCOVA : Multivariate Analysis of Covariance 

ANCOVA : Analysis of Covariance 

MRC :Multiple Regression Correlation 

ES : Effect Size 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

1 

 

 

 

CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

Recent educational documents in Turkey (Turkish physics curriculum development commission, 

2007) and overseas (National Research Council, 1996) pointed out the importance of inquiry-based 

learning for students. For example, according to National Science Education Standards, 

 

Inquiry is central to science learning. When engaging in inquiry, students describe objects 

and events, ask questions, construct explanations, test those explanations against current 

scientific knowledge, and communicate their ideas to others. They identify their 

assumptions, use critical and logical thinking, and consider alternative explanations. In this 

way, students actively develop their understanding of science by combining scientific 

knowledge with reasoning and thinking skills (p. 2). 

 

Inquiry-based learning creates a learning environment where students define and investigate 

problems, formulating hypotheses, designing experiments, gathering data, and driving conclusions 

about problems. Inquiry-based learning has several advantages. Some of them are improving 

intellectual power and intrinsic motivation, helping to learn how to investigate, enhancing memory 

retention, leading student-centered instruction, contributing self-concept and allowing more time for 

assimilation and accommodation of information (Trowbridge, Bybee, & Powell, 2004).   

 

There are several kinds of inquiry-based learning methodologies used in science education. The 

learning cycle is one of them (Abraham, 2003; Marek & Cavallo, 1997). Research studies found that 

the learning cycle has been more effective than traditional instruction for enhancing studentsô 

achievement and conceptual understandings in physics (A­ēĸlē & Turgut, 2011; A­ēĸlē, Altun-Yal­ēn, 

& Turgut, 2011; Ateĸ, 2005a; 2005b; Ateĸ & Polat, 2005; Barman, Barman, & Miller, 1996; Cherry, 

2011; Cobern et al., 2010; Ergin, Kanlē, & ¦nsal, 2008; Hussain, Azeem, & Shakoor, 2011; Kanli & 

Yagbasan, 2008; Nuhoĵlu & Yal­ēn 2006; Turgut & Gurbuz, 2011; Yēlmaz & Huyug¿zel ¢avaĸ, 

2006; Zolman, 1990), in chemistry (Aĵg¿l-Yal­ēn & Bayrak­eken, 2010; Akar, 2005; Bektaĸ, 2011; 

Ceylan & Geban, 2009; Ekici, 2007; Kilavuz, 2005; Kºseoĵlu & T¿may, 2010; Pabu­cu, 2008; 

Sevin­, 2008; Siribunnam & Tayraukham, 2009), and in biology (Atilboz, 2007; Balci, 2009; Balci, 

Cakiroglu, & Tekkaya, 2006; Budprom, Suksringam, & Singsriwo, 2010; Cakiroglu, 2006; Dogru-

Atay & Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoĵlu & Kaya, 2011; Kaynar, Tekkaya, 

& ¢akiroĵlu, 2009; Lord, 1999; Marek, Cruse, Cowan, & Cavallo, 1994; Musheno & Lawson, 1999; 

Oren & Tezcan, 2008; Sadi & Cakiroĵlu, 2010; Saygēn, 2009; Saygin, Atilboz, & Salman, 2006). 

 

Moreover several studies indicated the positive effects of the learning cycle on retention of learning 

(Harurluoĵlu & Kaya, 2011; K¿­¿kyēlmaz, 2003; Sriwattanarothai, Jittam, Ruenwongsa, & Panijpan, 

2009; Turgut & Gurbuz, 2011), on studentsô attitudes in physics, chemistry and biology (A­ēĸlē & 

Turgut, 2011; Balci, 2009; Billings, 2001; Brown, 2000; Ebrahim, 2004; Ergin et al., 2008; Farrell, 

Moog, &. Spencer, 1999; Hokkanen, 2011; Kaynar, 2007; Lord,1999; Oren & Tezcan, 2009; Parker 

& Gerber, 2000; Siribunnam & Tayraukham, 2009; Thien Huong, 1997; Yēlmaz & Huyug¿zel ¢avaĸ, 

2006), on science process skills (A­ēĸlē & Turgut, 2011; Budprom et al., 2010; Campbell, 1977; 

Cumo, 1991; Kanli & Yagbasan, 2008; Polyiem, Nuangchalerm, & Wongchantra, 2011; Sevin­, 

2008), on thinking skills (Budprom et al., 2010; Mecit, 2006; Oren & Tezcan, 2008; Siribunnam & 

Tayraukham, 2009; Temel, Dincol-Ozgur, & Yilmaz, 2012), on their science perceptions (Campbell, 

2006; Kºseoĵlu & T¿may, 2010; Liu, Peng, Wu, & Li n, 2009; Sriwattanarothai et al., 2009), and 

epistemological understandings (Bektas, 2011; Kaynar et al., 2009). However, when the outcomes of 

instructions relied on the learning cycle are considered, few studies explored the influence of the 

learning cycle on studentsô epistemological understandings.  

 

The learning cycle first was introduced by Karplus and Thier (1967). It consists of three phases, 

namely, the exploration, invention, and discovery. The initial learning cycle was enhanced into five 
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phases and named as the 5E learning cycle (Bybee, 1997). Finally, the 5E learning cycle was 

expanded into the 7E learning cycle by Eisenkraft (2003). This learning cycle differs from other 

learning cycles with more emphasis on eliciting prior knowledge and transfer of knowledge. Both 

abroad and in Turkey, most of the learning cycle studies explored the effectiveness of the 3E and 5E 

learning cycle. On the other hand, the effectiveness of the 7E learning cycle has been examined in a 

few studies. Thus, there is a need to study further the effect of the 7E learning cycle in science 

education. According to the studies investigating the effect of the 7E learning cycle experimentally, 

the 7E learning cycle promoted studentsô achievement and conceptual understandings (Bulbul, 2010; 

Kanli & Yagbasan, 2008; Polyiem et al., 2011; Siribunnam & Tayraukham, 2009), their attitudes 

(Bulbul, 2010; Siribunnam & Tayraukham, 2009), their science process skills (Kanli & Yagbasan, 

2008; Polyiem et al., 2011) and their thinking skills (Mecit, 2006; Siribunnam & Tayraukham, 2009).  

   

On the other hand, even with the use of the best teaching method, the result might be unsatisfactory. 

Additional variables related to studentsô learning might influence effectiveness of learning activities. 

For instance, research showed studentsô epistemological understandings affect their responses to 

learning activities (Hammer, 1994; Hogan, 1999; Rosenberg, Hammer, & Phelan, 2006; Sandoval, 

2005; Tsai, 1998) in science and mathematics. Hogan (1999) investigated how middle school 

studentsô epistemological views were related with their approaches to constructing knowledge with 

their friends. The researcher found the association between studentsô personal frameworks for science 

learning and their participation in collaborative knowledge-building tasks. Therefore, science 

instruction should take into account studentsô personal epistemologies as well. However, most of 

physics curricula which have been proved to improve studentsô conceptual understandings do not 

influence their epistemological understandings in similar way (Elby, 2001; Redish, Saul, & Steinberg, 

1998). Put in different terms, the implicit instructions focusing on studentsô conceptual development 

and assuming their epistemological understandings would improve in the same way are not so 

effective compared to the instruction explicitly focusing on their epistemological development (Elby, 

2001; Redish & Hammer, 2009; Sandoval & Morrison, 2003) in terms of promoting their 

epistemological understandings. However, the limited number of studies inspected the effectiveness 

of epistemological instructions in which studentsô personal epistemologies were explicitly 

emphasized in science and other domains. Furthermore, although the studies did not explicitly declare 

the theoretical frameworks underlying their research, their approaches to instruction design provided 

clues about what theoretical frameworks they supported. Most of these studies employed the idea that 

studentsô epistemologies are made of coherent, stable, and context-independent epistemological 

beliefs the student either has or does not have (Hammer & Elby, 2002) to design their instructions. 

Relying on this view, they implemented strategies similar to ones used in traditional conceptual 

change approach to change studentsô naµve beliefs with more sophisticated beliefs. However, many 

studies provided supporting evidences that studentsô personal epistemologies are context-dependent 

rather than coherent, context-independent stable beliefs (Leach, Millar, Ryder, & Sere, 2000; Lising 

& Elby, 2005; Louca, Elby, Hammer, & Kagey, 2004; Rosenberg, Hammer, & Phelan, 2006; Roth & 

Roychoudhury, 1994; Sandoval & Morrison, 2003; Songer & Linn, 1991). In other words, the results 

of these studies supported the resources framework for personal epistemology. This personal 

epistemology framework argues that students have a set of fine grained resources related to their 

views about the nature of knowledge, knowing, and learning. The activation of these resources is 

context-dependent. Therefore, epistemological instructions should aim to co-activate and stabilize 

epistemological resources the individual already has rather than removal of old beliefs for 

development of their epistemological understandings (Elby & Hammer, 2010). Furthermore, except 

for the study of Elby (2001), all of the studies emphasizing explicit epistemological instruction 

conducted their research for university students. Unlike Elbyôs (2001) and Redish and Hammerôs 

(2009) studies, other personal epistemology studies tested their instructions in educational psychology 

or similar courses and aimed mainly to change studentsô epistemological beliefs. Thus, more research 

is needed for exploring the impact of explicitly epistemological instruction in science and in lower 

grade levels. In addition, the researcher of the current study could not reach any study testing the 

effectiveness of the explicit epistemological instruction focusing on studentsô personal epistemologies 

in Turkey.   

  

Moreover, both scientific inquiry and epistemology researchers emphasize the importance of 

metacogntion for studentsô learning. Several researchers claimed the necessity of metacognitive skills 

for scientific inquiry (Baker, 1991; Schraw, Crippen, & Hartley, 2006; White & Frederiksen, 1998, 

2000). For instance, according to Schraw, Crippen, and Hartley (2006), scientific inquiry requires 

metacognitive skills such as planning, monitoring, reflection, and self-evaluation of learning. 
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Furthermore, Baker (1991) suggested that using metacognition enables science educators to provide 

better ways for their students to learn from text materials and to promote independence in learning 

through lectures, discussion, laboratory work, and hands-on activities. White and Frederiksen (1998) 

pointed out the importance of metacognitive reflection in inquiry processes. Furthermore, Weaver 

(1998) summarizes the successful and unsuccessful teaching practices. The study indicated that 

laboratory activities can improve conceptual change when discussion and reflection are integrated 

into them. A number of studies in science provided evidence that metacognitive instruction had 

positive impact on studentsô conceptual understandings and achievement (Akg¿l, 2010; Alemdar, 

2009; Bianchi, 2007; Hoffmann, 2010; Koch, 2001; Michalsky, Mevarech, & Haibi, 2009; 

Mittlefehldt & Grotzer, 2003; Peters & Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; 

Tien, 1998; Viko, 2010; Yildiz, 2008; White & Frederiksen, 1998; Yuruk, Beeth, & Andersen, 2009), 

on the retention of learning (Adey & Shayer, 1993; Akg¿l, 2010; Alemdar, 2009; Bianchi, 2007; 

Blank, 2000; Georghiades, 2004; Yuruk et al 2009), on the transfer of learning (Alemdar, 2009; 

Georghiades, 2006; Lin & Lehman, 1999; Mittlefehldt & Grotzer, 2003; Sbhatu, 2006), studentsô 

metacognition (AbdȤElȤKhalick & Akerson, 2009; Baird & White, 1984; Butterfield, 2012; Cakir, 

2011; Hennessey, 1999; Larkin, 2006; Michalsky et al., 2009; Yildiz, 2008) attitudes towards science 

and learning (Akg¿l, 2010, Baird & White, 1984; Tien, 1998) and scientific inquiry skills 

(Dejonckheere, de Keere, & Tallir, 2011; Lin & Lehman, 1999; Saribas, 2009; Tien, 1998; White & 

Frederiksen, 1998). Studies exploring the usefulness of metacognitive inquiry-based instruction in 

which scientific inquiry was incorporated with metacognitive activities (e.g., Saribas, 2009; Tien, 

1998; White & Frederiksen, 1998) included very small portion of the metacognitive studies conducted 

in science. In Turkey, compared to the number of studies employing the learning cycle, there were 

few studies testing metacognitive instruction in science (Akg¿l, 2010; Alemdar, 2009; Cakir, 2011; 

Saribas, 2009; Kirbulut, 2012; Polat, 2010; Yildiz, 2008). Only three of them were metacognitive 

inquiry studies whose participants included pre-service teachers or elementary students (Cakir, 2011; 

Saribas, 2009, Yildiz, 2008).  

 

In addition, there are few studies integrated metacognition into the learning cycle (Blank, 2000; 

Appamaraka, Suksringarm, & Singseewo, 2009; Sornsakda, Suksringarm, & Singseewo, 2009; 

Yildi z, 2008). However, all used the same integration following Blankôs study. Therefore, 

investigating different integrations using different metacognitive strategies are needed.  

 

Similarly, metacognition is a significant factor for personal epistemology researchers as well 

(Bendixen & Rule, 2004; Bendixen & Feucht, 2010; Elby & Hammer, 2010; Rule & Bendixen, 

2010). According to Bendixen and Rule (2004), metacognition is very crucial for the effectiveness 

and durability of personal epistemology development. They proposed an integrated model framework 

for explaining the development of personal epistemologies. Metacognition is one of main elements 

for this model. Likewise, according to Elby and Hammer (2010), metacognitive monitoring is needed 

for the co-activation and stabilization of epistemological resources. There is no study explicitly 

addressing on the personal epistemology in the learning cycle instruction. 

 

In conclusion, in the light of above discussion, the purpose of this study is to investigate the effect of 

the epistemologically and metacognitively improved 7E learning cycle (EM-7ELC) on tenth grade 

studentsô physics achievement and epistemological understandings in physics.  

 

1.1 The Main Problem  

 

The main problem of this study is: 

 

What is the effect of the EM-7ELC as compared to the traditional instruction (TI) on tenth grade 

Anatolian teacher training high school (ATTHS) studentsô physics achievement on force and motion 

unit and epistemological understandings in physics in Ankara? 

 

1.1.1 The Sub-Problems 

 

The sub-problems of the study are as follows; 

 

SP1: What are the effects of the EM-7ELC and the TI on tenth grade ATTHS studentsô physics 

achievement on force and motion unit in Ankara? 
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SP2: What are the effects of the EM-7ELC and the TI on tenth grade ATTHS studentsô 

epistemological understandings in physics in Ankara? 

 

1.2 Hypotheses 

 

The research problem is tested with the following null hypotheses. 

 

H01: There is no significant overall effect of the EM-7ELC and the TI on the population means of the 

collective dependent variables of tenth grade ATTHS studentsô post-test scores of physics 

achievement in force and motion unit and epistemological understandings in physics when the effect 

of studentsô pre-test scores of physics achievement in force and motion unit and epistemological 

understandings in physics are controlled. 

 

H01.1: There is no significant effect of the EM-7ELC and the TI on the population means of tenth 

grade ATTHS studentsô post-test scores of physics achievement in force and motion unit when the 

effect of studentsô pre-test scores of physics achievement in force and motion unit and 

epistemological understandings in physics are controlled. 

 

H01.2: There is no significant effect of the EM-7ELC and the TI on the population means of tenth 

grade ATTHS studentsô post-test scores of epistemological understandings in physics when the effect 

of studentsô pre-test scores of physics achievement in force and motion unit and epistemological 

understandings in physics are controlled. 

 

1.3 Definition of Important Terms 

 

The important terms used in the study can be defined as follows; 

 

The 7E learning cycle is an inquiry based learning strategy that requires dividing instruction into 

seven phases which are named as the elicit, engage, explore, explain, evaluate, elaborate, and extend 

phases (Eisenkraft, 2003). The main distinction of the7E learning cycle from the 5E learning cycle is 

putting more emphasis on eliciting studentsô prior understandings and transfer of learning.    

 

Metacognitive activities are the activities prompting students to engage in metacognitive thinking.  

 

Epistemological activities are activities prompting students to thinking about the nature of 

knowledge, knowing, and learning. In this study, epistemological activities were used for promoting 

studentsô understandings of nature of physics knowledge and learning in physics.  

 

The instruction based on the epistemologically and metacognitively stimulated 7E learning cycle 

(EM-7ELC) is an instruction in which metacognitive and epistemological activities were integrated 

into seven phases of the 7E learning cycle. 

 

Traditional physics instruction is an instruction in which students are mostly in the passive listener 

role and teachers are in the knowledge transmitter role. First, teachers explain topics, then, solve a 

few example questions and have students solve similar questions on the board. 

 

Physics achievement in force and motion unit is a measurement of what students know about force 

and motion unit according to pre-specified learning objectives. In this study, Force and Motion 

Achievement Test-I and II (see Appendix E4 and E5) were administered to measure studentsô 

achievement in force and motion unit. 

 

Epistemological understanding is individualsô views of the nature of knowledge, knowing, and 

learning (Hofer & Pintrich, 1997; Elby & Hammer, 2010). In the present study, the Turkish 

Maryland Physics Expectation-II survey given in Appendix A was used to probe studentsô 

epistemological understandings in physics.  

 

 

 

 

 



 

5 

1.4 Significance of the Study 

 

Based on discussion conducted at the beginning of this chapter, many studies indicate that the 

instruction relied on the learning cycle has been effective for improving studentsô achievement in 

science. On the other hand, a great deal research also shows that studentsô epistemological 

understandings influence their approaches to learning activities. The research also demonstrates 

explicitly epistemological instructions are more effective than implicit epistemological instructions. 

Therefore, the instruction relied on the learning cycle should explicitly take into account studentsô 

epistemological understandings. However, the researcher could not find any learning cycle study 

explicitly focusing on studentsô personal epistemologies.  

 

Furthermore, scientific inquiry and personal epistemology researchers strongly suggest the explicit 

integration of metacogniton into inquiry-based instructions or epistemological instructions. However, 

this incorporation is rarely studied. Furthermore, there was no research investigating effectiveness of 

an inquiry based teaching strategy which explicitly emphasizes both metacognition and the personal 

epistemology. Therefore, this study will fill the gaps mentioned above by investigating the 

effectiveness of the 7E learning cycle as an inquiry based teaching strategy in which both 

metacognition and the personal epistemology are explicitly integrated.  

 

Furthermore, most of epistemological studies exploring the effect of explicitly epistemological 

instruction designed their instruction by viewing studentsô personal epistemologies as context-free, 

stable, and coherent and made research at undergraduate or graduate levels. However, this study 

advocates that studentsô epistemologies include various resources whose activations depend on 

contexts. Therefore, instead of aiming to change old naµve beliefs, the instruction aimed the activation 

of the productive resources students already had. The current study makes contribution to personal 

epistemology literature by exploring effectiveness of this type of epistemological instruction for high 

school students. 

 

In particular, in Turkey, this study is the first research in science in which studentsô personal 

epistemologies were explicitly considered in the instruction and in which the 7E learning cycle was 

integrated with metacognitive instruction. 

 

In conclusion, this study contributes to science education by providing evidences for the effectiveness 

of the 7E learning cycle combined with metacognitive and epistemological activities with respect to 

high school studentsô achievement and epistemological understandings. Moreover, this study provides 

a sample of instructional activities relied on the 7E learning cycle, metacognition, and the personal 

epistemology all together for teachers, researchers, curriculum developers, and textbook writers.  

The new Turkish high school physics curriculum recommends teachers use more student-centered 

instruction. Teachers can apply the instructional materials of this study, entirely or partly in their 

instruction for this purpose. They can also design their own instructional materials similar to those of 

this study for other topics or other subject domains. Curriculum developers can benefit from results 

and instructional materials of this study to revise or develop their curriculum to integrate scientific 

inquiry with metacognition and the personal epistemology. Likewise, the textbook writers can adapt 

the instructional materials of this study into their textbooks and write the teacher guide books using 

the teacher guides developed in this study.  
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CHAPTER 2 

 

 

LITERATURE REVIEW OF RELATED STUDIES  

 

 

 

This chapter is comprised of the review of the related literature for this study. In the first section, the 

discussion on the conceptualization of scientific inquiry is presented to show how the present study 

approaches to scientific inquiry. The rest of this chapter is divided to three parts corresponding to the 

reviews of studies focusing on the learning cycle, which is an inquiry-based teaching strategy, the 

personal epistemology, and metacognition. The structures of these parts are similar. In each part, first, 

the respective theoretical studies are summarized; then, the related experimental research studies are 

reviewed. The experimental studies investigating the effect of the learning cycle and metacognition 

are tabulated and discussed in terms of sample size, the length of the studies, grade levels of 

participants, outcomes of studies, and effect sizes of studies. Some of these studies which are more 

similar to the present study are discussed in detail and compared to the current study. In the last 

section of this chapter, the summary of the literature review is presented. 

 

2.1. Scientific Inquiry  

 

The term of inquiry has an important position in most of recent educational reform documents, such 

as National Science Education Standards, AAAS Benchmarks for Science Literacy and Turkish high 

school physics curriculum. On the other hand, there is lack of agreement on what inquiry means for 

science educators and researchers. Terms associated with scientific inquiry in the research studies 

have wide spectrum. Abd-El-Khalick, et al (2004, pp. 411-412) provided a list for terms and phrases 

used to characterize the role of inquiry in science education in their study emerged from an 

international symposium about scientific inquiry. The list contains scientific processes, scientific 

method, experimental approach, problem solving, conceiving problems, formulating hypotheses, 

designing experiments, gathering and analyzing data, and drawing conclusions, deriving conceptual 

understandings, examining the limitations of scientific explanations, methodological strategies, 

knowledge as ñtemporary truthsò, practical work, finding and exploring questions, independent 

thinking, creative inventing abilities, and hands-on activities.  

 

Grandy and Duschl (2007) suggested a general summary of the consensus on inquiry that obtained 

through the papers, comments and discussions at another conference related to scientific inquiry. 

Based on this conference, they suggested the practices of scientific inquiry including conceptual, 

epistemic and social dimensions. They provided a current list of aspects of scientific inquiry to clarify 

what inquiry includes. These involve posing questions, refining questions, evaluating questions, 

designing experiments, refining experiments, interpreting experiments, making observations, 

collecting data, representing data, analyzing data, relating data to hypotheses/models/theories, 

formulating hypotheses, learning theories, learning models, refining theories, refining models, 

comparing alternative theories/models with data, providing explanations, giving arguments 

for/against models and theories, comparing alternative models, making predictions, recording data, 

organizing data, discussing data, discussing theories/models, explaining theories/models writing about 

data, writing about theories/models, reading about data, and reading about theories/models. 

 

Hammer, Russ, Mikeska, and Sherr (2005) agreed with Grandy and Duschlôs (2007) suggestion that 

scientific inquiry involves some form of dialogue among evidence, theory, and models. They provide 

a working definition of inquiry built on some examples of scientific inquiry performed by students.  

 

The examples Hammer et al (2005, p. 12) suggested were; 

 

 arguing from a sense of mechanism to explain a prediction,  

 arguing from a sense of mechanism to explain a result,  

 drawing connections to other observations,  

 asking for precision and clarity in their explanations, 
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 valuing replication, in emphasizing repeated results, 

 drawing distinctions between two similar ideas,  

 checking for consistency among lines of reasoning. 

 

Based on these examples, they defined ñinquiry in science is the pursuit of coherent, mechanistic 

accounts of natural phenomenaò (p. 13). Mechanistic is clarified as studentsô sense of causes and 

effects emerged from their experiences or inferences. Coherent is described as internally-consistent 

and stable. In other words, different parts of the account are consistent each other, and the account is 

consistent over time. In the present study, the definition of scientific inquiry provided by Hammer et 

al (2005) was taken into account to design the inquiry activities. In the the next section, the learning 

cycle in which inquiry is embodied is explained.   

 

2.2. The Learning Cycle 

 

The learning cycle is one of inquiry-based teaching methodologies used in science education 

(Abraham, 2003; Marek & Cavallo, 1997). Learning cycle is useful model for instruction and 

curriculum development (Cavallo & Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno & 

Lawson, 1999). It is a teaching approach in which the teacher can employ to diagnose studentsô 

conception about scientific principles (Lawson et al., 1989). In addition, students experience a part of 

science in the learning cycle (Colburn & Clough, 1997). 

 

Lawson et al. (1989) proposed objectives for educational system; namely, to obtain set of meaningful 

and useful concepts and conceptual systems, to acquire skills in using the thinking patterns necessary 

for independent creative and critical thought and to gain confidence in their ability to apply their 

knowledge to learn, to solve problems, and make carefully reasoned decisions. To succeed these 

objectives, students should reveal their prior conceptions and test them in a learning environment 

where ideas are openly created, discussed and tested. The learning cycle lets this to happen. Similarly, 

Odom and Kelly (2001) claimed that main idea underlying the learning cycle is that it provides 

opportunities for students to explore their belief systems which might result in argumentation, 

prediction, hypothesis testing, self-regulation, and knowledge construction.  

 

To the best of the researcherôs knowledge, there is only one meta-analysis study on the learning cycle 

to date. This meta-analysis was conducted by Guzzetti, Snyder, Glass, and Gamas (1993) to show 

effectiveness of the 3E learning cycle for eliminating misconceptions. They indicated that when the 

lecture, teacher-led discussion, non-refutational text, and audiovisuals were incorporated in the 

learning cycle, the average effect size resulted in about 1/4 standard deviation unit. Guzzetti et al. 

(1993) also concluded that the inclusion of additional strategies produced larger effects. The inclusion 

of a traditional laboratory into the learning cycle led to larger effects compared to the approach 

without a laboratory. For instance, the differential effect become about 1.5 standard deviations when 

the addition of instructional modeling, peer discussion, non-refutational text, Socratic teaching, the 

laboratory into the learning cycle and this was contrasted to a learning cycle that contained peer 

discussion, non-refutational text, and no laboratory. However, when the same comparison was 

conducted without the laboratory component, the effect was only about 1/3 standard deviation. 

Moreover, they concluded that a laboratory combined with other forms of traditional instructional 

such as, lecture, demonstration, and non-refutational text was much less effective compared to the 

learning cycle combined with the traditional instruction. As Guzzetti et al. pointed in this meta-

analysis study, the effect of the learning cycle was evaluated by conjunction with other included 

strategies. Therefore, based on these comparisons, it is hard to argue that the observed differences 

between groups are because of the learning cycle or the integrated strategies such as teacher-led 

discussion, non-refutational text, and audiovisuals.    

 

In the next section, the evolution of the learning cycle is shortly explained. Then, the research studies 

on the learning cycle are discussed. 

 

2.2.1 The History of the Learning Cycle  

 

The learning cycle was first developed by Karplus and Thier (1967). This learning cycle consisted of 

Exploration, Invention and Discovery phases. Later, the phases were referred to as Exploration, Term 

introduction and Concept Application by Lawson (1988 as cited in Lawson et al., 1989). According to 

Lawson et al. (1989), the exploration phase guides students to explore new materials and/or ideas, 
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which helps students to discover patterns of regularity and raise questions that students then attempt 

to answer. In the term introduction phase, the teacher introduces terms to label the patterns and to 

explain the newly invented concepts. The concept application prompts students to search the patterns 

elsewhere and to apply the new concepts to additional examples. The three-phase learning cycle was 

originated from Piagetôs model of mental functioning. The exploration phase of the learning cycle 

leads learners to assimilate the science concepts. That is, to develop concept understanding, students 

gather the related data via direct experiences and do so until they meet disequilibrium. The concept 

introduction phase guides students in the interpretation of their data and experiences which results in 

re-equilibrium and the accommodation of the science concept. The concept application phase supplies 

opportunities for learners to relate the newly developed science concept to everyday examples and to 

other concepts via a cognitive process called organization (Marek, Laubach, & Pedersen, 2003).  

 

The 5E learning cycle developed from the three-phase learning cycle demands instruction to contain 

five discrete elements: the engage, explore, explain, elaborate, and evaluate (Bybee, 1997). Finally, 

the proposed 7E learning cycle expands the engage element into two components; the elicits and 

engage. Similarly, it expands the two stages of the elaborate and evaluate into three components, the 

elaborate, evaluate, and extend. According to Eisenkraft (2003), these changes do not imply adding 

complexity, but rather to ensure instructors not to omit crucial elements for learning from their 

lessons while under the incorrect assumption they are meeting the requirements of the learning cycle.  

 

According to Settlage (2000), every learning cycle has the same inductive instructional sequence 

irrespective of the different number of phases at the center. The learning cycle starts to engage 

students in investigating the selected natural phenomena. When the students explore, the teacher 

facilitate, guide them but not direct them as they work. After the exploration phase, the teacher directs 

a discussion period in which students share their observations with their classmates. Through the 

classroom discussion the teacher links student experiences to the target science concepts. After the 

concept has been identified students participate in additional activities to apply their recently formed 

conceptions to new situations. 

 

The 7E learning cycle has seven phases which are called as the elicit, engage, explore, explain, 

elaborate, evaluation and extend. Eisenkraft (2003) describes these phases as follows;  

The elicit phase involves taking into account studentsô prior knowledge and conceptions. The engage 

phase includes triggering studentsô attention, getting students to think about the subject matter, raising 

questions in studentsô minds. The explore phase of the learning cycle engages students in observing, 

recording data, isolating variables, designing and planning experiments, creating graphs, interpreting 

results, developing hypotheses, and organizing their findings. In this phase, teachers may formulate 

questions, recommend approaches, give feedback, and evaluate understandings. In the explain phase, 

students are presented to models, laws, and theories. In the elaborate phase of the learning cycle, 

students apply their knowledge to new situations, which may involve raising new questions and 

hypotheses to explore. The inclusion of the extend phase to the elaborate phase is aimed to clearly 

remind teachers the importance of practicing the transfer of learning for students. Students need to 

apply their knowledge into a new context and is not limited to simple elaboration. The evaluate phase 

of the learning cycle involves both formative and summative evaluations of studentsô understandings. 

Formative evaluation should not be restricted to a specific phase of the learning cycle. Formative 

evaluation should happen during all interactions with students.  

 

2.2.2 Research Studies on the Learning Cycle 

 

In this section, first, the general synthesis of research studies exploring the effectiveness of the 

learning cycle in science is conducted. Then, the studies addressing on the 7E learning cycle are 

discussed deeply.  

 

In the current study, 96 research studies published between 1977 and 2012 in science and assessing 

treatment effect of the learning cycle either between-groups or within-group were reviewed. The 

selection procedure of the studies was explained in Section 3.6 further. The studies are categorized in 

Table 2.1, 2.2, 2.3, and 2.4 in terms of the subject domain. Table 2.1 shows the summary of studies 

carried out abroad and investigating the effect of the learning cycle in physics while Table 2.2 

presents the summary of studies made inTurkey. Furthermore, the studies conducted in chemistry 

domain are summarized in Table 2.3, and the studies investigating the effect of the learning cycle in 

biology are recapped in Table 2.4. The numbers of studies for each subject domain were 40 for 



 

10 

physics, 15 for chemistry and 41 for biology. The abbreviations used for the tables are given at the 

bottom of each table. The studies in physics were divided into two groups which were conducted 

abroad and in Turkey. Separately, Table 2.5 contains 16 studies in which the learning cycle was 

enriched with other teaching activities, such as computer simulations, concept maps, metacognitive 

activities, and conceptual change texts. The tables include the reference of the study, the topic study 

covered, which type of learning cycle was implemented in the study, the treatment the learning cycle 

compared to, the participants, length and outcomes of the study. Moreover, the tables show effect 

sizes (ES) for relative magnitude of the treatment effect on related dependent variables and ESs which 

were calculated by the researcher of the present study. Specifically, the tables have eight columns 

which are named as (1) study, (2) type of the learning cycle, (3)sample, (4)comparison to, (5) length, 

(6)outcomes, (7)practical importance (ES), and (8)Calculated Cohenôs d. The study column indicates 

the reference of the study and topic covered in the study. The type column shows type of learning 

cycle, such as the 3E learning cycle and the 5E learning cycle, implemented in the study. The sample 

column indicates the number of participants and grade level of the participants included in the study. 

The compared to column demonstrates comparison treatments. The length column presents the 

durations of the studies. The outcomes column shows the variables addressed in the learning cycle 

studies. The practical importance indicates the values of effect sizes reported in the studies. Finally, 

the calculated Cohenôs d column shows Cohenôs d values which were calculated by the researcher of 

the current study for the studies not reporting any effect sizes or for the studies reporting effect sizes 

using different indices instead of Cohenôs d. These columns are explained further at the followings.  

 

According to Table 2.1, 2.2, 2.3, and 2.4, over 80 studies excluding the modified learning cycle 

studies, 43 studies focused on the 5E learning cycle, 29 studies applied the 3E learning cycle , five 

studies employed the 7E learning cycle and three studies implemented the 4E learning cycle. It can be 

seen that compared to the 3E and 5E learning cycle, the effectiveness of the 7E learning cycle was 

investigated in limited number of studies.  
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Table 2.1 Summary of studies conducted abroad and investigating the effect of the learning cycle in physics 
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1.Campbell (1977)  

 

Introductory  

Physics-I 

3E 55  

& 

UG 

TL 1 S Similar physics achievement & formal reasoning,  

Better attitude toward science, 

Similar content learning related to laboratory, 

Higher scores on variable identification, 

Less attrition rate 

Similar self-directedness. 

 NR 0.38 for achievement 

0.85 for variable identification 

NED for attitude 

0.11 for self-directedness 

NED for attrition  

2.Zollman (1990) 

Introductory  

Physics 

3E NR 

& 

UG 

TI 15 We Similar attitudes toward courses 

Higher score in all topics 

Higher score on conceptual explanation and calculation ability 

Lower score on recall  

NR NED 

3. Gang (1995)  

Archimedesô principles 

3E 35 

& 

7 th 

NC. NR Good conceptual understanding (ISNM)  NR  

4.Barman, et al (1996)  

Sound 

3E 34 

&  

5th  

TI 2 We Better conceptual understanding NR 0.18 

5. Thien Huong (1997) 

Electromagnetism 

3E 120  

UG 

W 2 M Improvement in scientific knowledge & technological 

applications, 

Positive attitude (ISNM) 

NR  

6.Rutherford (1999 ) 

Newtonôs laws of motion 

3E 77  

9th  

TI  

CAT 

NR Similar conceptual understanding  NR NED 

7.Parker & Gerber (2000)  

Matter 

3E 11 

5th & 

6th  

W 20 H Higher achievement & attitude towards science 

 

NR  

8.Billings (2001) 

 States of matter 

3E 28 

9th  

W 5 We Improvement in conceptual understanding,  

Positive attitude & interest towards treatment, (ISNM) 

NR  
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Table 2.1 (continued) 

 
9.Campbell (2006) 

Force & motion 

5E 22 

5th   

W 4 We Improvement in conceptual understanding & science 

perception. (ISNM) 

NR NED 

10.Slone (2007) 

Magnet & magnetic 

phenomena 

3E 26  

6th   

W 4 We Improvement in conceptual understanding NR  

11.Cobern et al. (2010)  

Dynamic & Light 

3E 180 

8th 

TI 2 We Higher conceptual understanding d =0.12. for light 

d = 0.11 for dynamic 

 

12. Soomro, Qaisrani, 

Rawat, & Mughal (2010) 

Simple machine 

5E 40  

10th  

TI NR Higher achievement  NR  0.76 

13.Cherry (2011)  

Force and motion 

5E  260 

5th   

TI 6 We Similar negative & positive attitude towards science, 

Higher achievement on the recognize, recall understand & 

apply levels of Bloom taxonomy 

ɖ2 = 0.12 for recognize 

ɖ2 = 0.34 for recall 

ɖ2 = 0.26 for understand 

0.74 for recognize 

1.44 for recall 

1.19 for understand 

14.Hokkanen (2011) 

 Genetics, earthôs structures, 

& space science, atoms, 

force and motion  

5E 141 

7th  

TI 

W  

7 M Improvement in achievement  

Modest improvement in student achievement & studentsô self-

expressed interest and confidence in science,  

Greater gains in student interest in science as a career (ISNM) 

NR NED 

15. Hussain, et al. (2011)  

NR 

3E 120  

10th  

TI 3 M Higher achievement, 

Better application of the concepts of physics to real life 

situations 

NR 5.73 for achievement 

 
*
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle, 5E learning 

cycle, 7E: 7E learning cycle, EL : laboratory based on the learning cycle, TI : Traditional Instruction, TL : Traditional laboratory (Verification laboratory), NC: No 

comparison, CAT , Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-down structure, CCT:  

Conceptual change text, W:Within, S: Semester, M : Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not made, NED: Not enough data to 

calculate effect size.   
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Table 2.2 Summary of studies conducted in Turkey and investigating the effect of the learning cycle in physics 
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1.K¿­¿kyēlmaz (2003)  

Sound & Light 

3E 44 

5th   

TI 

 

6 We Similar conceptual understandings, 

Higher retention  

NR 0.20 for conceptual understanding 

0.59 for retention 

2.Ateĸ ( 2005a)  

Electric Circuit 

3E 152  

PST 

TI 2.5 We  Higher conceptual understandings  0.90 

3.Ateĸ (2005b)  

Electric circuit 

3E 120  

PST 

TI 2.5We Higher conceptual understandings  NED 

4.Ateĸ & Polat (2005) 

 Electric circuit 

3E 76  

PST 

TI 2,5We Higher conceptual understandings NR NED 

5.Gºnen, Kocakaya, & Ķnan 

(2006)  

Electrostatics 

7E 33 

9th  

CAT 3 We Slightly less achievement in knowledge & 

comprehension levels of Bloom Taxonomy, 

Similar achievement on application level, 

Similar attitude toward physics courses 

NR -1.04 for knowledge 

 -1.15 for comprehension 

0.31 for application 

-2.09 for total achievement 

0.19 for attitude 

6.Nuhoĵlu & Yal­ēn (2006)  

Electricity & Magnetism 

3EL 69  

PST 

TL NR Similar attitude towards science, 

Higher achievement 

NR NED 

7.Yēlmaz & Huyug¿zel ¢avaĸ 

(2006)  

Electricity 

4E 79  

6th  

TI 

W 

NR Higher conceptual understanding & 

 attitude towards science and technology 

NR 1.75 for achievement. 

8.Kanli & Yagbasan (2008)  

Force & motion 

7EL 81  

PST 

TL 8 We Higher conceptual understandings science 

process skills  

ɖ2  = 0.17 for conceptual 

understandings 

ɖ2 = 0.31 for science process 

skills 

0.91 for conceptual understandings 

1.34 for science process skills 

 

9.Ergin et al. (2008) 

Inclined Projectile Motion 

5E 84  

9th  

 

TI NR Higher Achievement and attitude 

 

NR 2.17 for achievement 

0.52 for attitude 

10. Keskin (2008)  

Simple Pendulum 

5E 36  

11th  

TI 

W 

5 We Similar achievement & attitude towards 

physics 

Improvement in achievement no 

improvement on attitude  

NR -0.19 for achievement 

0.17 for attitude 
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Table 2.2 (continued) 

 
11.T¿rker (2009)  

Force & motion 

5E 100  

6th   

W 4 We Higher conceptual understanding, 

Unsatisfactory meaningful learning  

 

NR  

12. Dikici, T¿rker, & 

¥zdemir (2010)  

Force & motion 

5E 100 

6th  

W 4 We Improvement in conceptual understanding, 

Not complete meaningful learning 

NR  

13. A­ēĸlē & Turgut 

(2011) 

Electrics 

5EL 82  

PST 

 

TL 7 We Higher achievement, 

Slightly higher physics laboratory attitude, 

Higher scientific process skills 

NR  

 

2.32 for achievement 

1.64 for process skills 

0.89 for attitude 

14.A­ēĸlē et al. (2011)  

Force & motion 

5E 60  

PST 

TL 7 We Higher achievement 

 

NR 1.31 

15. Turgut & Gurbuz 

(2011) 

Heat & temperature 

5E  37  

8th  

TI 3 We Higher conceptual understanding & retention, 

Similar attitude towards science & technology 

NR 1.58 for conceptual understanding 

0.07 for attitude 

16. Pesman (2012) 

Impluse & momentum 

5E 194  

11th  

TI 4 We Similar quantitative achievement conceptual 

understandings &  attitude 

NR -0.10 for quantitative achievement 

-0.18 for conceptual understandings 

-0.11 for attitude 

 
*
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle, 

5E learning cycle, 7E: 7E learning cycle, EL : laboratory based on the learning cycle, TI : Traditional Instruction, TL : Traditional laboratory (Verification 

laboratory), NC: No comparison, CAT , Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-

down structure, CCT:  Conceptual change text, W:Within, S: Semester, M : Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not 

made, NED: Not enough data to calculate effect size.    
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Table 2.3 Summary of studies investigating the effect of the learning cycle in chemistry 
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1. Wulfsberg (1983) 

Inorganic Chemistry 

3EL 40 

UG 

  

W 

  

1 S Higher achievement, 

Satisfactory improvement 

(ISNM)  

NR  

2.Goh & Chia (1989) 

 Periodicity 

3E 122  

9th  

NC NR  Satisfactory understanding (ISNM) NR  

3.Farrell et al.(1999)  

General Chemistry 

3E 438  

UG 

W 

TI 

1 S Similar achievement 

Positive attitude 

(ISNM) 

NR NED 

4.Cavallo et al (2003) 

Chemical reaction 

3E 60  

9th  

W NR  Improvement in conceptual 

understandings 

NR  

5.Akar (2005)  

Acid-base 

5E  56 

10th   

TI 4W Higher conceptual understandings, 

Similar attitudes toward chemistry 

NR NED 

6.Kilavuz ( 2005)  

Acid-base 

5E 60  

10th   

TI 4 W Higher conceptual understandings, 

Similar attitudes toward chemistry 

NR NED for conceptual understandings 

0.06 for attitude 

7.Ekici (2007) 

Redox reactions & 

Electrochemistry  

5E 49 

11th   

TI 6 W Higher conceptual understandings, 

Similar attitudes toward chemistry 

 NED 

8.Pabu­cu (2008)  

Acid-base  

5E 130  

11th   

TI 7 W Higher conceptual understandings, 

Similar attitudes toward chemistry 

NR 1.57 for conceptual understandings 

0.20 for attitude 

9.Sevin­ (2008)  

Organic chemistry laboratory 

5EL 30 

PST  

TI 

W 

5 W Higher conceptual understandings & 

science process skills, 

Higher attitude toward chemistry 

laboratory 

No improvement in attitude toward 

chemistry laboratory 

NR 0.91 for conceptual understandings 

0.83 for attitude 

1.08 for science process skills 

10.Ceylan & Geban ( 2009) 

 State of matter and solubility 

5E 119  

10th  

TI 6 W Higher conceptual understandings NR NED 
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Table 2.3 (continued) 

 
11.Siribunnam & 

Tayraukham (2009)  

Acid-base 

7E 154 

11th  

KWL  

TI 

18 H Higher analytical thinking, science 

achievement & 

attitudes toward chemistry than the TI 

students, 

Higher science achievement than the 

students who learned with KWL 

learning method  

NR NED 

12.Aĵg¿l-Yal­ēn & 

Bayrak­eken (2010) 

Acids-bases 

5E 43  

PST 

 

TI 4 W Higher achievement NR  1.31 

13.Kºseoĵlu & T¿may 

(2010)  

General chemistry laboratory 

 

3E L 

40 

 UG 

TL 16 H Higher conceptual understandings, 

Similar attitudes toward science, 

chemistry and laboratory & science 

perception 

NR 1.62 for achievement  

0.05 for attitude 

0.23 for perception 

14.Bektaĸ (2011) 

 The particulate nature of 

matter 

5E 113  

10th   

TI 5 W Higher conceptual & 

epistemological understandings 

ɖ2 =0.14 for conceptual 

understandings 

ɖ2 =0.08 for epistemological 

understandings. 

0.81 for conceptual understandings 

0.59 for epistemological 

understandings 

15.Temel et al. (2012) 

Oxidation reduction 

5E 30 

PST 

W 5 W Improvement in conceptual 

understandings & lower and higher 

order thinking skills 

NR  

 
**
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle, 

5E learning cycle, 7E: 7E learning cycle, EL : laboratory based on the learning cycle, TI : Traditional Instruction, TL : Traditional laboratory (Verification 

laboratory), NC: No comparison, CAT , Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-

down structure, CCT:  Conceptual change text, W:Within, S: Semester, M : Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not 

made, NED: Not enough data to calculate effect size. 
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Table 2.4 Summary of studies investigating the effect of the learning cycle in biology 
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1.Cumo (1991) 

 Osmosis 

3E 153 

7th   

TI NR Similar cognitive development, content 

achievement, retention, & attitude toward 

science, 

Higher science process skills 

NR 0.45 for cognitive development 

0.30 for content achievement 

0.16 for retention 

0.41 for attitude 

0.87 for science process skills 

2.Marek et al. (1994) 

Diffusion 

3E 35 

9th   

TI NR Higher Conceptual Understanding (ISNM) NR NED 

3.Lord (1999)  

Natural system, 

Population 

Resources 

5E 181  

UG 

TI 1 S Higher conceptual understandings, 

More positive attitude toward approach 

(ISNM) 

NR 0.75 for natural system 

0.82 for population 

0.86 for resources 

NED for attitude 

4.Musheno & Lawson (1999) 

 Symbiosis, mutualism, 

commensalism parasitism 

 3EP 123  

9th  

& 

10th   

TP NR  Higher concept comprehension for all 

reasoning levels, 

Similar retention 

NR 0.88 for empirical-inductive students 

0.74 for transitional students 

0.59 for hypothetical-deductive students 

5.Brown, (2000) 

Environment & 

Resources 

5E PST W 1 S Improvement about social implications of 

science and attitudes to scientific inquiry 

No improvement in perception of normality of 

scientists, adoption of science attitudes, 

enjoyment of science lessons, leisure interests 

in science, & career interest in science. 

NR  

6.Ewers (2001)  

Science teaching method 

course 

3E 57 

 PST 

TI 16 

W 

Similar science process skills, personal 

science teaching self-efficacy 

ɖ2 = 0.02 for process skills, 

ɖ2 = 0.04 for self-efficacy 

0.29 for process skills, 

0.42 for self-efficacy 

7.Cavallo, Miller, & 

Saunders (2002) 

Science teaching method  

3E 45  

PST 

NC 2W Satisfactory motivational & affective 

dispositions (ISNM) 

 

NR  

8.Ebrahim (2004)  

Man and plants  

4E 111  

4th   

TI 1 M Higher achievement &  

attitude toward science 

 ɖ2 = 0.27 for achievement 

ɖ 2= 0.11 for attitude. 

1.22 for achievement. 

0.70 for attitude 
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Table 2.4 (continued) 
 

9.Tweedy (2005)  

Osmosis & diffusion 

3EL 229  

UG 

TL 4 W Similar conceptual understandings NR NED 

10.Balci (2005) 

Photosynthesis & respiration 

in plants 

5E 101  

8th  

CCT  

TI 

4 H Similar attitudes towards science NR NED 

11.Garcia( 2005)  

Evolution 

5E 160  

7th  

TI 4 W Similar conceptual understandings &  

attitude toward science 

NR 0.06 for attitude 

12.Balci, et al., (2006) 

Photosynthesis & respiration 

in plants 

5E 101  

8th  

CCT  

TI 

4 H Higher conceptual understandings than those 

of TI group,  

Similar conceptual understandings with those 

of CCT groups  

 NR NED 

13.Mecit (2006)  

Water cycle 

7E 46 

5th   

TI 4 W Greater critical thinking skills ɖ2 = 0.46 1.84  

14.Atilboz (2007)  

Diffusion & osmosis 

5E 33  

PST 

TI 4 W Higher conceptual understandings,  

Similar attitude towards biology &  

Similar biology teaching self-efficacy  

NR 0.88 for conceptual understandings 

-0.11 for self-efficacy 

0.30 for outcome expectation. 

-0.40 for attitude 

15.Kaynar (2007) 

Cell concepts 

5E 153 

6th 

TI 3 W Better attitude toward science ɖ2 = 0.12 0.74 

16.Dogru-Atay & Tekkaya 

(2008)  

Genetics 

5E 213  

8th  

TI 16 H Higher conceptual understandings ɖ2 = 0.24 1.12 

17.Oren & Tezcan ( 2008) 

Environment 

5E 56  

7th  

TI 21 H Higher achievement and logical thinking 

ability 

ɖ2 = 0.23ô 

ɖ2 = 0.46 

1.09 for achievement  

1.85 for logical thinking 

18.Balci (2009)  

Vertebrate 

5EL. 29  

PST  

TL 

W 

8 W Higher achievement,  

Positive attitude toward approach-(ISNM) 

NR NED 

19.Cakiroglu (2006) 

Photosynthesis & respiration  

5E 67 

8th  

TI 

 

4 H Higher conceptual understandings ɖ2 = 0.10 0.67 

20.Ercan (2009) 

The material cycle 

5E 50  

10th   

TI 

W 

4 W Higher achievement,  

Improvement in achievement  

NR 1.11 
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Table 2.4 (continued) 

 
21.Kaynar et al. (2009)  

Cell concepts 

5E 153  

6th  

TI 3 W Higher conceptual understandings & 

 scientific epistemological beliefs 

ɖ2 = 0.12 for conceptual 

understandings 

ɖ2 = 0.35 epistemological 

beliefs 

0.74 for conceptual understandings 

1.47 for epistemological beliefs 

22. Liu, et al. (2009) 

Aquatic plants 

5E 46  

4th  

W 14 W Improvement in knowledge  and 

understanding tests,  

Positive perception about learning 

environment-(ISNM).  

NR  

23.Oren & Tezcan (2009) 

 Environment 

5E 56  

7th   

TI 21 H Higher attitude towards science  ɖ2 = 0.37 1.53 

24.Sikes & Schwartz-Bloom 

(2009)  

Disease & Medicine 

5E 47   

10th-

12th   

W 3 W Improvement understandings about basic 

biology and chemistry concepts. 

No improvement in self-efficacy 

NR  

25.Saygēn ( 2009)  

Nucleic Acids & Protein 

Synthesis 

3E 105  

11th   

TI 4 W Higher conceptual understandings 

 

NR NED  

 

26.Sriwattanarothai et 

al.(2009) 

Seaweedsô Enzyme &  

Fighting Fish  

3E 152 

UG 

W 6 H. Better conceptual understanding & 

 retention for both units, 

Better perception about intervention as 

constructivist learning environment 

NR  

27.Budprom, Suksringam, & 

Singsriwo (2010) 

Environment 

5E  80  

9th  

TI 1 M Higher achievement, science process & 

critical thinking skills  

NR NED 

28.Sadi & ¢akiroĵlu (2010) 

Human Circulatory System 

5E 60  

11th  

TI NR Higher achievement NR 1.87 

29.Saygin et al. (2006)  

Cell 

5E 47  

9th   

TI 8 W Higher achievement NR 1.21 

30.Harurluoĵlu & Kaya 

(2011)  

Seed-Fruit-Flower 

4E 38  

PST 

TI 4 W Higher conceptual understanding &  

retention 

NR 1.97 for conceptual understandings  

1.45 for retention 

31.Keles (2011)  

Ecological footprint 

5E 124  

4th- 8th  

W NR Decrease in ecological footprint  NR  

32. Munmai et al.(2011) 

Color of pigments 

5E 24 

PST 

W  8 H Improvement in conceptual understandings NR  
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Table 2.4 (continued) 

 
33.Polyiem et al. (2011) 

 Heredity 

7E 33 

9th   

W  18 H Improvement in achievement, science process 

skills & moral reasoning 

  

34.Hagerman ( 2012)  

Cellular structure, genetics, 

& evolution 

5E 42  

10th -

12th  

W  8 M Improvement in content comprehension-

(ISNM) 

NR  

*
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle, 

5E learning cycle, 7E: 7E learning cycle, EL : laboratory based on the learning cycle, TI : Traditional Instruction, TL : Traditional laboratory (Verification 

laboratory), NC: No comparison, CAT , Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-

down structure, CCT:  Conceptual change text, W:Within, S: Semester, M : Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not 

made, NED: Not enough data to calculate effect size.   

 

 

Table 2.5 Summary of studies investigating the effect of the modified learning cycle which was enriched with other teaching activities 
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1.Wells (1987)  

Mechanics 

3E-Modelling   72  

HSH 

  

TI 

3E 

6 

M 

Higher conceptual understanding from those of 

both groups. 

Better problem solving 

NR. 1.38 for the 3E- TI comparison. 

2.Lavoie (1999)  

Genetics & inheritance 

3E enriched prediction-

discussion phase 

250  

10th  

3E 

W 

3 

M 

Higher conceptual understandings 

Higher logical thinking skills  

Similar science process skills. 

Improvement in conceptual understanding and 

process skills  

Improvement in logical thinking skills  

NR 0.62 for conceptual understandings 

0.48 for higher logical thinking 

0.42 for science process skills 

3.Blank (2000) 

Ecology 

Metacognitive-4E  46  

7th   

Non-

metacognitive  

3E  

3 

M 

Similar conceptual understandings, 

Higher retention 

 0.18 for conceptual understandings 

 

0.62 for retention 



 

 

2
1 

Table 2.5 (continued) 

 
4.Odom & Kelly (2001)  

Diffusion and osmosis 

3E with concept mapping 108  

10th  

& 

11th  

3E 

& 

Expository 

instruction 

NR  Similar conceptual understandings with those 

in the learning cycle 

Higher retention than that gained at the 

expository treatment 

Similar retention with those at concept map and 

learning cycle group 

NR NED 

5.Yildiz (2008) 

Force & motion 

Metacognitive 5E 52  

7th  

TI 

W 

15 H Higher conceptual understandings, knowledge 

of cognition, & deep learning approaches, 

Similar regulation of cognition, 

Slightly less surface learning approaches, 

Improvement in conceptual understandings, 

metacognition & learning approaches. 

NR 0.91 for conceptual understandings 

0.68 for knowledge of cognition 

0.53 for regulation of cognition 

0.65 for deep learning approaches 

0.30 for surface level approaches 

6.Appamaraka, et al., 

(2009) 

Environment  

Metacognitive 5E  82  

9th   

TI 

 

18 H Higher achievement, integrated science process 

& critical thinking skills 

NR NED 

7.Sornsakda, et al. (2009)  

Life & environment 

Metacognitive7E  93  

11th   

TI 

Within 

 

10 H Higher achievement, integrated science process 

and critical thinking skills 

Improvement in all constructs. 

NR NED 

8.¢epni, ķahin & Ipek, 

(2010)  

Floating & sinking 

5E 

enriched with  

POE, Worksheets, CCT, 

Concept cartoons, & 

Animation  

48  

8th  

 

5E 4 H Higher Conceptual Understandings and 

Retention 

NR NED 

9.B¿lb¿l (2010)  

Diffusion &Osmosis 

7E with Computer 

animations 

66  

9th   

TI 4 W Higher conceptual understandings, 

achievement & 

attitude toward biology  

NR 1.80 for conceptual understandings 

1.79 for achievement 

1.57 for attitude 

 

10.Yilmaz,  Tekkaya & 

Sungur (2010)  

Genetics 

Prediction/ 

DiscussionȤBased 3E 

81  

8th  

TI 

CCT  

W 

10 H Improvement on posttest and delayed test 

Greater conceptual understandings & retention 

than those in TI 

 NED 

11.Hēr­a, ¢alēk, & Seven 

(2011)  

Work, power & energy 

5E combined with  

 Computer animations,  

CCT & Worksheets 

42 

10th  

 

TI NR Higher conceptual understanding,  

Better attitude 

 1.06 for conceptual understandings 

 0.96 for attitude 
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Table 2.5 (continued) 

 
12.¢epni & ķahin (2012) 

 Buoyancy Force 

5E enriched with  

POE, Worksheets, CCT, 

Concept cartoons & 

Animation 

48 

8th   

5E 6H Higher conceptual understandings  

& Retention 

NR NED 

13.Demir & Maskan, 

(2011) 

The Motion on the Earth 

Web Supported 3E 52 

11th   

 

TI NR Slightly higher achievement on knowledge 

level of Bloom Taxonomy. 

Similar achievement on understanding level. 

Less achievement on metacognitive and 

application levels  

NR 0.68 for knowledge 

0.28 for understandings 

-0.62 for application 

-1.11 for metacognitive 

14.Demir & Maskan 

(2012) 

The Motion on the Earth 

Web Supported 3E  52 

11th   

 

TI 

W 

36

H 

No improvement in physics self-efficacy 

beliefs  

Similar physics self-efficacy beliefs  

NR 0.23 

 

15.ķahin, Akbulut &  

¢epni (2012) 

Solid Pressure 

5E enriched with 

Animations, Analogy & 

Worksheets 

48  

8th  

5E 2 H Higher conceptual understandings &  

Retention 

NR NED 

16.ķahin, &  ¢epni  

(2012) 

Gas Pressure 

5E enriched with  

POE, Worksheets, CCT, 

Concept cartoons & 

Animation 

48  

8th  

5E 80 

H 

Higher conceptual understandings &  

Retention 

NR NED 

*
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons. 3E: 3E learning cycle, 

4E:4E Learning cycle 5E learning cycle, 7E: 7E learning cycle, EL : laboratory based on the learning cycle, TI : Traditional Instruction, TL : Traditional 

laboratory (Verification laboratory), NC: No comparison, HSH: High school honors. UG: Undergraduate, PST: Pre-service teacher, POE: Predict-Observe-

Explain, CCT:  Conceptual change text, W: Within, S: Semester, M : Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not made, 

NED: Not enough data to calculate effect size.
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Sample. The sample sizes of 96 studies can be categorized as in Table 2.6. The table also shows the 

percentages of studies falling to respective sample size ranges. Two studies did not report the sample 

size. For experimental studies, Fraenkel, Wallen, and Hyu (2012) recommended that the minimum 

sample size be at least 30 participants per group. They also argued that ñsometimes experimental 

studies with only 15 individuals in each group can be defended if they are very tightly controlledò 

(Fraenkel, Wallen, & Hyu, 2012, p. 103). According to the Table 2.6, seven percent of studies 

included less than 30 students and 38.5 of studies contained less than 60 students, although they were 

not firmly controlled. This limits generalizability of the results to the population.    

 

 

 

Table 2.6 Sample size ranges, the percentages of studies falling to the related sample size ranges. 

 

 

 

 

 

 

 

 

 

 

 

Grade levels of participants included in 96 studies and the percentages of studies assigned to each 

grade level are presented in Table 2.7. One study did not mention which grade level was considered. 

According to the table, the percentages of studies assigned to each grade levels are close to one 

another.  

 

 

 

Table 2.7 Grade levels and the percentages of studies assigned to each grade level. 

 

Grade level Percentages 

Elementary   (Kindergarten- Grade 8) 35.4 

High school (Grade 9-12) 37.5 

Undergraduate 26.0 

 

 

 

Length. The lengths of the studies range from one hour to one semester. Although there is no clear 

threshold for treatment time, to observe valid change in achievement, the length of the treatment 

period should be at least three weeks. For affective variables, the time period should be much longer. 

The testing threat might be possible if the length of time between pre-tests and post-tests was less 

than three weeks. Similarly, novelty might be potential threat for observed outcomes for short term 

studies.    

 

Outcomes. The outcomes of studies in which means of groups were compared were evaluated using 

inferential statistic results in Table 2.1-2.5. ñHigherò, ñlessò and ñsimilarò words were utilized as 

indicator for relative magnitude of the treatment. Indeed, using effect size (ES) is more appropriate 

for this type of categorization; however, some studies did not provide enough statistics to calculate 

the ES. Furthermore, some studies assessed studentsô progress across treatment within group. The 

outcomes of these studies were categorized using ñimprovementò word. The outcomes were 

addressed in the learning cycle studies are given as follows.  

 

 Conceptual understandings and achievement 

 Attitude, interest, self-efficacy 

 Nature of science, science perception 

 Cognitive development 

 Learning style 

 Attrition 

Sample size Percentage 

0-29 7,3 

30-59 38,5 

60-89 16,7 

90-120 13,5 

120+ 21,9 
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 Transfer of learning 

 Retention of learning 

 Science processes skills 

 Problem solving 

 Thinking skills 

 Epistemological beliefs 

 Motivation 

 Metacognition 

 

Practical Importance. Effect size (ES) is a statistics used for assessing the strength of relation between 

the independent variable and dependent variable; the magnitude of proportion of the variance of the 

dependent variable explained by variance of the independent variable or used for assessing magnitude 

of the treatment; the differences between standardized means of groups (Tabachnick & Fidell 2007). 

Most of studies reviewed in the current study did not report ESs for dependent variables on which the 

effects of the learning cycle were investigated. Therefore, the researcher calculated ESs for related 

dependent variables using the respective statistics, mostly group means and standard deviations on 

post-test scores. In this study, Cohenôs d (Cohen, 1988) was employed to estimate the standardized 

magnitude of mean differences between groups. The software developed by Wilson (2012) was used 

to calculate ESs. Some studies reported ESs as ñeta squared (ɖ
2
)ò which is proportion of the variance 

in the dependent variable explained by variance of the independent variable. These effect size values 

were converted to Cohenôs d by using software developed by DeCoster (2012) to include them in 

calculation of overall average ES for achievement. Some of studies did not report enough statistics for 

calculating ES. These studies were not included in average ES calculation for achievement. The ESs 

of 35 studies comparing the effectiveness of the learning cycle to the effectiveness of the traditional 

instruction were used to estimate average ES for achievement. Average ES was calculated as 1.15 

which is a large effect size according to Cohen (1988) guidelines (small= 0.20; medium= 0.5; large 

=0.80). Table 2.8 indicates the number of studies, mean, standard deviation of ESs and minimum and 

maximum ES in chemistry, physics, and biology and in total when the learning cycle was compared 

to the traditional instruction. The ESs range from -0.19 to 5.13.  

 

 

 

Table 2.8 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional 

instruction in chemistry, physics, and biology and in total  

 

Area N Mean SD Min  Max 

Chemistry 5 1.24 0.37 0.80 1.62 

Biology 14 1.10 0.46 0.30 1.97 

Physics 16 1.16 1.32 -0.19 5.13 

Total 35 1.15 0.93 -0.19 5.13 

 

 

 

Table 2.9 shows the mean, standard deviation and maximum and minimum values of ES studies 

comparing the learning cycle to the traditional instruction on physics achievement in Turkey and 

abroad. Both average ESs can be considered as large.   

 

 

Table 2.9 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional 

instruction on physics achievement in Turkey and abroad.  

 

Country  N Mean SD Min  Max 

Abroad 6 1.28 1.92 0.12 5.13 

Turkey 10 1.08 0.91 -0.19 2.32 
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2.2.2.1 Research Studies on the 7E Learning cycle model.  

 

Mecit (2006) investigated the effect of the 7E learning cycle as an inquiry-based learning strategy on 

the improvement of fifth
 
grade studentsô critical thinking skills when their gender, family income and 

prior critical thinking skills were controlled. Forty six fifth grade students from two different classes 

in a private primary school in Sakarya were involved in the study. The intact classes were randomly 

assigned into the experimental and control group. In the experimental group, the instruction relied on 

the 7E learning cycle was utilized while in the control group, traditional instruction was employed. 

The same science teacher taught both groups. The study was made for water cycle unit and took four 

weeks during 2005-2006 spring semester. A reasoning test was administered to probe studentsô 

critical thinking skills before and after the treatment. Analysis of covariance (ANCOVA) was made 

for the purpose of the study. The analysis results indicated that the mean of post-test scores of 

students in 7E learning cycle group was significantly higher than that of students in traditional 

method group on critical thinking skills test when their gender, family income and prior critical 

thinking skills were controlled, [F(1, 41) = 35.03, p = 0.00, ɖ
2 
= 0.46]. This result indicated that the 

treatment had both statistical significance and practical importance. This study provided evidence that 

the instruction based on the 7E learning cycle is more effective for improving studentsô critical 

thinking skills. On the other hand, the study had some limitations. The first one is that sample size 

was not adequate for being able to do experimental study, which was a problem for generalizability of 

the result of the study to the population. Although the researcher controlled the effects of some 

confounding variables, studentsô prior achievement which might have been a significant covariate was 

not controlled. Furthermore, the researcher could have investigated the effect of 7E learning cycle on 

studentsô achievement in water cycle unit.  

 

Kanli and Yagbasan (2008) conducted a study to compare the effect of a verification laboratory 

approach with the effect of a laboratory approach based on the 7E learning cycle on improvement of 

university studentsô science process skills and conceptual understandings in the general physics 

laboratory course. The experimental group included 43 night class students while control group was 

38 day class students. The study took almost one semester. In the experimental class, the general 

physics laboratory course was taught based on the 7E learning cycle whereas the control class was 

instructed being used the verification laboratory approach. A conceptual test aiming probe studentsô 

understandings in force and motion and a science process skill test were administered both as pre-

tests and post-tests. The researchers employed the ANCOVA for testing the hypotheses of the study. 

The result of the study indicated that there was a significant difference between the effects of the 

traditional laboratory approach and the 7E learning cycle based laboratory approach on development 

of science process skills and conceptual achievement. Students in laboratory approach based on the 

7E learning cycle gained more success in development of science process skills than those in 

verification laboratory approach when their university entrance examination scores and prior science 

processes skill scores were controlled [F(1,77) = 34.35, p < 0.05]. The large ES was obtained for this 

comparison (ɖ
2
 =0.31). In addition, students in the laboratory approach based on the 7E learning cycle 

had higher conceptual understandings of force and motion than those in the verification laboratory 

approach when their university entrance examination scores and pre- conceptual understandingsof 

force and motion were controlled [F(1, 77) = 15.270, p < 0.05]. The large ES was found for this 

comparison (ɖ
2
 = 0. 17). Considering these results, it can be said the laboratory based on the 7E 

learning cycle was more effective than the verification laboratory with respect to promoting studentsô 

science process skills and conceptual understandings. On the other hand, the researchers did not 

provide enough information on who implemented the treatment, how they trained the implementers 

and what they did for treatment verification. Furthermore, instead of running two distinct ANCOVA, 

they could have run the MANCOVA for control the probability of making type one error.  

 

Gºnen et al. (2006) compared the effectiveness of the 7E learning cycle to the Computer Assisted 

instruction in terms of promoting studentsô attitudes and achievement in physics. The study conducted 

in electrostatic topic over 3 weeks. Sample of the study included 33 ninth grade students at a private 

high school in Diyarbakēr. Two classes were randomly assigned to the experimental and control 

conditions. The experimental group was instructed using the computer assisted instruction in which 

electrostatics were given employing java scripts and animations and presentation programs whereas 

the control group was instructed by the 7E learning cycle. The same teacher taught both groups. The 

achievement test and attitude survey were applied to collect data. The achievement test scores were 

divided into sub-parts corresponding to the level of Bloom Taxonomy. Independent t-test was used to 

test hypotheses. The results indicated there were significant group differences in knowledge 
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(Calculated Cohenôs d = 1.04) and comprehension levels (Calculated Cohenôs d = 1.15) and total 

achievement scores (Calculated Cohenôs d =2.09) in favor of the computer-assisted instruction. There 

was no group differences in application level (Calculated Cohenôs d = 0.31) and attitude towards 

physics (Calculated = 0.19). Based on these results, it can be concluded that the computer assisted 

instruction was more effective than the 7E learning cycle for improving studentsô achievement. 

However, the study had some deficiencies. That there was no information about treatment verification 

for both instruction limited results of the study. Another limitation is that sample size was too small 

for experimental study. Moreover, the researchers could have used the MANOVA for all dependent 

variables instead of using five different independent t-tests to decrease the probability of making type 

one error. 

 

Siribunnam and Tayraukham (2009) compared the effectiveness of the 7E learning cycle, the KWL 

learning method, and the traditional instruction for promoting studentsô analytical thinking skills, 

science achievement and attitudes toward chemistry. The participants of the study were 154 eleventh 

grade students in Thailand. The study was made in acid- base topic over 18 hours in 2008. Three 

different groups were formed using cluster random sampling technique for the purpose of the study. 

In the first group, the 7E learning cycle was implemented while in the second group, the KWL 

method was applied to teach the topic. The control group was instructed using the traditional 

instruction. An analytical thinking, achievement, and attitude test were applied at the end of study as 

post-tests. The MANOVA was conducted to analyze the data. The main and post-hoc analyses 

indicated significant group differences among the groups. The 7E learning cycle group students 

outperformed the traditional group students in terms of analytical thinking, science achievement, and 

attitudes toward chemistry. Furthermore the 7E learning cycle group students had significantly higher 

achievement than those of the students in KWL group. The researchers did not give the value of ES 

and enough statistics for being able to calculate. The study had some limitations as well. One 

limitation of the study is that the researcher did not mention whether studentsô pre-test scores on all 

instruments were considered. Moreover, there was no information about teacher characteristics 

applied the treatments and about treatment verification.   

 

Bulbul (2010) investigated the impact of the instruction based on the 7E learning cycle accompanied 

with computer animations compared to the effect of traditionally designed biology instruction on 

ninth grade studentsô understandings and achievement related to diffusion and osmosis concepts and 

their attitudes toward biology as a school subject. Sample of the study included 66 ninth grade 

students from four intact classes of a biology course in a private high school in Istanbul. The study 

was carried out for four weeks during spring semester of 2008-2009 academic year. Quasi 

experimental design was employed. Both the experimental group and control group had two classes 

taught by the same biology teacher. The classes were randomly assigned into the experiment and 

control groups. In the control group, traditional biology instruction (TDBI) was utilized while in the 

experimental group, the 7E learning cycle based instruction accompanied with computer animations 

(7ELCBI) was employed. A conceptual test and an achievement test were applied to assess studentsô 

conceptual understandings and achievement of diffusion and osmosis concepts, respectively. A 

science process skill test and an attitude toward biology test were applied to probe studentsô science 

processes skills and attitude toward biology, respectively. All instruments were applied as pre and 

post tests before and after treatment, respectively. The ANCOVA was made to compare two groupsô 

conceptual understandings when science process skill was controlled. The result of this analysis 

showed students instructed with the 7ELCBI got significantly higher score than students instructed 

with the TDBI on the conceptual test when their science process skills were controlled as a covariate 

[(F (1, 61) = 26.086, p< 0.05)]. The second ANCOVA results indicated that the students instructed 

with the 7ELCBI demonstrated significantly higher scores on the achievement test than those 

instructed with TDBI when studentsô science process skill were controlled [ (F(1, 61) = 10.043, p 

<0.05)]. Moreover, Analysis of Variance (ANOVO) results indicated that students in the experimental 

group had significantly higher attitudes toward biology as a school subject compared to those of in the 

control group (F(1, 62) = 62.829, p < 0.05). In this study, no ES was reported for treatment effect. 

The researcher of the current study calculated ESs to show the relative magnitude of the treatment for 

all dependent variables. The calculated Cohenôs ds were 1.80 for conceptual understandings, 1.79 for 

achievement and 1.87 for attitude towards biology. All ESs were large. In brief, based on these results 

the researcher claimed the 7ELCBI affected positively studentsô conceptual understandings and 

achievement in biology and attitudes toward biology as a school subject. The main deficiency of this 

study is the statistical analysis methods employed in the study. The study had three dependent 

variables, and the researcher run different analyses for each dependent variable. This inflates the 
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probability making type one error, which is rejecting a true null hypothesis. Thus, the researcher 

could have used Multivariate Analysis of Covariance (MANCOVA) or Multivariate Analysis of 

Variance (MANOVA) to control increase of the probability of making type one error.      

 

Polyiem, Nuangchalerm, and Wongchantra (2011) designed the instruction based on the 7E learning 

cycle to investigate the effectiveness of the instruction for improving studentsô achievement, science 

process skills and moral reasoning in heredity topic. The participants included 33 ninth grade 

students. The length of study was 18 hours. An achievement test and a moral reasoning test, science 

process skills test were administered as pre and post-tests at the beginning and end of the study. The 

paired t-test was used to test the effect of the intervention. The result showed that studentsô 

achievement, science process skills and moral reasoning significantly improved after instruction. Like 

previous study, there was not any information about teacher characteristics applied the treatment, and 

about treatment verification. Moreover, that there was no experimental control in the study weakened 

the conclusion of the study that observed improvements due to the instruction based on the 7E 

learning cycle. 

 

2.3. Personal Epistemologies 

 

A personal epistemology is defined as individualsô understanding of the nature of knowledge, 

knowing and learning (Hofer & Pintrich, 1997; Elby, 2009). There are four different frameworks 

providing different ontological explanations for the form of the personal epistemology. These are 

epistemologies as developmental stages, beliefs, theories, and resources. This section includes a 

theoretical discussion of these frameworks.  

  

2.3.1. Epistemologies as Developmental Stages 

 

Developmental stage theorists describe the development of peopleôs epistemologies as progressing in 

a predetermined order through unidimensional developmental stages (King & Kitchener, 1994), levels 

(Kuhn & Weinstock, 2002) or positions (Baxter Magolda, 1992, Perry, 1970). According to these 

theorists, the epistemological understanding has holistic nature; therefore it canôt be coherently 

divided into independent dimensions (Pintrich, 2002). Each stage reflects qualitatively different 

interrelated clusters of epistemological assumptions about knowledge and knowing (King & 

Kitchener, 2004). They built their theoretical models on traditional cognitive developmental model 

pioneered by Piaget. They explain the way to mature epistemological understandings using Piagetian 

terms assimilation, accommodation and (dis)equilibrium.  

 

Although stage theorists do not explicitly describe how classroom practices can be for fostering 

studentsô epistemological understandings, they seem to be compatible with belief theorists by 

accepting Piagetian disequilibrium (Bendixen & Rule, 2004). 

 

2.3.1.1 Perryôs scheme 

 

Perry (1970) made interviews with the students during their four years in a liberal art college to 

determine the evolution in their interpretation of their lives. According to this scheme, studentsô views 

about knowledge and values progress by proceeding nine successive positions. These nine positions 

were labeled under four structures: dualism, multiplicity, relativism, and commitment in relativism. 

This developmental scheme is summarized below.    

 

Dualism (Position 1 and Position 2).In Position 1, the student has dualistic view of the world (e. i., 

right versus wrong, we versus others). That is, the student has absolutistic right-wrong view of the 

world. Every problem has one right answer. Multiplicity is not on the stage. Authority knows 

everything. Knowledge is absolute and the quantitative collection of discrete items acquired by hard 

work and obedience. In position 2, the student recognizes multiplicity and uncertainty. However, she 

considers it as the impediment to dealing with a problem and finding an answer. Since the plurality in 

opinions is quite temporary, and resolvable, it is finally unreal. That is, multiplicity in this position 

does not have the legitimate epistemological status. The perceiving multiplicity does not change the 

authority figure in Position 1.     

 

Multiplicity (Position 3 and Position 4). In position 3, the student has legitimate perception of 

multiplicity and uncertainty but they are still temporary in areas in which the answer has not been 
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known yet by authority. In Position 4, the legitimate uncertainty and diversity of opinion get the 

unstructured epistemological status where the student considers that everyone has a right to his own 

opinion, a status he creates against absolutistic authority view. The student starts to recognize 

qualitative contextual relativistic reasoning in multiplicity by assimilating it within authorityôs realm. 

Absulute answers are known by authorities.     

 

Relativism (Position 5 and Position 6). In Position 5, all knowledge is viewed as relative and 

contextual. The student considers relativism as a way of seeing, thinking, valuing and knowing. 

Authorityôs knowledge is relative as well. In position 6: the student perceives the necessity of 

orienting himself in relativism via personal commitment.   

 

Commitment in relativism. 

In Position 7, the student takes an initial responsibility within relativistic world. In position 8, the 

student realized the implications of personal commitment and searches subjective and stylistic issues 

of commitment. In Position 9, the affirmation of identity among multiple responsibilities is 

experienced and commitment is viewed as ongoing and unfolding activity.  

 

2.3.1.2 The reflective judgment model 

 

King and Kitchener (1993) proposed another framework for epistemological development; the 

reflective judgment model. They extended study sample to include adolescent (high school students) 

in addition to college students. Reflective judgment model explains individualsô developmental 

progression in their epistemic cognition, assumptions about nature of knowledge and justification of 

knowledge as they respond to ill-structured problems and justify their beliefs about these problems. 

They divide the development period into 7 sequential stages similar to Perryôs model. They have 

labeled the stages into three categories; pre-reflective thinking, quasi- reflective thinking, and 

reflective thinking to describe the reasoning of stages. These categories are explained as follows;  

 

Pre-Reflective thinking (Stage 1, 2, 3). Pre-reflective thinking includes the reasoning associated with 

Stage 1, 2 and 3. Individuals having assumptions of these stages perceive knowledge certain. 

Knowledge is acquired either by direct observation or from authority figures. They do not 

discriminate well and ill structured problems thus they consider all problems have absolutely right 

answers.  Specifically, in stage 1, individuals view knowledge as absolute and concrete. Knowledge is 

gained through direct observation. Knowledge does not need justification. Existence of alternative 

views is not perceived. In stage 2, knowledge is perceived as absolutely certain but not known by 

everyone. Certainty can be found in the domain of authorities. Individuals start to perceive alternative 

views in absolutistic knowledge view. That is, oneôs own views accounted as correct while othersô as 

wrong. This view is similar to Perryôs dualistic epistemology. In stage 3, individuals start to 

acknowledge that knowledge can be temporary uncertain in some areas. Certain knowledge can be 

acquired from authorities.  

 

Quasi- Reflective thinking (Stage 4 and 5). King and Kitchener called the reasoning displayed by 

stage 4 and 5 students as Quasi- Reflective Thinking. In these stages, knowledge is viewed as 

uncertain. However, there is the difficulty in making justification and a reasoned conclusion in the 

domain of uncertainty. Although individuals supported evidence-based judgment, they claimed 

evaluation is individualistic and idiosyncratic. In stage 4, knowledge is perceived as uncertain and 

knowing is viewed as individualistic. Knowing carries ambiguity because of situational variables in 

knowledge acquisition. Knowledge claims are justified through evidence; however, the arguments and 

evidence choice are idiosyncratic. In stage 5, knowledge is perceived as contextual and subjective 

since knowledge is acquired in the light of oneôs perceptions and criteria for a judgment. Knowledge 

claims can be justified in the specific context through the rules of inquiry for that context and context-

dependent interpretation of evidence. However, individuals are not capable to compare and contrast 

across context.   

 

Reflective thinking (Stage 6 and 7). Reflective thinking demonstrated in stage 6 and 7 was labeled as 

reflective thinking. Individuals in these stages think knowledge is actively constructed and knowledge 

claims should be evaluated considering the context, they were generated. Knowledge justification 

should be based on relevant data and reevaluation of conclusions should be considered. In stage 6, 

knowledge is constructed using information from different sources. Reasoned conclusions can be 

generated making comparison and observing relationships across contexts but conclusions are limited 
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and situational because of inability to understand the larger system of knowing. Finally, in stage 7, 

individuals view knowledge as the outcome of reasonable inquiry. Knowledge claims are evaluated as 

most reasonable or probable based on the current evidence and they are always subject to reevaluation 

by taking into account the availability of new evidence, perspectives, or tools.  

 

2.3.1.3 Epistemological development as levels 

 

Kuhn and Weinstock (2002) define epistemological development as the coordination of the objective 

and subjective dimension of knowing. At the beginning (Absolutist level), the objective aspect of 

knowing is completely ascendant and the subjective dimensions is excluded. In this level, knowledge 

is viewed as certain and coming from external source. Then, (Multiplist level), the subjective 

dimension dominates and the objective is forsaken. In this level, with radical shift, individuals see 

knowledge as uncertain and generated by human minds. Since all knowledge claims are subjective, 

every person has his or her opinions and every opinion is equally right. Finally, in the evaluativist 

level, the objective and subjective dimensions are coordinated with a balance without dominating 

each other. In this stage, individuals see knowledge as uncertain and generated by human minds as in 

the multiplist level. However, with reintegration of objectivity, two opinions can be right but one is 

more right to the extent which that opinion is better backed by argument and evidence.  

 

2.3.2 Epistemologies as Beliefs 

 

Rather than considering personal epistemologies as unidimensional and developing in sequential 

stages, Schommer proposed a different framework for personal epistemology. In this framework, 

personal epistemology is defined as a belief system consisting of several more or less independent 

dimensions (Schommer, 1990; Schommer-Aikins, 2002). The use of the system of beliefs implies that 

personal epistemology consists of more than one belief (Schommer-Aikins, 2002). Shommer (1990) 

hypothesized five dimensions (five epistemological beliefs): (1) the structure of knowledge, (2) 

certainty of knowledge, (3) source of knowledge, (4) the control knowledge acquisition and (5) speed 

of knowledge acquisition. Shommer (1990) developed a questionnaire including these five 

dimensions based on previous research Using exploratory factor analysis, four dimensions except for 

source of knowledge were acquired as result of the analysis.  

 

2.3.3 Epistemologies as Theories 

 

Hofer and Pintrich (1997) proposed a different approach in which stage theoristsô coherent 

organization view of epistemological understanding and belief theoristsô multidimensionality view of 

epistemological understanding were integrated. They concurred with Schommerôs view that personal 

epistemology consist of more than one dimension; however, rather than independent positions, 

according to this view, epistemological beliefs are formed into personal theories as structures of 

interrelated propositions which interconnected and coherent (Hofer & Pintrich, 1997, Hofer, 2001). 

Their model conceptualizes personal epistemology into two dimensions of epistemological theories 

which are the nature of knowledge and knowing. The nature of knowledge is subdivided into the 

certainty of knowledge and simplicity of knowledge. The nature of knowing is subdivided into the 

source of knowledge and justification for knowing.  

 

2.3.4 Epistemologies as Resources 

 

Hammer and Elby (2002) suggested a different framework to explain the variability in studentsô 

personal epistemologies across contexts. In terms of this framework, the ñatomsò of studentsô naive 

epistemologies are epistemological resources similar to diSessaôs (1993) phenomenological 

primitives (p-prims) in intuitive physics. The activation of the epistemological resources depends on 

contexts. For instance, a child might answer differently to the question ñhow do you know that?ò 

according to the context the question is formed. When it is asked how the child knows what they are 

going to eat in the dinner, she might answer that her mother told her. This response shows that the 

child has resources for treating knowledge as a kind of ñstuffò that can be passed from one person to 

the next. However, when it is asked how the child knows 3 x 5 = 15, she can respond that she added 5 

+ 5 + 5. This answer indicates the child has resources for treating knowledge as created from other 

knowledge. The childôs ability of giving epistemologically different answers to the same question in 

different contexts show the existence of various different epistemological resources for understanding 

the source of knowledge (Hammer & Elby, 2002). 
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The resource framework contains four categories for epistemological resources. The first category 

involves resources for understanding the nature and sources of knowledge, such as knowledge as 

propagated stuff, knowledge as free creation, and knowledge as fabricated stuff. The second category 

includes resources for understanding epistemological activities, such as accumulation, formation, and 

checking. The third category contains resources for understanding epistemological forms, such as 

stories, songs, and lists. The last category is made of resources for understanding epistemological 

stances such as doubting, understanding, and acceptance (Hammer & Elby, 2002). 

 

2.3.5. What the Epistemological Frameworks Suggest About Epistemological Development 

 

In the light of above discussion, what do the epistemological frameworks suggest about the 

acquisition of more sophisticated epistemological understandings? As discussed before, the four 

epistemological frameworks differ in how they define personal epistemologies. However, three 

frameworks which are epistemologies as stages, beliefs and theories all support the idea that 

individualsô personal epistemologies are stable cognitive structures that an individual either does or 

does not have (Hammer & Elby, 2002) similar to the ñconceptionsò and ñmisconceptionsò discussed 

in the literature .
 
In the line of this idea, they explain the mechanism of epistemological development 

in similar manner. Although some of them are implicit about how personal epistemology changes, all 

seems to endorse Piagetian cognitive (dis)equilibrium, assimilation and accommodation for the 

necessary condition of epistemological development. They suggest ñbelief changeò similar to 

conceptual change for misconceptions (Bendixen & Rule, 2004, Hofer & Pintrich, 1997; Hofer, 2001; 

Pintrich, 2002). 

 

However, many research studies question the idea that individualsô epistemologies are coherent stable 

beliefs across contexts within a domain (Leach et al., 2000; Lising & Elby, 2005; Louca et al, 2004; 

Rosenberg et al. 2006; Roth & Roychoudhury, 1994; Sandoval & Morrison, 2003; Songer & Linn, 

1991). For instance, Sandoval and Morrison (2003) made interviews with eight high school students 

on natural selection and evolution before and after a technology-supported inquiry unit lasting four 

weeks. They observed, even within a particular interview, individual studentsô answers to different 

questions differed across epistemological levels. Likewise, Leach et al. (2000) contrasted studentsô 

answers across two kinds of diagnostic questions that investigate studentsô views about the role of 

theory on the collection and interpretation of experimental data. Responding decontextualized Likert 

scale items, most students showed a different epistemological stance than when they talked about a 

concrete example of the same data being interpreted in two different ways.  

 

Based on empirical evidences, therefore, the resources framework suggests different explanation for 

the mechanism of epistemological development. According to this framework, epistemological 

development and change includes the co-activation and stabilization of epistemological resources the 

individual already has rather than removal of old belief (Elby & Hammer, 2010). 

 

This study endorses the resources framework to help students think physics as a coherent system of 

ideas and physics learning as a refinement of oneôs current understanding (Hammer & Elby, 2003). In 

the following section, the experimental studies explicitly focusing on studentsô personal 

epistemologies are summarized. Since this study was interested in personal epistemologies, the 

research studying development of studentsô views about the nature of science, epistemology of 

science, were not included into the following review.    

 

2.3.6. Research Studies on the Personal Epistemology 

 

Regardless of what theoretical framework the researchers support, in general, there is not much study 

investigating the effectiveness of epistemological instruction in the literature. Because there was the 

limited number of studies investigating effectiveness of explicit epistemological instruction, the 

studies were not summarized on tables. They are discussed in detail in this section.  

 

Brownlee et al. (2001) explored the effect of the year-long teaching programme in which the pre-

service teachers explicitly  reflect on their epistemological beliefs on such beliefs. Fifty pre-service 

teachers at the Queensland University of Technology in Queensland, Australia were participated in 

the study. The study took place in an educational psychology course. The experimental group students 

made explicit reflections about the content concerning literature of the epistemological beliefs and 
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their own epistemological beliefs in classroom discussions and in their journals when they learnt a 

long year educational psychology unit. The comparison group did not engage in such reflections. The 

questionnaire and interview were used as data collection tools. Students were surveyed and 

interviewed twice at the beginning and at the end of the study. The repeated measured ANOVA was 

applied to test the effect of the intervention. The result of analysis indicated that there was a 

significant group difference on the quick learning (Calculated Cohenôs d = 0.61) and certain 

knowledge dimensions of epistemology (Calculated Cohenôs d = 0.12) while no significant group 

differences were observed in innate ability and simple knowledge dimensions. The qualitative data 

analysis indicated the experimental group students expressed more sophisticated epistemological 

beliefs than the control group students at the end of study. These results support the importance of 

explicit epistemology instruction for promoting students, epistemological understandings. However, 

as statistical results indicated the intervention was not so effective for promoting all aspects of beliefs. 

The ESs for significant differences was small for certainty knowledge and medium for quick learning. 

This means practical significance of the study was not satisfactory level as well. Sample size was 

small. This limited the generalizability of the results. .. 

 

Gill, Ashton, and Algina (2004) adopted two conceptual change models which were a refutational text 

and an augmented activation to change pre-service teachersô epistemological beliefs about teaching 

and learning in mathematics. The participants included 161 pre-service teachers at a child 

development course. A random assignment method was employed to form the experimental and 

control group. The control group used a traditional expository text while the intervention group read a 

text relied on the augmented activation and refutational text. The researchers measured studentsô 

explicit epistemological beliefs in mathematics using a survey and their implicit epistemological 

using the teaching scenarios. At the beginning of the study, the studentsô explicit and implicit 

epistemological beliefs in mathematics were probed. After that, in the following week, the treatment 

was conducted in 15 minutes. In the experimental group, at first, students read an augmented 

activation text aiming to trigger and challenge studentsô epistemological beliefs influencing how they 

responding the survey items at the beginning of the study. The passage focused on two survey item 

and pointed common responses to these and prompted students to focus on the explanations, which 

conflicting their own beliefs, given in the following refutational text. Then, the students read the 

refutational text including a rationale for scientifically accepted epistemologies and teaching methods 

and directions for questioning their naµve beliefs. However, in the comparison group, a brief word 

scramble related to the traditional passage was used. The purpose of this activity was not to activate 

studentsô own beliefs rather than to occupy students while the treatment group studied on the 

augmented activation message. After this, students read a traditional expository passage including 

only a rationale for scientifically accepted epistemology and teaching methods. After students read 

the texts, the post-tests were applied to assess the effectiveness of the treatment. One-way ANOVA 

was employed to check the effectiveness of the experimental manipulation. According to the analysis, 

there were significant differences between the experimental and control group in terms of rating the 

text as more challenging to their beliefs (Cohenôs d = 0.84), rating the text as making a clearer 

distinction between constructivist and procedural instruction (Cohenôs d =  0.45). However, there was 

no significant difference in their perceptions of the usefulness of mathematics (Calculated Cohenôs d 

= 0.16). The researchers utilized path analysis to test the treatment effect on studentsô explicit, 

implicit epistemological beliefs in mathematics. With respect to the implicit epistemological belief 

change assessed using the constructivist and procedural scenarios, the treatment had significant direct 

effects (Cohenôs d= 0.36 for the constructivist scenarios and 0.27 for procedural scenarios). With 

respect to explicit epistemological belief change, the significant direct effect of the treatment was 

observed (Cohenôs d = 0.31). These results support the effectiveness of the epistemological 

instruction explicitly emphasizing on studentsô epistemological beliefs although effect sizes were 

small. However, the study had some limitations. One of them, as researchers reported, the reliabilities 

of the instruments were very low. The second one, in the experimental group two survey items were 

addressed in the augmented activation passage. This might affect the studentsô responses to these 

items in the post-test. The researchers did not provide any information about this threat. The other 

limitation is that the duration of the intervention was very short and therefore the time between post-

test and pre-test was not enough. We cannot assure these results were because of the novelty of the 

treatment and whether this result would long-lasting or not.   

 

Kienhues, Bromme, and Stahl (2008) investigated the effect of the refutational epistemological 

instruction on studentsô epistemological beliefs in a short-term intervention. The participants of the 

study were 58 university students at a German university. They were from various subject areas such 
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as psychology and education. The treatment was conducted in genetic topic related to DNA 

fingerprinting. The participants were randomly assigned to the experimental and control groups 

according to their pre-epistemological beliefs so that both groups could be comparable in terms of 

naive and sophisticated epistemological stance. The experimental group was instructed based on a 

refutational text whereas control group was taught being used a traditional text which was in narrative 

form like textbook passage. This text did not imply any controversy. However, refutational text 

attacked on the belief that knowledge was stable and certain. This text included information about the 

uncertainties and difficulties in DNA fingerprinting to address this epistemological view. The 

treatment was made on-line. The MANOVA for repeated measures was employed with the mode of 

instruction and the prior epistemological beliefs as independent variables and stability, simplicity and 

certainty, texture and variability dimension of epistemological beliefs as dependent variables. The 

significant main effect for prior epistemological beliefs was observed [F(6,49) = 32.91, p < 0.01, eta 

squared = 0.80] while significant main effect was not observed for the mode of instruction. Similarly, 

the interaction effect between two independent variables did not reach statistical significance. To test 

change pre and post instructional beliefs, paired t-tests were carried out for each group d formed 

according to studentsô prior epistemological beliefs. Four groups were the sophisticated refutational 

group, sophisticated informational group, naive refutational group, and naive informational group. In 

terms of stability, simplicity and certainty dimensions, the researchers found similar differences 

between pre and post epistemological understandings. Only naive refutational group did not 

significantly change their beliefs. However, other groups changed their beliefs to more naµve view. In 

terms of texture aspect and variability of knowledge, the naive refutational studentsô beliefs 

significantly changed to more sophisticated view while the sophisticated refutational group and naive 

informational group did not change their beliefs, and the sophisticated informational group changed 

their beliefs to more naµve view. According to these results, the researchers concluded that the 

refutational text instruction had positive effect for changing studentsô epistemological beliefs towards 

more sophisticated view for naive groups. However, for the sophisticated group, the refutational 

instruction had negative effect. However, considering all dimensions, there was no clear picture of 

epistemological development. The main limitation of this study was sample size. The researchers 

made a factorial design with 58 students. This number was not enough for the factorial design. 

Another limitation was that the intervention period was too short to make valid interpretation about 

epistemological development.     

 

Brownlee et al. (2011) made a study similar to the study of Browlee et al. 2001 to explore the impact 

of an integrated teaching program on pre-service teachersô personal epistemologies. The participants 

of the students were 73 pre-service teachers at early childhood education. The integrated teaching 

program included explicit weekly reflections on studentsô personal epistemology and implicit weekly 

authentic modeling of personal epistemology with collaborative reflection across four related unit. 

The study was completed in one semester. The studentsô personal epistemologies were probed at the 

beginning and end of the study using quantitative and qualitative measures. Repeated measures t-tests 

were used to analyze the quantitative data. The researchers observed significant improvements in the 

structure and integration of knowledge (Cohenôs d = 0.53), speed of knowledge acquisition, and 

knowledge as the construction of personal meaning while no significant improvements were observed 

on the certainty and attainability of truth. The qualitative data also showed that students moved to a 

more sophisticated epistemological stance. The main limitation of the study is that there is no 

experimental control, which limited cause and effect relationship between teaching intervention and 

change in studentsô epistemological beliefs.  

 

Muis and Duffy (2012) investigated how the instruction relied on constructivist approach and 

employing epistemological prompts affected studentsô domain specific epistemic beliefs over time in 

a social sciences statistics course. The participants of the study were 63 graduate university students 

(46 female, 17 male) from two classes. The length of the study was one semester. The control group 

was instructed with traditional statistic instruction while the constructivist oriented instruction was 

employed in the experimental group. The first author instructed the experimental groups while the 

comparison group was taught by a different professor. Both professors got similar student evaluation 

for their course and had three years teaching experience. The same content, assignments, lectures, 

laboratories, midterm and final exams were employed in the groups. The differences were 

epistemological prompts used for promoting change in four dimensions of epistemological beliefs; 

namely the certainty and simplicity of knowledge, attainability of truth, source, and justification of 

knowledge. The researchers applied two surveys to probe studentsô epistemic beliefs, learning 

strategies, and level of motivation. The surveys were applied in the 2nd, 4th, 8th, 12th week of the 
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intervention and 3 weeks after the intervention. The repeated measures ANOVA was carried out to 

test research hypotheses. In terms of justification of knowledge dimension, the analysis indicated that 

there was no main effect for time while significant main effect for treatment was observed [F(1, 61)= 

4.97, p < 0.01, eta-squared = 0.06]. The group differed significantly only in Week 12 and 15, p < 

0.01. Muis and Duffy (2012) did not report effect sizes for the comparisons. The researcher of this 

study calculated Cohenôs ds using groupsô mean and standard deviation scores. Cohenôs ds were 

estimated as 0.68 for Week 12 and 0.76 for Week 15. For attainability of truth, there was significant 

differences between groups in Week 8, 12 and 15. Cohenôs ds were calculated as 0.61 for Week 8, 

0.90 for Week 12, and 1.01 for Week 15. For source of knowledge, the experimental and control 

groups were not significantly different from each other. In terms of certainty and simplicity, the 

significant main effect for treatment was seen in the analysis. The groups differed in Week 8, 12, and 

15. The effect sizes were estimated as 1.43 for Week 8 and 0.77 for week 12 and 0.67 for Week 15. 

With respect to within-group differences, the experimental group studentsô epistemological beliefs 

changed midway through the semester; however, the comparison group studentsô epistemological 

beliefs stayed constant across the semester. The other findings related to this study were that the 

epistemology-oriented constructivist approach was more effective for promoting studentsô 

performance, critical thinking and elaboration strategies, self-efficacy for learning statistics. The 

effect size for achievement was calculated as 1.09 considered large effect size. All these results 

support the effectiveness of using explicit epistemological prompts for improving studentsô 

epistemological understandings. One limitation of this study is that one of the researchers 

implemented the treatment. This might lead a problem to internal validity of the study with respect to 

researcher bias.   

 

Elby (2001) developed instructional practices and curricular materials whose purpose is explicitly to 

foster studentsô epistemological development. He applied his curriculum to two different samples of 

high school students. The first group consisted of 27 physics students (43% were female.) who were 

12th, 11th, and 10th graders from a small, comprehensive high school in the San Francisco, USA. The 

study was applied to this sample in the 1997ï98 academic year by the researcher. The second group 

contained 55 gifted and talented students (50 percent of students were female) from a large magnet 

high school in Virginia. The curriculum was implemented for these students during the 1998ï99 

academic year by the researcher. He used two epistemological surveys, The Maryland Physics 

Expectations Survey (MPEX) developed by Redish et al. (1998) and the Epistemological Beliefs 

Assessment for Physical Science (EBAPS), developed by White, Elby, Frederiksen, and Schwarz 

(1999) to probe studentsô epistemological understandings. The first sample took only EBAPS while 

the second sample took both surveys. The surveys were given as homework assignment in the 

beginning and at the end of the treatment. The result of study indicated that both sample demonstrated 

significant gains in epistemological understandings about structure of physics knowledge (coherent 

versus pieces), the content of physics knowledge and ways of physics learning after they were 

exposed to epistemological curricula. Hence, the result proved the importance of the targeting 

epistemology in the instruction for improving studentsô epistemological understandings in physics. 

On the other hand, the study had some shortcomings. The first one is the researcher employed one 

group experimental design. This weakened the study claiming that the observed change in studentsô 

epistemological understandings due to the treatment rather than anything else. The second one was 

that the researcher implemented the treatment which might be a problem for the internal validity of 

the study with regard to researcher bias.  

 

Redish and Hammer (2009) designed an introductory algebra-based physics course using resources 

framework to activate studentsô productive conceptual and epistemological resources. They focused 

explicitly studentsô epistemological understandings in lectures, tutorials and laboratories. In the 

lecture part of the course, explicit epistemological discussions, epistemologically modified Peer 

Instruction materials and Interactive Lecture Demonstrations were employed. In the tutorial part of 

the study, students were encouraged to think learning physics is the reconciliation of everyday, 

intuitive thinking and experience with formal scientific thinking and engaged in explicit 

epistemological discussions about the learning process. The reformed labs aimed to help students 

understand the construction of knowledge through measurement and analysis. Students were 

responsible for designing their own experiments to answer empirically the given a one- sentence 

research questions. To evaluate studentsô conceptual understanding, the Force Concept Inventory 

(FCI) and the Force Motion Conceptual Evaluation (FMCE) were applied as pre and post tests. 

MPEX was applied as a pre and post test to probe epistemological understandings. The result of the 

study indicated that students demonstrated significant gains on both the conceptual test and the 
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epistemological survey. Therefore, the researchers concluded that epistemologically improved physic 

instruction was useful for both conceptual and epistemological understanding. On the other hand, like 

Elbyôs (2001) study, this study had a lack of experimental control although researcher made 

comparison previous classesô performance on FCI.   

 

In sum, the studies reviewed above in general showed that explicitly focusing personal epistemologies 

in the instruction enhanced studentsô epistemological understandings. The studies conducted in 

phyisics supported this argument as well. Redish et al. (1998) applied the original MPEX survey to 

1500 students in introductory calculus-based physics courses at six universities and colleges to 

investigate the effect of the physics instruction on studentsô epistemological understandings. Some of 

these institutions employed interactive engagement methods which were proved to be more effective 

for improving studentsô conceptual understandings compared to traditional physics instruction (Hake, 

1998). The MPEX was administered at the beginning and end of the first term of the course. The pre 

and post survey results showed that after one semester physics instruction, studentsô epistemologies 

deteriorated. In other words, the instruction had negative effect on studentsô epistemologies. 

Following studies proving the effectiveness of research-based reformed curricula for promoting 

studentsô conceptual understandings in physics observed negative or no shift on studentsô 

epistemological understanding as result of the instructions based on these curricula (Finkelstein & 

Pollock, 2005; McKagan, Perkins, & Wieman, 2006; McKagan, et al., 2007, Moll & McKagan,2009). 

For example, Finkelstein and Pollock (2005) tested the effectiveness of ñTutorials in Introductory 

Physicsò developed by University of Washington Physics Education Research Group with respect to 

conceptual and epistemological understandings in physics. The researchers observed gains on force 

and motion conceptual tests. However, they observed no significant change on studentsô 

epistemological understandings as measured on the Colorado Learning Attitudes about Science 

Survey. In brief, the results of these studies implied that even research-proved teaching methodologies 

which significantly promoted studentsô conceptual understandings in physics did not in general 

improve studentsô epistemological understandings in physics. Therefore, to promote studentsô 

epistemological understandings, the physics instruction should explicitly target their epistemologies.   

        

2.4. Metacognition 

 

The term of metacognition was first introduced by John Flavell a couple of decades ago. After his 

contribution, metacogntion became the subject of the study in a wide range research area such as 

reading, writing, mathematics. Like the personal epistemology, different theorists provide different 

definitions of metacognition. This section summarizes some of leading theoristsô conceptualizations 

of metacognition.  

 

2.4.1. Flavellôs Conceptualization of Metacognition 

 

According to Flavell (1981), metacognition is ñprobably best defined loosely and broadly, namely, as 

knowledge or cognition that takes as its objects or regulates any aspect of any cognitive endeavorò (p. 

37). Flavell (1987, p. 21) argued that although metacognition generally defined as ñknowledge and 

cognition about cognitive object, that is, about anything cognitiveò, the notion of metacognition could 

include anything psychological such as emotions or motives. Similarly, any kind of monitoring could 

be also regarded as a metacognitive activity.  

 

Flavell (1979, 1981, 1985, & 1987) conceptualized metacognition into two components, 

metacognitive knowledge and metacognitive experiences. Metacognitive knowledge includes oneôs 

stored knowledge or beliefs about what factors or variables operate and interact and how, to influence 

the process and outcome of cognitive or psychological endeavor (Flavell, 1979, 1987). It is divided 

into three categories: knowledge about person, task, and strategy. The person category refers to any 

knowledge that one might acquire about the nature of oneself and other people as cognitive 

(psychological such as affective, motivational) processors (Flavell, 1979, 1987). This category is 

subdivided into cognitive differences within individuals (intraindividual differences), cognitive 

differences between individuals (interindividual) and cognitive similarities (universal) among all 

individuals (Flavell, 1979, 1985). For example, someone believes that she learns something better by 

taking notes than by listening or she believes that her physics teacher is more capable in electricity 

than in mechanics or people might feel sad in one day but they can feel happy in other days. The task 

category includes two subcategories. One subcategory is related to the nature of the information that 

an individual meets and copes with in any cognitive enterprise. The learner knows that the nature of 
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this information affects how the learner approaches to the task. For instance, the individual might get 

experience that unfamiliar information is difficult and time-consuming for her to understand. The 

second subcategory is related to the nature of task demands. For example, the learners know that 

some tasks are more difficult and they demand more time and attentions (Flavell, 1985). The strategy 

category refers to knowing that what strategies are useful for certain goals or sub-goals (Flavell, 

1979).   

 

Metacognitive experiences were described by Flavell (1979) as óany conscious or affective 

experiences that accompany and pertained to any intellectual enterpriseô (p. 906). These experiences 

can happen before, during and after cognitive enterprise. Metacognitive experiences have important 

influence on goals or tasks, metacognitive knowledge and cognition. For example, you feel that you 

do not understand adequately the text after you read first time (metacognitive experience). Then, you 

decide to read once more to understand deeply (cognitive strategy). Finally, you wonder 

(metacognitive experience) whether you understand the text deeply, for this purpose, you ask yourself 

certain questions about the text (metacognitive strategy). Flavell (1979) distinguish metacognitive 

strategies from cognitive strategies. According to him, cognitive strategies are employed for making 

cognitive process; however, metacognitive strategies are used for monitoring that process. 

 

2.4.2. Brownôs Conceptualization of Metacognition 

 

After Flavellôs contribution, Brown, Bransford, Ferrara, and Campoine (1983) and Brown (1987) 

defined metacognition, similarly. According to them, metacognition is knowledge and control of 

oneôs own cognition. Brown (1987) subcategorized metacognition into knowledge about cognition 

and regulation of cognition. Knowledge about cognition involves the information about someoneôs 

own cognitive processes while regulation of cognition includes regulating and supervising someoneôs 

own learning (Brown, 1987). Regulation of cognition includes planning before learning, monitoring 

activities during learning and evaluation activities.  

 

2.4.3. Kluweôs Conceptualization of Metacognition 

 

Another conceptualization of metacognition was introduced by Kluwe (1982). According to Kluwe, 

metacognition is a process; it is cognitive activity directed at the individualôs own cognitive 

enterprise. Put it differently, metacognition is an individualôs stored knowledge about thinking and 

cognitive activity directed at acquisition of information oneôs own cognitive endeavor and efficient 

regulation of oneôs own information processing in terms of the perceived demands. Metacognition 

includes two components: cognitive knowledge and executive control. Cognitive knowledge is 

individualsô stored knowledge about thinking. Kluwe proposed ñexecutive controlò corresponds to 

Flavellôs metacognitive experience and Brownôs regulation of cognition to emphasize procedural 

aspect of metacogntion. Kluwe divided this component into executive monitoring process and 

executive regulation process. Executive monitoring is executive activity directed at the acquisition of 

information about the personôs thinking process and executive regulation is executive activity directed 

at the regulation of oneôs own thinking.  

 

2.4.4. Jacobs and Parisôs Conceptualization of Metacognition 

 

Jacobs and Paris (1987) defined metacognition as any shared knowledge about cognitive states or 

processes. They classified metacognition into two classes of metacognition: self-appraisal of 

cognition and self-management of thinking. Self- appraisal involves the static evaluation of oneôs 

knowledge about a particular task. It includes three subcategories. Declarative knowledge refers to 

knowing that related to any cognitive activity. For instance, a learner might know that solving 

complex problems is difficult. Procedural knowledge includes knowing how to do. For example, a 

learner might know how to use problem solving strategies to solve an unfamiliar problem. And 

finally, conditional knowledge refers to knowing of the conditions affecting learning. For instance, 

knowing why and when a specific cognitive strategy should be used for a particular task. Self-

management of thinking includes executive decisions about cognitive processes. It is subdivided into 

three categories: planning, evaluation and regulation. Planning refers to the selection and arrangement 

of specific cognitive means for particular tasks and goals. Evaluation refers to an ongoing process of 

the assessment of oneôs own understanding in a task. Regulation refers to revising and modifying 

plans and strategies considering how well they work.     
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In conclusion, considering above discussion about metacognition, it seems they all agreed on some 

aspects of metacognition. Briefly, metacognition can be defined as knowledge and awareness of oneôs 

own cognition and monitoring, regulating, and evaluating of oneôs own cognition. The metacognitive 

prompts used in the present study were developed to engage students in these aspects of 

metacognition during the course of the instruction.  

 

2.4.6 The research studies on metacognition in Science Education 

 

In this section, first, the general review of 36 experimental studies investigating the effectiveness of 

incorporating metacognitive activities in science and published between 1984 and 2012 is presented. 

Then, the studies exploring the effectiveness of metacognitive inquiry-based teaching strategies are 

discussed in detail. 

 

The reviewed metacognitive studies conducted in science are presented in Table 2.10. The integration 

of metacognitive activities into instruction differs among 36 studies. Some of studies used 

metacognition in the traditional instruction (e.g., Alemdar, 2009; Georghiades, 2004); some integrated 

it with inquiry (e.g., Blank, 2000; White & Frederiksen, 1998) or with other student-centered 

instructions. The studies also differ in the length of time allocated for metacognition or the number of 

different metacognitive activities employed in the instruction. Some of the studies used only one type 

of the metacognitive strategy while some applied different types of metacognitive activities together.  

 

Table 2.10 summarizes these studies in terms of the type of metacognitive instruction, sample size, 

grade levels of the participants, comparison instructions, and practical importance. The table also 

includes the calculated ES for the studies not reporting the ES, relative magnitude of treatment effect. 

. 
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Table 2.10 Summary of the metacognitive studies conducted in science 
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Higher cognitive development   

Similar durability in cognitive development 

Higher retention in science achievement  

NR NED 

3.Neto &Valente, 

(1997) 

Physics 

NR 

10th  

META- Problem 

solving approach 

T- Problem 

solving 

approach 

5 M Better problem solving skills NR NED 

4.Beeth (1998) 

Physics 

12 

5th  

MI  W 9 M Improvement in conceptual understandings, 

Metacognitive skills 

Change in students from 

passively receiving information  to actively 

examining their own conceptions(ISNM) 

NR NED 

5.Tien (1998) 

Chemistry Lab 

77 

UG 

ML TL 1 S Better attitudes towards chemistry & inquiry 

skills, beliefs about science & nature of 

research, 

Higher achievement 

NR for attitude 

0.53 for achievement 

NED 

6.White & 

Frederiksen (1998) 

Physics 

120 

7th  to 

9th 

META-Inquiry Inquiry 

without 

META 

10.5 We Higher understandings of physics & inquiry 

for overall group and low-achieving students 

Similar for high achieving students 

 

Understandings of 

physics 

-0.13 for high 

achieving 

0.59 for high achieving 

Understandings of 

inquiry 

0.1 for high achieving 

0.37 for low achieving 
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Table 2.10 (continued) 
 

7.Hennessey (1999) 

Physics 

170 

1st  

 to 6th  

MI  W 3 Y Improvement in metacognitive sophistication 

& conceptual understandings(ISNM) 

NR NED 

8.Lin & Lehman, 

(1999) 

Biology 

45  

UG 

CS with META CS without 

META 

7 

We 

Similar inquiry skills in near transfer  

Higher inquiry skills  in far transfer 

NR 0.59 for near transfer 

1.41 for far transfer 

9.Blank (2000) 

Biology 

46  

7th   

META-4E  3E without 

META 

3 M Similar conceptual understandings 

Higher retention 

 0.18 for conceptual 

understandings, 

0.62 for retention 

10.Koch (2001) 

Physics 

64 

UG 

META- Reading 

technique 

Reading 

technique 

without META 

3 M Higher reading-comprehension ability NR 0.91 

11.Mittlefehldt & 

Grotzer (2003) 

Physics 

182 

8th 

META-inquiry W NR Improvement in achievement in density 

Improvement in understandings of causality 

Improvement in transfer of causal models  

NR  

12.Georghiades 

(2004) 

Science- Current 

electricity 

60 

5th  

MI  TI 8 H Similar conceptual understandings on 

immediate and delayed test applied 2 months 

later 

Higher retention observed after 8 months 

NR 0.19 for immediate test 

0.28 for first delayed test 

0.53 for the second 

delayed test 

13.Georghiades 

(2006) 

Science-Current 

electricity 

60  

5th 

MI  TI 8 H Similar contextual use of science conceptions 

on the immediate test 

Higher contextual use of science conceptions 

(far transfer) on both delayed test 

NR 0.44 for immediate test 

0.44 for first delayed test 

0.45 for the second 

delayed test 

14.Larkin (2006) 2  

5 year 

old 

META- group work W 1 Y Improvement in studentsô metacognition 

(ISNM) 

NR  

15. Sbhatu (2006) 

Science 

696  

5th 

&  

519 

6th  

MI  TI 

W 

14 

We 

&  

16 

We 

Higher application and transfer 

 

Improvement in conceptual understanding of 

science topics and active student participation. 

NR NED 
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Table 2.10 (continued) 

 
16.Stuever (2006) 

Density 

66 

8th  

MI  TI 2 H Similar science achievement and long-term 

retention. 

Higher class participation  

NR NED 

17.Bianchi (2007) 

Biology 

126 

9th  

MI  Non-reflective 3 We Higher achievement and retention ɖ2 = 0.088  0.63 for achievement 

0.31 retention 

18. Yildiz (2008) 

Physics 

52 7th  META-5E  TI 

W 

15 H Higher conceptual understandings, knowledge 

of cognition, and deep learning approaches 

Similar regulation of cognition, 

Similar surface learning approaches 

Improvement in conceptual understandings, 

metacognition and learning approaches. 

NR 0.91 for conceptual 

understandings 

0.68 for knowledge of 

cognition 

0.53 for regulatēon of 

cognitēon 

0.65 for deep approach 

0.30 for surface approach 

19.AbdȤElȤKhalick & 

Akerson (2009) 

Elementary science 

methods course 

49 PST NOS instruction with 

META 

NOS instruction 

without META 

4 M Better conceptions on all aspect of NOS 

except for Creative aspect (similar)  

Higher metacognitive awareness (knowledge 

about cognition and regulation of cognition) 

NR NED for metacognition 

0.67 for empirical aspect 

0.83 for tentative aspect 

0.80 for theory-driven 

0.66 for inferential apect 

0.32 for creative aspect 

 

20.Alemdar ( 2009) 

Science-Matter 

68  

7th  

MI  TI 4 M Higher achievement &conceptual 

understandings, metacognitive awareness, 

Better transfer and retention 

 

 

NR 1.49 for achievement 

1.14 for conceptual test 

1.00 for metacognitve 

awareness 

1.07  transfer 

1.67 for retention 
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Table 2.10 (continued) 
 

21.Appamaraka et al., 

(2009) 

Environmental 

Education 

82  

9th  

META-5E  

 

TI 

 

18 H  Higher achievement, integrated science 

process and critical thinking skills 

NR NED 

22.Kaberman & Dori 

(2009) 

Chemistry 

931 

12th   

 

META- inquiry Inquiry  

W 

3 Y Higher question posing skills  

Improvement in question posing skills and 

complexity level of the questions 

 

NR  

For within comparison, 

net gain score of 1st 

and 2nd stages of the 

study were 0.7, & 

that of the 3rd stage 

was 0.6. 

 

0.56 for low academic 

level comparison 

0.62 for high 

academic level 

comparison 

23. Michalsky et al. 

(2009) 

Biology 

108  

4th  

META-Reading 

 

T-Reading 4 M Higher science achievement, 

Scientific Literacy and metacognitive 

awareness  

NR NED 

24.Saribas (2009) 

Chemistry  

54 PST ML TL 

W 

1 S Similar procedural & declarative knowledge 

Improvement in procedural and declarative 

knowledge achievement, 

Higher conceptual understandings, 

Higher science process skills, 

Similar attitude, 

Similar motivational beliefs and cognitive & 

metacognitive strategies 

d = 0.17 for conceptual 

understandings 

d= 0.10 process skills 

0.55 for science process 

skills 

0.63 for conceptual 

understandings 

-0.07 procedural and 

declarative knowledge  

-0.32 for attitude 

0.45 for motēvation 

25.Sornsakda et al., 

(2009) 

Life and environment 

93  

11th  

META-7E  TI 

W 

 

10 H Higher achievement, integrated science 

process & critical thinking skills, 

Improvement in all constructs. 

NR NED 
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Table 2.10 (continued) 

 
26.Yuruk, et al. 

(2009) 

Physics 

45  

11th -

12th  

MI  TI 13 H Higher conceptual understandings & 

Retention 

ɖ2 =: 0.22 

ɖ2 =0.22 

1.06 for conceptual 

understandings   

1.06 for retention. 

27.Akg¿l (2010) 

Physics 

105 

PST 

CCT with META ET 

RTs 

1H  Higher conceptual understandings & 

retention than the gained in both groups 

Higher attitude than that of ET group, 

Similar attitude with RT group 

NR 1.77 for conceptual 

understanding for 

comparison with ET 

1.02 for conceptual 

understanding for 

comparison with RT  

0.92 for retention for 

comparison with RT 

1.17 for retention for 

comparison with ET 

0.65 for attitude for 

comparison with ET 

0.49 for attitude for 

comparison with RT 

 

28. Hoffmann (2010) 

Science 

 

162 

5th  

Graphic Organizer + 

M-monitoring 

 

Graphic 

Organizer & M 

Monitoring & 

TI 

6 We Higher comprehension scores than  

comparisons with TI and Graphic organizer 

Similar with metacognitive monitoring  

Similar metacognitive awareness  

NR NED 

29. Peters & Kitsantas  

(2010) 

Physics 

83  

8th  

M-NOS Implicit NOS. 

W 

NR Higher content knowledge  

Better nature of science views  

Similar metacognition & self-efficacy 

Improvement in content, nature of science 

and metacognition 

NR NED 

30. Polat (2010) 

Science-Matter 

50  

5th  

MI  TI 28 H Higher achievement NR 1.05 

31.Viko (2010) 

Chemistry 

192 

12th  

MI  TI 8 We Higher achievement & 

Chemistry self-efficacy 

NR 5.82 for achievement 

3.02 for self-efficacy 



 

 

4
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Table 2.10 (continued) 

 
32.Cakir (2011) 

Science 

28 

PST  

ML W 1 S Improvement in awareness, cognitive 

strategy, & planning aspects of 

metacognition 

No improvement in self-checking aspect  

ɖ2 = 0.17 for 

awareness.  

ɖ2 = 0.16 for cognitive 

strategy.  

ɖ2 = 0.14 for planning 

ɖ2 = 0.06 self-checking 

 

33.Collins (2011) 

Chemistry  

61 

9th or 

11th  

META- inquēry TI 1 Y Similar chemistry and inquiry self-efficacy 

Similar inquiry skills 

 

NR NED 

34.Dejonckheere et al. 

(2011) 

Science 

45 

4th  

& 

45 

5th  

META- support how to 

design experiment.    

Controlled 

comparison 

strategy without 

META 

Uninstructed 

group about 

how to design 

experiment 

NR Similar experimentation skills for nine year 

old students 

Higher experimental skills compared to both 

group. 

NR NED for nine year old 

students 

1.62 for comparison with 

controlled comparison 

strategy 

0.72 for comparison with 

Uninstructed group   

35. Sandi-Urena, 

Cooper, Stevens 

(2011) 

Chemistry 

537 

& 

464 

UG 

ML TL 

W 

1.42 H  

 

Higher problem solving ability & 

Metacognitive awareness  

Decrease in metacognitive awareness in 

treatment group. 

Higher problem solving rate 

d = 0.1 for 

metacognitive 

awareness 

d = 0.2 for problem 

solving ability 

 

36.Butterfield (2012) 

Science 

9  

9th 

 

MI  W 5 We Improvement in metacognition (ISNM) NR NED 

 
*
In the Calculated Cohenôs d column, Cohenôs ds were calculated for between-group comparisons but not for within-group comparisons. META : Metacognition 

or Metacognitive, MI:  Metacognitive instruction, ML : Metacognitive laboratory, CS: Computer-based simulation,  3E: 3E learning cycle, 4E:4E Learning cycle 

5E learning cycle, 7E: 7E learning cycle, TI : Traditional Instruction, TL : Traditional laboratory (Verification laboratory), NC: No comparison, UG: 

Undergraduate, PST: Pre-service teacher, , CCT:  Conceptual change text, ET: Expository texts, RT: Refutational texts,  W: Within, S: Semester, M : Month, H: 

Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not made, NES: Not enough data to calculate effect size.   
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Sample. Of 36 studies conducted in science, only six studies, whose participants included pre-service 

teachers or elementary students, were made in Turkey. Grade levels of students participating in the 

metacognitive studies and the percentages of the studies categorized into the grade level are 

demonstrated in Table 2.11. As seen from the table, most researches were carried out for elementary 

students while only 21.6 % of studies addressed on high school students.  

 

 

 

Table 2.11 Grade levels of participants included in the metacognitive studies and the percentages of 

the studies categorized into the grade level 

 

Grade level Percentages 

Elementary   (Kindergarten- grade 8) 51.4 

High school (grade 9-12) 21.6 

Undergraduate 24.3 

 

 

 

Table 2.12 indicates sample size intervals and the percentages of the studies assigned to these 

intervals. Like the sample sizes of the studies investigating the impact of the learning cycle, 

approximately 30 percent of the studiesô sample sizes were not adequate for experimental study.  

 

 

 

Table 2.12 Sample size intervals and the percentages of the studies falling into these intervals. 

 

 

 

 

 

 

 

 

 

 

 

Length. The length of treatment time ranged from one hour to 3 years. As explained before, for 

achievement, the time period less than 3 weeks was not enough for observing valid change in 

achievement.  

 

Outcomes. The studies aimed to get improvement in various dependent variables as a result of adding 

metacognitive activities into science instruction. The outcomes of studies are as follows; 

 

 Conceptual understandings and achievement 

 Retention of learning  

 Transfer of learning 

 Metacognitive awareness and skills 

  Nature of science, scientific literacy 

 Problem solving  

 Question asking skills 

 Inquiry skills 

 Attitude 

 Self-efficacy  

 Cognitive development 

 Learning approaches 

 Reading comprehension 

 Thinking skills 

 Class participation  

 

Sample size Percentage 

0-29 11.1 

30-59 19.4 

60-89 27.8 

90-120 13.9 

120+ 25.0 
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Practical Importance. Most studies did not report the value of the ES for differences of group means. 

The researcher of the present study calculated ESs for studies who reported adequate statistics for 

estimating the ES of the study. For achievement, only 13 studies had enough statistics for calculation 

of the ES. 

 

Mean, standard deviation of ESs of 13 studies and minimum and maximum ES observed in the 

studies are given in Table 2.13. The average ES was obtained as 1.14; however, as seen from the 

table, one study had a very large ES. Since the number of ESs was small, this outlier drastically 

affected the value of the mean. Therefore, this study was excluded from average ES computation. 

After this exclusion, the mean of ESs was found as 0.75 which is medium (see Table 2.14).    

 

 

 

Table 2.13 Descriptive statistics of ESs of 13 research studies investigating influence of 

metacognitive instruction on studentsô achievement.  

 

N Mean SD Min  Max 

13 1.14 1.47 0.18 5.82 

 

 

 

Table 2.14 Descriptive statistics of ESs of 12 research studies excluding the outlier study. 

 

N Mean SD Min  Max 

12 0.75 0.43 0.18 1.40 

 

 

 

It should be noted that the average ES was acquired by considering all studies having ES for 

achievement regardless of type of the instruction in which metacognitive activities were added or the 

type of comparison instruction. Thus, this average ES should be interpreted with caution. 

 

2.4.6.1 Research on Metacognitive Inquiry-Based Instructions 

 

White and Frederiksen (1998) developed a metacognitive curriculum in which students participated in 

scaffolding scientific inquiry using prompts. They engaged in reflective assessment in which they 

monitored and reflected on their own and each otherôs inquiry process and products (the limitations of 

what they have learned). To investigate the effect of reflective assessment, White and Frederiksen 

included a controlled comparison classes in which reflective assessment was not employed. The study 

was implemented in spring 1995 in force and motion unit, and was completed in 10.5 weeks by a 45- 

minute class in each day. Two teachers, who had worked with researchers for 1 month in developing 

the materials and who had piloted the developed materials in their classes and recommended 

necessary revisions and one teacher who only implemented the curriculum, applied the curriculum 

into 12 urban classes (grades 7 to 9) in two schools. The size of classes averaged about 30 students. 

The classes were randomly assigned into experimental and control groups. Studentsô average scores 

on Comprehensive test of Basics Skills (CTBS) indicating achievement did not differ significantly for 

the classes (grade 7 to 9). There was no significant difference between female and male studentsô 

CTBS scores. Studentsô inquiry skills and physics knowledge and attitudes about learning science 

were assessed by pre and post-tests. The quality of studentsô research projects which they developed 

during the course of the curriculum implementation was evaluated as well. The ANOVA with four 

between subject factors which were (1) treatment (reflective assessment and control), (2) gender 

(male and female), (3) CTBS achievement level (low [ Ò 60] and high [> 60]) and (4) grade level (7 

and 8/9) was run for analyzing studentsô understanding of inquiry and physics. One ïtailed test was 

used to test the hypothesis that metacognitive instruction would be useful especially for low achieving 

students. The result of analysis indicated that experimental group studentsô understandings of physics 

and inquiry were significantly higher than those of comparison group students. The results also 

showed the interaction between treatment and achievement level of students. Including reflective 

assessment into scientific inquiry was especially useful low- achieving students. Their successes on 

their inquiry tests and research projects were significantly closer to those of high achieving students 

than the case in the control groups. The researchers concluded that metacognitively enhanced inquiry- 
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based curricula can help low achieving students reduce their educational disadvantages and also be 

useful for high-achieving students.  

 

Tien (1998) explored the effect of metacognitive inquiry laboratory course called MORE (Model-

Observe-Reflect- Explain) on studentsô attitudes towards chemistry and inquiry skills, beliefs about 

science and nature of research, and achievement. The participants were 77 college students at 

university of California, Berkeley. The study was completed in one semester in Chemistry course. 

The students were randomly assigned into the experimental and control groups. The experimental 

group was participated in the MORE project while the traditional laboratory was applied in the 

control group. On the reflect part of MORE cycle, students were stimulated to monitor and evaluate 

what they did in the experiment, to think and make sense the data they collected by using written 

prompts in their lab manual as well as the prompts provided by the instructor. Students also reflected 

on their learning in the lab in their written reports and oral presentations. Two experimental classes 

were instructed by the researcher while two control classes were instructed by different instructors. 

Both qualitative and quantitative data were collected. The result of the study indicated that the 

experimental group students got significantly higher scores in terms of achievement (reported 

Cohenôs d = 0.53), attitudes towards chemistry and inquiry skills, beliefs about science and nature of 

research. Qualitative data analysis also indicated that students in the experimental group improve their 

inquiry skills and attitude towards chemistry. These results supported the effectiveness of the inquiry 

instruction in which metacognitive prompts were employed in terms of improving students, 

achievement although the ES was medium. The main limitation of the study that the control and 

experimental groups were instructed by different teachers and the researcher implemented the 

treatment. That difference in teachersô characteristics and researcher bias might be threats to observed 

differences on the dependent variables.   

 

Mittlefehldt and Grotzer (2003) investigated the effect of metacognitive instruction on transfer of 

causal models used in learning of density and pressure units. The participants were 182 eight grade 

students from six eighth grade science classes in the Boston. Two teachers applied the intervention, 

which was inquiry-based instruction enriched with metacognitive moves. Metacognitive moves  

included using question prompts when students constructed the causal models to help them be aware 

of their own and friendsô conceptions and thinking processes, and to help think about applicability of 

their and friendsô ideas to other situations. The metacognitive strategies used by the students were 

evaluated employing class discussions, semi-structured interviews, samples of student writings. The 

effect of metacognition use on studentsô transfer of causal models between learning of density and 

pressure and on learning in overall was assessed by comparing studentsô use of metacognition and 

studentsô understandings in both units. The results indicated that the intervention improved 

significantly studentsô understandings in density unit. Studentsô metacognitive statements 

significantly predicted the post-test score. Studentsô performance with respect to causality, also 

improved in density unit. In terms of transfer of causal models, the analysis showed that 

metacognitive statements were significant predictors of transfer scores in pressure unit. In conclusion, 

these results provided evidence that engaging in metacognitive activities improved studentsô 

understandings of causality and transfer of causal models as well as achievement. This study was a 

good example of the integration metacognitive prompts into most parts of the instruction rather than 

using metacognitive activities in a specific part of the instruction. The researchers employed question 

prompts both in written and verbally in the instruction. Students also evaluated their learning in their 

homework. However, lack of experimental control in this study produced a threat for claiming 

observed change on the dependent variables because of treatment rather than anything else. 

 

Saribas (2009) investigated the impact of metacognitive chemistry laboratory on studentsô procedural 

and declarative knowledge, conceptual understandings, science process skills, attitude, motivational 

beliefs and cognitive and metacognitive strategies. Fifty four pre-service science teachers participated 

in the study conducted in general chemistry laboratory. The study was conducted for one semester 

over ten experiments. Students were randomly assigned to the control and experimental group. The 

experimental group made experiments designed to promote students metacognition and motivation 

while the control group conducted traditional verification experiments. In the experimental group, 

students mainly engaged in metacognitive activity as self-assessment at the end of experimentation 

processes. The researcher instructed both group. The researcher collected both qualitative and 

quantitative data. All instruments were applied as post and pre-tests. Independent tïtests were 

employed to test the effect of the intervention on the related variables. The results of the analysis 

indicated that there was no significant group differences for procedural and declarative knowledge 
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(Calculated Cohenôs d= - 0.07), for attitude (Calculated Cohenôs d = -0.32), motivational beliefs and 

cognitive and metacognitive strategies (Calculated Cohenôs d = 0.45). However, significant group 

differences were observed in favor of the experimental group for conceptual understandings 

(Calculated Cohenôs d = 0.55), and science process skills (Calculated Cohenôs d = 0.63). The ESs for 

conceptual understandings and science process skills were medium. Although researcher of this study 

was designed the instruction based on self-regulated learning in which metacognition only one aspect 

of self-regulated learning, the explicit metacognitive activities involved small part of instruction. 

Furthermore, the researcher used several t-tests instead of the MANOVA. This inflates the probability 

of making type one error. Sample size of the study was small for experimental study. The researcher 

implemented the treatment, which might be a threat with respect to the researcher bias. Finally, there 

was no information for treatment verification. 

 

A few studies investigating the effect of the instruction based on the learning cycle in which 

metacognitive activities were incorporated (Appamaraka et al., 2009; Blank, 2000; Sornsakda et al., 

2009; Yildiz , 2008). These studies are discussed as follows.  

 

Blank (2000) compared the effect of the Science Curriculum Improvement Study (SCIS) learning 

cycle to the effect of metacognitive learning cycle on studentsô achievement in ecology unit. Sample 

of study included 44 seventh grade students in a junior high school in a suburban school district of a 

large, midwestern metropolitan area. Students were randomly assigned to a control and experimental 

class. The control class consisted of 22 (10 males and 12 females) students whereas the experimental 

class included 24 (12 male and 12 female) students. True experimental design was used in this study. 

The study was conducted in a 3-month ecology unit. The same teacher taught both treatment groups. 

The control class was taught with SCIS 3E learning cycle while experimental class was instructed 

metacognitive learning cycle in which students were urged to reveal their science ideas and reflect on 

the status of their conceptions throughout the instruction. Blank integrated Hennesseyôs (1993) 

approach requiring students to engage in the status check of their conceptions by reflecting on the 

intelligibility, plausibility, and fruitfulness of their conceptions into Barmanôs four phases learning 

cycle (1997 as cited in Blank, 2000). Except for exploration phase, in other three phases of the 

learning cycle, students explicitly discussed the status of their science ideas using intelligibility, 

plausibility, and fruitfulness terms used in classical conceptual change approach. Specifically, 

students used intelligibility term to evaluate whether they could explain the conception or they can 

provide examples for it. When reflecting on whether their conceptions were plausible or not, they 

checked the consistency between their conceptions and the other experiences. Using fruitfulness term, 

students decided on whether their conceptions accounted for other experiences or events and 

facilitated solving of problems. Each student had a concept journal including her conceptions and 

reflections on the status of their conceptions. The assessment instrument used to measure studentsô 

understanding of the ecology concepts was administered to all students as a pre- test at the beginning 

of the study and as a post test at the end of study. The same instrument was also applied one and 6 

months later the treatment. The ANOVA was employed to compare the means of scores on the 

ecology test. In this study, the researcher did not observed a statistically significant difference 

between either the pre or posttest mean scores across the two treatment groups (pretest: F =3.36; p 

=0.07; posttest: F = 0.348; p = 0.56). However, the experimental class significantly outperformed on 

both of delayed tests (for the first delayed test, F = 3.99, p = 0.05; for the second delayed test, F = 

4.42, p = 0.04). The researcher did not provide ESs for the comparisons. In the immediate test 

comparison, the ES was calculated as 0.18 which is considered as small and for retention, ES was 

obtained as 0.62 which was medium. That means the study did not have a practical importance on 

improving studentsô conceptual understanding in biology as well but it had on promoting durability of 

studentsô conceptual understanding. Although Blank randomly assigned students to experimental and 

control conditions, the researcher did not assess the equivalence of the groups on other confounding 

variables which might explain the outcomes of the study. The sample size was less than 60. This 

limited the generalizability of the results to the population. In addition, Blank employed similar 

metacognitive prompts throughout the phases of the learning cycle. This might prevent students from 

engaging in different types of metacognitive thinking processes.  

 

Blankôs study is important for science education since it was the first study integrated the learning 

cycle with explicit metacognitive prompts. Following Blank (2000) study, Yildiz (2008), Appamaraka 

et al. (2009), and Sornsakda et al. (2009) designed similar instructions based on the metacognitive 

learning cycle. 
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Yildiz (2008) investigated the impact of the 5E learning cycle, which was based on conceptual change 

model and in which metacognitive prompts were incorporated into each stage, on studentsô 

conceptual understandings of force and motion concepts, learning approaches, metacognition and 

perceptions about metacognitive orientation of classroom learning environments. Sample of study 

were 52 seventh grade students in elementary school in Izmir. Two classes were randomly assigned 

into experimental and control conditions. There were 25 students (15 female, 10 male) in the 

experimental class and 27 students (11 female, 15 male) in the control class. The study included both 

qualitative and quantitative parts. A quasi experimental design with pre-test post-test control group 

was used. In the experimental group, students reflected on their conceptions using the intelligibility 

and plausibility terms like Blankôs study. In addition, students produced journals and posters as 

metacognitive activity. In the control group, traditional instruction was applied. The researcher taught 

both groups. The independent t- test and the MANOVA was conduct to analyze the treatment effect. 

The independent t-test was employed to compare groupsô pre test scores on force and motion test. The 

result of analysis indicated there was no mean differences between two groups (t = -0.66, p = 0.51). 

Independent-t test also was used for post force and motion concept test. The result revealed that 

experimental group students significantly got lower score on the concept test (t = -3.29, p = 0.002). 

The lower scores on the concept test  indicated having less misconception. This result showed that the 

5E learning cycle prompted by metacognition was effective to improve studentsô conceptual 

understanding in force and motion. The researcher compared pre metacognition inventory scores 

(knowledge of cognition and regulation of cognition) of students in experimental and control group 

using the MANOVA. There was no significant differences between experimental and control group 

studentsô scores on both parts of metacognitive inventory. However, the researcher observed 

significant difference between two groups on post scores on knowledge of cognition (t = 2.51, p = 

0.01) in favor of experimental group. Moreover, using the independent t-test, the researcher found 

that there was no significant difference between two groupsô scores on pre Deep Learning Approach 

Scale and Surface Learning Approach Scale while experimental group students got higher score on 

post Deep Learning Approach Scale (t = 2.38, p = 0.02) and got less score on Surface Learning 

Approach although the difference was not significant. Finally, the researcher observed significant 

differences between groups on all parts of Metacognitive Orientation of Learning Environment Scale-

Science except Shared Control parts in favor of experimental group. This result indicated that the 

studentsô experimental group viewed classroom learning environment more metacognitive than those 

in control group students. The analyses of qualitative data also pointed out the positive effect of 

treatment on studentsô conceptual understandings of force and motion and metacognitive 

development, and learning approaches. The researcher did not report any ESs. The calculated effect 

sizes were as 0.91, large ES for conceptual understandings, as 0.68, medium ES, for knowledge of 

cognition, 0.53, medium ES, for regulation of cognition, 0.65, medium effect size for deep learning 

approach 0.30, small ES, for surface level approaches. According to these ES values, it can be said 

that the study had practical significance as well. On the other hand, the stud y had some deficiencies, 

as well. The first one is that the researcher implemented the treatment which might be a threat for 

internal validity of the study. The sample size was too small for experimental study. The researcher 

made individual statistical analysis for each dependent variable, which increased the probability of 

making type one error.  

 

Appamaraka et al. (2009) explored the effect of the metacognitive 5E learning cycle on studentsô 

achievement, integrated science process and critical thinking skills. The participants were 82 ninth 

grade students in Thailand. The length of the study was 18 hours. The experimental and control 

groups were formed using cluster random sampling. The metacognitive learning cycle was applied in 

the experimental group while the traditional instruction was implemented in the control group. 

Metacognitive 5E learning cycle involved the integration of metacognitive technique namely the 

intelligibility, plausibility and wide applicability, similar to Blankôs study. The achievement, 

integrated science process and critical thinking skills tests were applied as pre and post tests at the 

outset of the study and end of study, respectively. The MANCOVA was used to analyze the data. 

Results indicated that the experimental group studentsô achievement, critical thinking and integrated 

science process scores were greater than those of the control group students. There was no 

information about who implemented the treatments. The researchers did not provide enough statistics 

for being able to calculate the ES.   

 

Sornsakda et al. (2009) investigated the impact of the metacognitive 7E learning cycle on studentsô 

achievement, integrated science process and critical thinking skills. The sample of the study included 

93 eleventh grade students in Thailand. The students were assigned to experimental and control 
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conditions by cluster random sampling method. This metacognitive learning cycle was developed in 

similar manner to the study of Appamaraka et al. (2009). The intelligibility, plausibility and wide- 

applicability metacognitive moves were integrated into the 7E learning cycle. The control group was 

instructed with the traditional instruction. The study was completed in 10 hours. The researcher 

implemented the treatment. Three tests which were an achievement, integrated science process and a 

critical thinking skills test were applied as pre and posttests. The paired t test and the MANCOVA 

were used for analysis of the data. The significant group differences were observed for all constructs. 

Paired t test also indicated significant improvement in achievement, integrated science process and 

critical thinking skills. There were not adequate statistics to calculate ESs. The main limitation of the 

study was that the researcher taught the experimental group, which might cause a problem with 

respect to researcher bias.   

  

2.5. Summary of the Literature Review 

 

 The learning cycle is an useful model for instruction and curriculum development (Cavallo 

& Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno & Lawson, 1999). 

 The studies comparing the effectiveness of the learning cycle with that of the traditional 

instruction gave evidences in favor of the learning cycle for development of studentsô 

achievement and conceptual understandings in physics (A­ēĸlē & Turgut, 2011; A­ēĸlē et al., 

2011; Ateĸ, 2005a ; 2005b; Ateĸ & Polat, 2005; Barman et al., 1996; Cherry, 2011; Cobern 

et al., 2010; Ergin et al., 2008; Hussain et al., 2011; Kanli & Yagbasan, 2008; Nuhoĵlu & 

Yal­ēn, 2006; Turgut & Gurbuz, 2011; Yēlmaz & Huyug¿zel ¢avaĸ, 2006; Zolman, 1990), in 

chemistry (Aĵg¿l-Yal­ēn & Bayrak­eken, 2010; Akar, 2005; Bektaĸ, 2011; Cavallo et al., 

2003; Ceylan & Geban, 2009; Ekici, 2007; Kilavuz, 2005; Kºseoĵlu & T¿may, 2010; 

Pabu­cu, 2008; Sevin­, 2008; Siribunnam & Tayraukham, 2009), and in biology (Atilboz, 

2007; Balci, 2009; Balci et al., 2006; Budprom et al., 2010; Cakiroglu, 2006; Dogru-Atay & 

Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoĵlu & Kaya, 2011; Kaynar et al., 

2009; Marek et al., 1994, Lord, 1999; Musheno & Lawson, 1999; Oren & Tezcan, 2008; 

Sadi & ¢akiroĵlu, 2010; Saygēn, 2009; Saygin et al., 2006). 

 The average (Cohenôs d) of the ESs of 35 studies contrasting the learning cycle to the 

traditional instruction for promoting studentsô achievement was estimated as 1.15 which is a 

large ES according to the threshold proposed by Cohen (1988). The average ESs of the 

learning cycle studies conducted in physics was 1.16 which is also a large ES.  

 The learning cycle studies were also effective for retention of learning (Harurluoĵlu & Kaya, 

2011; K¿­¿kyēlmaz, 2003; Sriwattanarothai et al., 2009; Turgut & Gurbuz, 2011), studentsô 

attitudes in physics, chemistry and biology (A­ēĸlē & Turgut, 2011; Balci, 2009; Billings, 

2001; Brown, 2000; Ebrahim, 2004; Ergin et al., 2008; Farrell et al., 1999; Hokkanen, 2011; 

Kaynar, 2007; Lord, 1999; Oren & Tezcan, 2009; Parker & Gerber, 2000; Siribunnam & 

Tayraukham, 2009; Thien Huong, 1997; Yēlmaz & Huyug¿zel ¢avaĸ, 2006), for science 

process skills (A­ēĸlē & Turgut, 2011; Budprom et al., 2010; Campbell, 1977; Cumo, 1991; 

Kanli & Yagbasan, 2008; Polyiem et al., 2011; Sevin­, 2008), for thinking skills (Budprom 

et al., 2010; Mecit, 2006; Oren & Tezcan, 2008; Siribunnam & Tayraukham, 2009; Temel et 

al., 2012), for science perceptions (Campbell, 2006; Kºseoĵlu & T¿may, 2010; Liu et al., 

2009; Sriwattanarothai et al., 2009), and for epistemological understandings (Bektas, 2011; 

Kaynar et al., 2009).  

 According to the meta-analysis conducted by Guzzetti et al. (1993), the inclusion of a 

laboratory in the learning cycle resulted in larger effects when compared to the approach 

without a laboratory.  

 Extension from the 5E learning cycle to 7E learning cycle ensures that eliciting prior 

understandings and opportunities for transfer of learning are not neglected (Eisenkraft, 

2003). 

 Compared to the number of studies investigating the effectiveness of the 3E and 5E learning 

cycle, the limited number of study investigated the effectiveness of the 7E learning cycle. 

 Almost half of the learning cycle studiesô sample sizes were not adequate for experimental 

studies.  

 The instruction based on the 7E learning cycle increased studentsô achievement and 

conceptual understandings (Bulbul, 2010; Kanli & Yagbasan, 2008; Polyiem et al., 2011; 

Siribunnam & Tayraukham, 2009), their attitudes (Bulbul, 2010; Siribunnam & 

Tayraukham, 2009), their science process skills (Kanli & Yagbasan, 2008; Polyiem et al., 

2011) and their thinking skills (Mecit, 2006; Siribunnam & Tayraukham, 2009).   
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 Studentsô epistemological understandings affect their responses to learning activities, 

approaches to learning (Hammer, 1994; Hogan, 1999; Rosenberg et al., 2006; Sandoval, 

2005; Tsai, 1998) in science and mathematics. 

 Several research studies supported the idea that studentsô personal epistemologies context 

dependent rather than coherent, context-independent stable beliefs (Leach et al., 2000; Lising 

& Elby, 2005; Louca et al., 2004; Rosenberg et al. 2006; Roth & Roychoudhury, 1994; 

Sandoval & Morrison, 2003; Songer & Linn, 1991). Put it differently, the results of these 

studies supported the resources frameworkôs claim that studentsô epistemologies consist of 

fine grained context dependent resources. Therefore, epistemological development and 

change include the co-activation and stabilization of epistemological resources the individual 

already has rather than removal of old belief (Elby & Hammer, 2010). 

 The implicit instruction focusing on studentsô conceptual development and assuming their 

epistemological understandings would improve in the same way are not so effective 

compared to the instruction focusing explicitly on their epistemological development (Elby, 

2001; Redish & Hammer, 2009; Sandoval & Morrison, 2003) in terms of promoting their 

epistemological understandings.   

 There were few studies exploring the effectiveness of the explicit epistemological 

instruction. Most of them endorsed beliefs perspective and applied strategies used in 

traditional conceptual change approaches to change studentsô naµve beliefs towards more 

sophisticated beliefs. Only two studies developed their epistemological instructions based on 

the resources framework (Elby, 2001; Redish & Hammer, 2009). Moreover, all studies 

except for the study of Elby (2001) were conducted with university students. Furthermore, 

except for Elby (2001), and Redish and Hammer (2009), they made studies in their 

educational psychology or related courses and their main concern was studentsô 

epistemological development rather than other educational variables. 

 Furthermore, to the best knowledge of the researcher of the present study, there was no 

research studying the effectiveness of the epistemological instruction explicitly emphasizing 

studentsô personal epistemologies in Turkey to date.   

 Compared to reading and mathematics, there was not much research addressing 

metacognition in science. Thus, the number of studies evaluating the effectiveness of the 

metacognitive inquiry was less in science although it has been pointed the importance of 

metacognition for scientific inquiry skills (Baker, 1991; Blank, 2000; Schraw, et al., 2006; 

White & Frederiksen, 2000). Metacognition is also important for development of studentsô 

personal epistemologies. (Bendixen & Rule, 2004; Bendixen & Feucht, 2010; Elby & 

Hammer, 2010; Rule & Bendixen, 2010).  

 Few studies integrated the learning cycle with metacognitive activities. However, they made 

similar integration by using Henneseyôs (1993) status check approaches. 

 Most of metacognitive studies in science were conducted for the elementary students.  

 Almost 30 percent of research probing the effectiveness of metacognitive instruction in 

science had too small sample size for an experimental study.  

 A great deal of research demonstrated metacognitive science instruction improved studentsô 

conceptual understandings and achievement (Akg¿l, 2010; Alemdar, 2009; Bianchi, 2007; 

Hoffmann, 2010; Koch, 2001; Michalsky et al., 2009; Mittlefehldt & Grotzer, 2003; Peters 

& Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; Tien, 1998; Viko, 2010; Yildiz, 

2008; White & Frederiksen, 1998; Yuruk et al., 2009), the retention of learning (Adey & 

Shayer; 1993; Akg¿l, 2010; Alemdar, 2009; Bianchi, 2007; Blank , 2000; Georghiades, 

2004; Yuruk et al., 2009), the transfer of learning (Alemdar, 2009; Georghiades, 2006; Lin & 

Lehman, 1999; Mittlefehldt & Grotzer, 2003; Sbhatu, 2006), metacognition (AbdȤElȤKhalick 

& Akerson, 2009; Baird & White, 1984; Butterfield, 2012; Cakir, 2011; Hennessey, 1999; 

Larkin, 2006; Michalsky et al., 2009; Yildiz, 2008) attitudes towards science and learning 

(Akg¿l, 2010, Baird & White, 1984; Tien, 1998) and scientific inquiry skills (Dejonckheere 

et al., 2011; Lin & Lehman, 1999; Saribas, 2009; Tien, 1998; White & Frederiksen, 1998). 

 The average of ESs of 12 research studies investigating the influence of metacognitive 

instruction on studentsô achievement in science was estimated 0.75 which is a medium ES.        

 Specifically, the result of metacognitive inquiry studies showed this type of instruction 

improved studentsô achievement (Appamaraka et al., 2009; Saribas, 2009; Sornsakda et al., 

2009; Yildiz, 2008; Tien, 1998), science process skills (Appamaraka et al., 2009; Saribas, 

2009; Sornsakda et al., 2009; Tien, 1998; White & Frederiksen, 1998), and their critical 

thinking skills (Appamaraka et al., 2009; Sornsakda et al., 2009).  
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In conclusion, according to the literature review conducted in this study, the learning cycle is an 

effective teaching strategy for improving studentsô achievement and conceptual understandings. 

However, there is little known about the effectiveness of the 7E learning cycle compared to the other 

types of the learning cycle. Similarly, the limited number of studies investigated the explicit 

epistemological instruction and most of them accepted the beliefs framework although many research 

studies gave supporting evidence for resources framework. There has been a great deal of research in 

reading and mathematics proving the effectiveness of metacognitive instruction while this number is 

limited for science. Both scientific inquiry and personal epistemology researchers pointed the 

importance of metacognition; however, few studies explored the integration of metacognition to 

inquiry-based or epistemological instruction. There is no study probing the effectiveness of the 

instruction based on the 7E learning cycle integrated with metacognition and personal instruction. 

Thus, the present study was conducted to fill these gaps in the literature. 
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CHAPTER 3 

 

 

METHOD  

 

 

 

Population and sample of the study are described in the first section of this chapter. The variables and 

instruments used in this study are introduced in the following sections. In the fourth section, the 

instructional materials developed and employed in the study are discussed. The treatments given in 

the experimental and control groups are explained in the fifth section. Finally, the analysis of the data, 

power and unit analysis, and assumptions and limitations of the study are presented in the following 

sections     

 

3.1 Population and Sample 

 

The target population of this study is all tenth grade students at Anatolian teacher training high 

schools (ATTHS) in the Central Anatolia Region of Turkey. On the other hand, because too much 

time and effort are needed to deal with the target population, the researcher narrowed the population 

to the accessible population. The accessible population is the population to whom the researcher is 

entitled to generalize (Fraenkel & Wallen, 2000). The accessible population is all tenth grade students 

at ATTHSs in Ankara. The developed treatment in this study involved using micro-computer 

laboratory tools. When the treatment was made, only the ATTHSs had these tools, in Ankara. Thus, 

the ATTHSs were selected as study schools for the present study. There were nine ATTHSs in 2009-

2010 academic year in Ankara. The number of all tenth grade students in accessible population was 

approximately 750 and there were about 17 tenth grade science classes and 13 physics teachers. Only 

four schools had more than one tenth grade science class. Two of these nine schools were selected 

conveniently by considering the number of science classes in the tenth grade and their distances to the 

center of Ankara. One of these two schools had two science classes taught by the same teacher. These 

two classes were selected for the current study. The other school had three classes. In this second 

school, two classes instructed by the same teacher were selected for the present study. In sum, four 

classes from two schools participated in the study. The students including in this study had achieved 

the high school entrance examination to be able to enroll at the ATTHSs, thus, it can be said that the 

sample of the study included high achieving students. The intact classes in each school were 

randomly assigned into the experimental and control groups. The experimental classes were instructed 

using the epistemologically and metacognitively stimulated 7E learning cycle (EM-7ELC) while the 

comparison classes were taught based on the traditional instruction. The numbers of students in 

experimental and control groups according to schools, classes and gender are given in Table 3.1.Two 

physics teachers, one is male, and the other is female, participated in the current study. The same 

teachers had taught both the experimental and control group in each school.  

 

 

 

Table 3.1 Sample of the study in terms of the school, group and gender 

 

Schools Experimental Group Control Group  Total 

School 1 28 (12 Female, 16 Male) 29 (12 Female, 17 Male) 57 (24 Female, 33 Male) 

School 2 24 (12 Female, 12 Male) 26 (13 Female, 13 Male) 50 (25 Female, 25 Male) 

Total 52 (24 Female, 28 Male) 55 (25 Female, 30 Male) 107 (49 Female, 58 Male) 

 

 

 

The total number of the students in the selected sample was 107, which was approximately 14 percent 

of the accessible population. This sample size was also larger than the value of 59 obtained using 

Cohenôs tables for power analysis (Cohen & Cohen, 1983). The number of classes included about 23 

percent of tenth grade science classes in the accessible population.  
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3.2 Variables 

 

There are three dependent variables (DV) and five independent variables (IV) in this study. The 

dependent variables are studentsô Post-Test Scores on the Maryland Physics Expectations survey 

(POMPEX), and students' Post-Test Scores on Force and Motion Achievement Test- I (POFMAT-I) 

and students' Post-Test Scores on Force and Motion Achievement Test- II (POFMAT-II) in this study. 

The independent variables are divided in two groups as covariates and group membership variables. 

Covariate variables are studentsô Pre-Test Scores on the MPEX (PREMPEX), studentsô Pre-Test 

Scores on Force and Motion Achievement Test-I (PREFMAT-I), and teacher-made physics 

achievement test (TMT) scores acquired before treatment and students' gender. Group membership 

variable is Instructional Method (IM)  which has two levels: the EM-7ELC and the traditional 

instruction (TI). Table 3.2 indicates the name, type, nature and scale of the variables in this study. 

 

 

 

Table 3.2 The name, type, nature and scale of the variables in this study. 

 

Name Type Nature Scale 

POMPEX DV Continuous Interval 

POFMAT-I DV Continuous Interval 

POFMAT-II  DV Continuous Interval 

PREMPEX IV Continuous Interval 

PREFMAT-I IV Continuous Interval 

TMT IV Continuous Interval 

Gender IV Categorical Nominal 

IM IV Categorical Nominal 

 

 

 

3.3 Instruments 

 

Four instruments: Force and Motion Achievement Test-I, II and the Maryland Physics Expectations-II 

survey, and Classroom Observation Checklist were employed in this study. In the next sections, these 

instruments are explained further.  

 

3.3.1 The Maryland Physics Expectations Survey-II  

 

The Maryland Physics Expectations Survey-II (MPEX-II) was developed by Elby, McCaskey, 

Lippmann, and Redish (2001) to investigate studentsô epistemological stance in physics. They 

generated the survey from the Epistemological Beliefs Assessment for Physical Sciences (Elby et al., 

1999) and the original Maryland Physics Expectations (MPEX) survey (Redish et al., 1998).  

 

The intended population of the MPEX-II is high school and university students who take physics 

courses. It is a multi-dimensional survey relied on Hammerôs
 
(1994) epistemological dimensions: 

pieces versus coherence, formulas versus concepts, and authority versus independence. For the 

MPEX-II, these dimensions were called as Coherence, Concepts, and Independence. Redish and 

Hammer (2009) describe these dimensions as follows; 

 

Coherence. The degree to which the student considers physics knowledge as coherent and sensible 

rather than as a bunch of disconnected pieces.  

Concepts. The extent to which the student considers concepts as the substance of physics rather than 

as considering them as mere cues for which formulas to employ. That is, it is associated with the 

studentôs understanding about the content of physics knowledge as formulas or as concepts 

underlying the formulas.   

Independence. The extent to which the student considers learning physics as a matter of constructing 

her own understanding as opposed to absorbing knowledge from authority.  

 

There are two groups of items in the MPEX-II. The first group includes 25 Likert-type of items, the 

score of which ranges from 1 point (strongly disagree) to 5 points (strongly agree). The second group 

includes multiple-choice items (26-32), whose score ranges from 1 point (a) to 5 points (e). Items 1 
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and 26 were not categorized into any dimension, although researchers might decide to include these 

items for collecting further information about studentsô epistemological understandings, such as 

understandings about group working. The dimensions, sub-dimensions of the MPEX-II, the items 

assigned into sub-dimensions, and favorable responses in parenthesis are presented in Table 3.3.  

 

 

 

Table 3.3 Items falling into each dimension and sub-dimension of MPEX-II  

 

Dimensions  Items (Favorable Responses) 

Coherence 3(D)
 *
, 4(A), 6(D), 8(D), 10(D), 13(D), 15(D), 19(D), 21(D), 23(D), 

27(A,B), 28(A,C)  

Concepts 5(D), 9(D), 16(D), 18(D), 19(D), 23(D), 24(D), 28(A,C)  30(D,E) 

Independence 2(D), 7(A), 11(D), 12(D), 14(D), 17(A), 20(D), 22(D), 25(D), 

29(D,E), 31(D,E), 32(A,B) 

Note: 
*
Abbreviations: A: Agree for 2-25 items, D: Disagree for 2-25 items. For 27-32 items, A, B, C, 

D, and E indicate item alternative choices. This table is taken from Yerdelen-Damar, Elby, & 

Eryilmaz (2012).  

 

 

 

In this study, the Turkish version of the MPEX-II validated by Yerdelen-Damar, Elby, and Eryilmaz 

(2012) was used. The MPEX-II was adapted into Turkish, in four steps. First, it was translated into 

Turkish by the first author. Then, an instructor from the Basic English Department at Middle East 

Technical University reviewed the translated MPEX-II, and according to the instructorôs corrections, 

the necessary revisions were made. Third, three instructors from the Faculty of Education who know 

the English version of the MPEX-II examined the corrected translation. They evaluated the translated 

survey whether the items were translated correctly and the translated items carried the same meanings 

as the English items did. The first instructor suggested corrections on 15 items, the second instructor 

recommended editing 18 items and the third instructor proposed suggestions on 25 items. Twelve 

items were common items on which all instructors asked corrections. The researcher synthesized all 

common recommendations and the survey was edited further considering the instructorsô all 

suggestions. Finally, a teacher teaching Turkish in a high school reviewed the Turkish version to 

correct grammatical errors and check whether the statements would be clear to high school students.  

 

The Turkish version of the MPEX-II was administered to 505 (270 female, 235 male) tenth grade 

students at four public high schools in Etimesgut, a district of Ankara. This sample included 270 

females and 235 males whose ages ranged from 15 to 17. The survey was further revised in terms of 

structure and grammatical errors according to responses of students in the pilot study to improve 

clarity of the items. The final version of the Turkish MPEX-II was given in Appendix A. Yerdelen-

Damar et al. (2012) applied the resources and beliefs frameworks to the psychometric analyses of the 

Turkish MPEX-II to describe how researchersô understandings of the form of studentsô 

epistemologies affect the researchersô decisions about development and refinement of surveys. 

Current psychometric analyses based on the idea that the good item should be well correlated with the 

other items hypothesized to be assessing the same construct. In other words, it endorses the beliefs 

frameworkôs idea that the studentsô epistemological understandings are consistent across contexts in a 

domain. Therefore, low-correlated items should be excluded from the survey. However, if the results 

of psychometric analyses are interpreted in the resources framework, items weakly correlated to other 

items might be used as indicators that different contextual cues embedded into different items might 

trigger different nets of epistemological resources. The psychometric analyses of the Turkish MPEX-

II indicated that some items were poorly correlated with the other items in the same construct. These 

were Items 10, 19, 23, 27, and 28, which are the coherence items, Item 28, which is also the concepts 

item, and Item 32, which is the independence item. According to Yerdelen-Damar et al. (2012), if the 

resources framework is taken very seriously, carrying out the psychometric analyses for instruments 

is not necessary. Since the present study endorses the resources framework, instead of excluding the 

uncorrelated items from the survey, these items were kept in the survey. However, the researcher of 

present study provided Cronbachôs alphas for each instruments to reach as wide an audience as 

possible. In other words, the researcher tried to make the results of the present study acceptable to 

other researchers who do not advocate the resources framework. Only Items 1, 26 and 32 were not 

used in this study to short survey for saving completion time. In addition, for three multiple choice 
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items, 27, 28, and 31, students were asked to explain their choices. Studentsô explanations were used 

to test whether studentsô reasons for selecting a particular choice support that selected choice. In this 

study, it was observed that all explanations supported their respective choices. The possible maximum 

score which students can obtain was 145 while they can get 29 as the possible minimum score on the 

short form of the MPEX-II used in this study. The higher scores imply more sophisticated 

epistemological stance in physics. Cronbachôs alphas were estimated as 0.64 for the PREMPEX and 

0.72 for the POMPEX.  

 

3.3.2 Force and Motion Achievement Test 

 

The Force and Motion achievement Test-I (FMAT-I) and Force and Motion achievement Test-II 

(FMAT-II) were developed using the existing measuring tools in the literature. First, the objective list 

in Turkish high school physic curriculum (THSPC) was revised considering Bloom taxonomy, 

limitations and explanations suggested by the THSPC commission. The first version of objective list 

for the FMAT-I and II are given in Appendix B1. Second, the existing conceptual measuring tools are 

the Force Concept Inventory, FCI, (Hestenes, Wells, & Swackhamer, 1992), the Force and Motion 

Conceptual Evaluation, FMCE, (Thornton & Sokoloff, 1998), the Test of Understanding Graphs-

Kinematics, TUG-K (Beichner, 1994) and the Mechanics Baseline Test, MBT (Hestenes & Wells, 

1992). These tools were examined and some of the questions were selected according to the objective 

list. The researcher searched the Turkish version of these conceptual measuring tools. The Turkish 

FCI adapted by Temizkan (2003), the Turkish TUG-K adapted by Delialioglu (2003) were used. The 

questions from the FMCE were translated into Turkish by the researcher of this study. Third, physics 

education research groupsô web pages were searched to reach the questions they developed for their 

research studies. Finally, the researcher wrote questions for the rest of objectives. In the developed 

test, different types of questions including multiple-choice, true false, matching, and open-ended type 

of questions were used to improve the reliability and validity of test results.  

 

Since the force and motion unit is quite long, the test was divided into two comparable parts as the 

FMAT-I and II according to the number of objectives. The first versions of the FMAT-I and II are 

given in Appendix B2 and B3, respectively. To check the content and face validity, two tests were 

examined by three Ph.D students and one instructor in physics education at the Middle East Technical 

University by using the tables of test specification (see Appendix B4 and B5) and evaluation criteria 

developed by the researcher. The evaluation criteria are presented in Appendix B6. The evaluators 

were asked to respond to four questions to assess whether the questions were properly matched with 

objectives; the levels of objectives were correct in terms of the Bloom taxonomy, and the levels of 

questions were appropriate for tenth grade students. Moreover, the last question of the criteria asked 

whether the researchers wanted to add additional information related to the tests and objective lists. 

The suggestions of the evaluators for the FMAT-I are summarized as follows; 

 

 Question-objective matching. No evaluators mentioned a problem in the matching of 

questions to the objectives. 

 Levels of objectives. The evaluators suggested changes on the levels of some objectives 

(Objectives 1.3, 2.2, and 2.3) with respect to the Bloom taxonomy. The researcher examined 

these objectives again and edited them considering suggested modifications. The second 

version of objective list for the FMAT-I is given in Appendix C1. 

 Difficulty level of the questions. According to all evaluators, the difficulty level of the 

questions is appropriate for tenth grade students. 

 Other suggestions. The evaluators made suggestions for the directions of each section of the 

test, punctuations, and grammatical errors. They also made recommendations to improve the 

clarity of the questions (Questions 6-12, 22, 23, 27, 28, 31, and 32). All suggestions were 

applied to the test. The second version of the FMAT-I is given in Appendix C2.  

    

At the following recommendations were made by the evaluators for the FMAT-II;  

  

 Question-objective matching. Questions 12, 13, 14, 15, and 16 had been matched with 

Objective 1.1. However, one evaluator suggested they should have matched to Objective 1.3. 

Moreover, Questions 9 and 10 had been matched with Objective 2.4 but they were suggested 

being matched with Objective 2.1. The researcher made suggested changes in the table of 

test specification (see Appendix C3 for the second version of the table of test specification 

for the FMAT-II ). 
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 Levels of objectives. Taking into account evaluatorsô remarks, the researcher modified the 

levels Objectives 1.10 and 3.3. The second version of the objective list for the FMAT-II was 

presented in Appendix C4. 

 Difficulty level of questions. All evaluators claimed that tenth grade students were able to 

answer the questions. 

 Other suggestions. Some punctuation and grammatical errors were noticed by the evaluators. 

They made suggestions about the directions of each section in the FMAT-II. To promote 

clearness of the questions, one evaluator suggested modifications on Questions 12-21, and 

31. All suggestions of the researchers were evaluated and necessary changes were carried out 

the questions. The second version of the FMAT-II is given in Appendix C5. 

 

3.3.2.1 Pilot Study 

 

The both achievement tests had not been piloted to tenth grade students since the treatment was 

conducted the force and motion unit which new THSPC included. Put it differently, this new unit was 

taught at the first time when the treatment of the study was implemented. Thus, there was no tenth 

grade students who had been taught all concepts covered in the new force and motion unit. Therefore, 

12
th
 grade students who had been instructed all concepts when the pilot study was conducted were 

selected for the pilot study. As mentioned before, the present study was conducted at two ATTHSs in 

Ankara. These schools accept the students who succeed a very competitive high school entrance 

exam. That means the FMAT-I and II were supposed to be administered in the main study to the 

successful students. The students in the pilot study are expected to be comparable to the students in 

the main study in terms of success. Hence, two Anatolian high schools whose successes were similar 

to success of the main study schools were chosen, conveniently. The FMAT-I was piloted to 84 (36 

Female, 48 Male) 12
th
 grade students from one Anatolian high school at Diskapi, a district of Ankara 

while the FMAT-II was piloted into 83 12
th
 grade students from an Anatolian high school at ¢ankaya, 

a district of Ankara. The followings explain what the researcher carried out to get more reliable and 

valid tests. 

 

 The FMAT-I and II were administered to students by the researcher. The researcher 

determined the questions not understandable to students and checked whether students could 

complete the test in one-hour class time (45 minutes). It was observed that some questions 

were not clear for the students and the time was not enough for both tests. The researcher 

edited these questions in terms of format and grammar considering the reactions of the 

students.  

 Overall descriptive statistics for true-false questions in both tests indicated these questions 

were answered by most of students. Therefore, the researcher changed the format of some of 

these questions into multiple- choice.  

 The researcher ran the ITEMAN statistical data analysis program for multiple-choice and 

matching type of questions in both tests. The ITEMAN results are given in Appendix D. The 

questions were evaluated in terms of item difficulty index (p), the proportion of examinees 

who answered item correctly and discrimination index (Point biserial correlation index) 

indicating how effectively the item discriminates between examinees that are relatively high 

on the criterion of interest and those who are relatively low (Crocker & Algina, 1986). 

 Using the ITEMAN results for multiple-choice and matching type of questions and overall 

answering rate for true-false and open-ended type questions, the researcher edited or 

removed some questions from both tests. 

 

Results of the ITEMAN for the FMAT-I. The FMAT-I applied in the pilot study included the 

questions (Questions 1, 34, and 36) related to ñthe vector topicò covered in the force and motion unit; 

however, according to the ITEMAN, the difficulty index and the point- biserial index of Question 1 

were not in the acceptable range. Most of students correctly answered this question, which means this 

question was not good for discriminating students. Question 34 and 36 were true- false type of 

questions and these questions were answered correctly most of students as well. After discussing 

these questions to a high school physics teacher, the teacher claimed that this result was reasonable 

since the vector questions are generally solved by most of students. Since the 45 minute-time also was 

not enough for the FMAT-I, the researcher decided not to include the vector topic in the scope of the 

present study. The main study was conducted after the teachers taught the vector topic.  
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After excluding Question 1, the ITEMAN results for the FMAT-I indicated that the item difficulty 

and discrimination indices were in the acceptable level. All alternatives worked well except for those 

of Question 11. In this question, one distracter was selected similar rate as the correct alternative was. 

The distracter was examined again and it was observed that it did not contain any information that 

might lead students to select the distracter for Question 11. Therefore, it was decided to keep this 

distracter among the alternatives of Question 11. Table 3.4 indicates the number of students taking the 

FMAT-I in the pilot study, the number of multiple-choice and matching type of questions entering the 

ITEMAN, the values of item difficulty, discrimination indices, and alpha and descriptive statistics of 

test scores. 

 

 

 

Table 3.4 Summary statistics related to the ITEMAN for multiple-choice and matching type of 

questions of the FMAT-I in the pilot study 

 

N of Items           18 

N of Examinees       84 

Mean              6.440 

Std. Dev.         3.472 

Skewness              0.879 

Kurtosis          0.490 

Alpha             0.765 

SEM               1.683 

Mean P            0.358 

Mean Biserial     0.632 

 

 

 

Results of the ITEMAN for the FMAT-II. The difficulty and discrimination indices were at the 

acceptable level for the questions in the FMAT-II according to the item analysis. Only in Question 19, 

one distracter had a high rate selection. However, since any problem was not observed in the 

distracter, it was kept in Question 19. The number of students taking the FMAT-II in the pilot study, 

the number of multiple-choice and matching type of questions entering the ITEMAN, the values of 

item difficulty, discrimination indices, and alpha and descriptive statistics of test scores are presented 

in Table 3.5  

 

 

 

Table 3.5 Summary statistics related to the ITEMAN for multiple-choice and matching type of 

questions of the FMAT-II in the pilot study. 

 

N of Items           21 

N of Examinees       84 

Mean             13.476 

Std. Dev.         4.148 

Skewness             -1.397 

Kurtosis          1.653 

Alpha             0.824 

SEM               1.741 

Mean P            0.642 

Mean Biserial     0.688 

 

 

 

Cronbachôs alphas were calculated for the objective-type questions in the FMAT-I and FMAT-II. 

Cronbachôs alpha was estimated as 0.76 for the FMAT-I and 0.82 for the FMAT-II. As said above, 

because of time limitation, some questions were excluded from both tests considering balance of the 

number of question for each objective. (see Appendix E1 for the final version of the objective list and 

Appendix E2 and E3 for final version of the tables of test specification for FMAT-I and FMAT-II, 

respectively). Finally, the FMAT-I includes 27 questions which are 3 multiple-choice, 13 matching, 
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and 11 open-ended type questions while the FMAT-II is comprised of 31 questions which are 10 

multiple choice, 10 matching and 11 open-ended type of questions. The final version of FMAT-I and 

II are given in Appendix E4 and E5, respectively. 

 

Table 3.6 indicates the source of the question of the FMAT-I used in the main study. As mentioned 

before, some questions were taken from the studies conducted by the physics education research 

groups (PERG). Questions 17-20 were adapted from the Tutorials in Introductory Physics 

(McDermott, Shaffer, & the Physics Education Group, 2002) and Questions 21 and 24 were taken 

from the Open-Source Tutorials (OST), developed by University of Maryland Physics Education 

Research Group. Similarly, Questions 22 and 23 were adapted from the achievement tests developed 

by the Colorado Physics Education Research Group.    

 

 

  

Table 3.6 The source of the questions in the FMAT-I 

 

Source  Questions 

FCI 1, 3 

MBL 2 

FCME 4-16 

PERG-Developed 17-24 

Bowden, DallôAlba, & Martin (1992) 25, 26 

Researcher-Developed 27 

 

 

 

The sources of the questions in the FMAT-II  are presented in Table 3.7. Questions 2 and 16-28 were 

adapted from the studies conducted by the physics education research groups (PERG). Question 2 

was adapted from the Peer instruction book (Mazur, 1997). Questions 16-20 were adapted from 

Teaching Physics with the Physics Suite (Redish, 2003). Questions 21-26 were adapted from the 

achievement tests developed by the Colorado Physics Education Research Group. Questions 27 and 

28 were taken from the OST. 

 

 

 

Table 3.7 The sources of the questions in the FMAT-II  

 

Source  Questions 

FCI 6, 8 

TUG-K 1, 3, 4, 5 

FCME 11-15 

PERG-Developed 2, 16-28 

OSS Exam 7 

Researcher-Developed 30, 9, 10, 29, 31 

 

 

 

3.3.2.2. Main Study 

 

The ITEMAN results for the POFMAT-I and II. The ITEMAN analysis was carried out for the 

objective type of questions in the POFMAT-I and POFMAT-II as well. The results are given in 

Appendix F. The number of students taking the tests , the number of objective type of questions 

entering the ITEMAN, the values of item difficulty, discrimination indices, and alpha, and descriptive 

statistics of test scores of the POFMAT-I and POFMAT-I are given in Table 3.8 and Table 3.9, 

respectively. All difficulty and discrimination indices were at acceptable levels and all alternatives 

worked well. Cronbachôs alphas estimated for multiple- choice questions in the FMAT-I and the 

FMAT-II were 0.77 and 0.87, respectively. Cronbachôs alphas were calculated for all questions in the 

FMAT- I and II as well. The alphas are 0.90 for the FMAT-I and 0.88 for the FMAT-II. 
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Table 3.8 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-I 

in the main study 

 

N of Items           16 

N of Examinees      105 

Mean              4.810 

Std. Dev.         3.269 

Skewness              0.662 

Kurtosis         -0.478 

Alpha             0.772 

Mean P            0.301 

Mean Biserial     0.673 

 

 

 

 

Table 3.9 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-II 

in the main study 

 

N of Items           20 

N of Examinees      107 

Mean             12.318 

Std. Dev.         4.854 

Skewness             -0.448 

Kurtosis         -0.606 

Alpha             0.866 

Mean P            0.616 

Mean Biserial     0.701 

 

 

 

The keys for objective type of questions are given in Appendix G. The correct choices were coded as 

one and the distracters were scored as zero on these types of questions in the analyses of the study.  

 

The open-ended questions in the FMAT-I and II were graded by applying analytic and holistic 

scoring rubrics. The analytic scoring is ñthe assignments of scores to individual components of a 

performance or productò while the holistic scoring ñthe assignment of a score based on an overall 

impression of a performance or product rather than consideration of individual elementsò (Gronlund 

& Waugh, 2009, p. 227). In this study, most of open-ended questions consisted of two parts. The first 

part involved providing a short answer to the question while the second part requested students to 

explain their reasoning for the short answer. Considering these parts, the general analytic scoring 

framework was generated (see Appendix H1). This framework included the categories and sub-

categories formed employing different combination of short answers and explanations. For example, 

the studentsô responses having both a correct short answer and an explanation were assigned to the 

first category (Code A) while the responses having both a short answer and an explanation but both or 

one of them were not completely correct were assigned to the second category (Code B). Moreover, 

the specific analytic scoring rubrics were created for each question relied on this framework. 

Questions 22, 23 and 24 in the FMAT-I and Questions 24, 29, and 30 in the FMAT-II were graded 

using holistic scoring rubrics because the answer patterns of these questions were different from the 

other questions scored with the general analytic scoring framework. Both analytic and holistic scoring 

rubrics were revised after examining all studentsô answers to open-ended questions in the PREFMAT-

I, POFMAT-I and POFMAT-II so that all possible responses could be taken into account before the 

questions were graded. The scoring rubrics for all open ended questions in the FMAT-I and II are 

given in Appendix H2 and H3, respectively. On the rubrics, the possible maximum score was three 

and the possible minimum score was zero for the categories. Each rubric consisted of the categories 

and subcategories, the scores of the sub-categories. Studentsô answers exemplifying each category in 

the scoring rubrics are given in Appendix H4. The frequencies and the percentages of studentsô 

responses which were assigned to each subcategory are presented for the experimental and control 

groups in Appendix H5 for the PREFMAT-I, in Appendix H6 for POFMAT-I and in Appendix H7 

for POFMAT-II.     
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3.3.3 Classroom Observation Checklist 

 

The researcher developed a classroom observation checklist relied on the accepted theories of 

metacognition, epistemology and the learning cycle to control whether the EM-7ELC was properly 

implemented in the experimental classes and the TI was applied in the control classes. In other words, 

the classroom observation checklist was used for treatment verification. As seen in Appendix I, the 

observation checklist was developed considering the whole parts of the instruction based on the EM-

7ELC. Since all parts of the EM-7ELC cannot be completed in one class hour, for being able to fill a 

checklist as a whole, the observer should participate in all classes in which a particular activity based 

on the EM-7ELC is completed. 

 

The classroom observation checklist, presented in Appendix I, includes 23 items. The researcher 

benefited from the study of Keser (2003) when wrote Item 12 and 22. The other items were developed 

by the researcher. There are three answering options as ñyesò, ñpartiallyò and ñnoò in the checklist. 

Some of items are intended for both instructions while some are developed for only the experimental 

or comparison instruction. Item 13 and 14 can be observed in both experimental and control group. 

Moreover, Items 7 and 23 are designed only for the comparison instruction while the rest of other 

items are aimed for only the treatment instruction.  

 

Several lessons in both experimental and control groups were observed by using this checklist. Some 

of observations were conducted by two observers (one is the researcher and the other is a Ph.D 

student in the department of Secondary Science and Mathematics Education at METU) to calculate 

the inter-rater reliability coefficient which was used as an indicator for whether researcher alone can 

make the reliable classroom observations. The correlation coefficients between the observation 

checklist data of two observers were calculated (r=0.96 for the control group and r=0.82 for the 

experimental group). Because correlations between two observersô data were at acceptable levels, the 

researcher conducted other observations, individually.  

 

During treatment, force and motion unit was completed in 36 class hours in the experimental and 

control groups. Since there were four classes, two experimental classes and two control classes, the 

total instruction time of four classes was 144 class hours. In the experimental classes, seven 

observation checklists were completed in 30 hours and control classes were observed using five 

observation checklists in 21 hours. Considering these time periods, approximately, 35 percent of 144 

class hours were observed by the researcher.  

 

To support treatment verification, the researcher explored how the teachers and the students 

differentiated the instruction based on the EM- 7ELC from the TI. Specifically, the researcher asked 

both teachers and the students to answer the question of ñHow does the learning method used in force 

and motion unit differ from the methods used in the previous units?ò. Furthermore, the researcher 

asked the teachers ñWhat main difficulties they met in the implementation of the EM-7ELC?ò. These 

two questions were adapted from the study of Serin (2009). Thirty six students in the experimental 

group reported their perceptions about the EM-7ELC, in written. The perceptions of two teachers who 

implemented the EM-7ELC were taken with interview. The researcher interviewed the teachers at the 

end of the treatment for 10- 20 minutes in their schools.     

 

3.4 Instructional Materials 

 

Instructional materials including, activity sheets, teacher guides, homework sheets and the concept 

map drawing  guide are discussed in this section.    

 

3.4.1 Activity sheets 

 

The researcher developed activity sheets for the implementation of the EM-7ELC (see Appendix J, 

for the activity sheets). The activity sheets were the main instructional materials on which students 

worked as a group of four or five in whole class time. They consisted of seven main parts 

corresponding to seven phases of the 7E learning cycle. Each part was integrated with metacognitive 

and epistemological components.    
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For epistemological activities, the Open-Source Tutorials (OST), developed by University of 

Maryland Physics Education Research Group, were mainly utilized. The OSTs were incorporated into 

the treatment in different ways. One way is to use tutorial sheets with minor changes (e.g., changing 

their order, excluding some parts, or rewording in terms of a particular topic). Another use is to 

develop epistemological activities similar to the activities used in the OST. The strategies used in this 

study and their short descriptions are as follows; 

 

Mistake catching lessons. This strategy helps students realize the importance of thinking their own 

mistakes. It is a metacognitive tool because students explicitly think their own thinking processes. In 

this study, students employed this strategy when their predictions about a physical phenomenon did 

not match their observations. Student used this strategy to reconcile their intuitive knowledge to their 

observations. Specifically, using this strategy, students who made a mistake in their predictions wrote 

what they were thinking before experiment and how they could modify their thinking to avoid the 

mistake in the future.  

 

Checking for consistency. Checking for consistency is used to lead students to realize that physics 

knowledge as a coherent system of ideas rather than unrelated bits of facts. Using this strategy 

students used the idea which she knows it is correct to check the other knowledge which she is not 

sure (Hammer & Elby, 2003; Redish & Hammer, 2009). For example, the student is sure that her 

velocity versus time graph is correct but she is not sure about her position versus time graph. When 

she is aware of physics knowledge is consistent with one another, she might use velocity versus time 

graph to check the correctness of the position graph. 

 

The implication game. In the implication game, for instance, we have the idea that we are not sure it 

is true or not. Then, we consider its implications. If its implication lead us to something conflicting 

with other physics knowledge, we cannot accept it. If its implication leads us to something compatible 

with other physics knowledge, we can accept it (Redish & Hammer, 2009). 

 

Refinement lessons. Another strategy used in this study is ñRefinement lessonò. This strategy is 

developed by Elby (2001) to guide students to understand that learning physic involves refining oneôs 

intuitive ideas in order to reconcile them with the physics rather than putting them aside. In this 

strategy, students are provided two groups of questions. In the first group of questions, studentsô 

intuitions lead them wrong answer while in the second group of questions, the same intuitions lead 

them to correct answer. Then, students are guided by using refinement diagrams to discuss what 

makes these situations different to come up with the idea that the reason of their wrong answer is not 

because of incorrect raw intuition; instead, it is because of incorrect refinement of a useful raw 

intuition. For example, in the Newtonôs second law topic a refinement diagram (see Figure 3.1) 

indicates an example of these refinement diagrams used in Tutorials in Physics Sense-Making 

developed the University of Maryland Physics Education Research Group.   

 

 

 

 
Figure 3.1 A refinement diagram is used in Tutorials in Physics Sense-Making 
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Epistemologically prompted small and whole group discussions. In these discussions, students 

prompted to discuss explicitly epistemological issues related to physics knowledge and learning. For 

example, in the present study, after students got ñ F= maò the mathematical expression of Newtonôs 

second law by making an experiment, they discussed the following question; 

 

(Work individually) Which of the following best expresses your view about the relationship 

between physics formulas and common sense? (You can choose more than one.) 

 Many physics concepts make a lot of sense and connect to everyday experience; but 

formulas are more of a problem-solving tool than a sense-making tool. 

 It really depends on the formula.  Some of them make sense, but you shouldnôt 

expect them to make sense as a general rule. 

 In general, physics formulas express some kind of common-sense ideas. 

Compare your answers with the rest of your group. If there was disagreement, have a 

debateðnot to convince each other, but to understand each othersô views.  If someone makes 

a good point that disagrees with what you initially thought, summarize that point here. 

 

Metacognitive strategies are the strategies which direct or stimulate students to engage in 

metacognitive thinking processes. Metacognitive strategies employed in the present study are 

summarized as follows: 

 

Metacognitive prompts. They are used to encourage students to engage in metacognitive processes 

such as planning, reflection, monitoring, evaluation of their own learning, or providing self-

explanation. Prompts can be employed as scaffold to direct studentsô metacognitive thinking. One 

advantage of prompts is that they can stimulate students make their own thinking explicit, which can 

lead students to evaluate and revise their own thought processes, further (Lin & Lehman, 1999). Self-

monitoring and reflection prompts might provide conceptual guidance, help students to produce self-

explanation, and enhance reflection that students usually disregard (Chin & Brown, 2000). 

Researchers have used prompts in different formats. They can be in questions or question stems and 

starters (King, 1989, 1990, 1992, 1994), and sentence starters (Conner & Gunstone, 2004; Davis, 

2003, Scardamalia, Bereiter, & Steinbach, 1984). An example of the questions prompt can be ñwhat 

do I know about this topic?ò. An example of sentence starter can be ñMy difficulties in this topic 

areéò Students can be exposed to prompts verbally or in written in different periods of lesson by 

teachers or their friends. In the present study, the question and sentence starter prompts were 

employed. Students were prompted verbally or in written.   

 

Concept mapping. Graphic organizer is a visual representations used in instructional materials to 

communicate logical structure of the instructional material (Jonessen, Beissner, & Yacci, 1993 as 

cited in Trowbridge & Wandersee, 1998). Some examples of graphic organizers are fishbone 

diagram, concept map, flow chart and Vee diagram (Trowbridge &Wandersee, 1998). Concept map is 

the most used graphic organizer. It is ña knowledge representation tool showing concepts and explicit 

prepositions forming a hierarchical structureò (Novak, 2002, p. 552). Trowbridge and Wandersee 

(1998) defined concept map as a metacognitive tool to help learners restructure their cognitive 

frameworks into more powerful integrated patterns. Many researchers indicated effectiveness of 

concept mapping (e.g. Chang, Sung, & Chen, 2002; Guastello, Beasley, & Sinatra, 2000). Concept 

mapping was used only in Activity 1 although it had been planned to be used in more than one 

activity sheet. However, it was observed that constructing concept map with group discussion took 

more time than planned. Therefore, the researcher used small group discussions in which question 

prompts were utilized instead of concept map applications.  

 

Some experiments in activity sheets were adapted from the experiments in the book, RealTime 

Physics Active Learning Laboratories Module 1: Mechanics (Sokoloff, Thornton, & Laws, 2004). 

The others were obtained from previous research on force and motion. But before and after these 

experiments some metacognitive and epistemological activities were added considering the 

commitment to the accepted theoretical frameworks.  

 

The researcher of the present study mostly benefited from well-known curricular documents in physic 

education such as the University of Washington tutorials and Eric Mazurôs peer instruction book for 

the conceptual questions which are used in the activity sheets and homework. In addition, the 

researcher made internet search on physic education research group websites to find out whether they 

provide any conceptual questions developed and used in their research studies. In that time, only two 
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research groups provided access to their materials: University of Maryland Physics Education 

Research group and The Physics Education Research Group at Colorado. All conceptual questions 

were modified considering resources framework.  

 

The format of sheets was created to guide students what they were expected to do individually or in 

small or whole group without so much intervention of a teacher. The sheets were organized in such a 

manner that students could take notes and solve questions on them. 

 

3.4.2 Teacher Guides 

 

Two types of the teacher guide were developed for this study. The first one is the general guide which 

contains general information about the EM-7ELC and how the teacher implements this learning 

strategy. The general teacher guide is given in Appendix K. In this guide, first, how metacognitive 

and epistemological activities are integrated with the 7E learning cycle stages is summarized in a 

table. Second, the 7E learning cycle model and the expected activities in seven phases are explained. 

Then, metacognition, the characteristics of metacognitive students and the metacognitive activities 

used in the current study are summarized. Finally, epistemology in physics and what epistemological 

activities would be employed in this study are summarized. 

 

To train teachers how to implement the treatment, the researcher met each teacher individually two 

weeks before the treatment. The general guide was sent to the teachers by e-mail one week before the 

meeting so that they could study on the guide for discussion. In the meeting, the researcher and the 

teacher discussed about implementation for about 2 hours using general teacher guide.  

 

The second type of teacher guides were developed for each activity sheet to help teacher implement 

the activity-sheet as intended. The teacher activity guides are given in Appendix L. They include the 

objectives covered on each activity sheet and the important points for each section of the sheet. The 

researcher sent each guide and the related activity sheet to the teachers by e-mail one week before the 

application of the activity sheet. Before each lecture in the experimental group, the researcher and 

teachers met and discussed related activities carried out in that lecture. These meetings were held in 

the physics laboratory and they took approximately 20-30 minutes.      

 

3.4.3 Homework Sheets 

 

Each activity sheet had homework including two sections. The first section included conceptual 

questions having three parts, the aim of which is to activate studentsô intuitive physics knowledge and 

direct students to reconcile their everyday intuitive knowledge to formal physics knowledge. The idea 

behind this section of homework comes from David Hammer who used this type of strategy in his 

epistemologically oriented course (Hammer & Elby, 2003). The second section included some 

metacognitive prompts to guide students to think their own conceptual and epistemological 

understandings. Homework sheets are given in Appendix M. 

     

3.4.4 Concept Map Drawing Guide 

 

The present study required students to draw concept maps as a metacognitive tool in Activity 1. 

Specifically, they drew concept maps at the beginning and at the end of the activity. However, the 

students in this study had not known so much how to draw the concept map. Thus, before the 

treatment started, the students in the experimental groups were trained about the concept map using 

the concept map drawing guide for one class hour. This training was conducted in studentsô 

counseling course. The purpose of this training was to teach students how to draw a concept map 

before the treatment so that the problems related to concept map drawing could be decreased in the 

implementation of the EM-7ELC. This guide includes the information about what the concept map 

and its elements are, how it is drawn, and the importance of concept mapping (see Appendix N). 

 

3.5 Research Design 

 

As it is not possible to randomly assign subjects to the experimental and control groups, a quasi-

experimental design (non-equivalent control group design) was used in this study. The intact classes 

were randomly assigned into the experimental and control groups. The groups were statistically 

matched on some related variables using the covariance analysis. Therefore, the matching-only 
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pretest-posttest control group design was employed (Fraenkel & Wallen, 2000). Table 3.10 indicates 

the research design of the study. According to this design, first, the FMAT-I and MPEX were applied 

into the experimental and control groups as pre-tests one week before the treatment at the first week 

of November. Then, the experimental group was instructed by the EM-7ELC while the control group 

was taught by the TI until the last week of January. In the same week, the FMAT-I was administered 

into both groups as a posttest. In this treatment period, force concept, the Newtonôs first and second 

laws, relative motion topics were covered. At the beginning of the second semester, the treatment of 

the study started again and it continued until the last week of March. Finally, the FMAT-II and 

MPEX were applied as post-tests immediately after the treatment in the same week. The topics 

covered in the second treatment period included motion in one and two dimensions, Newtonôs third 

law and inertia.  

 

 

 

Table 3.10 Research design of the study 

 

Group Pretest Matching Treatment Posttest Treatment Posttest 

EM-7ELC Group  FMAT-I 

MPEX 

Statistical 

matching 

Instruction based on 

the EM-7ELC 

FMAT-I Instruction based 

on the EM-7ELC 

FMAT-II  

MPEX 

Control Group FMAT-I 

MPEX 

Statistical 

matching 

TI  FMAT-I TI.  FMAT-II  

MPEX 

 

 

 

3.6 Procedure 

 

First of all, the research problem of the study was determined. A detailed review of the literature was 

conducted using the key words given in Appendix O and different combination of these keywords. 

After the keywords were determined, Educational Resources Information Center (ERIC), ProQuest 

Dissertations and Theses, the METU Library Theses and Dissertations Archive, METUnique search, 

Google Scholar which are general resources, were searched systematically. MS and PhD thesis made 

in Turkey were also searched using Turkish Council of Higher Education National Thesis 

Center/Database. The related studies were read and summarized. For literature review for research 

studies investigating the effectiveness of the learning cycle, metacognitive or epistemological 

instruction, the only experimental studies and the studies providing full-text access were taken into 

account in the present study.  

 

The population and sample of the study were determined in terms of having micro-computer based 

laboratory tools. Since all schools do not have this opportunity, the schools having these materials 

were searched. It was found that the ATTHSs had these laboratory tools. Then, population of the 

study was decided to be tenth grade students at the ATTHSs in Ankara. According to the population 

of the study, the necessary permissions from the Ethics Committee in Middle East Technical 

University and Ankara Directorate of National Education were taken for the all ATTHSs in Ankara. 

Two schools were selected out of nine ATTHSs in Ankara in terms of having two science tenth grade 

classes. 

 

To probe studentsô epistemological understandings in physics, the epistemological surveys were 

searched. The MPEX-II was decided by considering the accepted theoretical framework of 

epistemology for this study and the grade level of sample of the study.  

 

After force and motion unit was decided, the researcher revised the objective list for this unit, then, 

the FMAT-I and II were developed. The both tests were piloted and revised before the main study.  

 

The activity sheets, homework for each activity sheet, the general teacher guide, and the teacher 

guides for each activity sheet, the concept map drawing guide were developed. 

 

Since micro-computer based laboratory materials are used in this study, the researcher spent almost 

two weeks to learn these tools, individually. After learning how to use these materials, the researcher 

took part in two workshops to train teachers from Anatolian teacher training high schools how to use 

these tools. One of the teachers in the present study had participated in one of these workshops; 

therefore, the researcher did not train this teacher again how to use the materials. However, the other 
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teacher had not taken part in the workshops, hence, the researcher trained this teacher how to use 

computer based laboratory tools before the treatment. Both teachers were trained how to implement 

the treatment as well. Furthermore, because students of the study had not used computer based 

laboratory tools, they were also given information about how to use these tools two weeks before the 

treatment.  

 

The treatment of the study was conducted in 2009-2010 academic year at two ATTHSs. First, the 

FMAT-I and MPEX were administered as pre-tests by the researcher one week before the treatment at 

the beginning of November. Then, the treatment was implemented until the end of the first semester 

of the academic year. The FMAT-I was employed as a posttest at the end of the semester. The 

implementation of the treatment was resumed in the beginning of the second semester and ended at 

the last week of March. After the treatment ended, in the same week, the FMAT-II and MPEX were 

administered as post-tests. The study took about four months excluding the pre and post-test 

administrations.  

 

The analytic and holistic scoring rubrics were formed to assess the open-ended questions in the 

FMAT-I and II. The data obtained by administration of the all instruments were entered into the Excel 

office program, then, they were analyzed using Statistical Package for Social Studies (SPSS) data 

analysis program. The results of the study were interpreted. The writing of the thesis was completed 

at the end of January.   

 

3.7 The Implementation of the Treatment 

 

First, the treatment implemented in the experimental classes is summarized; then the treatment in the 

control classes is explained in this section. 

 

3.7.1 Treatment in the Experimental Group 

 

As mentioned before, in the present study, epistemological and metacognitive activities were 

incorporated in the seven phases of the learning cycle. The integration of these activities is presented 

in Table 3.11. This table also demonstrates the phases of the 7E learning cycle, the other activities 

employed in each phase and the overall purposes of each phase of the EM-7ELC. It should be noted 

that the aims presented in the table indicate collective purposes of the activities used in each phase 

rather than indicating the purpose of a specific activity in each phase.  

  

 

Table 3.11 The phases of the 7E learning cycle, epistemological and metacognitive and other 

activities used in the each phase and the aims of each phase of the EM-7ELC. 

 

Phases Metacognitive, Epistemological and 

Other Activities 

Aim 

Elicit Concept Mapping  

Group Discussion led by metacognitive 

and epistemological prompts 

To help students be aware of their and their 

friendsô intuitive knowledge/ ideas about the 

topic. 

To have students support their reasoning.  

Engage Watching an animation 

Discussing on an cartoon 

Reading a scientific story 

Group Discussion led by metacognitive 

and epistemological prompts 

To attract studentsô attention to the topic. 

To have students make predictions. 

To have students support their reasoning.  

 

Explore Experiments were done with 

microcomputer-based laboratory tools 

and were directed by prompts 

To have students test their ideas 

Explain Group Discussion led by metacognitive 

and epistemological prompts 

Classroom Discussion led by 

metacognitive and epistemological 

prompts 

Mistake-catching strategy  

 

To have students discuss their findings and 

reach a conclusion. 

To have students compare their findings with 

predictions and in case of differences to have 

them provide an explanation why they are 

wrong in their predictions.  

To have students support their reasoning.  

To help students refine their own 

understanding.    
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Table 3.11(continued) 
 

Phases Metacognitive, Epistemological and 

Other Activities 

Aim 

Elaborate Group Discussion led by metacognitive 

and epistemological prompts 

To have students apply their knowledge 

obtained previous stages. 

To have students support their reasoning.  

 

Extend Group Discussion led by metacognitive 

and epistemological prompts 

Mistake-catching strategy  

Refinement diagrams 

Checking for Consistency 

Implication Game 

To help students refine their intuitive physic 

knowledge for reconciliation.   

To have students support their reasoning.  

 

Evaluate Concept Mapping  

Group Discussion led by metacognitive 

and epistemological prompts 

Mistake-catching strategy  

Homework including metacognitive and 

epistemological prompts.  

To help students to evaluate their own 

learning. 

To help students to reconcile their prior and 

current understanding.  

 

 

 

Some studentsô products are demonstrated in Appendix P. They exemplify some of activities 

explained above, such as their homework, concept maps, mistake catching strategy applications, and 

refinement diagrams.  

 

Table 3.12 shows metacognitive and epistemological activities employed in the present study and the 

activity sheets in which they were included. According to the table, the prompted small and whole 

group discussions were the most frequent activities whereas the concept mapping and implication 

game were the least frequent activities.   

 

 

 

Table 3.12 Metacognitive and epistemological activities and their occurrence in the activity sheets  

 

Metacognitive and Epistemological Activities 

A
c
ti
v
it
y
 1

 

A
c
ti
v
it
y
 2

 

A
c
ti
v
it
y
 3

 

A
c
ti
v
it
y
 4

 

A
c
ti
v
it
y
 5

 

A
c
ti
v
it
y
 6

 

A
c
ti
v
it
y
 7

 

A
c
ti
v
it
y
 8

 
Group Discussion led by metacognitive and epistemological 

prompts 

X X X X X X X X 

Concept Mapping X        

Classroom Discussion led by metacognitive and epistemological 

prompts 

X X X X X X X X 

Mistake-catching strategy  X X X X X X X 

Refinement Diagrams  X X    X  

Checking for Consistency  X X X X X X  

Implication Game       X  

Homework including metacognitive and epistemological prompts. X X X  X X X  

 

 

 

At the outset of the treatment, the researcher and teachers constructed five heterogeneous groups of 

six or five students according to their previous physics achievement. The students were informed 

about whom they worked in the group at the first class of the treatment.  

 

In both experimental and control classes, the medium of the instruction was Turkish. For describing 

how the EM-7ELC to be implemented in the experimental classes, the application of Activity 2 in one 

of the experimental classes are explained in this section. Activity 2 is given in Appendix J and an 

example of Activity 2 sheet of a student is presented in Appendix P. Figure 3.2 shows the seating 
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arrangement of this class when they started Activity 2. The activity is related to ñrelative motionò 

topic lasted four 45-minute lessons.  

 

 
 

Figure 3.2 The seating arrangement of one of the experimental classes when they started Activity 2.   

  

 

 

In the beginning of Activity 2, the students entered to the physics laboratory and sat down around 

their group tables. The teacher distributed activity sheets to the students. The activity sheet included 

mainly seven parts corresponding to seven stages of the 7E learning cycle. The first part named ñLetôs 

show what we knowò consisted of two sub-parts: work individually and work together. In the work 

individually sub- part, the teacher asked the students to explain their reasoning on two questions. The 

first question was a conceptual question which is ñCan the velocity of a moving object be zero 

relative to another object? If so, give everyday examples and explain your reasoningò. The second 

question was an epistemological question aiming to help students think about the importance of 

thinking about their errors in learning processes. This question was ñIs important to think about our 

errors? Explain your answer.ò. After the students responded two questions, individually, the teacher 

requested the students to perform small group discussions in work together sub-part. The teacher 

urged them to discuss their answers to previous questions as a group. The students were prompted to 

explain why they think such a way and support their answers. In other words, the students were 

encouraged to explain their thoughts to provide causal explanations about the phenomenon. The 

teacher walked among five groups to guide all students to participate in discussion and to explain 

their reasoning using metacognitive prompts such as ñDo you agree with your friendsò, ñDoes your 

friendôs explanation make sense to youò. The teacher also warned the students not to change their 

previous answers they wrote in the work individually part. After they discussed the questions, some 

students wanted to learn answers of the questions. To respond them, the teacher said they would 

return these questions at the end of the activity and would discuss these questions again. The teacher 

also added that the important thing here was supporting their thoughts and sharing their ideas.  

 

The teacher asked the students if they finished their group discussion, they could started the second 

part called ñLetôs compare the velocities of Car A relative to Car Bò led the students to work 

individually and to make prediction about the detected motion of a car (Car A) relative to another car 

(Car B). In this part, the teacher asked the students ñConsider Car A and Car B with motion detector. 

In first situation, Car A moves and Car B is at rest. In the second situation, Car A moves toward Car 
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B and Car B moves toward Car A. The last situation, Car B moves toward Car A and Car A moves 

away from Car B. Every time, you give Car A the same brief push and Car B has constant velocity. 

Can you compare the velocity of Car A measured by the motion detector in three occasions.ò Some 

students wanted the teacher to explain three situations further. The teacher clarified what the 

questions asked and how motion detector worked. Then, the teacher again requested the students to 

compare the observed motion of Car A in the three different occasions and explain their reasoning. 

After students made predictions, the teacher said ñIn the next lesson, we will test our predictionsò and 

the first lesson for Activity 2 ended. 

 

The second lesson of Activity 2 conducted two days later. Since set up of microcomputer-based 

laboratory tools takes time, before the lesson, related tools were put on the studentsô tables. After the 

students arrived at their classroom, the teacher said ñin the previous lesson, we made predictions. 

Letôs test our predictions. Set up the experiments by following the set-up instruction in the activity 

sheet to test your predictionsò. The teacher helped them follow the instruction for the experiment. 

Some students had difficulty in getting clear velocity versus time graphs because of inappropriate use 

of the motion detector. The teacher helped these students how to get clear data by using motion 

detector. The students made the experiment to find out the measured velocities of Car A in three 

occasions. Using Car B with motion detector, they got velocity versus time graph for motion of Car A 

in each situation. The students used three different velocity versus time graphs to calculate average 

velocities of Car A and compared these velocities. The teacher checked whether all groups completed 

all parts of the experiment. After this, the second class was completed.  

 

In the beginning of the third class, the teacher requested groups to report their findings in the ñLetôs 

share our thoughtsò part. One student of each group shared their experiment results with classroom. 

The teacher directed the classroom discussion. After this discussion, the teacher explained relative 

motion using the studentsô expressions. At the end of this part, the teacher informed the students 

about a metacognitive strategy, mistake catching strategy. The students applied this strategy under 

sub-title ñLetôs Understand Our Mistakesò, to compare their predictions and the experiment results. 

And in case of differences, some students provided an explanation why they were wrong in their 

predictions. Then, the students started the ñLetôs elaborate what we have learnedò part to apply 

relative motion concepts. They worked on two questions in group. Similar to the other parts, the 

teacher guided the students to explain and support their reasoning in this process as well. The teacher 

walked around all groups and checked their answers. The teacher warned some students who did not 

participate in group discussions as well. After this part, the teacher said they would apply relative 

motion into two-dimension. Then, the students started the ñLetôs extend what we have learnedò part 

in which they worked on conceptual questions which required the students to work on situations 

different from the situations in the ñLetôs exploreò and ñLetôs elaborate what we have learnedò parts. 

The students first worked in group on conceptual questions which asked to apply the relative motion 

concept into the motion with two-dimension. The teacher directed the students in group works and 

ensured all groups solved the questions. Finally, teacher asked whether all students finished solving 

questions. This was the end of third lesson of Activity 2. 

 

Two days later, the students went on the second sub-parts of ñLetôs elaborate what we have learnedò. 

This part addressed explicitly the studentsô epistemological understandings in physics. The refinement 

strategy was employed. In this strategy, the students were provided two groups of questions. In the 

first group of questions, studentsô intuition that being ahead implies gone faster led most of them to 

wrong answers while in the second group of questions, the same intuition lead them to correct 

answers. More specifically, first, the teacher explained the students what intuitively answering 

questions meant. The teacher said ñwhen you intuitively answer a question, you do not use the 

physics knowledge you learn in the school. You use your intuition to answer questionsò. Some 

students said they could solve the question by using relative motion formula but teacher said for the 

first question (see Activity 2 in Appendix J), they were requested to answer, intuitively. The students 

responded the other related questions using formal physics knowledge. In the last question, they 

found out the motion of Car A to Car B using relative motion formula, and they were asked whether 

their response found in this question was compatible with the response they found intuitively. After 

all students individually answered all of three questions, the classroom discussion was carried for the 

first group of questions. The teacher asked the students to share their responses to three questions. 

Almost all students answered the first question wrong. They claimed that intuitively, Car A went to 

the east relative to Car B since Car A was ahead. However, they provided correct answer that the 

velocity of Car A was zero relative to Car B. In other words, most of students had contradiction 
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between the intuitive response and the response reached using the relative motion formula. After this, 

the students were requested to discuss what they do with the contradiction between common sense 

and scientific knowledge. The students were asked to explain their responses as well.  

 

Then, in ñthe refinement of intuitive knowledgeò sub-part, the students worked on the second group 

of questions. In the classroom discussion, it was seen that most of students did not have contradictions 

between common sense and scientific knowledge for the second group of questions. After students 

shared their answers, they were asked to think about two different results of use of their intuition 

(being ahead implies gone faster) in two different situations. Students were urged to discuss in group 

and in whole-class whether their intuition was correct, wrong or something else. After the classroom 

discussion, the teacher asked students to compare the displacement of Car A in two situations and to 

relate these displacements to the velocity of Car A. Students worked on this question in group. 

Finally, in the classroom discussion, the teacher summarized what students did and discussed 

everything from the beginning of the fourth lesson and to that time. Then, by using the refinement 

diagram (see Figure 3.3), the teacher guided students to discuss what made these situations different 

to come up with the idea that the reason of their wrong answer is not because of incorrect raw 

intuition (being ahead implies gone faster); instead, it is because of incorrect refinement of a useful 

raw intuition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 The refinement diagram for ñthe object ahead moves fasterò intuitive knowledge  

 

 

 

Finally, in the ñLets evaluate ourselvesò part, the same procedures in the ñLetôs show what we knowò 

part were followed by the students, but, in addition, they applied the mistake catching strategy after 

small group discussions. That is, the students worked on the same questions asked in the ñletôs show 

what we knowò part. After applying the mistake catching strategy, the teacher gave a homework 

which included two parts (see Appendix N for homework sheets). This is the time for the end of the 

relative motion topic. In the first part of the homework, students responded to a problem, then, they 

were asked how other people who donôt know physics might answer to this question and why they 

might respond like that. Finally, they answered whether there was a way to reconcile the common-

sense idea underlying othersô reasoning with their own reasoning in this case. In the second part, 

students were prompted to think about their own learning during relative motion unit. For example, 

they were requested to compare what they had known with what they knew in relative motion after 

Activity 2. In Appendix P, two studentsô homework sheets for Activitiy 2 are given to exemplify the 

studentsô answers in the homework.    

 

In general, in this activity, the students learned to interpret the motion of an object relative to another 

object and solved questions related to relative motion. Furthermore, students learned the application 

of the mistake catching strategy. They carried out discussions regarding thinking about their own 

errors, the cases in which their common senses (intuitive knowledge) contradict with formal physics 

knowledge, how incorrect refinements of raw intuitions lead students to making errors. 

 

 

The object ahead moves faster 

As long as the object ahead has a 

greater displacement than the 

following object for the same time 

interval, it moves faster.    

 

The object ahead always 

moves faster. 

Raw intuition 

Refined intuition 

? ? 
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3.7.2 Treatment in the Control Group 

 

Control group was taught by the traditional physics instruction in which the teacher was firstly 

explained the topic by lecture and then, teacher solved some example questions and asked the 

additional questions to students. Students were mostly in listener role, took note what the teacher said 

and writings in the blackboard. At the end of lessons, the teacher gave homework to students.  

 

Since this study did not investigate the effect of the microcomputer laboratory tools (MBL) , to control 

the effect of use of these tools, the students in the control groups were made experiments for some 

topics using these tools as well. At the beginning of the study, the researcher requested the teachers to 

conduct at least one experiment for each topic using the MBL tools. Moreover, the teachers discussed 

how they would use experiments in the control groups. However, the researcher did not give any 

written documents to the teachers related to these experimentation processes or other activities carried 

out in the TI. By taking into account the researcherôs request, the teachers had the students in the 

control groups make experiments after they explained the topic. The students did not make any 

predictions and the application of the mistake catching strategy. For example, for relative motion 

topic, the same experiment discussed above was conducted in the control groups after the teacher 

explained the relative motion and solved some examples. The teacher helped the students set up their 

experiments. After they finished the experiment, the teacher asked students their results and to write a 

report explaining what they did and found in the experiment. The students did not participate in 

prompted group and classroom discussions which were seen in the experimental groups.   

 

3.8 Analyses of Data 

 

First, the data gathered by the applications of the FMAT-I, FMAT-II and the MPEX as pre and post-

tests were entered to the Microsoft Excel file. The raw data are presented in Appendix Q. Then, the 

data were transferred to SPSS. Finally, the related variables were formed and analyses of the data 

were conducted. 

 

3.8.1 Missing Data Analysis 

 

According to George and Mallery (2003), if a particular subject or a certain variable has more than 15 

% missing data, it is recommended dropping that subject or variable from the analysis, entirely. If 

missing data proportion is less than 5 % of the whole data, they can easily replaced with the mean 

scores of the entire subjects for respective variables. The percentages for missing values were 

determined before starting analyses. 

 

The statistical analyses were done by using SPSS. The data were analyzed in two parts. Descriptive 

statistics were employed in the first part while inferential statistics were employed in the second part. 

 

3.8.2 Descriptive Statistics 

 

Descriptive statistics were utilized to summarize the data and to check the assumptions of the 

inferential statistics. The mean, standard deviation, skewness and kurtosis values for each variable 

which are the POMPEX, POFMAT-I, POFMAT-II, PREMPEX, PREFMAT-I, and TMT were 

created for all groups. Skewness and kurtosis values for each variable were employed to test 

normality assumptions of the inferential statistics. The mean and standard deviation were calculated 

to summarize the data and obtain overall information about the data. 

 

3.8.3 Inferential Statistics 

 

Inferential statistics were employed to generalize results from the sample to the population. Since 

intact classes participated in the study, Multivariate Analysis of Covariance (MANCOVA) would 

have used statistically to equate groups on covariates (gender, the PREMPEX, PREFMAT-I, and 

TMT). However, the homogeneity of regression assumption was not met for the achievement 

variable. Therefore, the multiple linear regression analysis was used to examine the influence of the 

instructional method (IM) on studentsô achievement in case of the interaction between the covariate 

and the IM. In other words, aptitude treatment interaction (ATI) analysis was conducted to get 

understanding about the nature of the interaction effect. ANCOVA was run to investigate the 
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effectiveness of the IM on studentsô POMPEX score when their gender, PREFMAT-I, TMT, and 

PREMPEX scores were controlled. 

 

3.8.4 Power Analysis 

 

Power analysis was made at the beginning of the study to determine the required sample size to reach 

the desired power. To find out the needed sample size, the procedures suggested by Cohen and Cohen 

(1983, p. 155) were utilized. First, they suggest setting the level of significance (Ŭ); the probability of 

making a Type I error, that is, the probability of rejecting true null hypothesis. The value of Ŭ was set 

to 0.05. Power, ñthe probability of rejecting the null hypothesis when it is falseò (Hinkle, Wiersma, & 

Jurs, 1998, p. 120.) was set to 0.80. After that, kB, the number of IVs in set B, group membership 

variables, was determined. The number of IVs is equal to ñg-1ò, g the number of levels of the group 

membership variables. In this study, group membership variable is the IM having two levels. Thus, kB 

was equal to one. Then the value of L was found as 7.85 using Ŭ (0.05) and power (0.80), and kB 

(1.00). Finally, the pre-set f
2
, index of effect size, was set to 0.15, medium effect size (Cohen & 

Cohen, 1983, p. 161) based on literature review. 

 

Cohen and Cohen (1983, p. 155) provided the following formula for determining sample size (n) ; 

 

n=( L/f
2
)
 
+kA +kB +1,  kA: the number of variables in set A, e.i., the number of covariates.  

 

In this study, the number of covariates was four. Using this formula, the required sample size for the 

desired power was equal to 59. On the other hand, the sample size used in the analysis of the study 

was 103. When this sample size was assigned to above formula, L was found as 14.55. According to 

L tables (Cohen & Cohen, p. 527), the calculated power was between 0.95 and 0.99 and close to 0.95.   

  

3.8.5 Unit of Analysis 

 

In this study, the unit of analysis was each student while experimental unit was each class in the 

study. For independence of observation, these two units should have been the same (Peckham, Galss, 

& Hopkins, 1969). Therefore, independence of observation was not met completely. On the other 

hand, independence of observation for data collection was tried to meet by not allowing students to 

interact with each other when they were tested. The researcher applied all instruments into groups in 

each school at successive class hours. 

 

 

3.9 Assumptions and Limitations 

 

The assumption of this study is: 

 All instruments of the study were seriously, consciously and truthfully completed by the 

students. 

 

The limitations of this study are: 

 The results of the study are limited to tenth grade students at ATTHSs. 

 The results of the study are limited to ñforce and motion unitò in tenth grade. 
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CHAPTER 4 

 

 

RESULTS 

 

 

 

This chapter is made of five sections related to the result of the study. In the first section, the data 

cleaning and missing data analysis of the study are summarized. The second section includes the 

discussion on the descriptive statistics of the scores on the variables in this study. Then, the results of 

the inferential statistics are presented in the third section. In the fourth section, the result of the 

observation checklist and the teachersô and the studentsô perceptions about the instruction relied on 

the EM-7ELC are discussed. Finally, the summary of results is given in the last section. 

 

4.1 Data Cleaning and Missing Data Analysis 

 

Before forming variables of the present study, the frequency tables were produced for each question 

or item in the instruments of the study to check whether all data were within the range of minimum 

and maximum scores. Examining of the tables indicated that there was no value outside of the ranges 

being considered in the study. The score of questions in the FMAT-I and FMAT-II changes between 

zero and three. The score of the items in the MPEX ranges from one to five. All frequency tables are 

presented in Appendix R. After the data cleaning, the variables of the study, namely, the PREFMAT-

I, POFMAT-I, POFMAT-II, PREMPEX, and POMPEX were computed. Moreover, missing data 

analysis was conducted on the variables of the present study. It is suggested dropping subjects or 

variables having missing data from the analysis, entirely if missing data are on the dependent variable. 

Therefore, the subjects who took all post-tests were included in the analyses of the study. Table 4.1 

indicates the variables of the study and their missing values. 

 

 

 

Table 4.1 Variables in the study, the values of missing in these variables and percentage of missing 

values     

 

Variables Present(N) Missing Missing % 

POMPEX 106 1 0.93 

POFMAT-I 105 2 1.87 

POFMAT-II  105 2 1.87 

PREMPEX 102 5 4.67 

PREFMAT-I 101 6 5.60 

TMT 107 0 0 

Gender 107 0 0 

 

 

 

As seen from the table, all post tests have missing subjects. These absent students were removed from 

other tests as well. Table 4.2 presents the missing values of the variables after excluding the students 

who did not have test scores on all the post-tests.  

 

 

 

Table 4.2 Variables in the study, the values of missing in these variables and percentage of missing 

values after excluding missing subjects in the post-tests   

 

Variables Present(N) Missing Missing % 

POMPEX 103 0 0 

POFMAT-I 103 0 0 

POFMAT-II  103 0 0 
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Table 4.2 (continued) 

 
   

Variables Present(N) Missing Missing % 

PREMPEX 100 3 2.91 

PREFMAT-I 99 4 3.88 

TMT 103 0 0 

Gender 103 0 0 

 

 

 

Tabachnick and Fidell (2007) claimed that when the percentage of missing values was 5% or less, any 

missing data handling method produces similar results. Since the percentages for missing values for 

the PREMPEX and PREFMAT-I were less than 5 %, missing values in those variables were replaced 

with mean of the corresponding variables.   

 

4.2 Descriptive Statistics 

 

Males included 45.6 % of the sample while females did 54.4 % after missing data analysis. 

Descriptive statistics of the continuous variables of the study are presented in Table 4.3. The possible 

maximum score students can acquire is 47 whereas the possible minimum score is zero on the FMAT-

I. In this study, the maximum score was 26.50 and the minimum score was three on the PREFMAT-I. 

The EM-7ELC and control group students obtained similar mean scores. The minimum score was 

2.75 while the maximum score was 43 on the POFMAT-I. The mean score of the EM-7ELC was 

higher than that of the control group on the POFMAT-I.  

 

On the FMAT-II, the possible maximum score students can get is 57 while the minimum possible 

score is zero. In this study, the minimum score was 5.75 whereas the maximum score was 53 on the 

POFMAT-II. Similarly, the EM-7ELC group got a higher mean score than the control group did on 

the POFMAT-II. On the MPEX, students can get 145 as the maximum possible score while they can 

obtain 29 as the minimum possible score. The maximum score was 121 while the minimum was 55 

on the PREMPEX. The EM-7ELC group had slightly higher mean score than the control group had. 

On the other hand, the maximum score on the POMPEX was 128 and the minimum score was 54. The 

mean scores of the groups differed from each other. The EM-7ELC group had a higher mean score 

than the control group had. Finally, on the TMT, the possible maximum score is 100 and the possible 

minimum score is zero. The maximum score in this study was 100 while the minimum score was 42 

on the TMT. The control group had a higher mean score than the EM-7ELC group had on the TMT. 

The skewness and kurtosis values of the variables were within the range of -2 and 2 except for the 

PREFMAT-I.  

 

The value of kurtosis of the PREFMAT-I scores in control group was 3.17 which is not drastically 

bigger than 2. Moreover, as explained in later sections, the PREFMAT-I would have been used for a 

covariate; however, it was not significantly correlated with the post-achievement variable. Therefore, 

it was not used in the analyses of this study. Thus, it can be said that the scores on the all variables 

used in the study were normally distributed.  

 

 

 

Table 4.3 Descriptive statistics for the continuous variables of the study  

 

 N Mean SD Skewness Kurtosis Min  Max 

PREFMAT -I         

Control 51 10.04 4.68 1.61 3.17 3.00 26.50 

EM-7ELC 52 9.57 3.60 0.71 0.67 4 21 

Total 103 9.81 4.15 1.38 2.87 3 26.50 

PREMPEX        

Control 51 83.45 14.45 0.32 0.32 55 121 

EM-7ELC 52 85.90 9.80 0.18 0.30 60 110 

Total 103 84.69 12.33 0.18 0.60 55 121 
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Table 4.3 (continued) 

 

 N Mean SD Skewness Kurtosis Min  Max 

TMT         

Control 51 81.67 12.35 -0.88 0.75 45 100 

EM-7ELC 52 75.77 12.92 -0.04 0.38 42 100 

Total 103 78.69 12.92 -0.42 -0.07 42 100 

POFMAT -I         

Control 51 12.25 5.55 0.63 0.24 2.75 27.25 

EM-7ELC 52 29.48 7.93 -0.48 -0.47 10 43 

Total 103 20.95 10.02 0.25 -1.18 2.75 43 

POFMAT -II         

Control 51 18.83 6.81 0.45 -0.09 5.75 35.75 

EM-7ELC 52 33.45 9.30 0.02 -0.06 10.75 53 

Total 103 26.21 10.95 0.39 0.48 5.75 53 

POMPEX        

Control 51 87.23 13.14 0.18 0.15 54 119 

EM-7ELC 52 99.91 14.70 -0.41 0.12 61 128 

Total 103 93.63 15.27 -0.01 -0.38 54 128 

 

 

 

Cohenôs d, which is one of effect size (ES) indices, was calculated for post-test scores on the FMAT-

I, FMAT-II and MPEX (see Table 4.4). All ESs are large according to the threshold values proposed 

by Cohen (1988). The biggest ES was obtained on the POFMAT-I scores.  

 

 

 

Table 4.4 The ESs calculated on the POFMAT-I, POFMAT-II, and POMPEX  

 

Test Effect Size (Cohenôs d) 

POFMAT-I 2.51 

POFMAT-II 1.79 

POMPEX 0.90 

 

 

 

Correlations among all variables in the study were calculated (see Table 4.5). It was observed that the 

POFMAT-I scores were highly correlated with POFMAT-II scores. Therefore, the researcher 

combined these variables under the total achievement variable, labeled as POTFMAT to increase 

power of the study. On the calculated POTFMAT, the possible maximum score is 100 while the 

possible minimum score is zero. The descriptive statistics for the POTFMAT are given in Table 4.6. 

 

 

 

Table 4.5 Correlations among the variables in the study 

 

Variables POFMAT -I  POFMAT -

II  

POMPEX PREFMAT -I  PREMPEX TMT  

POFMAT-II  0.80*      

POMPEX 0.51* 0.47*     

PREFMAT-I 0.23* 0.11 0.11    

PREMPEX 0.19 0.19 0.30* 0.05   

TMT -0.07 0.03 0.13 0.04 0.10  

GENDER 0.01 -0.05 -0.17 0.27* -0.20* -0.13 
* 
Correlation significant at the 0.05 level  
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Table 4.6 Descriptive statistics for the POTFMAT 

 

Groups N Mean SD Skewness Kurtosis Min  Max 

Control 51 31.08 10.40 0.35 -0.38 11.75 57.50 

EM-7ELC 52 62.93 15.89 -0.36 -0.32 20.75 92.50 

Total 103 47.16 20.86 0.32 -0.99 11.75 92.50 

 

 

 

4.3 Inferential Statistics 

 

Multivariate Analysis of Covariance (MANCOVA) was used to analyze the data of the study since 

there were covariates and more than one dependent variable in this study. The assumptions of the 

MANCOVA were tested before starting the analysis.  

  

4.3.1 Selecting Covariates 

 

Tabachnick and Fidell (2007) argue that selecting a set of covariates relies on two conditions. The 

first one is a theory explaining the relation of the covariate to the dependent variable. The theory can 

be obtained from literature regarding the variables in the particular study. The second condition is 

statistically determining the set of covariates. That is, selecting IVs low correlated with one another 

and high correlated with dependent variables. In this study, gender, the studentsô prior understandings 

about force and motion unit (PREFMAT-I and TMT) and the studentsô prior epistemological 

understandings in physics (PREMPEX) were considered as the covariates based on the literature. 

Correlations among variables including the POTFMAT and excluding the POFMAT-I and II were 

estimated again. Table 4.7 shows the correlations among variables including the POTFMAT. 

However, according to Table 4.7, only the PREMPEX variable was significantly correlated with the 

dependent variables. Therefore, PREMPEX was identified as the covariate of this study, and the 

PREFMAT-I, TMT and gender were excluded from the covariates.   

 

 

Table 4.7 The correlations among the variables including the POTFMAT and excluding the 

POFMAT-I and POFMAT-II  

 

Variables POTFMAT  POMPEX PREFMAT -I  PREMPEX TMT  

POMPEX 0.52
* 

    

PREFMAT-I 0.18 0.11    

PREMPEX 0.20
* 

0.30* 0.05   

TMT -0.02 0.13 0.04 0.10  

GENDER -0.02 -0.17 0.27* -0.20* -0.13 
* 
Correlation significant at the 0.05 level    

 

 

 

4.3.2 Homogeneity of Regression Assumption 

 

After deciding the covariate, whether the required assumptions for the MANCOVA would be met 

was checked. Homogeneity of regression assumption is that the regression slope between the 

dependent variable and the covariates in each group are equal to each other. If this assumption is not 

met, there is an interaction between independent variables and covariates. In other words, the relation 

of covariates to the dependent variable is not same at different levels of the independent variables 

(Tabachnick & Fidell, 2007). In this study, the independent variable was the IM carrying group 

membership and had two levels.   

 

To test this assumption for the POTFMAT, the hierarchical multiple regression was employed for 

each dependent variable. First, the categorical treatment variable (IM) was transformed to a 

dichotomous variable using dummy coding. In this variable, the value of one represents the EM-

7ELC group while the value of zero refers to the control group. Then, the variable used to test the 

interaction effect was generated by multiplying the covariate (PREMPEX) with the dichotomous IM. 

This variable was labeled as the PREMPEX*IM. After preparation of the variables, the hierarchical 
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multiple regression was run. First of all, the PREMPEX was entered into the model as Set A. Then, 

the IM was included in the model as Set B. Finally, the PREMPEX*IM  was entered into the model as 

Set C. The result of this multiple regression correlation (MRC) analysis is presented in Table 4.8. 

According to this result, the inclusion of the interaction variable significantly changed the explained 

variance of the POTFMAT scores. That is, there was a statistically significant interaction between the 

covariate and treatment variable. Put it differently, the differences in the POTFMAT scores between 

the EM-7ELC and the control group were not same throughout the range of the PREMPEX scores. 

Therefore, it can be said that the homogeneity of regression assumption was violated for the 

POTFMAT dependent variable.  

 

 

 

Table 4. 8 The result of the MRC for the POTFMAT 

 

Model R R
2 

Adjusted 

R
2 

Change Statistics 

R
2
 

Change 

F 

Change 

df1 df2 Sig. F 

Change 

Set A 0.20 0.04 0.030 0.04 4.17 1 101 0.04 

Set B 0.78 0.60 0.60 0.56 142.02 1 100 0.00 

Set C 0.81 0.65 0.64 0.05 12.80 1 99 0.00 

 

 

 

Similar procedures were carried out for the POMPEX for checking the homogeneity of regression. 

Set A, B, and C variables were same as the variables used in the previous analysis. The only 

difference was the dependent variable; the POMPEX. The result of the hierarchical MRC is given in 

Table 4.9. The addition of the PREMPEX*IM did not significantly change the explained variance in 

the POMPEX scores. Therefore, the homogeneity of regression assumption was met for the 

POMPEX.  

 

 

 

Table 4.9 The result of the MRC for the POMPEX 

 

Model R R
2 

Adjusted 

R
2 

Change Statistics 

R
2
 

Change 

F 

Change 

df1 df2 Sig. F 

Change 

Set A 0.30 0.09 0.08 0.09 10.19 1 101 0.00 

Set B 0.49 0.24 0.23 0.15 19.97 1 100 0.00 

Set C 0.50 0.25 0.23 0.01 0.79 1 99 0.38 

 

 

 

In sum, since the homogeneity of regression assumption was not observed for the POTFMAT, the 

MANCOVA was not suitable for the analysis of the data in this study. Cohen and Cohen (1983) 

claimed that in case of interaction, ñit would be serious error to conclude from this that the research is 

uninterpretable. Quite the contrary!ò(p. 328). They argued the MRC analysis might produce rich 

information which helps researchersô understanding about the researched phenomena. That is, the 

MRC can be used safely to analyze data indicating the interaction effect. Thus, in the current study, 

the MRC was performed to investigate the effect of the IM on the studentsô physics achievement 

when the studentsô PREMPEX scores interacted with the IM. On the other hand, as the homogeneity 

of regression assumption was justified for the POMPEX score when the PREMPEX was taken as the 

covariate, the impact of the IM on the studentsô POMPEX score was explored running one way 

Analysis of Covariance (ANCOVA).    

 

4.3.3 Multiple Regression Correlation (MRC) Analysis 

 

The hierarchical MRC was used to interpret the nature of interaction between the PREMPEX which 

was the covariate and the IM which was the group membership variable when the POTFMAT was the 
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dependent variable. Before performing the MRC, the researcher checked required assumptions for the 

MRC. These assumptions are discussed in the following sections.  

 

4.3.3.1 Assumptions of the MRC 

 

There are different the rule of thumb criteria for sample size needed for the MRC in the literature. For 

example, according to Tabachnick and Fidell (2007, p. 123), sample size should be equal to or larger 

than 50 + 8m (where m is the number of IVs). For this study, there were three IVs; hence the 

minimum sample size should be 74. However, Stevens (2000, p. 88) claimed that ñfor social science 

research, about 15 subjects per predictor are needed for a reliable equationò. For the present study, 

minimum sample size required for the MRC should be 45. As the sample size of the study was 103, 

the required sample size assumption was met considering two criteria given above. 

 

Outliers, normality, linearity and homoscedasticity assumptions can be checked using the scatterplot 

of the standardized residuals and the normal probability plot (P-P) of the regression standardized 

residual produced in the analysis (Pallant, 2011, p. 158). For the normality assumption, the data points 

in the normal P-P Plot should yield roughly a straight diagonal line from bottom left to top right. 

Figure 4.1 indicates the Normal P-P Plot which suggests that the data are normally distributed.  

 

 

 

 
 

Figure 4.1 Normal P-P plot of regression standardized residual for the POTFMAT 

 

 

 

Normality, linearity, and homoscedasticity assumptions can be inspected by interpreting the 

scatterplot. Pallant (2011, p. 158) recommended that in the scatter plot, the residuals should be 

roughly rectangularly distributed and most of the scores should be concentrated in the center along the 

zero point for these assumptions. Figure 4.2 shows the scatterplot of the standardized residuals 

produced in this study. When it is examined, it can be said that the linearity and homoscedasticity 

assumptions were met in the present study.  
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Figure 4.2 Scatterplot of standardized residual for the POTFMAT 

 

 

 

Outliers in the data were evaluated using standardized residual values in Residuals Statistics table (see 

Table 4.10). Tabachnick and Fidell (2007, p. 128) argued that the cases whose standardized residual 

values are bigger than 3.30 or less than -3.30 can be considered outliers. According to Residuals 

statistics table, the standardized residual values ranged between 3.68 and 2.12. To determine outliers, 

the Casewise Diagnostics table was used. This table indicated that one case has 3.68, the standardized 

residual value. However, this value does not differ drastically from 3.30. To inspect, whether this 

outliers led a problem, the maximum value of Cook's Distance was used. According to Tabachnick 

and Fidell (2007, p. 75), the value that is bigger than 1.00 indicates the problem of outliers. In this 

study, the maximum value of Cook's Distance was less than 1.00; thus, the outlier was not influential.  

 

 

 

Table4.10. Descriptive statistics of residuals, Mahalanobis Distance, Cook's Distance and Centered 

Leverage Value for POTFMAT 

 

 Minimum  Maximum Mean SD N 

Residual -46.22 26.56 0.00 12.37 103 

Std. Residual -3.68 2.12 0.00 0.99 103 

Mahal. Distance 0.97 14.95 2.97 2.93 103 

Cook's Distance 0.00 0.09 0.01 0.01 103 

Centered Leverage Value 0.01 0.15 0.03 0.03 103 

 

 

 

Multicollinearity and singularity should not exist for performing the MRC. Multicollinearity refers to 

high correlation (r=.9 and above) among the independent variables and singularity exists when an 

independent variable is combination of other independent variables (Pallant, 2011). Since this 

assumption was related to the variance explained by linear combination of independents variables, it 

related to model evaluation. In this study, the researcher did not use the MRC for this purpose; thus, 

this assumption was not needed for this study.  

 

Since all related assumptions were justified, the MRC could be conducted for the POTFMAT as the 

dependent variable and for the IM, PREMPEX, IM*PREMPEX as the independent variables. The 

results of the MRC are presented in the next section. 
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4.3.3.2 Results of the MRC  

 

The MRC was utilized to figure out the nature of the interaction between the mode of interaction and 

the studentsô pre-instructional epistemological understandings. That kind of interaction effect is called 

aptitude-treatment interaction (ATI) in the literature. Put it differently, the ATI is tested statistically 

using the MRC. The ATI  means that individual differences change treatment effects (Cronbach, 1975 

as cited in Koran & Koran, 1984). In case of the ATI, regression lines of the aptitude on achievement 

are nonparallel for different instructional treatments. This implies that a particular instructional type is 

significantly more influential for one type of student whereas another type of instructional treatment 

is significantly more influential for a different type of student (Cronbach & Snow, 1977 as cited in 

Koran & Koran, 1984). In this study, the ATI was seen as an interaction between covariate 

(PREMPEX scores) and group membership variable (IM). This interaction is represented by Figure 

4.3. This figure is the scatterplot indicating the relationship between the POTFMAT and the 

PREMPEX scores for each group. The observed maximum and minimum scores on the PREMPEX 

are presented on the regression lines. According to the interaction types explained by Koran and 

Koran (1984), this interaction can be considered as an ordinal interaction. In the ordinal interaction, 

the regression slopes differ significantly from each other, one slope is superior to the other within 

aptitude range which is taken into account. As seen from Table 4.1 and Figure 4.3, the minimum and 

maximum observed scores on the PREMPEX were 55 and 121, respectively. Within this range of 

scores, the experimental group was superior to the control group. 

 

 

 
Figure 4.3 The regression lines of the PREMPEX on the POTFMAT for the control and the EM-

7ELC group  

 

 

 

After justifying the interaction effect statistically, the Johnson-Neyman technique (Johnson & 

Neyman, 1936 as cited in Fraas & Newman, 1997) was employed to find out the range of scores on 

the PREMPEX in which the TI and EM-7ELC group students did not differ significantly on the 

POTFMAT scores. In other words, using this technique, Johnson-Neyman confidence band 

(nonsignificance region), which includes the intersection point and the upper and lower limits, was 

calculated. Within this band, the regression lines are not significantly different from each other. To 

calculate the related points, the regression equations for the EM-7ELC and the control group were 

written using the regression coefficients given in Table 4.11. 
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Table 4.11 Coefficients of independent variables included in the regression model when the 

POTFMAT is dependent variable. 

 

Model Unstandardized Coefficients (B) 

(Constant) 34.36 

PREMPEX -0.04 

IM -34.90 

PREMPEX*IM 0.78 

 

 

 

Y general = -34.90XIM + (-0.04)X PREMPEX + 0.78X PREMPEX*IM + 34.36   

 

In the regression equation, X IM was substituted to the value of zero for the control group while X IM  

was substituted to the value of one for the EM-7ELC group. 

 

Ycontrol = (-0.04)X PREMPEX+ 34.36 

Y EM-7ELC = 0.74 X PREMPEX -0.54   

The point of intersection = - (B IM) /B PREMPEX*IM = - 34.90/0.78= 44.74     

 

The lower and upper limits of nonsignificance region were calculated as 33.11 and 54.26, 

respectively. Considering these values, Figure 4.3 was extended to Figure 4.4. As seen from the 

figure, the non-significant region is out of the range of the PREMPEX scores observed in the present 

study. Koran and Koran (1984) claimed that the ordinal interaction might suggest the disordinal 

interaction, in which the regression lines are nonparallel and they intersect throughout different ranges 

of scores on the aptitude variable. In other words, the ordinal interaction may predict the disordinal 

interaction for different range of aptitude scores.  

 

 

 
 

Figure 4.4 The regression lines of the PREMPEX on the POTFMAT for the control and the EM-

7ELC group when Johnson-Neyman confidence band was included. 

 

 

 

According to the Figure 4.4, the experimental and control group students would not significantly 

differ in POTFMAT scores when their PREMPEX scores were between 33.11 and 54.26. The control 

group students would have significantly higher total achievement scores when PREMPEX scores 

were less than 33.11 while the experimental group students would have significantly higher 
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POTFMAT scores when PREMPEX scores were larger than 54.26. Put it differently, in terms of 

improving physics achievement, the instruction based on the EM-7ELC was significantly better for 

the students whose PREMPEX scores were larger than 54.26 while the traditional instruction was 

significantly better for the students whose PREMPEX scores were less than 33.11 

 

4.3.4 One Way Analysis of Covariance (ANCOVA) 

 

As mentioned before, the MANCOVA would have been more appropriate to analyze the data; 

however, since one of the assumptions for the MANCOVA, the homogeneity of regression, was not 

met for the POTFMAT, the MANCOVA was not employed in this study. On the other hand, the 

homogeneity of regression assumption was met for the POMPEX when the PREMPEX scores were 

used as a covariate. Therefore, the ANCOVA was performed to explore the impact of the IM on the 

studentsô POMPEX scores when their PREMPEX scores were controlled. The next sections 

summarize the assumptions of the ANCOVA, then, the result of ANCOVA is presented.   

   

4.3.4.1 Assumptions of ANCOVA  

 

Normality assumption was checked using skewness and kurtosis values for the POMPEX scores. 

These values are between -2 and +2; that is, they are in the acceptable range (George & Mallery, 

2001). Therefore, it can be said that the POMPEX scores were normally distributed.  

 

Homogeneity of variance assumption requires similar variance scores for each group. Leveneôs test 

for equality of variance is used for this assumption (Pallant, 2011). In this study, Leveneôs test result 

was insignificant (see Table 4.12). In other words, the variability of scores was similar in the 

experimental and control groups.    

 

Table 4.12 Levene's Test of Equality of Error Variances 

 

F df1 df2 Sig. 

0.673 1 101 0.414 

 

 

There should be a linear relation between the dependent and covariates to use ANCOVA (Pallant, 

2011). To test this assumption, the scatterplot between the POMPEX and PREMPEX scores was 

drawn for the control and experimental groups, separately. Figure 4.4 shows that the linearity 

assumption was met for each group. 

 

 

 
Figure 4.5 The scatterplot between the POMPEX and PREMPEX scores for each group 
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The homogeneity of regression assumption implies that the covariate demonstrates the same 

relationship with the dependent variable in the each group (Pallant, 2011). This assumption was 

checked for the POMPEX in Section 4.3.2. As mentioned earlier, no significant group membership-

covariates interaction was observed according to Table 4.9. 

 

4.3.4.2 Result of ANCOVA 

 

The ANCOVA was performed after checking the assumptions. In this analysis, the independent 

variable was the IM showing mode of instruction, the dependent variable included the POMPEX 

scores and the covariate included the PREMPEX scores. The results of the analysis indicated that 

there was a significant difference between two groups on the POMPEX scores when the PREMPEX 

scores were controlled. Table 4.13 indicates the result of the ANCOVA. 

 

 

 

Table 4.13 The results of ANCOVA for the POMPEX scores 

 

Source Df F Sig. 
Partial Eta 

Squared 

Observed 

Power 

Intercept 1.00 50.55 0.00 0.34 1.00 

PREMPEX 1.00 9.08 0.00 0.08 0.85 

IM 1.00 19.97 0.00 0.17 0.99 

 

 

 

According to this table, the instruction based on the EM-7ELC was more effective than the traditional 

instruction for improving the studentsô epistemological understandings in physics, F (1,100) = 19.97, 

p = 0.00, eta squared= 0.17. Partial eta squared value indicating effect size is large according to the 

guidelines proposed by Cohen (1988) (small = 0.01, medium = 0.06=, large = 0.14). Observed power 

was larger than the range of the pre-specified power which is considered between 0.95 and 0.99, and 

close to 0.95. The adjusted mean on the POMPEX was 87.64 for the TI group while it was 99.52 for 

the EM-7ELC group. Table 4.13 also shows that there was a statistically significant relationship 

between the studentsô PREMPEX and POMPEX scores. The value of partial eta squared was 0.08 

which was medium effect size.   

 

4.4 The Observation Checklist Results  

 

As explained in Section 3.3.3, each experimental and control classes were instructed for 36 class 

hours during the implementation of this study. The total instruction time spent in all classes was 144 

class hours. The experimental classes were observed using seven observation checklists for 30 hours 

while the control classes were observed for 21 hours using five observation checklists. That is, the 

researcher observed 35 % of 144 hours during the treatment processes.    

    

To evaluate whether the treatment was implemented as intended, the observation checklists were 

scored. In the checklist, the ñyesò alternatives scored asñ2ò, ñpartiallyò alternatives scored as ñ1ò and 

ñnoò was scored as ñ0ò. Table 4.14 demonstrates the mean and standard deviation of the items in the 

checklist utilized to observe the instruction based on the EM-7ELC and the TI. As explained in 

Section 3.3.3, there were 23 items in the checklist. Items 7 and 23 were expected to be observed more 

frequently in the TI, and the occurrence frequencies of Items 14 and 13 in the EM-7ELC and TI were 

supposed to be close. The rest of other items in the checklist were expected to occur in the EM-7ELC 

more frequently. The observation results supported these expectations. The means of the items 

supposed to be seen more frequently in the EM-7ELC were higher for the EM-7ELC while the means 

of Items 7 and 23 carrying characteristics of the TI were greater for the TI. The means of Items 13 and 

14 in the EM-7ELC and the TI were approximately equal. For example, Item 7 asked whether the 

teacher explained the topic before the experiments. Mean of this item was two for the TI while it was 

zero for the EM-7ELC. On the other hand, according to the observation checklist results, some items 

were also observed in the TI although their means were small. The most striking ones were Items 1, 3 

and 5. Mean of Item 1, which explored whether the teacher used metacognitive prompts to make 

students to be aware of their prior knowledge about the topic, was 0.8. Indeed, this result was not 

surprising since teachers, especially expert teachers, sometimes employ some metacognitive strategies 
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to activate studentsô prior understandings without being aware of this. Here, the difference between 

the TI and EM-7ELC was that in the EM-7ELC, the teachers were urged and assured to use 

metacognitive prompts, explicitly during the instruction. Similarly, it was reasonable somehow to 

observe Item 3, which inspected whether the teacher attracted studentsô attention to the topic, and 

Item 5, which checked whether the teacher had students make predictions about a physical 

phenomenon or situation, in the TI.   

 

 

Table 4.14 The mean and standard deviation of the items in the checklist for each group.    

  

Item Number The EM-7ELC The TI 

 Mean SD Mean SD 

1 2 0 0.8 0.45 

2 1.86 0.38 0.2 0.45 

3 1.71 0.49 0.6 0.55 

4 1.71 0.49 0 0 

5 2 0 0.8 0.45 

6 2 0 0 0 

7 0 0 2 0 

8 2 0 0.4 0.89 

9 2 0 0 0 

10 1.86 0.38 0 0 

11 1.71 0.49 0 0 

12 1.86 0.38 0 0 

13 1.71 0.49 2 0 

14 1.86 0.38 1.2 1.09 

15 1.71 0.49 0.4 0.55 

16 1.57 0.79 0 0 

17 1.57 0.79 0 0 

18 2 0 0 0 

19 1.57 0.79 0 0 

20 1.71 0.75 0 0 

21 2 0 0 0 

22 1.71 0.49 0.4 0.55 

23 0.29 0.49 1.6 0.55 

 

 

 

To test difference between the experimental group and the control group on the related items, the 

Mann-Whitney U Test was employed. Statistically significant differences between two groups were 

observed on all items except for Item 13 and 14 which were expected to be observed equally in the 

experimental and the control groups. These results indicated that in the experimental classes, the 

teachers properly implemented the EM-7ELC as intended while in the control classes, they applied 

the traditional instruction without using activities developed for the EM-7ELC instruction. In other 

words, the treatment verification of the study was supported with the class observations.    

 

As explained in Section 3.3.3, to collect more information regarding the treatment verification, the 

researcher asked both the students in the experimental group and the teachers implementing the EM-

7ELC to compare the instructions based on the EM-7ELC to the instructions employed in previous 

units. The students gave their answers in written while the teachersô responses were taken verbally in 

the interviews. The analysis of the teachersô and studentsô responses to ñHow does the learning 

method used in force and motion unit differ from the methods used in the previous units?ò supported 

the results of class observations. Three themes emerged from studentsô responses to this question. 

They are summarized as follows: 

 

Understandings versus Memorizing. Fifty three percent (19 of 36 students) of the students in the 

experimental group claimed that with new method, they learned the topic by making sense instead of 

memorizing. Some of them argued that in the previous teaching method, they had memorized 

formulas without understandings while they tried to learn the logic behind the formulas in the new 

method.  
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For example one student reported that; 

Before I had to use memorized formulas. The important thing was to apply formulas to questions. 

But now I understand formulas by learning where the formulas come from. Without memorizing, 

I can easily apply the formulas to questions.  

 

Concepts versus Formulas. Twenty five percent said that new method mostly focused on the 

refinement of intuitive knowledge used in their everyday life. Twenty eight percent of the students 

claimed that before the new method, they had learned so many formulas or solved quantitative 

questions requiring formula applications. For example, one student expressed that ñIn the old method, 

mostly we had solved quantitative problems. In the new method, we solve questions for refining our 

intutive knowledgeò A few students claimed that they figured out the formulas using previous 

learnings. For example, one student reported that ñ... We learned how formulas are created. Before, 

formulas had been given directly. Thank to this, I can produce formulas by myself instead of 

memorizing.ò  

 

Expository versus inquiry. The common difference reported by the students (22 %) was making 

experiments. For instance, one student said that ñTeacher did not explain the topic. We learned by 

doing observations and experiments. Before, we had solved questions, individually. In the new 

method, we solved questions in group.ò.  

 

Some of the students argued that they learned topics with small and whole group discussions rather 

than listening teacher. For example one claimed that ñNobody explained the topic. We understood 

topic by ourselves with asked questions. We tried to prove our ideas by discussing in group. After 

that, we discussed with the classò A few students also reported that they focused on their errors. One 

student reported that ñWe did more experiments. We refine our intutive knowledge. We learned our 

errors and focused on them.ò. 

 

Twenty eight percent of the students viewed the new method more student-centered than the previous 

ones. According to them, in this type of teaching, the teacher did not explain the topics rather than she 

was in guide role. The students learned topic by doing experiment, discussing with other students or 

thinking individually. For example, one student wrote that 

 

Before, our teachers had us write definitions, formulas, then, they solved problems. Now, we 

are getting definitions from everyday life. We are finding out formulas by ourselves using 

our logic. In this process, our teacher guides us. She is not teaching knowledge rather she 

teaches us the way to reach knowledge.   

 

The researcher asked the same question (How does the learning method used in force and motion unit 

differ from the methods used in the previous units) to two teachers implementing the treatment in the 

interview. The teachersô responses supported studentsô reports. At the following categories emerged 

from the interviews with the teachers.  

 

 The instruction applied in the experimental groups was more inquiry-oriented than 

that in the TI.    

 The teacher was a guide rather than knowledge transmitter. 

 Students constructed their own understandings.  

 Students were more active rather than passive listener. 

 Lessons were more attractive to students. 

 Students learned in group. 

 Students were aware of their own knowledge and errors. 

 The questions used in the instruction and homework were more conceptual. 

 

Moreover, in the interviews, the researcher asked the teachers what main difficulties they met in the 

implementation of the EM-7ELC. Two teachers pointed similar difficulties. These are; 

 It took more time to prepare the classes. 

 Working with MBL tools required extensive preparation before each class.   

 At the beginning, since the students were not used to this type of teaching, they had 

difficulties in classroom management.  
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 It was difficult to have students who wanted to continue to be passive listener or 

who wanted to solve lots of quantitative questions participate in teaching processes.  

 

4.6 Summary of Results 

 

 The means of the POFMAT-I, POFMAT-II and POMPEX scores of the EM-7ELC group 

students were greater than those of the control group students.  

 The ESs calculated on post-test scores of the POFMAT-I, POFMAT-II and POMPEX were 

large.  

 The effect of the EM-7ELC on the POTFMAT scores was dependent on the studentsô 

epistemological understandings demonstrated on the PREMPEX. That is, a statistically 

significant interaction between the treatment variable (IM) and the covariate (PREMPEX) 

was observed. 

 The nature of interaction effect was examined using the ATI. 

 The results of the ATI analysis indicated that there was an ordinal interaction between the 

IM and the PREMPEX across the range of the observed PREMPEX scores. 

 Neyman- Johnson technique was used to analyze the disordinal interaction to which the 

ordinal interaction imply. The results of this technique showed that the experimental and 

control group students would not significantly differ in the POTFMAT scores when their 

PREMPEX scores were between 33.11 and 54.26. 

 Moreover, the control group students would have significantly higher total achievement 

scores when the PREMPEX scores were less than 33.11 while the experimental group 

students would have significantly higher the POTFMAT scores when the PREMPEX scores 

were larger than 54.26. 

 Since the homogeneity of regression assumption was met for the POMPEX scores, the 

ANCOVA was carried out to investigate the effect of the IM on the studentsô POMPEX 

scores when the studentsô PREMPEX scores were controlled. The result of this analysis 

showed that there was a significant difference between two groups on the POMPEX scores 

in favor of the EM-7ELC group when the PREMPEX scores were controlled. 

 The effect size indicating practical importance was large for difference between the adjusted 

means on the POMPEX for the EM-7ELC group and the control group.  

 The Mann-Whitney U Test analysis indicated that there was a statistically significant 

difference between the EM-7ELC group and the control group on the related items, which 

supported the treatment verification that the teachers administered the intended EM-7ELC 

instruction in the experimental classes whereas they did not employ any activity developed 

for the EM-7ELC in control classes and they used the TI for control classes. 

 The teachersô and studentsô perceptions about the EM-7ELC also supported the observation 

checklist results that the instruction applied in the experimental group demonstrated the 

characteristics of the EM-7ELC. 

 Based on class observations, the teachersô, and studentsô perceptions, the EM-7ELC led the 

students to be cognitively, metacognitively and epistemologically active learners.  

 According to the studentsô self-reports, the instruction based on the EM-7ELC helped the 

students learn for understanding rather than memorizing. They also claimed that instead of 

using plug-and- chug formula approach, they learned to refine everyday intuitive knowledge. 

 On the other hand, the main difficulties the teacher met in the implementation of the EM-

7ELC were time and classroom management, and preparation the MBL tools before each 

class.  
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CHAPTER 5 

 

 

DISCUSSION, CONCLUSION AND IMPLICATIONS  

 

 

 

In this chapter, first, the overall summary of the current study is given. Then, the results of the study 

are discussed and compared to the results of similar studies. Internal and external validity of the study 

are discussed at the following sections. Finally, the conclusions, implications of the study, and 

recommendations for future research are presented in this chapter.      

 

5.1 Summary of the Study 

 

This study investigated the effect of the EM-7ELC on tenth grade studentsô physics achievement and 

epistemological understandings in physics. The accessible population includes all tenth grade students 

at ATTHSs in Ankara. Two schools were selected conveniently out of the nine ATTHSs in Ankara. 

Two intact classes in each school and 107 tenth grade students participated in the study. The quasi 

experimental design in which students were statistically matched with each other was employed. The 

study was conducted in 2009-2010 academic year. The experimental group was taught by the 

instruction based on the EM-7ELC whereas the control group was instructed by the TI. The treatment 

of the study took approximately four months. Before the treatment, the FMAT-I and the MPEX were 

applied as pretests. At the middle of the treatment, the FMAT-I was administered as a posttest. 

Finally, at the end of the treatment, the FMAT-II and the MPEX were applied as posttests. 

 

Since the correlation between the POFMAT-I and II scores was high, the scores of these tests were 

totaled under the POTFMAT. The MRC was employed to investigate the effect of the IM on the 

studentsô POTFMAT scores, and the ANCOVA was used to analyze the impact of the IM on the 

studentsô POMPEX scores.    

 

5.2 Discussion of the Results 

 

Before starting the discussion of results, it should be noted that there is no research, at least to date, 

investigating the combined effect of the 7E learning cycle, metacognitive and epistemological 

activities on studentsô achievement and epistemological understandings. Therefore, the direct 

comparison of the findings of this study to other studies could not be possible. 

 

In this study, within the range of observed scores of the PREMPEX, the achievement of the students 

in the EM-7ELC was significantly higher than that of the students in the TI. In terms of the 

effectiveness of the learning cycle, this result was compatible with the other studies investigating the 

impact of the learning cycle on studentsô achievement in physics (A­ēĸlē & Turgut, 2011; A­ēĸlē et al., 

2011; Ateĸ, 2005a ; 2005b; Ateĸ & Polat, 2005; Barman et al., 1996; Cherry, 2011; Cobern et al., 

2010; Ergin et al., 2008; Hussain et al., 2011; Kanli & Yagbasan, 2008; Nuhoĵlu & Yal­ēn, 2006; 

Turgut & Gurbuz, 2011; Yēlmaz & Huyug¿zel ¢avaĸ, 2006; Zolman, 1990), in chemistry (Aĵg¿l-

Yal­ēn & Bayrak­eken, 2010; Akar, 2005; Bektaĸ, 2011; Ceylan & Geban, 2009; Ekici, 2007; 

Kilavuz, 2005; Kºseoĵlu & T¿may, 2010; Pabu­cu, 2008; Sevin­, 2008; Siribunnam & Tayraukham, 

2009), and in biology (Atilboz, 2007; Balci, 2009; Balci et al., 2006; Budprom et al., 2010; Cakiroglu, 

2006; Dogru-Atay & Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoĵlu & Kaya, 2011; 

Kaynar et al., 2009; Marek et al., 1994, Lord, 1999; Musheno & Lawson, 1999; Oren & Tezcan, 

2008; Sadi & ¢akiroĵlu, 2010; Saygēn, 2009; Saygin et al., 2006). 

 

The value of effect size (ES) obtained in the current study for achievement was 2.37. This value was 

greater than 1.15 which was average of the ESs of 35 studies comparing the effectiveness of the 

learning cycle to that of the TI in science. Moreover, specifically for physics achievement, the ES of 

the current study was larger than average ESs of studies conducted in Turkey (ES: 1.08) and abroad 

(ES: 1.28). Considering these comparisons, it can be implied that the integration of epistemological 

and metacognitive activities promotes the effectiveness of the instruction based on the learning cycle. 
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With respect to the 7E learning cycle, the result of the current study is in agreement with the results of 

other 7E learning cycle studies in physics (Kanli & Yagbasan, 2008) in chemistry (Siribunnam & 

Tayraukham, 2009) in biology (Polyiem, et al., 2011). For example, Kanli and Yagbasan (2008) 

indicated that the laboratory approach based on the 7E learning cycle was more effective than the 

verification approach with respect to promoting conceptual understandings of the freshmen in force 

and motion. The current study was different from this study in several aspects. The first one is the 

grade level. The second one is Kanli and Yagbasan made this study in laboratory course, that is, the 

students had a related introductory physics course as well. There was no information about what was 

going on in this course. However, the present study took account of the physics course all together, 

the treatment was applied in the entire of physics course. The final and the most important difference 

is that Kanli and Yagbasan did not use metacognitive and epistemological activities. In this study, the 

effect size for achievement was 0.91 which is large. The ES of the current study was larger than this 

effect size. Therefore, in spite of differences in grade level and type of course, it can be said that the 

EM-7ELC was more effective than the 7E learning cycle. Siribunnam and Tayraukham (2009) and 

Polyiem et al. (2011) also found significant differences compared to the traditional instruction but 

they did not provide ES values and enough statistics for being able to calculate them. Therefore, the 

researcher of the current study could not make comparison to these studies with regard to the ES.  

 

In terms of the metacognition, the current study supports the findings of studies investigating the 

influence of metacognitive instruction on studentsô achievement in science (Akg¿l, 2010; Alemdar, 

2009; Bianchi, 2007; Hoffmann, 2010; Koch, 2001; Michalsky et al., 2009; Mittlefehldt & Grotzer, 

2003; Peters & Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; Tien, 1998; Viko, 2010; 

Yildiz, 2008; White & Frederiksen, 1998; Yuruk et al., 2009). The average ES of 13 studiesô ESs was 

0.75 and average of the ESs of three studies comparing effectiveness of the metacognitive inquiry to 

the TI was 0.66. Both ESs were less than the ES of the current study.  

 

A few studies focused on the metacognitive learning cycle in which the metacognitive prompts were 

integrated into the phases of the learning cycle (Blank, 2000; Appamaraka et al., 2009; Sornsakda et 

al., 2009; Yildiz , 2008). As explained before, all studies employed similar metacognitive prompts 

based on Henneseyôs (1993) status check approaches. The current study is different from these studies 

in several ways. The first one is that they employed the same set of metacognitive prompts throughout 

the phases of learning cycle. This might lead students to engage in similar kinds of metacognitive 

thinking in all stages of the instruction. However, in the current study, students were directed to 

engage in different kind of metacognitive thinking processes using various types of metacognitive 

prompts throughout the instruction. Another difference is that all metacognitive learning cycle studies 

did not aim to improve studentsô epistemological understandings. Thus, current study suggests a new 

metacognitive learning cycle to the literature. 

 

The results of the ANCOVA indicated that the instruction based on the EM-7ELC was more effective 

than the TI for promoting the studentsô epistemological understandings in physics when their 

PREMPEX scores were controlled. This result was compatible with the result of other studies 

(Brownlee et al., 2001; Brownlee et al., 2011; Elby, 2001; Gill et al., 2004; Kienhues et al., 2008; 

Muis & Duffy, 2012; Redish & Hammer, 2009). All studies provided evidence that explicit 

epistemological instruction promoted studentsô epistemological understandings. The current study is 

mostly similar to Elby (2001) and Redish and Hammer (2009). The other studies were different from 

the current study. For example, all accepted beliefs perspective and tried to change studentsô mis-

beliefs using conceptual change strategies such as refutational text. Another difference is that all made 

studies with undergraduate or graduate students. The other difference is that they applied their 

instructions in educational psychology or related courses and focused on only studentsô 

epistemological understandings. However, the current study like Elby (2001) and Hammer and 

Redish (2009) endorsed resource view and aimed to promote not only epistemological understandings 

but also their conceptual understandings. However, the current study also differs from them by using 

the learning cycle and explicit metacognitive instruction in addition to epistemological activities.  

 

The results of the ATI analysis indicated that there was an ordinal interaction between the treatment 

variable and the studentsô PREMPEX scores when the POTFMAT was taken as the dependent 

variable. The Johnson-Neyman confidence band was calculated to find out the range of scores on the 

PREMPEX in which the EM-7ELC and the control group would significantly differ and not differ 

from each other on the POTFMAT. According to the calculated band, the traditional instruction is 
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significantly more effective than the EM-7ELC for the students indicating very low pre-

epistemological understandings (33.11 out of 145 on the MPEX) for improving studentsô achievement 

in force and motion unit. However, the EM-7ELC was significantly effective than the TI for the 

students whose PREMPEX scores larger than 54.26. In this study, the lower and upper limits of the 

band were not within observed scores on the PREMPEX; thus, this study implies this type of the 

interaction out of the range of the MPEX scores being seen in this study. As mentioned before, the 

sample of this study included high achieving students and based on the literature, it can be said that 

there is a linear relationship between studentsô learning and epistemological understandings. 

Therefore, the lower pre-epistemological stances can be observed at other populations which have 

low achieving students. Studying with this type of students can provide a chance to experimentally 

test this interaction. Windschitl and Andre (1998) observed a similar interaction effect. They found 

that students demonstrating more sophisticated epistemological beliefs learned better in a 

constructivist treatment while students indicating less sophisticated epistemological beliefs learned 

better in an objectivist treatment in biology. Few studies indicated interaction between studentsô 

epistemological understandings and the treatment (Bendixen & Hartley, 2003; Windschitl & Andre, 

1998). Therefore, the current study makes another contribution to literature as well in terms of 

indicating an epistemological understanding-treatment interaction. 

 

As mentioned before, two ATTHSs in Ankara participated in this study. These schools were similar 

to each other on the variables of the study according related statistical analyses. The results of the 

independent t- tests indicated that there were no differences on the covariates, which were the TMT, 

PREFMAT-I and PREMPEX, between two schools. The MRC analysis showed that three was no 

significant difference between the schools on the POTFMAT scores. Similarly. the schools did not 

significantly differ on the POMPEX scores according to the ANCOVA. Therefore, the data obtained 

from each school were combined and the analyses were conducted for whole data rather than for 

individual school data. 

 

This study did not aim to investigate the effect of microcomputer based laboratory tools (MBL). To 

control the effect of the MBL tools, the researcher had teachers used these tools in control group as 

well. This might provide more and less control on use of MBL tools. However, all experiments were 

not done in the control groups. This difference might be considered a limitation of the current study. 

 

5.3 Internal Validity of the Study  

 

According to Fraenkel and Wallen (2000, p. 188), ñinternal validity means that observed differences 

on the dependent variable are directly related to the independent variable, and not due to some other 

unintended variableò. Fraenkel and Wallen (2000) claimed that the matching-only pretest-posttest 

control group design provides somewhat control on subject characteristics, mortality, instrument 

decay, testing, history, maturation, and regression threats. However, this design has a weak control on 

location, data collector characteristics, data collector bias, attitudinal, and implementation threats. The 

researcher generally took more caution against these threats.  

 

Since, in this study, the intact groups were randomly assigned to the treatment conditions, some 

subject characteristics might affect studentsô POMPEX, POFMAT-I, and POFMAT-II scores. Based 

on the literature review, studentsô PREMPEX, PREFMAT-I, TMT scores, and gender were 

considered as primary potential confounding variables. These variables were taken as covariates to 

control their effects in this study. However, only studentsô PREMPEX scores met statistical 

requirements for being a covariate, which was explained in Section 4.3.1. The researcher statistically 

controlled the effect of the PREMPEX scores by using it as the covariate of the study. 

 

The mortality threat was controlled by selecting test administration dates together with the teachers of 

classes to find out appropriate times when all students could take the tests. Test dates were announced 

a few times before the administration of the tests. Nevertheless, a few students were absent at some 

test administrations. In these situations, the researcher had some of these students take the tests later 

in appropriate time. In spite of all the researcher efforts, few students could not take some tests. 

However, since these missing subjects included less than 5 % of the sample size, missing subjects did 

not lead to any mortality threat.  

 

Location may be a threat to internal validity if the classroom conditions of control and experiment 

groups are significantly different from each other. In this study, location might be a threat because the 
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EM-7ELC group took their lessons in their physics laboratory while the control group was instructed 

in their usual classrooms. However, this threat was tried to control by having the control group 

students make at least one experiment for each topic in the laboratory. 

 

The characteristics such as, age, gender, ethnicity, of the data collector and collector bias, which 

means that data collector may unconsciously distort the data in a such a way to make certain outcome 

may affect the results (Fraenkel & Wallen, 2000). The researcher collected data herself from all 

groups to control the first threat. The second threat was controlled by standardizing all procedures of 

data collection for groups. Moreover, the researcher wrote clear instructions at the beginning of each 

test for the students. 

 

Instrument decay might be possible ñif the nature of instrument (including the scoring procedure) is 

changed in some way or anotherò (Fraenkel & Wallen, 2000, p. 193). The researcher controlled this 

threat by preparing scoring rubrics for each open-ended question by taking opinions of the supervisor 

of the present study. In addition, the open-ended questions were scored question by question to fix 

scoring manner.  

 

One or more anticipated, and unplanned events might occur during the course of the study that can 

affect the responses of subjects. This is called a history threat (Fraenkel & Wallen, 2000). The 

researcher controlled the threat by alerting to any such influences that may occur during the course of 

the study. The researcher visited the schools at least twice a week. In addition, the researcher 

requested detailed information from teachers about unvisited days. Extraordinary any event was not 

observed during the treatment. Moreover, the tests were administered to all groups at the same days to 

control this threat.  

 

Attitudes of subjects might be a threat to the study. One threat related to the attitude of students 

towards to a treatment might happen when experimental group students received unusual attention 

and recognition because of taking part in the study. This threat is called Hawthorne effect (Fraenkel, 

Wallen, & Hyu, 2012, p. 181). Other related threats might be experimental groups may perform better 

because of the novelty of the treatment rather than because of specific nature of the treatment or 

control group students might become resentful and hence perform more poorly than the treatment 

group (Fraenkel & Wallen, 2000, p. 197). To control this threat, the control group student made some 

experiments in the physics laboratory as well. In addition, the students were warned that the 

instruction in the experimental group was a usual part of teaching. 

 

An implementation threat can happen when different individuals are assigned to implement different 

methods, and these individuals differ in ways related to the outcome (Fraenkel & Wallen, 2000). 

Implementation threat was controlled by assigning the same teacher to all groups in each school. The 

teachers were trained about the implementation of the instruction based on the EM-7ELC before the 

treatment. Moreover, the researcher met the teachers before each class during the treatment. The 

researcher was present at all classes of the experimental group to see that the treatment was 

administered as intended. Some classes of both groups were observed by using the observation 

checklist which was prepared for treatment verification. The results of the checklist administration 

were discussed in Section 4.4.  

 

Before the treatment conducted, the researcher obtained all permissions from Middle East Technical 

University Ethic Committee and Ankara Directorate of National Education to implement the 

treatment. The permission document is given in Appendix S. All students in the experimental group 

were informed about the aim of the study and they were ensured that they were not exposed to any 

physical and psychological harm during the treatment. This study actually did not have any 

procedures or requirements which might cause significant physical harms to students. Minor injuries 

may happen in the explorer phase of the learning cycle which contains some experiments. These 

physical harms were prevented by preparing set up. The possible physiological harms might be that 

students may be forced to take test and they may be threatened that the scores of test would be used in 

their grade or other reasons. These harms were prevented by informing students that their data would 

be used for only research purpose and their names would not be used elsewhere. For confidentiality 

threat, all data obtained from participants were accessible to only the researcher.  
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5.4. External Validity of the Study 

 

The external validity means ñthe extent to which the results of a study can be generalizedò (Fraenkel 

& Wallen, 2000, p. 119). The accessible population of the study was all tenth grade students at nine 

ATTHSs in Ankara. This study was made at two ATTHSs out of nine ATTHSs. The sample of the 

study exceeded ten percent of the accessible population; thus, the results of the study could be 

generalized to the population. Since the students at the ATTHSs in Ankara are mostly high achieving 

students, the results might be also generalized to other schools consisting of high achieving students.  

 

The class size of the ATTHSs is generally 30 students or less. In addition, these schools have very 

modern physics laboratories compared to other public schools. They have MBL tools. Therefore, the 

results might be generalized to the schools having similar environmental settings.  

 

5.5. Conclusion of the Study 

 

It should be pointed that random sampling could not been employed in this study. This limits the 

generalizability of the conclusion. In addition, the conclusions of study presented in this section can 

be generalized to only similar settings discussed above. The conclusions of this study are given as 

follows. 

 The results of the study suggested an interaction effect between the treatment and the 

studentsô pre -epistemological understandings in physics in terms of promoting physics 

achievement. Johnson- Neyman technique was used to find out the range of the PREMPEX 

score at which post- achievement score of the groups would differ significantly. The result of 

this technique showed that the EM-7ELC group students significantly outperformed the TI 

group students within observed score of the PREMPEX. However, this technique also 

showed a disordinal interaction on unobserved score of the PREMPEX. According to this 

interaction, the TI is better at improving achievement of students in force and motion unit for 

the students demonstrating very low epistemological understanding stance in physics. 

However, the EM-7ELC is better for the other types of students including students indicating 

low, average and high epistemological stance in physics. 

 The effect size (Cohenôs d) for achievement was calculated as 2.37, which is considered 

large effect size according to the thresholds suggested by Cohen (1988). 

 On the other hand, with respect to epistemological understandings, there was no an 

interaction between the treatment and the studentsô pre epistemological understandings in 

physics.  

 The EM-7ELC was more effective than the TI with respect to promoting studentsô 

epistemological understandings in physics. This result has not only statistical (p< 0.05) but 

also practical significance (ɖ
2
= 0.17, d = 0.90; large ES). 

 There were no significant mean differences in achievement and epistemological 

understandings between female and male students after the treatment.   

 According to the observation checklist results, the teachersô and studentsô perceptions, the 

students in the EM-7ELC group were physically, cognitively, metacognitively, and 

epistemologically more active than the students in the TI.  

 Students in the experimental group argued that they learned for understandings rather than 

memorizing in the instruction relied on the EM-7ELC. 

 It should be noted that there are some shortcomings of the EM-7ELC. The first, it takes more 

time than the TI does. The second, since the EM-7ELC has three different constructs, 

training teachers about how to implement it takes more time as well.   

 On the other hand, according to the researcherôs experience with the teacher and students, 

preparing well-designed activity sheets, which are clear and organized step by step so that 

the students donôt need the teacherôs instruction to start a particular task, saves instruction 

time. Similarly, preparing teacher-guides for each activity and meeting with teachers before 

each lecture make easy the implementation processes for teachers.  

 

 

 

 

 

 

 



 

90 

5.6. Implications 

 

The implications based on the findings of the study for teachers, other researchers, curriculum 

developers, and textbook writers are given as follows.  

 

Teachers;   

 Should use the traditional instruction to enhance physics achievement of students 

demonstrating very low epistemological stance (corresponding to the scores less than 23 

percent of the possible maximum score on the MPEX) in physics. Or they should use the 

EM-7ELC to help this type of students promote their epistemological understandings so that 

later they can get improvement on conceptual development as well. 

 Should employ the EM-7ELC to improve physics achievement of students demonstrating 

epistemological stance corresponding to the scores ranging from 23 to 37 percent of the 

possible maximum score on the MPEX. The both treatment produce the same impact on 

physics achievement within this range. However, since the EM-7ELC also improves 

studentsô epistemological understandings more, to improve both physics achievement and 

epistemological understandings of this type of students, the EM-7ELC should be used.  

 Should apply the EM-7ELC to facilitate physics achievement of the other types of students 

indicating low, average and high epistemological stance corresponding to the scores greater 

than 37 percent of the possible maximum score on the MPEX.  

 Should utilize the EM-7ELC to promote studentsô epistemological understandings in 

physics.  

 Should use the EM-7ELC to help students be physically, cognitively, metacognitively and 

epistemologically active learner. 

 Should employ the EM-7ELC to improve both femalesô and malesô achievement and 

epistemological understandings in physics. 

 

Researchers; 

 Should prepare well-designed activity sheets, which require little teacher intervention to start 

a particular activity, to save instruction time needed for activities used in the EM-7ELC. 

 Should develop teacher guides and meet with teachers before each lecture to make easy the 

implementation of the EM-7ELC for teachers. 

 

Curriculum Developers; 

 Should give more priority to metacognition and the personal epistemology in addition to 

inquiry. 

 Should write specific instructional objectives to have teachers explicitly use metacognitive 

and epistemological activities in their inquiry-based instructions or other instructions. 

 

Textbook Writers; 

 Should produce passages which address personal epistemologies of students by using 

metacognitive prompts. 

 Should suggest activities engaging students in metacognitive inquiry. 

 Should write teacher guidebooks to help teachers implement metacognitively and 

epistemologically prompted activities. 

 

Teacher education programs; 

 Should train pre-service teachers how to implement explicitly epistemological and 

metacognitive instructions. 

 Should provide concrete examples demonstrating how metacognitive and epistemological 

instructions are integrated into other teaching strategies. 

 Should engage pre-service teachers in discussion of different personal epistemological 

frameworks so that they can question instructional examples related to personal 

epistemologies.  

 Should provide in-service teacher education programs to train in-service teachers how to 

apply the epistemologically and metacognitively improved the 7E learning cycle to their 

instructions.  
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5.7. Recommendation for Further Research 

 

The researcher of the current study proposed the following suggestions for other researchers, teachers, 

curriculum developers, and textbook writers. 

 

 This study suggested a disordinal interaction between studentsô epistemological 

understandings and the mode of instruction (the EM-7ELC versus the TI). This result can be 

used to design ATI research studies in which this interaction would be experimentally tested 

using factorial designs. Put it differently, the students grouped as very low, low, average, 

high and very high according to their pre-instructional epistemological stance and these 

students can be assigned to the EM-7ELC and TI groups. Then, whether the effects of 

teaching methods are changed across these groups can be tested. 

 In the present study, three constructs, namely, the learning cycle, epistemology, and 

metacognition were integrated. Since the sample of this study was small, the effectiveness of 

this integration was evaluated only by comparing to the TI. In the future studies, using larger 

samples, the EM-7ELC can be compared to the TI, the 7E learning cycle, the TI with 

epistemological activities, the TI with metacognitive activities, the metacognitive 7E 

learning cycle, and the epistemological 7E learning cycle to determine which integration is 

more effective than others.   

 This study did not evaluate the durability effect of the instruction on studentsô conceptual 

and epistemological understandings. Future studies can include retention tests to investigate 

this issue.  
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APPENDIX A  

 

 

THE TURKISH MPEX -II  

 

 

 

FĶZĶK BEKLENTĶLERĶ ANKETĶ 

Adē Soyadē:     Sēnēf: 

 

Cinsiyet: ǏKēz     Ǐ Erkek  

 

Sevgili ºĵrenciler, 

Bu anket, fizik dersi hakkēndaki d¿ĸ¿ncelerinizi belirlemek amacē ile hazērlanmēĸtēr. Anket, 2 

bºl¿mden oluĸmaktadēr. Her bºl¿mde, verilen ifadeleri dikkatlice okuyunuz. Ķfadeler basit ve a­ēk bir 

ĸekilde yazēlmēĸtēr. Bunun i­in, ifadelerin anlamlarē ¿zerinde ­ok fazla zaman harcamadan, ilk 

anladēĵēnēz ĸekilde cevap veriniz. L¿tfen anketi i­ten ve samimi olarak cevaplayēnēz. Doĵru ya da 

Yanlēĸ cevap yoktur. Cevaplarēnēz gizli tutulacak ve hi­bir kimseyle paylaĸēlmayacaktēr. 

  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 

 

I. Bºl¿m 

Bu bºl¿m 25 ifadeden oluĸmaktadēr. Her maddenin karĸēsēnda ñKesinlikle Katēlmēyorumò dan 

ñKesinlikle Katēlēyorumò a kadar beĸ se­enek verilmiĸtir. Belirtilen ifadelere ne ºl­¿de katēlēp 

katēlmadēĵēnēzē saĵ taraftaki ilgili kutucuĵa (X) iĸareti yazarak belirtiniz. 
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1 Fizik ºĵrenmek, g¿nl¿k yaĸamdaki durumlarē anlamama yardēm 

eder.  
     

2 Fizik dersindeki temel fikirlerin ­oĵunu anlamak i­in b¿t¿n 

yapmam gereken; sadece derslere girmek, problemlerin ­oĵuna 

­alēĸmak, ders kitabēnē okumak ve/veya dersi dikkatli bir ĸekilde 

dinlemektir.  

     

3 Bir form¿l¿n nerden geldiĵini anlamaktaki temel ama­, o 

form¿l¿n ge­erli olduĵunu ve problemlerde kullanēlabileceĵini 

ºĵrenmektir.  

     

4 Yeni bir fizik konusunu ºĵrenirken, kendi kiĸisel deneyimlerim ya 

da fikirlerim hakkēnda d¿ĸ¿nmek ve onlarē ºĵrenmekte olduĵum 

fizik konusuyla iliĸkilendirmek ºnemlidir.  

     

5 Fizik dersinde, form¿llerin ustaca kullanēlmasē, fizik 

problemlerini etkili bir ĸekilde ­ºzmek i­in gerekli olan temel 

ĸeydir. 

     

6 Fizik bilgisi, her biri temelde ºzel bir duruma uygulanan ­ok 

sayēda birbirinden baĵēmsēz bilgi par­alarēndan oluĸur. 
     

7 Sēnavda bir problemin ­ºz¿m¿ i­in gerekli olan belirli bir form¿l¿ 

hatērlayamazsam, yeterli s¿re verilirse, form¿l¿ ¿retmek i­in 

b¿y¿k olasēlēkla bir yol bulurum. 

     

8 Fizik ger­ek d¿nya ile baĵlantēlēdēr; ama bu baĵlantēyē 

d¿ĸ¿nmeksizin fiziĵi anlayabilirim. 
     

9 Fizik dersinde ñproblem ­ºzmekò, aslēnda, problemleri ger­ekler 

veya form¿llerle eĸleĸtirmek ve sonra deĵerleri yerine koyarak bir 

sayē elde etmek demektir. 
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10 Fizik dersinde, form¿lleri sezgisel olarak anlamayē 
beklemiyorum, onlar verildiĵi gibi kabul edilmelidir. 

     

11 Bir sēnav i­in alēĸtērma ­ºzerken veya bir ºdeve ­alēĸērken, bir 

problem i­in bulduĵum iki farklē yolun farklē cevaplar vermesi 

durumunda, kaygēlanmazdēm. Doĵru cevabē bulduktan sonra 

sadece, yanlēĸ cevabē veren yolu ilerde kullanmaktan ka­ēnmaya 

­alēĸērdēm.  

     

12 Fizik dersindeki notum, temelde konuya ne kadar aĸina olduĵuma 
baĵlēdēr. Notum, anlama ya da yaratēcēlēkla ­ok az ilgilidir. 

     

13 ¢oĵu zaman, bir fizik prensibi veya teorisi size anlamlē 
gelmeyebilir. Bºyle durumlarda, onu kabul etmek ve devam 

etmek zorundasēn, ­¿nk¿ fizikte her ĸeyin sana anlamlē gelmesi 

gerekmez. 

     

14 Eĵer sēnavdaki bir problem daha ºnce ­ºzd¿ĵ¿m bir probleme 
benzemezse, onu ­ºzebilmek i­in fazla bir ĸansēm olacaĵēnē 

d¿ĸ¿nm¿yorum. 

     

15 Bet¿l, fizik kitabēnda kendi deneyimlerine ters d¿ĸen bir ĸey 

okudu. Fakat, Bet¿l, fiziĵi daha iyi ºĵrenmek i­in, kendi 

deneyimlerini d¿ĸ¿nmeyip kitabēn sºylediĵine odaklanmalēdēr. 

     

16 Bir fizik problemini ­ºzmede en ºnemli ĸey, kullanēlacak olan 
doĵru form¿l¿ bulmaktēr.  

     

17 Bir fizik sēnavēmēn nasēl ge­tiĵini, sēnavdan hemen sonra diĵer 

ºĵrencilerle sēnav hakkēnda konuĸmadan ºnce bile, doĵru bir 

ĸekilde anlayabilirim. 

     

18 Fiziĵi bizim tam anlamēyla ºĵrenebilmemiz i­in ºĵretmenlerin 
derste, kavramlara, genel form¿llerin ispatlarēna ve bir iki 

problemin ­ºz¿m¿ne ­ok fazla zaman harcamak yerine, bize 

bir­ok problemin nasēl ­ºz¿ld¿ĵ¿n¿ gºstermeleri gerekir. 

     

19 Fizik dersinde, bilmem gereken b¿t¿n bilgilerin ezberlenmek 
zorunda olmasē ºnemli bir sorundur. 

     

20 Eĵer fizik ºĵretmenleri g¿nl¿k yaĸamla iliĸkili ­ok sayēda ºrnek 

ve ºrnek problemlerle ger­ekten de anlaĸēlabilir dersler verirlerse, 

iyi ºĵrencilerin bir­oĵu dersin dēĸēnda ­ok fazla zaman 

harcamadan derste verilenleri ºĵrenebilir. 

     

21 Fizik kanunlarē, bizim derste ve laboratuarda gºrd¿klerimize 

benzer belli baĸlē basit durumlara uygulanabilmesine raĵmen, 

ger­ek d¿nyadaki deneyimlerimle ­ok az iliĸkilidir. 

     

22 Fizik dersindeki grup ­alēĸmasē, gruptaki en az bir kiĸinin 
¿zerinde tartēĸtēklarē konuyu daha ºnceden anladēĵē ve bildiĵi 

s¿rece yararlēdēr.  

     

23 ñTemel fikirlerò, a­ēk- u­lu sorular i­in faydalē olabilir, ama 

normal fizik problemleri i­in faydalē olmaz. Bu nedenle, 

problemleri ­ºzerken, en ºnemli ĸey her bir soru tipine uygun 

yºntemleri bilmektir.  

     

24 Fiziĵi anlamak i­in form¿ller (eĸitlikler) en temel ĸeydir; diĵer 
bilgiler ­oĵunlukla hangi durumlarda hangi form¿l¿ 

kullanacaĵēna karar vermede yardēmcē olur.  

     

25 Eĵer bir ºdevde hangi sorularē yanlēĸ yaptēĵēmē biliyorsam ve 
­alēĸmak i­in onlarēn ­ºz¿mleri ben de varsa, ºdevlerin geri 

verilmemesi ºnemli deĵildir. 
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II. Bºl¿m 

 

Bu bºl¿m 7 ­oktan se­meli sorudan oluĸmaktadēr. Her soruyu dikkatle okuduktan sonra size gºre en 

uygun se­eneĵi iĸaretleyiniz. 

 

    26.  Ķki ºĵrenci sēnēftaki deneyimleri hakkēnda konuĸuyorlar. 

 Sevgi:  Bizim grubun ger­ekten iyi olduĵunu d¿ĸ¿n¿yorum. ¢oĵu kez kafamēz karēĸmēĸ bir 

ĸekilde ­ok zaman harcēyoruz ve bazen, bize hi­ doĵru cevabē bulamēyoruz gibi 

gelir. Ama hepimiz birbirimizin d¿ĸ¿ncelerini dinler ve bu ĸekilde bir ­ºz¿m 

bulmaya ­alēĸērēz. 

Zeynep:  Bizim grupta, her zaman doĵru cevabē bilen bir kiĸi var ve bu y¿zden biz her zaman 

b¿y¿k ºl­¿de onu takip ederiz. Bu harika, ­¿nk¿ biz her zaman ºdevi zamanēnda 

ve bazen erken bitiririz. 

(a) Nerdeyse tamamen Sevgiô ye katēlēyorum. 

(b) Sevgiôye daha fazla katēlmama raĵmen, bence Zeynep de bazē iyi noktalara dikkat 
­ekiyor. 

(c) Sevgi ve Zeynepôe eĸit olarak katēlēyorum (ya da katēlmēyorum). 

(d) Zeynepô e daha fazla katēlmama raĵmen, bence Sevgi de bazē iyi noktalara dikkat 

­ekiyor. 

(e) Nerdeyse tamamen Zeynepôe katēlēyorum. 

 

27. Aĸaĵēdaki soruda, bazē konularda anlaĸamayan iki ºĵrenci arasēndaki kēsa tartēĸmayē 

okuyacaksēnēz.  

ķule:   Ķyi bir fizik ders kitabēnēn, bir bºl¿mdeki bilgilerin diĵer bºl¿mlerdeki bilgilerle 

nasēl baĵlantēlē olduĵunu gºstermesi gerekir. Kitap her bir konuyu, ayrē bir bºl¿m 

olarak ele almamalēdēr; ­¿nk¿ onlar ger­ekte ayrē deĵillerdir. 

Fatma:  Fakat ­oĵu zaman her bir bºl¿m farklē bir konu hakkēndadēr ve bu farklē konular 

her zaman birbirleriyle baĵlantēlē deĵildir. Ders kitabē her ĸeyi harmanlayacaĵēna 

birbirlerinden ayrē tutmalēdēr. 

Kiminle aynē fikirdesiniz? Bir tanesini se­meden ºnce b¿t¿n se­enekleri okuyunuz. 

(a) Neredeyse tamamen ķuleô ye katēlēyorum.  

(b) ķuleôye daha fazla katēlmama raĵmen, bence Fatma da bazē iyi noktalara dikkat ­ekiyor 

(c) ķule ve Fatmaôya eĸit olarak katēlēyorum (ya da katēlmēyorum). 

(d) Fatmaôya daha fazla katēlmama raĵmen, bence ķule de bazē iyi noktalara dikkat 
­ekiyor. 

(e) Nerdeyse tamamen Fatmaô ya katēlēyorum. 

 

28. Bir ºĵrencinin ­alēĸmak i­in kēsētlē bir zamana sahip olduĵunu ve bu y¿zden aĸaĵēdaki 

se­eneklerden birini se­mesi gerektiĵini d¿ĸ¿nelim. Sēnavēn anlamayē ºl­en adil bir sēnav olduĵunu 

ve sēnav s¿resinin bir problem oluĸturmadēĵēnē varsayarsak, ºĵrencinin hangi se­eneĵi se­mesi 

gerekir?  

(a) Sadece birka­ temel form¿l¿ ºĵrenmek ama onlarēn ayrēntēlarēna girmek 

(b) Ķlgili bºl¿mlerdeki b¿t¿n form¿lleri ºĵrenmek ama ­ok ayrēntēya girmemek 

(c) (a) ve (b) se­eneĵinin her ikisini de doĵru bulmak fakat (a) ya daha ­ok katēlmak. 

(d) (a) ve (b) se­eneĵinin her ikisini de doĵru bulmak fakat (b) ye daha ­ok katēlmak. 

(e) (a) ve (b) se­eneklerinin her ikisini de doĵru bulmak ve bu iki u­ arasēnda orta yolu 
bulmak. 

 

 

 

 

29. Bazē insanlar gºrsel belleĵe sahiptirler, yani okuduklarē her ĸeyi aynen hatērlama yeteneĵine 

sahiptirler. Fizik ºĵrendiĵiniz zaman gºrsel bellek size ne derecede avantaj saĵlar? 

(a) Olabilecek en yararlē ĸey olurdu. 

(b) ¢ok yararlē olurdu. 

(c) Yeterince yararlē olurdu. 

(d) ¢ok az yararlē olurdu. 

(e) Neredeyse hi­ yararē olmazdē. 
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30.  Aĸaĵēda pop¿ler bir fizik kitabēndan alēnan bir soru verilmiĸtir. 

 ñBir ata, bir yere yolcu gºt¿rmek i­in bir arabayē ­ekmesi sºyleniyor. At, arabayē ­ekmenin iĸe 

yaramayacaĵēnē ºne s¿rerek, sahibine óben arabayē ­ekersem araba da beni geri ­ekecek ve 

Newtonôun 3. Kanununa gºre bu kuvvetler birbirine eĸit ve zēt yºnl¿d¿r. Bu y¿zden, bu kuvvetler 

birbirini yok edeceĵinden, ben arabayē nasēl hareket ettirebilirim ki?ô diye sorar. Ata nasēl cevap 

verirdin?ò  

 

Aĸaĵēdakilerden hangisi bir sēnava ­alēĸērken bu gibi sorulara ­alēĸmaya ve cevaplamaya karĸē 

tutumunuzu en iyi ĸekilde tanēmlar? 

(a) Bu t¿r sorulara ­alēĸmak yararlē deĵildir; ­¿nk¿ bu t¿r sorular sēnavda ­ēkmaz. 

(b) Bu t¿r sorulara ­alēĸmak biraz yararlēdēr; fakat problem ­ºzme teknikleri veya 
form¿ller gibi diĵer ĸeylere ­alēĸmak kadar yararlē deĵildir. 

(c) Bu t¿r sorulara ­alēĸmak yeterince yararlēdēr, yeterince zaman ayērmaya deĵer. 

(d) Bu t¿r sorulara ­alēĸmak olduk­a yararlēdēr, zamanēmēn olduk­a fazlasēna deĵer. 

(e) Bu t¿r sorulara ­alēĸmak son derece yararlēdēr. Zamanēmēn pek ­oĵuna deĵer. 

 

    31. Ali ve Murat bir problem ¿zerinde ­alēĸēyorlar. 

Ali:     ñKitabēn, bir ­ember etrafēnda dºnen her ĸey merkezcil ivmeye sahiptir 

dediĵini hatērlēyorum.ò 

Murat:  ñAma eĵer par­acēĵēn hēzē sabitse, nasēl ivmelenebilir? Bu mantēklē deĵil.ò 

     Ali:     ñTam buraya bak, ñD¿zg¿n Dairesel Hareketò baĸlēĵē altēnda ivmenin 

form¿l¿ a=v
2
/r olarak verilmiĸ. Bu, problemi ­ºzmek i­in ihtiyacēmēz olan 

ĸey.ò 

              Murat:  ñAma ivmenin olmasē i­in hēzda bir deĵiĸiklik olmasē gerektiĵini biliyorum. 

Hēzēn nasēl deĵiĸtiĵini anlamēyorum. Bu form¿l bana doĵru gelmiyor.ò 

 

Eĵer onlardan yalnēz biri ile ­alēĸabilseydiniz, kimin daha yararlē olacaĵēnē d¿ĸ¿n¿rd¿n¿z? 

(a) Ali daha ­ok yararlē olurdu. 

(b) Ali birazcēk daha yararlē olurdu. 

(c) Ķkisi de eĸit derecede yararlē olurdu. 

(d) Murat birazcēk daha yararlē olurdu. 

(e) Murat daha ­ok yararlē olurdu. 

 

32. Birka­ ºĵrenci grup ­alēĸmasē hakkēnda konuĸuyorlar. 

Arzu:   ñBir ĸeyi, grubumdaki baĸkalarēna anlatmamēn onu daha iyi anlamama ger­ekten 

yardēm ettiĵini d¿ĸ¿n¿yorum.ò 

Pēnar: ñBaĸkalarēna a­ēklamanēn senin daha iyi anlamana yardēm ettiĵini d¿ĸ¿nm¿yorum. 

Sadece, bir ĸeyi baĸka birisine anlatabildiĵin zaman onu zaten anladēĵēnē fark ediyorsun.ò 

 

Kime katēlēyorsunuz? Bir se­eneĵi se­meden ºnce b¿t¿n se­enekleri okuyunuz. 

(a) Nerdeyse tamamen Arzuôya katēlēyorum. 

(b) Arzuôya daha fazla katēlmama raĵmen, bence Pēnar da bazē iyi noktalara dikkat ­ekiyor. 

(c) Arzu ve Pēnarôa eĸit olarak katēlēyorum (ya da katēlmēyorum). 

(d) Pēnarôa daha fazla katēlmama raĵmen, bence Arzu da bazē iyi noktalara dikkat ­ekiyor. 

(e) Nerdeyse tamamen Pēnarôa katēlēyorum. 
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APPENDIX B1 

 

 

THE FIRST VERSION OF THE OBJECTIVE LIST  

 

 

Objectives for the FMAT-I 

1. Hareketin nedeni ile ilgili ºĵrenciler; 

1.1.Cisim ¿zerine etki eden kuvvetleri a­ēklar. (Comprehension) 

1.2.Cisim ¿zerine etki eden kuvvetleri etiketlendirir. (Comprehension) 

1.3.Serbest cisim diyagramē ­izer. (Analysis) 

1.4.Kuvvetin vektºrel olmasēndan kaynaklanan sonu­larē tayin eder. (Knowledge) 

1.5.Bir cisme etki eden kuvvetlerin bileĸkesini hesaplar.(Application)  

1. Net kuvvetin sēfēr olduĵu durumda cismin hareketiyle ilgili olarak ºĵrenciler; 

2.1.Net kuvvet ile hēz deĵiĸimi arasēndaki iliĸkiyi irdeler. (Analysis) 

2.2.Limit hēza etki eden faktºrleri ayērt eder. (Analysis) 

2.3.Ķki cismin hareketini birbirine gºre yorumlar. (Comprehension) 

2.4.Hareketli bir ortamdaki cisimlerin hareketlerini farklē gºzlem ­evrelerine gºre yorumlayēp 

problemler ­ºzer. (Application) 

3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
3.1. Net kuvvet ile cismin ivmesi ve k¿tlesi arasēndaki baĵēntēyē kullanarak problemler ­ºzer. 

(Application)  

3.2.Net kuvvet ve ivme arasēndaki iliĸkiyi irdeler. (Analysis) 

3.3. Cismin hareketi ile ivmesi arasēndaki iliĸkiyi irdeler. (Analysis) 

3.4.Cismin hareketi ile cisme etki eden kuvvet arasēndaki iliĸkiyi irdeler. (Analysis) 

 

 

Objectives for the FMAT-II  

 

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
1.1.Verilen kinematik grafiĵinin metinsel a­ēklamasēnē ayērt eder (Analiz) 

1.2. Verilen kinematik grafiĵinin metinsel a­ēklamasēnē yapar (Synthesis) 

1.3.Verilen hareket durumunun metinsel a­ēklamasēnēn kinematik grafiĵini ayērt eder (analiz) 

1.4.Bir hareket durum i­in verilen bir kinematik grafiĵinden diĵer kinematik grafiklerini ­izer. 

(Synthesis) 

1.5.Konum-zaman grafiĵinden yararlanarak hēzē hesaplar. (Application) 

1.6.Hēz- zaman grafiĵinden yararlanarak toplam yer deĵiĸtirmeyi hesaplar.(Application) 

1.7.Hēz- zaman grafiĵinden yararlanarak ivmeyi hesaplar.(Application) 

1.8. Atēĸ hareketlerinin d¿ĸeyde sabit ivmeli hareket ile yatayda sabit hēzlē hareketlerin bir birleĸimi 

olduĵunu ifade eder.(Knowledge) 

1.9.Ķki boyutlu hareketlerde yatay ve d¿ĸey boyut i­in konum-zaman, hēz-zaman ve ivme- zaman 

grafiklerini ­izer.(Analysis) 

1.10.Atēĸ hareketleri yapan cismin izlediĵi yolu se­er.(Knowledge) 

1.11.Ķki boyuta sabit ivmeli hareketler ile ilgili problemler ­ºzer.(Application)  

2. Her etkinin bir tepki doĵurmasēyla ilgili olarak ºĵrenciler; 

2.1. Etki tepki kuvvet ­iftlerini g¿nl¿k yaĸamdaki olaylara uygular.(Application) 

2.2. Etki tepki kuvvet ­iftlerini kullanarak cisimlerin birbirine uyguladēklarē kuvvetler hakkēnda 

karar verir.(Evaluation) 

2.3.Etki tepki kuvvet ­iftlerinin farklē cisimler ¿zerinde olduĵuna karar verir (Evaluation) 

2.4.Birden fazla cisimden oluĸan sistemlerde sistemin ve cisimlerin ivmesini hesaplar.(Application) 

2.5. Sistem i­i kuvvetleri hesaplar.(Application) 

3.Cismin eylemsizliĵi ile ilgili olarak ºĵrenciler; 

3.1.Eylemsizliĵi cismin durgun, sabit hēzlē ve sabit ivmeli hareketinden baĵēmsēz olduĵunu ifade 

eder. (Knowledge) 

3.2.Cismin eylemsizliĵinin k¿tlesinin bir ºl­¿s¿ olduĵunu ifade eder(knowledge) 

3.3.Kuvvet ve eylemsizliĵin farklē olduĵu ayrēmēnē yapar.(Knowledge) 
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APPENDIX B2 

 

 

 

THE FIRST VERSION OF THE FMAT -I  

 

 

KUVVET VE HAREKET BAķARI TESTĶ 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

Cinsiyetiniz:  ǏKēz     Ǐ Erkek  

 

Sevgili ºĵrenciler, 

36 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 4 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 
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I. Bºl¿m 

Bu bºl¿m 5­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, t¿m sorularē cevaplayēnēz. 

1. 

 
M cismine ĸekildeki gibi F1, F2, F3, F4 kuvvetleri etkimektedir.  

M cismine etki eden bileĸke kuvvet hangi yºndedir? 

A) F1 yºn¿nde  B) F2 yºn¿nde  C) F3 yºn¿nde   

D) F4 yºn¿nde  E) Kesikli okla belirtilen yºnde  

 

2.  Bir kadēn b¿y¿k bir kutuya sabit yatay bir kuvvet uyguluyor. Sonu­ olarak, kutu yatay bir y¿zey 

¿zerinde sabit V0 hēzēyla hareket ediyor. 

Kadēn tarafēndan uygulanan sabit yatay kuvvet, 

A) kutunun aĵērlēĵē ile aynē b¿y¿kl¿ktedir. 

B) kutunun aĵērlēĵēndan b¿y¿kt¿r. 

C) kutunun hareketini engellemeye ­alēĸan toplam kuvvetle aynē b¿y¿kl¿ktedir. 

D) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten b¿y¿kt¿r. 

E) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten veya kutunun aĵērlēĵēndan 

b¿y¿kt¿r. 

 

3. Suya gºre hēzē 2v olan bir u­ak gemisi ile bir yunus aynē yºnde gidiyor. Geminin pistinde hareket 

eden bir motosikletli yunusu duruyor gibi gºr¿yor.  

Yunusun suya gºre hēzē v olduĵuna gºre, motosikletin gemiye gºre hēzē nedir? 

A) Gemiyle aynē yºnde v 

B) Gemiyle aynē yºnde 2v 

C) Gemiyle aynē yºnde 3v 

D) Gemiyle zēt yºnde v 

E) Gemiyle zēt yºnde 2v 

 

4. Bir araba maksimum 3 m/s
2
 lik bir ivmeye sahiptir. Bu araba kendisinin iki katē k¿tlesine sahip 

ikinci bir arabayē ­ektiĵi zaman, maksimum ivmesi ne olur? 

 

      A) 2,5 m/s
2
  B) 2,0 m/s

2
 C) 1,5 m/s

2
 D) 1,0 m/s

2
 E) 0,5 m/s

2 

 

 

5. Bir ­ocuk ­elik bir topu tam yukarēya doĵru dik olarak atar. Topun, ­ocuĵun elinden ­ēkēp yere 

d¿ĸene kadar olan hareketini dikkate alēn ve hava tarafēndan topa uygulanan kuvvetlerin ihmal 

edilebilir olduĵunu d¿ĸ¿n¿n.  

 

Bu ĸartlarda topa etkiyen kuvvet(ler), 

A) s¿rekli azalan yukarē yºnde bir kuvvetle birlikte aĸaĵēya doĵru bir yer­ekimi kuvvetidir. 

B) ­ocuĵun elinden ­ēktēktan sonra en y¿ksek noktaya ulaĸana kadar s¿rekli azalan yukarē 

yºnde bir kuvvet; aĸaĵēya inerken ise, cisim d¿nyaya yaklaĸtēk­a s¿rekli artan aĸaĵē yºnde 

bir yer­ekimi kuvvetidir. 

C) top en y¿ksek noktaya ulaĸana kadar yukarē yºnde s¿rekli azalan bir kuvvetle birlikte, 

neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvveti; aĸaĵēya inerken ise, sadece sabit aĸaĵē 

yºnde bir yer­ekimi kuvvetidir. 

D) sadece, neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvvetidir. 

E) yukarēdakilerden hi­biri. Topun d¿nya ¿zerinde durma doĵal eĵilimi olduĵu i­in top yere 

d¿ĸer. 
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II. Bºl¿m 

 

Bu bºl¿m, 13 adet eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz. 

 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 6-12 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Bir kēzak, aĸaĵēda 6ôdan 12ôye kadar olan sorularda tanēmlanan bi­imlerde buz ¿zerinde hareket 

ediyor. S¿rt¿nme kuvveti ihmal ediniz. Buz ¿zerinde kaymayan bir ayakkabē giyen bir kiĸi kēzaĵa bir 

kuvvet uygulayabiliyor ve kēzaĵē buz ¿zerinde itebiliyor.  

Kēzaĵēn 6ôdan 12ôye kadar olan her bir soruda tanēmlanan hareketini devam ettirecek bir kuvveti 

(Aôdan Gôye) se­iniz ve se­tiĵiniz harfi sorunun yanēndaki boĸluĵa yazēnēz. 

Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece 

bir cevap se­iniz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini 

sorunun yanēndaki boĸluĵa yazēnēz.  

 

A. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

B. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

C. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

 

 

D. Kuvvet uygulamaya gerek yoktur. 

 

E. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

F. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

G. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

 

 

 

 6. Hangi kuvvet kēzaĵēn saĵa doĵru ve sabit oranda hēzlanan (sabit ivmeli)  hareketini devam  

ettirir?  

 7.Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet kēzaĵēn saĵa doĵru sabit hēzlē hareketini 

devam  ettirir ? 

 8. Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet onu sabit oranda (sabit ivme ile) 

yavaĸlatēr? 

 9. Hangi kuvvet kēzaĵēn sola doĵru ve sabit oranda hēzlanan (sabit ivmeli)  hareketini devam 

ettirir?  

 10. Kēzak durgun halden baĸlayarak ve saĵa doĵru sabit bir hēza ulaĸēncaya kadar itiliyor. 

Hangi  

 kuvvet kēzaĵēn bu sabit hēzlē hareketini devam ettirir ? 

 11. Kēzak sabit oranla (sabit ivme ile) yavaĸlēyor ve kēzaĵēn ivmesi saĵa doĵrudur. Hangi 

kuvvet bu harekete neden olur? 

 12. Kēzak sola doĵru hareket ediyor. Hangi kuvvet kēzaĵē sabit oranda (sabit ivme ile) 

yavaĸlatēr? 
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AķAĴIDAKĶ A¢IKLAMAYI 13-15. SORULARINI CEVAPLARKEN KULLANINIZ. 

 

13-15. sorular yukarē doĵru havaya fērlatēlan metal para ile ilgilidir. Para fērlatēldēktan sonra yukarē 

doĵru hareket ediyor, en y¿ksek noktaya ­ēkēyor ve tekrar aĸaĵē d¿ĸ¿yor. Paranēn 13-15 sorularēnda 

tanēmlanan hareketinin her bir basamaĵēndaki ivmesini belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan 

Gôye) birini kullanēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun 

yanēndaki boĸluĵa J se­eneĵini yazēnēz. Hava direncinin etkisini ihmal ediniz. Yukarē yºn¿ pozitif 

aĸaĵē yºn¿ negatif alēnēz.  

A. Ķvme negatif yºnde ve sabittir. 

B. Ķvme negatif yºnde ve artēyor. 

C. Ķvme negatif yºnde ve azalēyor. 

D. Ķvme sēfērdēr 

E. Ķvme pozitif yºnde ve sabittir. 

F. Ķvme pozitif yºnde ve artēyor. 

G. Ķvme pozitif yºnde ve azalēyor. 

 

______13. Metal para fērlatēldēktan sonra yukarē yºnde hareket ediyor iken. 

______14. Metal para en y¿ksek noktada iken. 

______15. Metal para aĸaĵē yºnde hareket ediyor iken. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 16-18 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

16-18. sorular, anlēk bir itme uygulanarak bir eĵik d¿zlemde yukarē doĵru tērmanan oyuncak araba ile 

ilgilidir.  

Araba anlēk itme ile fērlatēldēktan sonra eĵik d¿zleme tērmanēyor ve en y¿ksek noktaya ­ēkarak tekrar 

geriye dºn¿yor. S¿rt¿nme kuvveti ihmal edilebilecek kadar k¿­¿kt¿r. 

 

                      
 

Aĸaĵēda 16-18 sorularēnda tanēmlanan her bir durumda arabaya etki eden net kuvveti belirtmek i­in 

aĸaĵēdaki se­eneklerden (Aôdan Gôye) birini kullanēnēz. Eĵer se­eneklerden hi­birinin doĵru 

olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini sorunun yanēndaki boĸluĵa yazēnēz. 

 

A. Rampadan aĸaĵē doĵru sabit net kuvvet 

B. Rampadan aĸaĵē doĵru artan net kuvvet 

C. Rampadan aĸaĵē doĵru azalan net kuvvet 

D. Net kuvvet sēfēr 

E. Rampadan yukarē doĵru sabit net kuvvet 

F. Rampadan yukarē doĵru artan net kuvvet 

G. Rampadan yukarē doĵru azalan net kuvvet 

 

______16. Araba fērlatēldēktan sonra rampanēn yukarēsēna doĵru hareket ediyor iken. 

______17. Araba en y¿ksek noktada iken. 

______18. Araba rampanēn aĸaĵēsēna doĵru hareket ediyor iken. 
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III. Bºl¿m 

Bu bºl¿m 15a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz.  

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 19-22 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A ve B arabalarē d¿z bir yol boyunca sabit bir hēzla hareket ediyorlar. Aĸaĵēda verilen diyagram 

arabalarēn eĸit zaman aralēklarēyla ayrēlmēĸ 1-4 anlarēndaki konumlarēnē gºstermektedir.  

 
 

A arabasēnda bulunan gºzlemci B arabasēnēn konumunu ­eĸitli zaman aralēklarēnda kaydediyor.  

 

Aĸaĵēda verilen anlarda, A arabasēndaki gºzlemci B arabasēnē: 

19. t1: (bir tanesini yuvarlak i­ine alēnēz) batēya hareket ediyor, doĵuya hareket ediyor, duruyor 

olarak gºr¿r. Cevabēnēzē a­ēklayēnēz. 

 

 

 

20. t2:  (bir tanesini yuvarlak i­ine alēnēz) batēya hareket ediyor, doĵuya hareket ediyor, duruyor 

olarak gºr¿r. Cevabēnēzē a­ēklayēnēz. 

 

 

 

21. t3: (bir tanesini yuvarlak i­ine alēnēz) batēya hareket ediyor, doĵuya hareket ediyor, duruyor 

olarak gºr¿r. Cevabēnēzē a­ēklayēnēz. 

 

 

22. Yanda verilen vektºr setlerinden hangisi A abrasēndaki 

gºzlemciye gºre B arabasēnēn 1, 2 ve 3 anlarēndaki hēzēnē 

gºsterir.Yukarēdaki soruya verdiĵiniz cevabē a­ēklayēnēz.  

 

 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMAYI 23-25 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

K¿­¿k bir ­ocuk olan Ahmet bir kuyunun yanēnda oynarken kuyunun i­ine d¿ĸer. Ahmetôi kuyudan 

­ēkarmak i­in kurtarma ekipleri makaralē bir makineye baĵlē bir ipi kuyuya sallarlar ve Ahmet bu ipi 

beline baĵlar. Ahmetôin aĵērlēĵē 250 N dur. 

 

23. Ahmet yukarēya doĵru sabit bir hēzla ­ekilirken, ip yukarēya doĵru 250 N dan b¿y¿k m¿, k¿­¿k m¿ 

, yoksa  eĸit bir kuvvet mi uygular? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

24. Ahmetôin ailesi bir an ºnce oĵullarēna kavuĸmak istediklerinden kurtarma ekiplerinden makineyi 

hēzlandērmalarēnē isterler. Makine, Ahmetôin hēzē giderek artacak ĸekilde ipi ­ekmeye baĸlar. Bu 

durumda ip, yukarēya doĵru 250 N dan b¿y¿k m¿, k¿­¿k m¿, yoksa  eĸit bir kuvvet mi uygular? 

Cevabēnēzē a­ēklayēnēz. 
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25. Ahmet kuyunun baĸēna yaklaĸtēĵē zaman, Ahmetôin hareketini durdurmak i­in, makine 

yavaĸlatēlēr. Bu zaman aralēĵēnda ip yukarēya doĵru 250 N dan  b¿y¿k m¿, k¿­¿k m¿, yoksa  eĸit bir 

kuvvet mi uygular? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 26-28 SORULARINI CEVAPLARKEN KULLANINIZ. 
 

Bir blok ve bir A k¿resi ĸekildeki gibi bir iple 

s¿rt¿nmesiz bir makara ¿zerinde kayacak 

ĸekilde birbirine baĵlanēyor ve bir el bloĵu 

kaymamasē i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Hava direncini ihmal ediniz.  

 

 

 

Blok serbest bērakēldēktan hemen sonra   

 

26. Blok ¿zerine etki eden kuvvetlerin adlarēnē 

yazēp, kēsaca tanēmlayēnēz. (¥rneĵin yer­ekimi 

kuvveti ñd¿nya tarafēndan bloĵa uygulanan kuvvetò ĸeklinde tanēmlanēr.) 

 

 

27. Blok ¿zerine etki eden kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi kuvveti, s¿rt¿nme kuvveti, normal kuvvet),  

b) Kuvvetin uygulandēĵē cisim,   

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendirin (sembollerle gºsterin). 

¥rneĵin, yer­ekimi kuvveti (d¿nyanēn bloĵa uyguladēĵē kuvvet) WBE ĸeklinde etkilendirilir.  

 

 

 

 

 

 

 

28. Etiketlendirdiĵiniz kuvvetleri serbest cisim diyagramēnda gºsteriniz.  

(Serbest cisim diyagramē bir cisim ¿zerine etki eden t¿m kuvvetlerin gºsterildiĵi diyagramdēr.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BLOK 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 29-30 SORULARINI CEVAPLARKEN KULLANINIZ. 
 

Bir ­ocuk i­i dolu olan A ve B kutularēnē 

ĸekildeki gibi itiyor.  

 

 

29. B kutusuna etki eden kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi kuvveti, s¿rt¿nme kuvveti, normal kuvvet),  

b) Kuvvetin uygulandēĵē cisim,   

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendirin(sembollerle gºsterin). 

 

 

 

 

 

 

 

30. Etiketlendirdiĵiniz kuvvetleri serbest cisim diyagramēnda gºsteriniz.  

 

 

 

 

 

 

 

 

 

 

31.Suya gºre sabit bir hēza sahip olan bir motor A noktasēndan nehrin karĸēsēndaki B noktasēna 

gitmek i­in ĸekilde gibi bir yolu izliyor. Motorun B noktasēna varma s¿resi nehir durgunken t1, sabit 

bir Va hēzēyla akarken t2ô dir. Buna gºre t1 ve t2 s¿relerini karĸēlaĸtērēn.    

 
 

32. Ķkinci bir motor ĸekilde gºr¿ld¿ĵ¿ gibi A noktasēndan sabit bir V hēzēyla hareket ediyor. Motorun 

karĸē kēyaya varma s¿resi nehir durgunken t1, sabit bir Va hēzēyla akarken t2ô dir. Buna gºre t1 ve t2 

s¿relerini karĸēlaĸtērēn.    

 
33.Bir ­ocuk bir topu trenin zemininden trenin hareketine zēt yºnde yuvarlēyor. Tren 10 m/s lik hēzla 

ilerlerken top 3s de 2m yol alēyor. 3s zaman aralēĵēndaki topun yere gºre yerdeĵiĸtirmesi ne kadardēr? 

 

 

 

 

A  

75 kg 

B 

25 kg 

B kutusu 
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IV. Bºl¿m 

Bu bºl¿m 3 adet doĵru yanlēĸ sorudan oluĸmaktadēr. Doĵru olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna 

(D), yanlēĸ olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna ise (Y) yazēnēz. 

 

34. Bazē durumlarda, bileĸke kuvvetin kendini oluĸturan kuvvetlerden k¿­¿k olmasē kuvvetin vektºr 

olmasēndan kaynaklanmaktadēr. (......) 

35. Aynē b¿y¿kl¿kte paraĸ¿tlerle aynē y¿kseklikten atlayan iki paraĸ¿t­¿den aĵēr olan limit hēza daha 

erken ulaĸēr. (éé) 

36. Bir cisim ¿zerine birden fazla kuvvet etki ettiĵinde cismin hareket durumunu belirlemek i­in 

kuvvetlerin her birinin b¿y¿kl¿klerinin bilinmesi yeterlidir. (éé) 
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APPENDIX B3 

 

 

THE FIRST VERSION OF THE FMAT -II  

 

 

 

KUVVET VE HAREKET BAķARI TESTĶ 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

Cinsiyetiniz:  ǏKēz     Ǐ Erkek  

 

Sevgili ºĵrenciler, 

37 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 4 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

117 

I. Bºl¿m 

Bu bºl¿m 11 ­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, b¿t¿n sorulara cevap veriniz. 

 

1. Aĸaĵēda bir cismin hēz -zaman grafiĵi verilmiĸtir. Hangi zaman aralēĵēndaki negatif ivme en b¿y¿k 

deĵerdedir? 

 

A) R-T aralēĵēnda 

B)T-V aralēĵēnda 

C)V anēnda 

D) X anēnda 

E) X-Z aralēĵēnda 

 

 

 

2. Bir cisim durgun halden harekete baĸlar ve on saniye boyunca sabit pozitif bir ivmeyle hareket 

eder. Daha sonra sabit bir hēzla hareketini s¿rd¿r¿r. Aĸaĵēdaki grafiklerden hangisi bu cismin 

konum-zaman grafiĵi olabilir? 

 
 

 

3.Paralel yollarda ilerleyen A ve B arabasēnēn konum- zaman grafiĵi yanda verilmiĸtir. Buna gºre 

aĸaĵēdakilerden hangisi doĵrudur? 

 

I. tB zamanēnda iki araba da aynē hēza sahiptir. 

II. Her iki araba da hēzlanmaktadēr. 

III.  A ve B arabalarē tB zamanēndan ºnce 

herhangi bir anda aynē hēza sahip olurlar 

IV.  Grafiĵin belli bir noktasēnda her iki 

arabanēn ivmesi birbirine eĸit olur. 

 

A) Yalnēz I B) Yalnēz III C) I, II, 

III  D)I, II,  IV  E) I, II, III, IV  

 

 

 

 

4. Aĸaĵēda bir cismin konum -zaman grafiĵi verilmiĸtir. Cismin 2. saniyedeki hēzē ka­ m/s ódir? 

 

A) 0,4 m/s 

B) 2,0 m/s 

C) 2,5 m/s 

D) 5,0 m/s 

E) 10,0 m/s 
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5. Bir cisim aĸaĵēdaki grafiĵe gºre hareket etmektedir: 

 
 

Buna gºre, t=4 s ile t=8 s zaman aralēĵēnda cisim ne kadar yer deĵiĸtirir? 

 

A)  0,75 m  B) 3,0 m  C) 4,0 m   D) 8,0 m   E) 12,0 m 

 

6. Aĸaĵēda bir cismin hēz-zaman grafiĵi verilmiĸtir. Cismin t= 0 ve t=6 s arasēndaki ortalama ivmesi 

yaklaĸēk olarak ne kadardēr? 

 
A)  3,0 m/s

2
  B) 1,5 m/s

2
   C) 0,83 m/s

2
  D) 0,67 

m/s
2
  

E) Soruyu cevaplamak i­in yeterli bilgi verilmemiĸtir.  

 

 

7. Aĸaĵēdaki ĸekilde gºsterildiĵi gibi, bir tepenin kenarēndan bir top ateĸlenir. 1-5 yollarēndan hangisi, 

merminin/g¿llenin izleyeceĵi en yakēn yoldur? 

 
A) 1  B)2  C)3 D)4  E)5 
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8. 

 

 

 

 

 

 

 

Yer­ekimi ivmesinin (g) olduĵu bir yerde, ĸekildeki gibi P noktasēndan eĵik atēlan bir top (t) sn sonra 

K noktasēna d¿ĸ¿yor.  

Yalnēz (g) ve (t) bilinenleriyle; 

I. hmax y¿ksekliĵi 

II. V0y bileĸenin b¿y¿kl¿ĵ¿ 

III.  PK uzaklēĵē 

Niceliklerinden hangileri hesaplanabilir? 

A)  Yalnēz hmax      B) V0y ve PK C) hmax ve PK  D) hmax ve V0y    

E) hmax ,V0y ve PK 

 

 

9. ķekildeki gibi, b¿y¿k bir kamyon yolda bozulur ve k¿­¿k bir otomobil tarafēndan itilir. Hēzēnē 

arttērarak, istenen yol hēzēna ulaĸēncaya kadar otomobil kamyonu iterken, 

 
A) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿ne eĸittir. 

B) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿nden azdēr. 

C) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿nden fazladēr. 

D) otomobilin motoru ­alēĸmakta olduĵu i­in kamyonu itmektedir, kamyonun motoru 

­alēĸmadēĵē i­in arabayē geri itememektedir. Kamyon ise elbette ileriye itilecektir, ­¿nk¿ 

otomobilin yolu ¿zerindedir. 

E) kamyon da otomobil de birbirlerine kuvvet uygulamamaktadēr. Kamyon ise elbette ileriye 
itilecektir, ­¿nk¿ otomobilin yolu ¿zerindedir. 

 

10. Yandaki ĸekilde A ºĵrencisi 75 kg ve B ºĵrencisi ise 57 kg 

k¿tlelidir. Birbirinin aynē ofis sandalyelerinde karĸē karĸēya 

oturmaktadērlar. A ºĵrencisi, ĸekildeki gibi, ayaklarēnē B ºĵrencisinin 

dizlerine koymuĸtur. Sonra A ºĵrencisi birden ayaklarēyla dēĸarēya 

doĵru iterek, her iki sandalyenin de hareket etmesine neden olur. 

 

Ķtme sērasēnda ve Aônēn ayaklarē Bônin dizine hala dokunmaktayken, 

A) ºĵrenciler birbirlerine hi­bir kuvvet uygulamamaktadērlar. 

B) A ºĵrencisi B ºĵrencisi ¿zerine bir kuvvet uygulamakta, fakat 

B Aôya bir kuvvet uygulamamaktadēr. 

C) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat B daha b¿y¿k bir kuvvet uygular. 

D) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat A daha b¿y¿k bir kuvvet uygular. 

E) her iki ºĵrenci de birbirleri ¿zerine eĸit b¿y¿kl¿kte kuvvet uygulamaktadērlar. 

 

11. Aĸaĵēdaki cisimlerden hangisinin/ hangilerinin eylemsizliĵinden bahsedilebilir? 

I. Duran bir arabanēn 

II. Sabit hēzla ilerleyen bir arabanēn 

III. Sabit bir ivme ile hēzlanan bir arabanēn 

 

A) Yalnēz I B) Yalnēz II C) I ve II  D) II ve III E) I, II, ve III 
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II. Bºl¿m 

 

Bu bºl¿m, 10 eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen t¿m 

sorularē cevaplayēnēz. 

 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 12-16. SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Oyuncak bir araba yatay doĵru boyunca saĵa veya sola hareket edebiliyor. Pozitif yºn saĵa doĵrudur. 

0 +
 

Aĸaĵēda arabanēn farklē hareketleri tanēmlanmēĸtēr. Arabanēn hareketi i­in 12-16 sorularēnda 

tanēmlanan her bir duruma ait ivme-zaman grafiĵini belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan 

Gôye) birini kullanēnēz. Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz. Eĵer 

se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki boĸluĵa J se­eneĵini 

yazēnēz. 

 

 
 

______12. Araba saĵa doĵru (orijinden uzaklaĸarak) sabit oranda hēzlanarak hareket ediyor. 

______13. Araba saĵa doĵru sabit oranda yavaĸlayarak hareket ediyor. 

______14. Araba sola doĵru (orijine doĵru) sabit hēzla hareket ediyor. 

______15. Araba sola doĵru sabit oranda hēzlanarak hareket ediyor. 

______16. Araba saĵa doĵru sabit hēzla hareket ediyor. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 17-21 SORULARINI CEVAPLARKEN KULLANINIZ 

Plastik top fērlatan bir silah ĸekilde gºr¿ld¿ĵ¿ gibi belirli bir a­ē altēnda ateĸleniyor. Hava 

s¿rt¿nmesini ihmal ediniz. 

 

Topun hareketi ile ilgili aĸaĵēda grafikler verilmiĸtir. Aôdan  Ķô ye 

kadar olan grafiklerin yatay ekseni zamanē gºsterirken d¿ĸey eksenler 

belirtilmemiĸtir.   

 

Merminin hareketi i­in 17-21 sorularēnda verilen her bir niceliĵe ait 

grafiĵi belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan Ķôye) birini 

kullanēnēz.  Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki 

boĸluĵa J se­eneĵini yazēnēz. 

 

 
 

 17. D¿ĸey eksendeki konum 

 18. Hēzēn yatay bileĸeni 

 19. Net kuvvet 

 20. Hēzēn d¿ĸey bileĸeni 

 21. Yatay eksendeki konum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

122 

III. Bºl¿m 

Bu bºl¿m 13 a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz.  

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 22-24 SORULARINI CEVAPLARKEN KULLANINIZ 

 

Bir blok ve bir A k¿resi ĸekildeki gibi bir iple 

s¿rt¿nmesiz bir makara ¿zerinde kayacak 

ĸekilde birbirine baĵlanēyor ve bir el bloĵu 

kaymamasē i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Hava direncini ihmal ediniz.  

 

 

 

 

 

 

Blok serbest bērakēldēĵē anda A k¿resi ile ºzdeĸ 

olan B k¿resi de serbest bērakēlēyor.  

 

22.  B k¿resi A k¿resinden ºnce mi, sonra mē, yoksa aynē anda mē yere ­arpar?  Cevabēnēzē 

a­ēklayēnēz. 

 

 

 

 

 

 

 

23. Blok serbest bērakēlmadan ºnce, ipteki gerilme kuvveti 10 N dur. Blok serbest bērakēldēktan sonra, 

ipteki gerilme kuvveti 10 Nô dan b¿y¿k m¿d¿r, 10 Nôdan k¿­¿k m¿d¿r, yoksa 10 Nô a eĸit midir? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

 

 

 

 

24. ķimdi deneyi s¿rt¿nmesiz masa ¿zerinde tekrarladēĵēnēzē d¿ĸ¿n¿n¿z. Bu durumda B k¿resi A 

k¿resinden ºnce mi, sonra mē, yoksa aynē anda mē yere ­arpar?  Cevabēnēzē a­ēklayēnēz. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 25-27 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A, B, C bloklarē s¿rt¿nmesiz bir masa boyunca sola doĵru 

sabit bir kuvvetle itiliyor. A bloĵu 2M, B bloĵu 3M ve C 

bloĵu M k¿tlesine sahiptir.  

 

 

25. Aĸaĵēda verilen ºl­ekli alana her bir bloĵa etki eden net 

kuvveti gºsteren vektºrleri ­iziniz. Vektºrleri, bloklara etki 

eden net kuvvetlerin birbirine gºre b¿y¿kl¿klerini ve yºnlerini dikkat ederek ­iziniz. 

 

 

 

26 ve 27. sorularē cevaplarken B bloĵunun k¿tlesinin iki katēna ­ēkarēldēĵēnē, diĵer bloklarēn 

k¿tlelerinin deĵiĸtirilmediĵini ve elin baĸlangē­taki sabit kuvveti uyguladēĵēnē d¿ĸ¿nerek 

cevaplayēnēz.  

 

26. A bloĵunun ivmesi B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr mē, yoksa 

aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

27. A bloĵuna etki eden net kuvvet B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr 

mē, yoksa aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMAYI 28-30 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Fatma mutfak yerlerini sildikten sonra buzdolabēnē tekrar yerine itmeye ­alēĸēyor. Aĸaĵēda verilen her 

iki durum i­in Fatmaônēn uyguladēĵē kuvvetin b¿y¿kl¿ĵ¿ buzdolabēnēn Fatmaô ya uyguladēĵē 

kuvvetten b¿y¿k m¿d¿r, k¿­¿k m¿d¿r yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 

 

28. Fatma buzdolabēnē itiyor, fakat buzdolabē kēmēldamēyor. 

 

 

 

 

29. Fatma b¿t¿n g¿c¿yle ittikten sonra buzdolabē sabit hēzla hareket etmeye baĸlēyor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

 

 

 

 

 

 

 

 

B C 
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Fatmaônēn arkadaĸē Hatice bir tabure ¿zerinde oturarak Fatmaôyē buzdolabēnē iterken seyrediyor ve 

Fatmaôya: 

Canlē varlēklarēn aksine cansēz varlēklar dokunduklarē varlēklara her zaman kuvvet uygulamazlar. 

¦zerinde oturduĵum tabureyi ºrnek olarak ele alalēm.  Eĵer ben seni tabureyle ile itersem, tabure 

sana kuvvet uygular. Fakat ben taburenin ¿zerinde oturduĵum zaman tabure bana kuvvet uygulamaz. 

Tabure sadece yer gibi benim d¿ĸmememi saĵlar der. 

 

30. Haticeônin d¿ĸ¿ncelerine katēlēyor musunuz? A­ēklayēnēz. 

 

 

 

 

 

 

 

 

 

 

31. Mehmet evlerinin yakēnēndaki okula y¿r¿rken konum- zaman grafiĵi aĸaĵēdaki gibi olan bir 

hareket yapēyor. Bu grafikten yararlanarak Mehmetôin hareketinin hēz-zaman ve ivme- zaman 

grafiklerini ­iziniz.  

 

 

 

 
 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 32-33 SORULARINI CEVAPLARKEN KULLANINIZ.  

 

Hareketli bir arabanēn hēz- zaman grafiĵi ĸekildeki gibidir. 

 

 

 

32. Araba t anēnda yºn deĵiĸtirmiĸ midir? A­ēklayēnēz.  

 

 

 

 

33. Hēz zaman grafiĵinden yararlanarak arabanēn 

hareketinin konum zaman grafiĵini ­iziniz? 
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34. Ali, kestiĵi k¿t¿ĵ¿ iple ­ekerek yola ­ēkarērken, Newtonôun 3. yasasēnēn ­ekme olayēnda ge­erli 

olup olmadēĵēnē d¿ĸ¿n¿r. Ali , ñNewtonôun 3. Yasasēna gºre ben k¿t¿ĵ¿ ne kadar kuvvetle ­ekersem 

k¿t¿kte beni o kadar kuvvetle geri ­ekecek ve zēt yºnl¿ bu kuvvetler birbirini yok edeceĵinden k¿t¿ĵ¿n 

hareket etmemesi gerekir. K¿t¿k hareket ettiĵine gºre Newtonôun 3. yasasē burada ge­erli deĵildirò 

diye d¿ĸ¿n¿r. 

Aliônin d¿ĸ¿ncelerine katēlēyor musunuz? A­ēklayēnēz.  

 

 

 

 

 

IV. Bºl¿m 

Bu bºl¿m 3 doĵru yanlēĸ sorudan oluĸmaktadēr. Doĵru olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna (D), 

yanlēĸ olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna ise (Y) yazēnēz. 

 

35. Eylemsizlik bir kuvvettir. (éé) 

36. Bir cismin eylemsizliĵi k¿tlesi ile doĵru orantēlēdēr. (éé) 

37. Atēĸ hareketleri yatayda sabit hēzlē hareketle d¿ĸeyde sabit ivmeli hareketlerin birleĸimidir. (éé) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

126 

 

 

 

APPENDIX B4 

 

 

THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -I  
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s
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T
o
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1.Hareketin 

nedeni 
1.4 

(34,36) 

1.1 (26), 

1.2(27,29),  

1.5 (1) 1.3 (28,30)   4 (8) 

2.Net  

kuvvet=0 

 2.3(19,20,21,22) 2.4 
(3,31,32,33) 

2.1(2,7,10,23,24,25), 

2.2(35), 

  4(15) 

3.Net kuvvet 

Í0 

  3.1(4) 3.2(6,8,9,11,12), 

3.3(13, 14, 15), 3.4 (5, 

16,17,18),  

  4(13) 

Total 1 (2) 3(7) 3(6) 6(21)   13(37) 

 

Objectives are bold. Questions are in parenthesis 
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APPENDIX B5 

 

 

THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -II  
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3.Net kuvvet 

Í0 

1.8 (37), 

1.10(7), 

 1.5(4),1.6(5), 

1.7(1,6), 

1.11(8) 

1.1 (3,12, 13, 

14,15,16), 

1.3(2),1.9 

(17, 18, 

19,20,21) 

1.2(32), 

1.4(31,33) 

 11(22) 

4.Etki-Tepki   2.1(28,29), 

2.4(9, 10, 22, 

24,26), 2.5(23, 

25,27),  

  2.2(30),2.3(34) 5(12) 

5.Eylemsizlik  3.1(11), 

3.2(36), 

3.3(35) 

     3(3) 

Total 5 (5)  7(15) 3(12) 2 (3) 2(2) 19(37) 

 

Objectives are bold. Questions are in parenthesis  
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APPENDIX B6 

 

 

EVALUATION CRITERIA  

 

 

 

Sayēn ºĵretim gºrevlisi, 

Gºr¿ĸlerinizi almak istediĵimiz test, kuvvet ve hareket konusunda ºĵrencilerin baĸarēlarēnē ºl­mek 

amacēyla hazērlanmēĸtēr. Test ve kazanēmlar hakkēndaki gºr¿ĸlerinizi aĸaĵēdaki sorulara baĵlē 

kalarak ve ilgili kazanēmēn ve sorunun numarasēnē yazarak belirtiniz. Katkēlarēnēzdan dolayē teĸekk¿r 

ederim. 

 

1. Kazanēm ile soru uyumlu mu?  

 

 

 

 

2. Kazanēmēn Bloom Taksonomisindeki yeri doĵru verilmiĸ mi? 

 

 

 

 

3. Soru 10. sēnēf ºĵrencilerinin seviyesine uygun mu? 

 

 

 

 

4. Farklē olarak eklemek istediĵiniz d¿ĸ¿nceleriniz; 
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APPENDIX C1 

 

 

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT -I  

 

 

 

Kazanēmlar 

 

1. Hareketin nedeni ile ilgili ºĵrenciler; 

1.1.Cisim ¿zerine etki eden kuvvetleri a­ēklar. (Kavrama) 

1.2.Cisim ¿zerine etki eden kuvvetleri etiketlendirir. (Kavrama) 

1.3.Serbest cisim diyagramē ­izer. (Kavrama) 

1.4.Kuvvetin vektºr olma ºzelliĵini kaynaklanan sonu­larē tayin eder. (Bilgi) 

1.5.Bir cisme etki eden kuvvetlerin bileĸkesini hesaplar.(Uygulama)  

 

2. Net kuvvetin sēfēr olduĵu durumda cismin hareketiyle ilgili olarak ºĵrenciler; 

2.1.Net kuvvet ile hēz deĵiĸimi arasēndaki iliĸkiyi irdeler. (Analiz) 

2.2.Cismin limit hēz ile k¿tle arasēnda iliĸki kurar. (Kavrama) 

2.3.Ķki cismin hareketini birbirine gºre yorumlar. (Sentez) 

2.4.Hareketli bir ortamdaki cisimlerin hareketlerini farklē gºzlem ­er­evelerine gºre yorumlayēp 

problemler ­ºzer. (Uygulama) 

 

3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
3.1. Net kuvvet ile cismin ivmesi ve k¿tlesi arasēndaki baĵēntēyē kullanarak problemler ­ºzer. 

(Uygulama)  

3.2.Net kuvvet ve ivme arasēndaki iliĸkiyi irdeler. (Analiz) 

3.3. Cismin hareketi ile ivmesi arasēndaki iliĸkiyi irdeler. (Analiz) 

3.4.Cismin hareketi ile cisme etki eden kuvvet arasēndaki iliĸkiyi irdeler. (Analiz) 
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APPENDIX C2 

 

 

THE SECOND VERSION OF THE FMAT -I USED IN THE PILOT STUDY  

 

 

 

KUVVET VE HAREKET BAķARI TESTĶ 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

Cinsiyetiniz:  ǏKēz     Ǐ Erkek  

 

Sevgili ºĵrenciler, 

36 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 4 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 
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I. Bºl¿m 

Bu bºl¿m 5 adet ­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, t¿m sorularē cevaplayēnēz. 

 

1. 

 
M cismine ĸekildeki gibi F1, F2, F3, F4 kuvvetleri etkimektedir.  

M cismine etki eden bileĸke kuvvet hangi yºndedir? 

A) F1 yºn¿nde  B) F2 yºn¿nde  C) F3 yºn¿nde   

D) F4 yºn¿nde  E) Kesikli okla belirtilen yºnde  

 

2.  Bir kadēn b¿y¿k bir kutuya sabit yatay bir kuvvet uyguluyor. Sonu­ olarak, kutu yatay bir y¿zey 

¿zerinde sabit V0 hēzēyla hareket ediyor. 

Kadēn tarafēndan uygulanan sabit yatay kuvvet, 

A) kutunun aĵērlēĵē ile aynē b¿y¿kl¿ktedir. 

B) kutunun aĵērlēĵēndan b¿y¿kt¿r. 

C) kutunun hareketini engellemeye ­alēĸan toplam kuvvetle aynē b¿y¿kl¿ktedir. 

D) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten b¿y¿kt¿r. 

E) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten veya kutunun aĵērlēĵēndan 
b¿y¿kt¿r. 

3. Suya gºre hēzē 2v olan bir gemi ile bir yunus aynē yºnde gidiyor. Geminin pistinde hareket eden bir 

motosikletli yunusu duruyor gibi  gºr¿yor.  

Yunusun suya gºre hēzē v olduĵuna gºre, motosikletin gemiye gºre hēzē nedir? 

A) Gemiyle aynē yºnde v 

B) Gemiyle aynē yºnde 2v 

C) Gemiyle aynē yºnde 3v 

D) Gemiyle zēt yºnde v 

E) Gemiyle zēt yºnde 2v 

 

4. Bir araba maksimum 3 m/s
2
 lik bir ivmeye sahiptir. Bu araba kendisinin iki katē k¿tlesine sahip 

ikinci bir arabayē ­ektiĵi zaman, maksimum ivmesi ne olur? 

 

      A) 2,5 m/s
2
  B) 2,0 m/s

2
 C) 1,5 m/s

2
 D) 1,0 m/s

2
 E) 0,5 m/s

2 

 

5. Bir ­ocuk ­elik bir topu tam yukarēya doĵru dik olarak atar. Topun, ­ocuĵun elinden ­ēkēp yere 

d¿ĸene kadar olan hareketini dikkate alēn ve hava tarafēndan topa uygulanan kuvvetlerin ihmal 

edilebilir olduĵunu d¿ĸ¿n¿n.  

 

Bu ĸartlarda topa etkiyen kuvvet(ler) aĸaĵēdakilerden hangisidir? 

 

A) S¿rekli azalan yukarē yºnde bir kuvvetle birlikte aĸaĵēya doĵru bir yer­ekimi kuvvetidir. 

B) ¢ocuĵun elinden ­ēktēktan sonra en y¿ksek noktaya ulaĸana kadar s¿rekli azalan yukarē 
yºnde bir kuvvet; aĸaĵēya inerken ise, cisim d¿nyaya yaklaĸtēk­a s¿rekli artan aĸaĵē yºnde 

bir yer­ekimi kuvvetidir. 

C) Top en y¿ksek noktaya ulaĸana kadar yukarē yºnde s¿rekli azalan bir kuvvetle birlikte, 
neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvveti; aĸaĵēya inerken ise, sadece sabit aĸaĵē 

yºnde bir yer­ekimi kuvvetidir. 

D) Sadece, neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvvetidir. 

E) Yukarēdakilerden hi­biri. Topun d¿nya ¿zerinde durma doĵal eĵilimi olduĵu i­in top yere 
d¿ĸer. 
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II. Bºl¿m 

Bu bºl¿m, 13 adet eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 6-12 SORULARINI CEVAPLARKEN KULLANINIZ. 

Aĸaĵēdaki ĸekiller buz ¿zerinde kaymayan bir ayakkabē giyen bir kiĸinin bir kēzaĵa saĵa doĵru kuvvet 

uygulamasē, hi­bir kuvvet uygulamamasē ve sola doĵru kuvvet uygulamasē durumlarē i­in se­enekler 

sunmaktadēr (Aôdan Gôye kadar). Hemen altēnda ise 6ôdan 12ôye kadar sorularda bazē hareket 

durumlarē verilmiĸtir. Kēzaĵēn her bir soruda tanēmlanan hareketini devam ettirecek bir kuvveti 

(Aôdan Gôye) se­iniz ve se­tiĵiniz harfi sorunun yanēndaki boĸluĵa yazēnēz. 

Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece 

bir se­enek yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini 

sorunun yanēndaki boĸluĵa yazēnēz. S¿rt¿nme kuvvetini ihmal ediniz. 

 

 

A. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

B. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

C. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

 

 

D. Kuvvet uygulamaya gerek yoktur. 

 

E. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

F. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

G. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

 

 

 6. Hangi kuvvet kēzaĵēn saĵa doĵru ve d¿zg¿n hēzlanan (sabit ivmeli)  hareketini devam 

ettirir?  

 7.Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet kēzaĵēn saĵa doĵru sabit hēzlē hareketini 

devam ettirir ? 

 8. Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet onu d¿zg¿n (sabit ivme ile) yavaĸlatēr? 

 9. Hangi kuvvet kēzaĵēn sola doĵru ve d¿zg¿n hēzlanan (sabit ivmeli)  hareketini devam 

ettirir?  

 10. Kēzak durgun halden baĸlayarak ve saĵa doĵru sabit bir hēza ulaĸēncaya kadar itiliyor. 

Hangi  kuvvet kēzaĵēn bu sabit hēzlē hareketini devam ettirir ? 

 11. Kēzak d¿zg¿n (sabit ivme ile) yavaĸlēyor ve kēzaĵēn ivmesi saĵa doĵrudur. Hangi kuvvet 

bu harekete neden olur? 

 12. Kēzak sola doĵru hareket ediyor. Hangi kuvvet kēzaĵē d¿zg¿n (sabit ivme ile) yavaĸlatēr? 
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AķAĴIDAKĶ A¢IKLAMAYI 13-15. SORULARINI CEVAPLARKEN KULLANINIZ. 

13-15. sorular yukarē doĵru havaya fērlatēlan metal para ile ilgilidir. Para fērlatēldēktan sonra yukarē 

doĵru hareket ediyor, en y¿ksek noktaya ­ēkēyor ve tekrar aĸaĵē d¿ĸ¿yor. Paranēn 13-15 sorularēnda 

tanēmlanan hareketinin her bir basamaĵēndaki ivmesini belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan 

Gôye) birini se­iniz ve sorunun yanēndaki boĸluĵa yazēnēz. Bir se­eneĵi birden fazla kullanabilir ya da 

hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir se­enek yazēnēz. Eĵer se­eneklerden 

hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki boĸluĵa J se­eneĵini yazēnēz. Yukarē 

yºn¿ pozitif aĸaĵē yºn¿ negatif alēnēz. Havanēn s¿rt¿nme kuvvetini ihmal ediniz. 

A. Ķvme negatif yºnde ve sabittir. 

B. Ķvme negatif yºnde ve artēyor. 

C. Ķvme negatif yºnde ve azalēyor. 

D. Ķvme sēfērdēr 

E. Ķvme pozitif yºnde ve sabittir. 

F. Ķvme pozitif yºnde ve artēyor. 

G. Ķvme pozitif yºnde ve azalēyor. 

______13. Metal para fērlatēldēktan sonra yukarē yºnde hareket ediyor iken. 

______14. Metal para en y¿ksek noktada iken. 

______15. Metal para aĸaĵē yºnde hareket ediyor iken. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 16-18 SORULARINI CEVAPLARKEN KULLANINIZ. 

16-18. sorular, anlēk bir itme uygulanarak bir eĵik d¿zlemde yukarē doĵru tērmanan oyuncak araba ile 

ilgilidir.  

Araba anlēk itme ile fērlatēldēktan sonra eĵik d¿zleme tērmanēyor ve en y¿ksek noktaya ­ēkarak tekrar 

geriye dºn¿yor. S¿rt¿nme kuvvetini ihmal ediniz. 

 

                      
Aĸaĵēda 16-18 sorularēnda tanēmlanan her bir durumda arabaya etki eden net kuvveti belirtmek i­in 

aĸaĵēdaki se­eneklerden (Aôdan Gôye) birini se­iniz ve sorunun yanēndaki boĸluĵa yazēnēz. Bir 

se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir 

se­enek yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini 

sorunun yanēndaki boĸluĵa yazēnēz. 

 

A. Rampadan aĸaĵē doĵru sabit net kuvvet 

B. Rampadan aĸaĵē doĵru artan net kuvvet 

C. Rampadan aĸaĵē doĵru azalan net kuvvet 

D. Net kuvvet sēfēr 

E. Rampadan yukarē doĵru sabit net kuvvet 

F. Rampadan yukarē doĵru artan net kuvvet 

G. Rampadan yukarē doĵru azalan net kuvvet 

 

______16. Araba fērlatēldēktan sonra rampanēn yukarēsēna doĵru hareket ediyor iken. 

______17. Araba en y¿ksek noktada iken. 

______18. Araba rampanēn aĸaĵēsēna doĵru hareket ediyor iken. 
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III. Bºl¿m 

 

Bu bºl¿m 15 adet a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. 

L¿tfen t¿m sorularē cevaplayēnēz.  

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 19-22 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A ve B arabalarē d¿z bir yol boyunca sabit bir hēzla hareket ediyorlar. Aĸaĵēda verilen diyagram 

arabalarēn eĸit zaman aralēklarēyla ayrēlmēĸ 1-4 anlarēndaki konumlarēnē gºstermektedir.  

 
 

19. A arabasēndaki gºzlemci B arabasēnē 1 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

20. A arabasēndaki gºzlemci B arabasēnē 2 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

21. A arabasēndaki gºzlemci B arabasēnē 3 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

22. Yanda verilen vektºr setlerinden hangisi A abrasēndaki 

gºzlemciye gºre B arabasēnēn 1, 2 ve 3 anlarēndaki 

hēzēnē gºsterir?  (Hēz vektºrlerinin b¿y¿kl¿ĵ¿n¿ de dikkate 

alēnēz.) 

 

Yukarēdaki soruya verdiĵiniz cevabē a­ēklayēnēz.  
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AķAĴIDAKĶ A¢IKLAMAYI 23-25 SORULARINI CEVAPLARKEN KULLANINIZ.  

K¿­¿k bir ­ocuk olan Ahmet bir kuyunun yanēnda oynarken kuyunun i­ine d¿ĸer. Ahmetôi kuyudan 

­ēkarmak i­in kurtarma ekipleri bir makineye baĵlē bir ipi kuyuya sallarlar ve Ahmet bu ipi beline 

baĵlar. Ahmetôin aĵērlēĵē 250 N dur. 

 

23. Ahmet yukarēya doĵru sabit bir hēzla ­ekilirken, ip yukarēya doĵru 250 N dan b¿y¿k m¿, k¿­¿k m¿ 

, yoksa  eĸit bir kuvvet mi uygular? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

24. Ahmetôin ailesi bir an ºnce oĵullarēna kavuĸmak istediklerinden kurtarma ekiplerinden makineyi 

hēzlandērmalarēnē isterler. Makine, Ahmetôin hēzē giderek artacak ĸekilde ipi ­ekmeye baĸlar. Bu 

durumda ip, yukarēya doĵru 250 N dan b¿y¿k m¿, k¿­¿k m¿, yoksa  eĸit bir kuvvet mi uygular? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

25. Ahmet kuyunun baĸēna yaklaĸtēĵē zaman, Ahmetôin hareketini durdurmak i­in, makine 

yavaĸlatēlēr. Bu zaman aralēĵēnda ip yukarēya doĵru 250 N dan  b¿y¿k m¿, k¿­¿k m¿, yoksa  eĸit bir 

kuvvet mi uygular? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 26-28 SORULARINI CEVAPLARKEN KULLANINIZ.  
 

Bir blok ve bir A k¿resi ĸekildeki gibi 

bir iple s¿rt¿nmesiz bir makara 

¿zerinde kayacak ĸekilde birbirine 

baĵlanēyor ve bir el bloĵu kaymamasē 

i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini 

varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Havanēn s¿rt¿nme kuvvetini ihmal 

ediniz.  

 

El bloĵu serbest bēraktēktan hemen 

sonra   

 

26. Blok ¿zerine etki eden kuvvetlerin 

adlarēnē yazēp, kēsaca tanēmlayēnēz.  

¥rneĵin yer­ekimi kuvveti ñd¿nya tarafēndan bloĵa uygulanan kuvvetò ĸeklinde tanēmlanēr. 

27. Blok ¿zerine etki eden t¿m kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi kuvveti, s¿rt¿nme kuvveti, normal kuvvet),  

b) Kuvvetin uygulandēĵē cisim ve 

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendirin (harflerle gºsteriniz). 

¥rneĵin, B cisminin A cismine uyguladēĵē kuvvet FAB ĸeklinde etiketlendirilebilir.  Bloĵa etki eden 

yer­ekimi kuvveti yani d¿nya tarafēndan bloĵa uygulanan kuvvet de GBD ĸeklinde etiketlendirilebilir. 
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28. Etiketlendirdiĵiniz kuvvetleri aĸaĵēda blok ¿zerinde gºsteriniz.  

 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 29-30 SORULARINI CEVAPLARKEN KULLANINIZ. 
 

Bir ­ocuk i­i dolu olan A ve B kutularēnē 

ĸekildeki gibi itiyor.  

 

29. B kutusuna etki eden t¿m kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi 

kuvveti, s¿rt¿nme kuvveti, normal 

kuvvet),  

b) Kuvvetin uygulandēĵē cisim ve 

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendirin (harflerle gºsteriniz). 

¥rneĵin, B cisminin A cismine uyguladēĵē kuvvet FAB ĸeklinde etiketlendirilebilir. 

 

 

 

 

30. Etiketlendirdiĵiniz kuvvetleri aĸaĵēda B kutusu ¿zerinde gºsteriniz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

31.Suya gºre sabit bir hēza sahip olan bir motor A noktasēndan nehrin karĸēsēndaki B noktasēna 

gitmek i­in ĸekilde gibi bir yolu izliyor. Motorun B noktasēna varma s¿resi, nehir durgunken t1, sabit 

bir Va hēzēyla akarken t2ô dir. Buna gºre t1 ve t2 s¿relerini karĸēlaĸtērēn.  Cevabēnēzē a­ēklayēnēz. 

 

 
 

 

 

 

BLOK 

 

A  

75 kg 

B 

25 kg 

B kutusu 
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32. Ķkinci bir motor ĸekilde gºr¿ld¿ĵ¿ gibi A noktasēndan sabit bir V hēzēyla hareket ediyor. Motorun 

karĸē kēyaya varma s¿resi nehir durgunken t1, sabit bir Va hēzēyla akarken t2ô dir. Buna gºre t1 ve t2 

s¿relerini karĸēlaĸtērēn. Cevabēnēzē a­ēklayēnēz. 

 

 
 

33.Bir ­ocuk bir topu trenin zemininden trenin hareketine zēt yºnde yuvarlēyor. Tren 10 m/s lik hēzla 

ilerlerken top 3s de 2m yol alēyor. 3s zaman aralēĵēndaki topun yere gºre yerdeĵiĸtirmesi ne kadardēr? 

 

 

 

 

 

IV. Bºl¿m 

 

Bu bºl¿m 3 adet doĵru yanlēĸ sorudan oluĸmaktadēr. Doĵru olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna 

(D), yanlēĸ olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna ise (Y) yazēnēz. 

 

34. Bazē durumlarda, bileĸke kuvvetin kendini oluĸturan kuvvetlerden k¿­¿k olmasē kuvvetin vektºr 

olmasēndan kaynaklanmaktadēr. (......) 

35. Aynē b¿y¿kl¿kte paraĸ¿tlerle aynē y¿kseklikten atlayan iki paraĸ¿t­¿den aĵēr olan limit hēza daha 

erken ulaĸēr. (éé) 

36. Bir cisim ¿zerine birden fazla kuvvet etki ettiĵinde cismin hareket durumunu belirlemek i­in 

kuvvetlerin her birinin b¿y¿kl¿klerinin bilinmesi yeterlidir. (éé) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

138 

 

 

 

APPENDIX C3 

 

 

THE SECOND VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -II  

 

 

 

 K
n

o
w

le
d

g
e 

C
o

m
p
re

h
e

n
s
io

n 

A
p

p
lic

a
ti
o

n
 

A
n

a
ly

s
is

 

S
y
n

th
e

s
is 

E
v
a

lu
a

ti
o

n
 

T
o

ta
l 

%
 

1.Net kuvvet 

Í0 

1.8(37)  1.10(7) 1.5(4), 

1.6(5), 

1.7(1,6), 

1.11(8) 

1.1(3) 

1.3(2,12, 13, 

14,15,16), 

1.9(17, 18, 

19,20,21) 

1.2(32), 

1.4(31,33) 

 11(22) 

57.89(59.46) 

2.Etki-Tepki   2.1(9, 10, 

28,29), 2.4 

(22, 24,26), 

2.5(23, 

25,27),  

  2.2(30), 

2.3(34) 

5(12) 

26.31(32.43) 

3.Eylemsizlik 3.1 (11), 

3.2 (36),  

3.3(35)     3(3) 

15.79(8.11) 

Total 

% 

3(3) 

15.79(8.1

1) 

2(2) 

10.53 

(5.41) 

7(15) 

36.84(40.54) 

3(12) 

15.79(32.43) 

2(3) 

10.53(8.11) 

2(2) 

10.53(5.41) 

19(37) 

100(100) 

 

Objectives are bold. Questions are in parenthesis  
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APPENDIX C4 

 

 

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT -II  

 

 

 

Kazanēmlar 

 

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
1.1.Verilen kinematik grafiĵinin metinsel a­ēklamasēnē ayērt eder (Analiz) 

1.2. Verilen kinematik grafiĵinin metinsel a­ēklamasēnē yapar (Sentez) 

1.3.Verilen hareket durumunun metinsel a­ēklamasēnēn kinematik grafiĵini ayērt eder (Analiz) 

1.4.Bir hareket durum i­in verilen bir kinematik grafiĵinden diĵer kinematik grafiklerini ­izer. 

(Sentez) 

1.5.Konum-zaman grafiĵinden yararlanarak hēzē hesaplar. (Uygulama) 

1.6.Hēz- zaman grafiĵinden yararlanarak toplam yer deĵiĸtirmeyi hesaplar.(Uygulama) 

1.7.Hēz- zaman grafiĵinden yararlanarak ivmeyi hesaplar.(Uygulama) 

1.8. Atēĸ hareketlerinin d¿ĸeyde sabit ivmeli hareket ile yatayda sabit hēzlē hareketlerin bir 

birleĸimi olduĵunu ifade eder.(Bilgi) 

1.9.Ķki boyutlu hareketlerde yatay ve d¿ĸey boyut i­in konum-zaman, hēz-zaman ve ivme- 

zaman grafiklerini ­izer.(Analiz) 

1.10.Atēĸ hareketleri yapan cismin izlediĵi yolu se­er.(Kavrama) 

1.11.Ķki boyutta sabit ivmeli hareketler ile ilgili problemler ­ºzer.(Uygulama)  

 

2. Her etkinin bir tepki doĵurmasēyla ilgili olarak ºĵrenciler; 

2.1. Etki tepki kuvvet ­iftlerini g¿nl¿k yaĸamdaki olaylara uygular.(Uygulama) 

2.2. Etki tepki kuvvet ­iftlerini kullanarak cisimlerin birbirine uyguladēklarē kuvvetler hakkēnda 

karar verir.(Deĵerlendirme) 

2.3.Etki tepki kuvvet ­iftlerinin farklē cisimler ¿zerinde olduĵuna karar verir (Deĵerlendirme) 

2.4.Birden fazla cisimden oluĸan sistemlerde sistemin ve cisimlerin ivmesini 

hesaplar.(Uygulama) 

      2.5. Sistem i­i kuvvetleri hesaplar.(Uygulama) 

 

3.Cismin eylemsizliĵi ile ilgili olarak ºĵrenciler; 

3.1.Eylemsizliĵi cismin durgun, sabit hēzlē ve sabit ivmeli hareketinden baĵēmsēz olduĵunu ifade 

eder. (Bilgi) 

3.2.Cismin eylemsizliĵinin k¿tlesinin bir ºl­¿s¿ olduĵunu ifade eder. (Bilgi) 

3.3.Kuvvet ve eylemsizliĵin farklē olduĵu ayrēmēnē yapar.(Kavrama) 
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APPENDIX C5 

 

 

THE SECOND VERSION OF THE FMAT -II USED IN THE PILOT STUDY  

 

 

 

KUVVET VE HAREKET BAķARI TESTĶ 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

Cinsiyetiniz:   ǏKēz     Ǐ Erkek  

 

Sevgili ºĵrenciler, 

37 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 4 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 
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I. Bºl¿m 

Bu bºl¿m 11 adet ­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, t¿m sorularē cevaplayēnēz. 

 

1. Aĸaĵēda bir cismin hēz -zaman grafiĵi verilmiĸtir. Hangi zaman aralēĵēndaki negatif ivme en b¿y¿k 

deĵerdedir? 

 

A) R-T aralēĵēnda 

B)T-V aralēĵēnda 

C)V anēnda 

D) X anēnda 

E) X-Z aralēĵēnda 

 

2. Bir cisim durgun halden harekete baĸlar ve 10 saniye boyunca sabit pozitif bir ivmeyle hareket 

eder. Daha sonra sabit bir hēzla hareketini s¿rd¿r¿r. Aĸaĵēdaki grafiklerden hangisi bu cismin 

konum-zaman grafiĵi olabilir? 

 
 

 

3.Paralel yollarda ilerleyen A ve B arabasēnēn 

konum- zaman grafiĵi yanda verilmiĸtir. 

Buna gºre aĸaĵēdakilerden hangisi doĵrudur? 

 

I. tB zamanēnda iki araba da aynē hēza 

sahiptir. 

II. Her iki araba da hēzlanmaktadēr. 

III. A ve B arabalarē tB zamanēndan ºnce 

herhangi bir anda aynē hēza sahip olurlar 

IV. Grafiĵin belli bir noktasēnda her iki 

arabanēn ivmesi birbirine eĸit olur. 

 

 

A) Yalnēz I B) Yalnēz III C) I, II, III  D)I, II,  IV  E) I, II, III, IV  

 

 

 

4. Aĸaĵēda bir cismin konum -zaman grafiĵi 

verilmiĸtir. Cismin 2. saniyedeki hēzē ka­ m/s 

ódir? 

 

A) 0,4 m/s 

B) 2,0 m/s 

C) 2,5 m/s 

D) 5,0 m/s 

E) 10,0 m/s 
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5. Bir cisim aĸaĵēdaki grafiĵe gºre hareket etmektedir: 

 
 

Buna gºre, t=4 s ile t=8 s zaman aralēĵēnda cisim ne kadar yer deĵiĸtirir? 

 

A)  0,75 m  B) 3,0 m  C) 4,0 m   D) 8,0 m   E) 12,0 m 

 

6. Aĸaĵēda bir cismin hēz-zaman grafiĵi verilmiĸtir. Cismin t= 0 ve t=6 s arasēndaki ortalama ivmesi 

yaklaĸēk olarak ne kadardēr? 

 
A)  3,0 m/s

2
  B) 1,5 m/s

2
  C) 0,83 m/s

2
  D) 0,67 m/s

2
  

E) Soruyu cevaplamak i­in yeterli bilgi verilmemiĸtir.  

 

 

7. Aĸaĵēdaki ĸekilde gºsterildiĵi gibi, bir tepenin kenarēndan bir top ateĸlenir. 1-5 yollarēndan hangisi, 

merminin/g¿llenin izleyeceĵi en yakēn yoldur? 

 
A) 1  B)2  C)3 D)4  E)5 
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8. 

 

 

 

 

 

 

 

 

Yer­ekimi ivmesinin (g) olduĵu bir yerde, ĸekildeki gibi P noktasēndan eĵik atēlan bir top (t) s sonra 

K noktasēna d¿ĸ¿yor.  

Yalnēz (g) ve (t) bilinenleriyle; 

hmax y¿ksekliĵi 

V0y bileĸenin b¿y¿kl¿ĵ¿ 

PK uzaklēĵē 

Niceliklerinden hangileri hesaplanabilir? 

A)  Yalnēz hmax      B) V0y ve PK C) hmax ve PK D) hmax ve V0y   E) hmax ,V0y ve PK 

 

9. ķekildeki gibi, b¿y¿k bir kamyon yolda bozulur ve k¿­¿k bir otomobil tarafēndan itilir. Hēzēnē 

arttērarak, istenen yol hēzēna ulaĸēncaya kadar otomobil kamyonu iterken, 

 
A) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿ne eĸittir. 

B) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿nden azdēr. 

C) otomobilin kamyona uyguladēĵē itme kuvvetinin b¿y¿kl¿ĵ¿, kamyonun otomobile 

uyguladēĵē geri itme kuvvetinin b¿y¿kl¿ĵ¿nden fazladēr. 

D) otomobilin motoru ­alēĸmakta olduĵu i­in kamyonu itmektedir, kamyonun motoru 

­alēĸmadēĵē i­in arabayē geri itememektedir. Kamyon ise elbette ileriye itilecektir, ­¿nk¿ 

otomobilin yolu ¿zerindedir. 

E) kamyon da otomobil de birbirlerine kuvvet uygulamamaktadēr. Kamyon ise elbette ileriye 
itilecektir, ­¿nk¿ otomobilin yolu ¿zerindedir. 

 

 

10. Yandaki ĸekilde A ºĵrencisi 75 kg ve B ºĵrencisi ise 57 kg 

k¿tlelidir. Birbirinin aynē ofis sandalyelerinde karĸē karĸēya 

oturmaktadērlar. A ºĵrencisi, ĸekildeki gibi, ayaklarēnē B 

ºĵrencisinin dizlerine koymuĸtur. Sonra A ºĵrencisi birden 

ayaklarēyla dēĸarēya doĵru iterek, her iki sandalyenin de hareket 

etmesine neden olur. 

 

Ķtme sērasēnda ve Aônēn ayaklarē Bônin dizine hala 

dokunmaktayken, 

 

A) ºĵrenciler birbirlerine hi­bir kuvvet uygulamamaktadērlar. 

B) A ºĵrencisi B ºĵrencisi ¿zerine bir kuvvet uygulamakta, fakat B Aôya bir kuvvet 

uygulamamaktadēr. 

C) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat B daha b¿y¿k bir kuvvet uygular. 

D) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat A daha b¿y¿k bir kuvvet uygular. 

E) her iki ºĵrenci de birbirleri ¿zerine eĸit b¿y¿kl¿kte kuvvet uygulamaktadērlar. 
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11. Aĸaĵēdaki cisimlerden hangisinin/ hangilerinin eylemsizliĵinden bahsedilebilir? 

 

I. Duran bir arabanēn 

II. Sabit hēzla ilerleyen bir arabanēn 

III. Sabit bir ivme ile hēzlanan bir arabanēn 

 

A) Yalnēz I B) Yalnēz II C) I ve II  D) II ve III E) I, II, ve III 

 

II. Bºl¿m 

 

Bu bºl¿m, 10 adet eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 12-16. SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Oyuncak bir araba yatay doĵru boyunca saĵa veya sola hareket edebiliyor. Pozitif yºn saĵa doĵrudur. 

 
Aĸaĵēda arabanēn farklē olasē hareketleri i­in ivme-zaman grafikleri (Aôdan Gôye) verilmiĸtir. 12-16 

sorularēnda ise arabanēn farklē hareket durumlarē verilmiĸtir. Bu hareket durumlarēna ait ivme-zaman 

grafiĵini belirtmek i­in Aôdan Gôye kadar olan se­eneklerden birini se­iniz ve sorunun yanēndaki 

boĸluĵa yazēnēz. Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir 

boĸluk i­in sadece bir cevap yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz 

sorunun yanēndaki boĸluĵa J se­eneĵini yazēnēz. 

 

 

 
 

______12. Araba saĵa doĵru d¿zg¿n hēzlanarak hareket ediyor. 

______13. Araba saĵa doĵru d¿zg¿n yavaĸlayarak hareket ediyor. 

______14. Araba sola doĵru sabit hēzla hareket ediyor. 

______15. Araba sola doĵru d¿zg¿n hēzlanarak hareket ediyor. 

______16. Araba saĵa doĵru sabit hēzla hareket ediyor. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 17-21 SORULARINI 

CEVAPLARKEN KULLANINIZ  

Plastik top fērlatan bir silah ĸekilde gºr¿ld¿ĵ¿ gibi belirli bir a­ē 

altēnda ateĸleniyor. Havanēn s¿rt¿nme kuvvetini ihmal ediniz. 

 

Topun hareketi ile ilgili aĸaĵēda grafikler verilmiĸtir. Aôdan  Ķô ye 

kadar olan grafiklerin yatay ekseni zamanē gºsterirken d¿ĸey 

eksenler belirtilmemiĸtir.   

 

Merminin hareketi i­in 17-21 sorularēnda verilen her bir niceliĵe ait grafiĵi belirtmek i­in aĸaĵēdaki 

se­eneklerden (Aôdan Ķôye) birini se­iniz ve se­tiĵiniz harfi sorunun yanēndaki boĸluĵa yazēnēz. Bir 

se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir 

cevap yazēnēz.  Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki 

boĸluĵa J se­eneĵini yazēnēz. 

 

 
 

 17. D¿ĸey eksendeki konum 

 18. Hēzēn yatay bileĸeni 

 19. Net kuvvet 

 20. Hēzēn d¿ĸey bileĸeni 

 21. Yatay eksendeki konum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

146 

III. Bºl¿m 

 

Bu bºl¿m 13 adet a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. 

L¿tfen t¿m sorularē cevaplayēnēz.  

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 22-24 SORULARINI CEVAPLARKEN KULLANINIZ  

 

Bir blok ve bir A k¿resi ĸekildeki gibi 

bir iple s¿rt¿nmesiz bir makara 

¿zerinde kayacak ĸekilde birbirine 

baĵlanēyor ve bir el bloĵu kaymamasē 

i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini 

varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Havanēn s¿rt¿nme kuvvetini ihmal 

ediniz.  

 

 

El bloĵu serbest bēraktēĵē anda A 

k¿resi ile ºzdeĸ olan B k¿resi de 

serbest bērakēlēyor.  

 

 

 

 

22.  B k¿resi A k¿resinden ºnce mi, sonra mē, yoksa aynē anda mē yere ­arpar?  Cevabēnēzē 

a­ēklayēnēz. 

 

 

 

 

 

 

23. Blok serbest bērakēlmadan ºnce, ipteki gerilme kuvveti 10 N dur. Blok serbest bērakēldēktan sonra, 

ipteki gerilme kuvveti 10 Nô dan b¿y¿k m¿d¿r, 10 Nôdan k¿­¿k m¿d¿r, yoksa 10 Nô a eĸit midir? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

24. ķimdi deneyi s¿rt¿nmesiz masa ¿zerinde tekrarladēĵēnēzē d¿ĸ¿n¿n¿z. Bu durumda B k¿resi A 

k¿resinden ºnce mi, sonra mē, yoksa aynē anda mē yere ­arpar?  Cevabēnēzē a­ēklayēnēz. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 25-27 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A, B, C bloklarē s¿rt¿nmesiz bir masa boyunca sola doĵru 

sabit bir kuvvetle itiliyor. A bloĵu 2M, B bloĵu 3M ve C 

bloĵu M k¿tlesine sahiptir.  

 

 

 

25. Aĸaĵēda verilen ºl­ekli alana her bir bloĵa etki eden net 

kuvveti gºsteren vektºrleri ­iziniz. Vektºrleri, bloklara etki 

eden net kuvvetlerin birbirine gºre b¿y¿kl¿klerini ve yºnlerini dikkate alarak ­iziniz. 

 

 

 

 

 

 

 

 

26 ve 27. sorularē cevaplarken B bloĵunun k¿tlesinin iki katēna ­ēkarēldēĵēnē, diĵer bloklarēn 

k¿tlelerinin deĵiĸtirilmediĵini ve elin baĸlangē­taki sabit kuvveti uyguladēĵēnē d¿ĸ¿nerek 

cevaplayēnēz.  

 

26. A bloĵunun ivmesi B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr mē, yoksa 

aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

27. A bloĵuna etki eden net kuvvet B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr 

mē, yoksa aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMAYI 28-30 SORULARINI CEVAPLARKEN KULLANINIZ. 

Fatma mutfak yerlerini sildikten sonra buzdolabēnē tekrar yerine itmeye ­alēĸēyor.  

 

28. Fatma buzdolabēnē itiyor, fakat buzdolabē kēmēldamēyor. Fatmaônēn uyguladēĵē kuvvetin 

b¿y¿kl¿ĵ¿ buzdolabēnēn Fatmaô ya uyguladēĵē kuvvetten b¿y¿k m¿d¿r, k¿­¿k m¿d¿r yoksa eĸit 

midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

29. Fatma b¿t¿n g¿c¿yle ittikten sonra buzdolabē sabit hēzla hareket etmeye baĸlēyor. Fatmaônēn 

uyguladēĵē kuvvetin b¿y¿kl¿ĵ¿ buzdolabēnēn Fatmaô ya uyguladēĵē kuvvetten b¿y¿k m¿d¿r, k¿­¿k 

m¿d¿r yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

30.  Fatmaônēn arkadaĸē Hatice bir tabure ¿zerinde oturarak Fatmaôyē buzdolabēnē iterken seyrediyor 

ve Fatmaôya: 

 

Canlē varlēklarēn aksine cansēz varlēklar dokunduklarē varlēklara her zaman kuvvet uygulamazlar. 

¦zerinde oturduĵum tabureyi ºrnek olarak ele alalēm.  Eĵer ben seni tabureyle ile itersem, tabure 

sana kuvvet uygular. Fakat ben taburenin ¿zerinde oturduĵum zaman tabure bana kuvvet uygulamaz. 

Tabure sadece yer gibi benim d¿ĸmememi saĵlar der. 

 

Haticeônin d¿ĸ¿ncelerine katēlēyor musunuz? A­ēklayēnēz. 

 

 

 

 

 

 

 

A 

 

 

 

 

 

 

 

 

B C 
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31. Yukarēya doĵru atēlan bir taĸēn konum- zaman grafiĵi aĸaĵēdaki gibidir. Bu grafikten 

yararlanarak Mehmetôin hareketinin hēz-zaman ve ivme- zaman grafiklerini ­iziniz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 32-33 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Hareketli bir arabanēn hēz- zaman grafiĵi ĸekildeki 

gibidir. 

 

 

 

32. Araba t anēnda yºn deĵiĸtirmiĸ midir? A­ēklayēnēz.  

 

 

 

 

33. Hēz zaman grafiĵinden yararlanarak arabanēn 

hareketinin konum zaman grafiĵini ­iziniz? 

 
 

34. Ali, kestiĵi k¿t¿ĵ¿ iple ­ekerek yola ­ēkarērken, Newtonôun 3. yasasēnēn ­ekme olayēnda ge­erli 

olup olmadēĵēnē d¿ĸ¿n¿r. Ali , ñNewtonôun 3. Yasasēna gºre ben k¿t¿ĵ¿ ne kadar kuvvetle ­ekersem 

k¿t¿kte beni o kadar kuvvetle geri ­ekecek ve zēt yºnl¿ bu kuvvetler birbirini yok edeceĵinden k¿t¿ĵ¿n 

hareket etmemesi gerekir. K¿t¿k hareket ettiĵine gºre Newtonôun 3. yasasē burada ge­erli deĵildirò 

diye d¿ĸ¿n¿r. 

Aliônin d¿ĸ¿ncelerine katēlēyor musunuz? A­ēklayēnēz.  

 

 

IV. Bºl¿m 

Bu bºl¿m 3 adet doĵru yanlēĸ sorudan oluĸmaktadēr. Doĵru olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna 

(D), yanlēĸ olduĵunu d¿ĸ¿nd¿ĵ¿n¿z ifadenin sonuna ise (Y) yazēnēz. 

 

35. Eylemsizlik bir kuvvettir. (éé) 

36. Bir cismin eylemsizliĵi k¿tlesi ile doĵru orantēlēdēr. (éé) 

37. Atēĸ hareketleri yatayda sabit hēzlē hareketle d¿ĸeyde sabit ivmeli hareketlerin birleĸimidir. (éé) 
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APPENDIX D 

 

 

ITEMAN RESULTS FO R THE FMAT -I AND FMAT -II IN THE PILOT  

 

 

 
                 Item Statistics             Alternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

  1   1 - 1     0.929    0.217   0.115     A     0.000    - 9.000  - 9.000   

                                         B     0.929     0.217   0.115  *  

                                         C     0.012    - 0.270  - 0.077   

                                         D     0.036    - 0.145  - 0.061   

                                         E     0.012     0.062   0.018    

                                       Other   0.012    - 0.380  - 0.109   

 

  2   1 - 2     0.405    0.575   0.454     A     0.036    - 0.014  - 0.006   

                                         B     0.012    - 0.601  - 0.172   

                                         C     0.405     0.575   0.454  *  

                                         D     0.333    - 0.192  - 0.148   

                                         E     0.202    - 0.432  - 0.303   

                                       Other   0.012    - 0.380  - 0.10 9   

 

  3   1 - 3     0.690    0.530   0.404     A     0.167    - 0.524  - 0.351   

                                         B     0.012    - 0.380  - 0.109   

                                         C     0.048    - 0.234  - 0.109   

                                         D     0.690     0.530   0.404  *  

                                         E     0.036    - 0.189  - 0.080   

                                       Other   0.048    - 0.061  - 0.028   

 

  4   1 - 4     0.476    0.330   0.263     A     0.000    - 9.000  - 9. 000   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.464    - 0.347  - 0.276   

                                         D     0.476     0.330   0.263  *  

                                         E     0.000    - 9.000  - 9.000   

                                       Other   0.060     0.052   0.026   

 

  5   1 - 5     0.250    0.526   0.386     A     0.036    - 0.276  - 0.117   

                                         B     0.310    - 0.286  - 0.218   

                                         C     0.345    - 0.137  - 0.107   

                                         D     0.250     0.526   0.386  *  

                                         E     0.048     0.077   0.036   

                                       Other   0.012    - 0.049  - 0.014   

 

  6   1 - 6     0.512    0.645   0.515     A     0.429    - 0.636  - 0.505   

                                         B     0.512     0.645   0.515  *  

                                         C     0.012    - 0.380  - 0.109   

                                         D     0.012     1.000   0.302   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.024    - 0.298  - 0.110   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.012    - 0.380  - 0.109   
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                 Item Statistics             Alternative St atistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ----- -   ------    -----  ---------   ------   ------  ---  

 

  7   1 - 7     0.452    0.418   0.332     A     0.048    - 0.268  - 0.125   

                                         B     0.298    - 0.495  - 0.375   

                                         C     0.048     0.00 8   0.004   

                                         D     0.452     0.418   0.332  *  

                                         E     0.036    - 0.189  - 0.080   

                                         F     0.060     0.052   0.026   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.060     0.342   0.171   

 

  8   1 - 8     0.452    0.513   0.408     A     0.000    - 9.0 00  - 9.000   

                                         B     0.012    - 0.380  - 0.109   

                                         C     0.262    - 0.281  - 0.208   

                                         D     0.024    - 0.359  - 0.132   

                                         E     0.071    - 0.268  - 0.142   

                                         F     0.452     0.513   0.408  *  

                                         G     0.179    - 0.166  - 0.113   

                                         H     0.000    - 9.0 00  - 9.000   

                                       Other   0.000    - 9.000  - 9.000   

 

  9   1 - 9     0.333    0.732   0.565     A     0.012    - 0.380  - 0.109   

                                         B     0.036     0.030   0.013   

                                         C     0.036    - 0.494  - 0.209   

                                         D     0.083     0.244   0.135   

                                         E     0.012    - 0.270  - 0.077   

                                         F     0.333     0.7 32   0.565  *  

                                         G     0.452    - 0.647  - 0.515   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.036     0.117   0.049   

 

 10   1 - 10    0.417    0.690   0.547     A     0.048    - 0.268  - 0.125   

                                         B     0.250    - 0.380  - 0.279   

                                         C     0.060    - 0.180  - 0.090   

                                         D     0.417     0. 690   0.547  *  

                                         E     0.060    - 0.440  - 0.220   

                                         F     0.095    - 0.254  - 0.146   

                                         G     0.012     0.062   0.018   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.060    - 0.064  - 0.032   

 

 11   1 - 11    0.119    0.424   0.260     A     0.024    - 0.054  - 0.020   

                                         B     0.119     0 .424   0.260  *  

           CHECK THE KEY                 C     0.250    - 0.100  - 0.073   

   B was specified, F works better       D     0.071    - 0.368  - 0.195   

                                         E     0.167    - 0.030  - 0.020   

                                         F     0.179     0.399   0.272  ?  

                                         G     0.095    - 0.213  - 0.123   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.095    - 0.355  - 0.205   

 

 12   1 - 12    0.298    0.782   0.592     A     0.214    - 0.234  - 0.167   

                                         B     0.298     0.782   0.592  *  

                                         C     0.107    - 0.092  - 0.055   

                                         D     0.024    - 0.298  - 0.110   

                                         E     0.214    - 0.387  - 0.275   

                                         F     0.048    - 0.165  - 0.077   

                                         G     0.036    - 0.189  - 0.080   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.060    - 0.209  - 0.104   
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                 Item Statistics             Alternative Statistics  

             -------- ---------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   - -----   ------  ---  

 

 13   1 - 13    0.345    0.495   0.384     A     0.345     0.495   0.384  *  

                                         B     0.083    - 0.449  - 0.249   

                                         C     0.143    - 0.156  - 0.101   

                                         D     0.012     0.172   0.049   

                                         E     0.036     0.073   0.031   

                                         F     0.024    - 0.421  - 0.155   

                                         G     0.357    - 0.177  - 0.137   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.000    - 9.000  - 9.000   

 

 14   1 - 14    0.131    0.906   0.571     A     0.131     0.906   0.571  *  

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.845    - 0.839  - 0.552   

                                         E     0.012    - 0.159  - 0.046   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.012     0.393   0.113                        

 

 15   1 - 15    0.214    0.918   0.652     A     0.214     0.918   0.652  *  

                                         B     0.345    - 0.482  - 0.373   

                                         C     0.036    - 0.276  - 0.117   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.202    - 0.006  - 0.004   

                                         F     0.202    - 0.237  - 0.1 66   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.000    - 9.000  - 9.000   

 

 16   1 - 16    0.119    0.958   0.589     A     0.119     0.958   0.589  *  

                                         B     0.048    - 0.545  - 0.254   

                                         C     0.048    - 0.199  - 0.093   

                                         D     0.012     0.172   0. 049   

                                         E     0.071    - 0.066  - 0.035   

                                         F     0.024     0.007   0.003   

                                         G     0.655    - 0.300  - 0.232   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.024    - 0.054  - 0.020   

 

 17   1 - 17    0.107    1.000   0.610     A     0.107     1.000   0.610  *  

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.869    - 0.938  - 0.591   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.012     0.504   0.144   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.012    - 0.159  - 0. 046   

 

 18   1 - 18    0.190    0.718   0.497     A     0.190     0.718   0.497  *  

                                         B     0.655    - 0.411  - 0.319   

                                         C     0.024    - 0.421  - 0.155   

                                         D     0.024     0.191   0.070   

                                         E     0.024     0.496   0.183   

                                         F     0.036    - 0.407  - 0.172   

                                         G     0.024    - 0.421  - 0.155   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.024    - 0.054  - 0.020   
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ITEMAN Results for the FMAT -II  
                 Item Statistics             Alternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

  1   1 - 1     0.833    0.651   0.436     A     0.000    - 9.000  - 9.000   

                                         B     0.060    - 0.712  - 0.356   

                                         C     0.036     0.057   0.024   

                                         D     0.012    - 0.784  - 0.224   

                                         E     0.833     0.651   0.436  *  

                                       Other   0.060    - 0.494  - 0.247   

 

  2   1 - 2     0.464    0.516   0.4 11     A     0.071    - 0.334  - 0.177   

                                         B     0.083    - 0.119  - 0.066   

                                         C     0.024     0.054   0.020   

                                         D     0.321    - 0.127  - 0.097   

                                         E     0.464     0.516   0.411  *  

                                       Other   0.036    - 1.000  - 0.533   

 

  3   1 - 3     0.464    0.458   0.365     A     0.202     0.294   0.207   

                                         B     0.464     0.458   0.365  *  

                                         C     0.024    - 0.612  - 0.225   

                                         D     0.131    - 0.449  - 0.283   

                                         E     0.024     0.054   0.02 0   

                                       Other   0.155    - 0.581  - 0.382   

 

  4   1 - 4     0.929    0.986   0.522     A     0.000    - 9.000  - 9.000   

                                         B     0.012    - 1.000  - 0.304   

                                         C     0.929     0.986   0.522  *  

                                         D     0.024    - 0.305  - 0.112   

                                         E     0.000    - 9.000  - 9.000   

                                       Other   0.036    - 1.000  - 0.4 55   

 

  5   1 - 5     0.952    1.000   0.646     A     0.000    - 9.000  - 9.000   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.012    - 1.000  - 0.304   

                                         D     0.012    - 0.877  - 0.251   

                                         E     0.952     1.000   0.646  *  

                                       Other   0.024    - 1.000  - 0.507   

 

  6   1 - 6     0.452    0.420   0.334     A     0.000    - 9.000  - 9.000   

                                         B     0.095    - 0.048  - 0.027   

                                         C     0.202     0.162   0.114   

                                         D     0.452     0.420   0.334  *  

                                         E     0.060    - 0.494  - 0.247   

                                       Other   0.190    - 0.535  - 0.370   

 

  7   1 - 7     0.798    0.805   0.565     A     0.024    - 0.253  - 0.093   

                                         B     0.798     0.805   0.565  *  

                                         C     0.107    - 0.549  - 0.327   

                                         D     0.024    - 0.612  - 0.225   

                                         E     0.000    - 9.000  - 9.000   

                                       Other   0.048    - 0.779  - 0.363   

  

 8   1 - 8     0.762    0.654   0.475     A     0.060    - 0.082  - 0.041   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.036    - 0.344  - 0.146   

                                         D     0.762     0.654   0.475  *  

                                         E     0.107    - 0.393  - 0.235   

                                       Other   0.036    - 1.000  - 0.502   
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                 Item  Statistics             Alternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 9   1 - 9     0.202    0.325   0.228     A     0.202     0.325   0.228  *  

                                         B     0.036     0.204   0.086   

                                         C     0.619     0.235   0.185   

                                         D     0.036    - 0.600  - 0.254   

                                         E     0.036    - 0.637  - 0.270   

                                       Other   0.071    - 0.73 4  - 0.388   

 

 10   1 - 10    0.440    0.279   0.222     A     0.000    - 9.000  - 9.000   

                                         B     0.012    - 0.137  - 0.039   

                                         C     0.024    - 0.612  - 0.225   

                                         D     0.500     0.014   0.011   

                                         E     0.440     0.279   0.222  *  

                                       Other   0.024    - 1.000  - 0.507   

 

 11   1 - 11    0.595    0.431   0.340     A     0.012    - 0. 414  - 0.118   

                                         B     0.012    - 1.000  - 0.304   

                                         C     0.286    - 0.021  - 0.015   

                                         D     0.048    - 0.316  - 0.147   

                                         E     0.595     0.431   0.340  *  

                                       Other   0.048    - 0.836  - 0.390   

 

 12   1 - 12    0.881    1.000   0.707     A     0.881     1.000   0.707  *  

                                         B     0.012    - 0.692  - 0.198   

                                         C     0.012    - 1.000  - 0.304   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.071    - 0.713  - 0.377   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.024    - 1.000  - 0.507   

 

 13   1 - 13    0.702    0.720   0.546     A     0.024    - 0.612  - 0.225   

                                         B     0.702     0.720   0.546  *  

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.071    - 0.334  - 0.177   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.024    - 0.714  - 0.263   

                                         G     0.060    - 0.179  - 0.090   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.119    - 0.545  - 0.335   

 

 14   1 - 14    0.857    1.000   0.678     A     0.012    - 1.000  - 0.304   

                                         B     0.060    - 0.494  - 0.247   

                                         C     0.857     1.000   0.678  *  

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.024    - 0.560  - 0.206   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.048    - 1.000  - 0.538   

 15   1 - 15    0.679    0.872   0.669     A     0.071    - 0.018  - 0.010   

                                         B     0.679     0.872   0.669  *  

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.012    - 1.000  - 0.304   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.107    - 0.658  - 0.392   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.131    - 0.732  - 0.461   
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                 Item Statistics             Alternat ive Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

 16   1 - 16    0.893    1.000   0.624     A     0.060    - 0.518  - 0.259   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.893     1.000   0.624  *  

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.012    - 1.000  - 0.304   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.036    - 1.000  - 0.533   

 

 17   1 - 17    0.488    0.687   0.548     A     0.083    - 0.474  - 0.263   

                                         B     0.012    - 0.414  - 0.118   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.298     0.042   0.032   

                                         E     0.012    - 0.877  - 0.251   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.012    - 0.784  - 0.224   

                                         H     0.488     0.687   0.548  *  

                                         I     0.000    - 9.000  - 9.000   

                                       Other   0.095    - 0.895  - 0.516   

 

 18   1 - 18    0.750    1.000   0.736     A     0.024    - 0.560  - 0.206   

                                         B     0.024    - 0.970  - 0.357   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.048    - 0.287  - 0.134   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.024    - 0.407  - 0.150   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.024    - 0.458  - 0.169   

                                         I     0.750     1.000   0.736  *  

                                       Other   0.107    - 0.845  - 0.504   

 

 19   1 - 19    0.095    0.224   0.129     A     0.000    - 9.000  - 9.000   

                                         B     0.095     0.224   0.129  *  

           CHECK THE KEY                 C     0.107     0.089   0.053   

   B was specified, I works better       D     0.024    - 0.253  - 0.093   

                                         E     0.143     0.258   0.166   

                                         F     0.155    - 0.026  - 0.017   

                                         G     0.012    - 0.044  - 0.013   

                                         H     0.071    - 0.229  - 0.121   

                                         I     0.155     0.384   0.252  ?  

                                       Other   0.238    - 0.487  - 0.354   

20   1 - 20    0.500    0.597   0.476     A     0.036    - 0.198  - 0.084   

                                         B     0.012    - 0.877  - 0.251   

                                         C     0.500     0.597   0.476  *  

                                         D     0.119    - 0.213  - 0.131   

                                         E     0.107     0.151   0.090   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.012    - 0.692  - 0.198   

                                         H     0.095    - 0.065  - 0.037   

                                         I     0.024    - 0.253  - 0.093   

                                       Other   0.095    - 0.793  - 0.458   

 21   1 - 21    0.738    0.833   0.617     A     0.738     0.833   0.617  *  

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.024    - 0.202  - 0.074   

                                         D     0.024    - 0.356  - 0.131   

                                         E     0.024    - 0.663  - 0.244   

                                         F     0.024     0.054   0.020   

                                         G     0.012    - 0.414  - 0.118   

                                         H     0.060    - 0.397  - 0.199   

                                         I     0.000    - 9.000  - 9.000   

                                       Other   0.095    - 0.861  - 0.497   
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APPENDIX E1 

 

 

THE FINAL VERSION OF OBJECTIVE LIST FOR THE MAIN STUDY  

 

 

 

Objectives for the FMAT-I Used in The Main Study 

 

1. Hareketin nedeni ile ilgili ºĵrenciler; 

1.1.Cisim ¿zerine etki eden kuvvetleri a­ēklar. (Kavrama) 

1.2.Cisim ¿zerine etki eden kuvvetleri etiketlendirir. (Kavrama) 

1.3.Serbest cisim diyagramē ­izer. (Kavrama) 

2. Net kuvvetin sēfēr olduĵu durumda cismin hareketiyle ilgili olarak ºĵrenciler; 

2.1.Net kuvvet ile hēz deĵiĸimi arasēndaki iliĸkiyi irdeler. (Analiz) 

2.2.Cismin limit hēz ile k¿tle arasēnda iliĸki kurar. (Kavrama) 

2.3.Ķki cismin hareketini birbirine gºre yorumlar. (Sentez) 

2.4.Hareketli bir ortamdaki cisimlerin hareketlerini farklē gºzlem ­er­evelerine gºre yorumlayēp 

problemler ­ºzer. (Uygulama) 

3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
3.1. Net kuvvet ile cismin ivmesi ve k¿tlesi arasēndaki baĵēntēyē kullanarak problemler ­ºzer. 

(Uygulama)  

3.2.Net kuvvet ve ivme arasēndaki iliĸkiyi irdeler. (Analiz) 

3.3. Cismin hareketi ile ivmesi arasēndaki iliĸkiyi irdeler. (Analiz) 

3.4.Cismin hareketi ile cisme etki eden kuvvet arasēndaki iliĸkiyi irdeler. (Analiz) 

 

Objectives for the FMAT -II Used in The Main Study 

 

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak ºĵrenciler; 
1.1.Verilen kinematik grafiĵinin metinsel a­ēklamasēnē ayērt eder (Analiz) 

1.2.Verilen hareket durumunun metinsel a­ēklamasēnēn kinematik grafiĵini ayērt eder (Analiz) 

1.3.Bir hareket durum i­in verilen bir kinematik grafiĵinden diĵer kinematik grafiklerini ­izer. 

(Sentez) 

1.4.Konum-zaman grafiĵinden yararlanarak hēzē hesaplar. (Uygulama) 

1.5.Hēz- zaman grafiĵinden yararlanarak toplam yer deĵiĸtirmeyi hesaplar.(Uygulama) 

1.6.Hēz- zaman grafiĵinden yararlanarak ivmeyi hesaplar.(Uygulama) 

1.7.Ķki boyutlu hareketlerde yatay ve d¿ĸey boyut i­in konum-zaman, hēz-zaman ve ivme- 

zaman grafiklerini ­izer.(Analiz) 

1.8.Atēĸ hareketleri yapan cismin izlediĵi yolu se­er.(Kavrama) 

1.9.Ķki boyutta sabit ivmeli hareketler ile ilgili problemler ­ºzer.(Uygulama)  

2. Her etkinin bir tepki doĵurmasēyla ilgili olarak ºĵrenciler; 

2.1. Etki tepki kuvvet ­iftlerini g¿nl¿k yaĸamdaki olaylara uygular.(Uygulama) 

2.2.Etki tepki kuvvet ­iftlerinin farklē cisimler ¿zerinde olduĵuna karar verir (Deĵerlendirme) 

2.3.Birden fazla cisimden oluĸan sistemlerde sistemin ve cisimlerin ivmesini 

hesaplar.(Uygulama) 

      2.4. Sistem i­i kuvvetleri hesaplar.(Uygulama) 

3.Cismin eylemsizliĵi ile ilgili olarak ºĵrenciler; 

3.1.Eylemsizliĵi cismin durgun, sabit hēzlē ve sabit ivmeli hareketinden baĵēmsēz olduĵunu ifade 

eder. (Bilgi) 

3.2.Cismin eylemsizliĵinin k¿tlesinin bir ºl­¿s¿ olduĵunu ifade eder. (Bilgi) 

3.3.Kuvvet ve eylemsizliĵin farklē olduĵu ayrēmēnē yapar.(Kavrama) 
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APPENDIX E2 

 

  

THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -I  
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s
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S
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n
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a
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a
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o

n
 

T
o

ta
l 

%
 

1.Hareketin 

nedeni 
 1.1 (22),  

1.2, 1.3 (23,24) 

    3(3) 

30 (11) 

2.Net  

kuvvet=0 
 2.2(27) 2.4 (25,36) 2.1(1,5,8,21) 2.3(17,18,19,20)  4(11) 

40(41) 

3.Net kuvvet 

Í0 
  3.1(2) 3.2 (4,6,7,9,10), 

3.3(11, 12, 13), 

3.4 (3,14,15,16)  

  3(13) 

30(48) 

Total 

% 

 4(4) 

40(15) 

2(3) 

20 (11) 

3 (16) 

30(59) 

1(4) 

10 (15) 
 10(27) 

100 (100) 

 

Objectives are bold. Questions are in parenthesis  
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APPENDIX E3 

 

 

THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -II  
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S
y
n

th
e
s
is 

E
v
a

lu
a
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T
o
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%
 

1.Net kuvvet 

Í0 

 1.8(6) 1.4(3), 

1.5(4), 

1.6(5), 

1.9(7) 

1.1(2) 

1.2(1,11, 12, 

13,14,15), 

1.7(16, 17, 

18,19,20) 

1.3(29,30)  10(19) 

63 (61) 

 

2.Etki-Tepki   2.1(8, 

27,28), 

2.3 (21, 

23,25), 

2.4(22, 

24,26),  

  2.2(31) 4(10) 

25(32) 

3.Eylemsizlik 3.1 (9), 

3.2 

(10),  

3.3(10*)     2(2) 

12(7) 

Total 

% 

2(2) 

12.5(6) 

2(1) 

12.5(3) 

7(13) 

44(42) 

3(12) 

19(39) 

1(2) 

6(7) 

1(1) 

6(3) 

16(31) 

100(100) 

 

Objectives are bold. Questions are in parenthesis 
*
Question 10 was counted for Objective 3.1, 

thus it was not counted here.   
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APPENDIX E4 

 

 

THE FINAL VERSION OF THE FMAT -I USED IN THE MAIN STUDY  

 

 

 

KUVVET VE H AREKET BAķARI TESTĶ I 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

  

 

Sevgili ºĵrenciler, 

27 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 3 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 
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I. Bºl¿m 

Bu bºl¿m 3 adet ­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, t¿m sorularē cevaplayēnēz. 

 

1.  Bir kadēn b¿y¿k bir kutuya sabit yatay bir kuvvet uyguluyor. Kutu yatay bir y¿zey ¿zerinde sabit 

V0 hēzēyla hareket ediyor. 

 

Kadēn tarafēndan uygulanan sabit yatay kuvvet, 

A) kutunun aĵērlēĵē ile aynē b¿y¿kl¿ktedir. 

B) kutunun aĵērlēĵēndan b¿y¿kt¿r. 

C) kutunun hareketini engellemeye ­alēĸan toplam kuvvetle aynē b¿y¿kl¿ktedir. 

D) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten b¿y¿kt¿r. 

E) kutunun hareketini engellemeye ­alēĸan toplam kuvvetten veya kutunun aĵērlēĵēndan 
b¿y¿kt¿r. 

 

2. Bir araba maksimum 3 m/s
2
 lik bir ivmeye sahiptir. Bu araba kendisinin iki katē k¿tlesine sahip 

ikinci bir arabayē ­ektiĵi zaman, maksimum ivmesi ne olur? 

 

      A) 2,5 m/s
2
  B) 2,0 m/s

2
 C) 1,5 m/s

2
 D) 1,0 m/s

2
 E) 0,5 m/s

2 

 

3. Bir ­ocuk ­elik bir topu tam yukarēya doĵru dik olarak atar. Topun, ­ocuĵun elinden ­ēkēp yere 

d¿ĸene kadar olan hareketini dikkate alēn ve hava tarafēndan topa uygulanan kuvvetlerin ihmal 

edilebilir olduĵunu d¿ĸ¿n¿n.  

 

Bu ĸartlarda topa etkiyen kuvvet(ler) aĸaĵēdakilerden hangisidir? 

 

A) S¿rekli azalan yukarē yºnde bir kuvvetle birlikte aĸaĵēya doĵru bir yer­ekimi kuvvetidir. 

B) ¢ocuĵun elinden ­ēktēktan sonra en y¿ksek noktaya ulaĸana kadar s¿rekli azalan yukarē 

yºnde bir kuvvet; aĸaĵēya inerken ise, cisim d¿nyaya yaklaĸtēk­a s¿rekli artan aĸaĵē yºnde 

bir yer­ekimi kuvvetidir. 

C) Top en y¿ksek noktaya ulaĸana kadar yukarē yºnde s¿rekli azalan bir kuvvetle birlikte, 
neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvveti; aĸaĵēya inerken ise, sadece sabit aĸaĵē 

yºnde bir yer­ekimi kuvvetidir. 

D) Sadece, neredeyse sabit aĸaĵē yºnde bir yer­ekimi kuvvetidir. 

E) Yukarēdakilerden hi­biri. Topun d¿nya ¿zerinde durmasē doĵal eĵilimi olduĵu i­in top yere 

d¿ĸer. 
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II. Bºl¿m 

 

Bu bºl¿m, 13 adet eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 4-10 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Aĸaĵēdaki ĸekiller buz ¿zerinde kaymayan bir ayakkabē giyen bir kiĸinin bir kēzaĵa saĵa doĵru kuvvet 

uygulamasē, hi­bir kuvvet uygulamamasē ve sola doĵru kuvvet uygulamasē durumlarē i­in se­enekler 

sunmaktadēr (Aôdan Gôye kadar). Hemen altēnda ise 4ôden 10ôa kadar sorularda bazē hareket 

durumlarē verilmiĸtir. Kēzaĵēn her bir soruda tanēmlanan hareketini devam ettirecek bir kuvveti 

(Aôdan Gôye) se­iniz ve se­tiĵiniz harfi sorunun yanēndaki boĸluĵa yazēnēz. 

Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece 

bir se­enek yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini 

sorunun yanēndaki boĸluĵa yazēnēz. S¿rt¿nme kuvvetini ihmal ediniz. 

 

 

A. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

B. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

C. Saĵa doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

 

 

D. Kuvvet uygulamaya gerek yoktur. 

 

E. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) azalan 

bir kuvvet 

F. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) sabit 

bir kuvvet 

G. Sola doĵru ve ĸiddeti (b¿y¿kl¿ĵ¿) artan 

bir kuvvet 

 

 

 

 4. Hangi kuvvet kēzaĵēn saĵa doĵru ve d¿zg¿n hēzlanan (sabit ivmeli)  hareketini devam 

ettirir?  

 5.Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet kēzaĵēn saĵa doĵru sabit hēzlē hareketini 

devam ettirir ? 

 6. Kēzak saĵa doĵru hareket ediyor. Hangi kuvvet onu d¿zg¿n (sabit ivme ile) yavaĸlatēr? 

 7. Hangi kuvvet kēzaĵēn sola doĵru ve d¿zg¿n hēzlanan (sabit ivmeli)  hareketini devam 

ettir ir? 

 8. Kēzak durgun halden baĸlayarak ve saĵa doĵru sabit bir hēza ulaĸēncaya kadar itiliyor. 

Hangi kuvvet kēzaĵēn bu sabit hēzlē hareketini devam ettirir ? 

 9. Kēzak d¿zg¿n (sabit ivme ile) yavaĸlēyor ve kēzaĵēn ivmesi saĵa doĵrudur. Hangi kuvvet 

bu harekete neden olur? 

 10. Kēzak sola doĵru hareket ediyor. Hangi kuvvet kēzaĵē d¿zg¿n (sabit ivme ile) yavaĸlatēr? 
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AķAĴIDAKĶ A¢IKLAMAYI 11-13. SORULARINI CEVAPLARKEN KULLANINIZ. 

11-13. sorularē yukarē doĵru havaya fērlatēlan metal para ile ilgilidir. Para fērlatēldēktan sonra yukarē 

doĵru hareket ediyor, en y¿ksek noktaya ­ēkēyor ve tekrar aĸaĵē d¿ĸ¿yor. Paranēn 11-13 sorularēnda 

tanēmlanan hareketinin her bir basamaĵēndaki ivmesini belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan 

Gôye) birini se­iniz ve sorunun yanēndaki boĸluĵa yazēnēz. Bir se­eneĵi birden fazla kullanabilir ya da 

hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir se­enek yazēnēz. Eĵer se­eneklerden 

hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki boĸluĵa J se­eneĵini yazēnēz. Yukarē 

yºn¿ pozitif aĸaĵē yºn¿ negatif alēnēz. Havanēn s¿rt¿nme kuvvetini ihmal ediniz. 

 

A. Ķvme negatif yºnde ve sabittir. 

B. Ķvme negatif yºnde ve artēyor. 

C. Ķvme negatif yºnde ve azalēyor. 

D. Ķvme sēfērdēr 

E. Ķvme pozitif yºnde ve sabittir. 

F. Ķvme pozitif yºnde ve artēyor. 

G. Ķvme pozitif yºnde ve azalēyor. 

 

______11. Metal para fērlatēldēktan sonra yukarē yºnde hareket ediyor iken. 

______12. Metal para en y¿ksek noktada iken. 

______13. Metal para aĸaĵē yºnde hareket ediyor iken. 

 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 14-16 SORULARINI CEVAPLARKEN KULLANINIZ. 

14-16. sorular, anlēk bir itme uygulanarak bir eĵik d¿zlemde yukarē doĵru tērmanan oyuncak araba ile 

ilgilidir.  

Araba anlēk itme ile fērlatēldēktan sonra eĵik d¿zleme tērmanēyor ve en y¿ksek noktaya ­ēkarak tekrar 

geriye dºn¿yor. S¿rt¿nme kuvvetini ihmal ediniz. 

 

                      
 

Aĸaĵēda 14-16 sorularēnda tanēmlanan her bir durumda arabaya etki eden net kuvveti belirtmek i­in 

aĸaĵēdaki se­eneklerden (Aôdan Gôye) birini se­iniz ve sorunun yanēndaki boĸluĵa yazēnēz. Bir 

se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir 

se­enek yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz J se­eneĵini 

sorunun yanēndaki boĸluĵa yazēnēz. 

 

A. Rampadan aĸaĵē doĵru sabit net kuvvet 

B. Rampadan aĸaĵē doĵru artan net kuvvet 

C. Rampadan aĸaĵē doĵru azalan net kuvvet 

D. Net kuvvet sēfēr 

E. Rampadan yukarē doĵru sabit net kuvvet 

F. Rampadan yukarē doĵru artan net kuvvet 

G. Rampadan yukarē doĵru azalan net kuvvet 

 

______14. Araba fērlatēldēktan sonra rampanēn yukarēsēna doĵru hareket ediyor iken. 

______15. Araba en y¿ksek noktada iken. 

______16. Araba rampanēn aĸaĵēsēna doĵru hareket ediyor iken. 
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III. Bºl¿m 

Bu bºl¿m 11 adet a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. 

L¿tfen t¿m sorularē cevaplayēnēz.  

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 17-20 SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A ve B arabalarē d¿z bir yol boyunca doĵuya doĵru sabit bir hēzla hareket ediyorlar. Aĸaĵēda verilen 

diyagram arabalarēn eĸit zaman aralēklarēyla ayrēlmēĸ 1-4 anlarēndaki konumlarēnē gºstermektedir.  

 
 

17. A arabasēndaki gºzlemci B arabasēnē 1 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

18. A arabasēndaki gºzlemci B arabasēnē 2 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

19. A arabasēndaki gºzlemci B arabasēnē 3 anēnda batēya mē hareket ediyor, doĵuya mē hareket ediyor 

yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

20. Yanda verilen vektºr setlerinden hangisi A arabasēndaki 

gºzlemciye gºre B arabasēnēn 1, 2 ve 3 anlarēndaki 

hēzēnē (baĵēl hēzē) gºsterir?  (Hēz vektºrlerinin 

b¿y¿kl¿ĵ¿n¿ de dikkate alēnēz.) 
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21. K¿­¿k bir ­ocuk olan Ahmet bir kuyunun yanēnda oynarken kuyunun i­ine d¿ĸer. Ahmetôi 

kuyudan ­ēkarmak i­in kurtarma ekipleri bir ipi kuyuya sallarlar ve Ahmet bu ipi beline baĵlar. 

Ahmetôin aĵērlēĵē 250 N dur. T¿m s¿rt¿nmeleri ihmal ediniz. 

Ahmet yukarēya doĵru sabit bir hēzla ­ekilirken, ip yukarēya doĵru 250 N dan b¿y¿k, k¿­¿k  yoksa  

eĸit bir kuvvet mi uygular? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 22 ve 23 SORULARINI CEVAPLARKEN KULLANINIZ.  
 

Bir blok ve bir A k¿resi ĸekildeki gibi 

bir iple s¿rt¿nmesiz bir makara ¿zerinde 

kayacak ĸekilde birbirine baĵlanēyor ve 

bir el bloĵu kaymamasē i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini 

varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Havanēn s¿rt¿nme kuvvetini ihmal 

ediniz.  

 

 

 

El bloĵu serbest bēraktēktan hemen 

sonra   

 

22. Blok ¿zerine etki eden kuvvetlerin adlarēnē yazēp, kēsaca tanēmlayēnēz.  

¥rneĵin yer­ekimi kuvveti ñbloĵa d¿nya tarafēndan uygulanan kuvvetò ĸeklinde tanēmlanēr. 

 

 

 

 

 

 

23. Blok ¿zerine etki eden t¿m kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi kuvveti) 

b) Kuvvetin uygulandēĵē cisim ve 

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendiriniz  (harflerle gºsteriniz)  ve etiketlendirdiĵiniz kuvvetleri aĸaĵēda blok 

¿zerinde gºsteriniz. 

¥rneĵin, B cisminin A cismine uyguladēĵē kuvvet FAB ĸeklinde etiketlendirilebilir.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BLOK 
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24. Bir ­ocuk i­i dolu olan A ve B kutularēnē ĸekildeki gibi itiyor.  

B kutusuna etki eden t¿m kuvvetleri  

a) kuvvetin t¿r¿ (ºrneĵin yer­ekimi 

kuvveti),  

b) Kuvvetin uygulandēĵē cisim ve 

c) Kuvveti uygulayan cismi, 

dikkate alarak etiketlendiriniz (harflerle 

gºsteriniz) ve etiketlendirdiĵiniz 

kuvvetleri aĸaĵēda B kutusu ¿zerinde gºsteriniz.  

 

¥rneĵin, B cisminin A cismine uyguladēĵē kuvvet FAB ĸeklinde etiketlendirilebilir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25.Suya gºre sabit bir hēza sahip olan bir motor A noktasēndan nehrin karĸēsēndaki B noktasēna 

gitmek i­in, yerde duran bir gºzlemciye gºre ĸekilde gibi bir yolu izliyor. Motorun B noktasēna varma 

s¿resi, nehir durgunken t1, nehir sabit bir Va hēzēyla akarken t2ô dir. Motorun suya gºre hēzē her iki 

durumda da aynē olduĵuna gºre t1 ve t2 s¿relerini karĸēlaĸtērēnēz. Cevabēnēzē a­ēklayēnēz. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A  

75 kg 

B 

25 kg 

B kutusu 
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26. Bir motor ĸekilde gºr¿ld¿ĵ¿ gibi A noktasēndan nehrin kēyēsēna dik sabit bir V hēzēyla hareket 

ediyor. Motorun karĸē kēyaya varma s¿resi nehir durgunken t1 nehir sabit bir Va hēzēyla akarken t2ô dir. 

Motorun suya gºre hēzē her iki durumda da aynē olduĵuna gºre t1 ve t2 s¿relerini karĸēlaĸtērēnēz. 

Cevabēnēzē a­ēklayēnēz. 

 

 

 
 

 

27. Aynē b¿y¿kl¿kte paraĸ¿tlerle aynē y¿kseklikten atlayan iki paraĸ¿t­¿den aĵēr olan paraĸ¿t­¿ hafif 

olan paraĸ¿t­¿ye gºre limit hēza daha erken, daha ge­ yoksa aynē anda mē ulaĸēr? Cevabēnēzē 

a­ēklayēnēz. 
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APPENDIX E5 

 

 

THE FINAL VERSION OF THE FMAT -II USED IN THE MAIN STUDY  

 

 

 

KUVVET VE HAREKET BAķARI TESTĶ II 

 

Adēnēz- Soyadēnēz:      

Sēnēfēnēz: 

Sevgili ºĵrenciler, 

31 sorudan oluĸan bu test, ºĵrencilerin kuvvet ve hareket konularēndaki baĸarēlarēnē ºl­mek amacē ile 

hazērlanmēĸtēr. Bu test 3 bºl¿mden oluĸmaktadēr. Her bºl¿m¿n baĸēnda verilen a­ēklamalarē dikkatlice 

okuduktan sonra sorularē cevaplayēnēz. Cevaplarēnēz gizli tutulacak ve yalnēzca araĸtērma ama­lē 

kullanēlacaktēr.  

Katkēlarēnēz dolayē teĸekk¿r ederiz. 
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I. Bºl¿m 

Bu bºl¿m 10 adet ­oktan se­meli sorudan oluĸmaktadēr. Her soru i­in yalnēzca bir ĸēk iĸaretleyiniz. 

Yanlēĸlar doĵru cevaplarē gºt¿rmeyecektir. L¿tfen, t¿m sorularē cevaplayēnēz. 

 

1. Bir cisim durgun halden harekete baĸlar ve 10 saniye boyunca sabit pozitif bir ivmeyle hareket 

eder. Daha sonra sabit bir hēzla hareketini s¿rd¿r¿r. Aĸaĵēdaki grafiklerden hangisi bu cismin 

konum-zaman grafiĵi olabilir? 

 
 

2. Paralel yollarda ilerleyen A ve B arabasēnēn konum- zaman grafiĵi yanda verilmiĸtir. Buna gºre 

aĸaĵēdakilerden hangisi doĵrudur? 

 

I. tB zamanēnda iki araba da aynē 

hēza sahiptir. 

II. Her iki araba da hēzlanmaktadēr. 

III.  A ve B arabalarē tB zamanēndan 

ºnce herhangi bir anda aynē hēza 

sahip olurlar 

IV.  Grafiĵin belli bir noktasēnda her 

iki arabanēn ivmesi birbirine eĸit 

olur. 

 

 

A) Yalnēz I B) Yalnēz III C) II ve III D) I, II ve IV E)  II, III ve IV 

 

3. Aĸaĵēda bir cismin konum -zaman grafiĵi verilmiĸtir. Cismin 2. saniyedeki hēzē ka­ m/s ódir? 

 

A) 0,4 m/s 

B) 2,0 m/s 

C) 2,5 m/s 

D) 5,0 m/s 

E) 10,0 m/s 

 

 

 

 

 

4. Bir cisim aĸaĵēdaki grafiĵe gºre hareket etmektedir: 

 
 

Buna gºre, t=4 s ile t=8 s zaman aralēĵēnda cisim ne kadar yer deĵiĸtirir? 

 

A)  0,75 m  B) 3,0 m  C) 4,0 m   D) 8,0 m   E) 12,0 m 
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5. Aĸaĵēda bir cismin hēz-zaman grafiĵi verilmiĸtir. Cismin t= 0 ve t=6 s arasēndaki ortalama ivmesi 

yaklaĸēk olarak ne kadardēr? 

 
A)  3,0 m/s

2
  B) 1,5 m/s

2
  C) 0,83 m/s

2
  D) 0,67 m/s

2
  

E) Soruyu cevaplamak i­in yeterli bilgi verilmemiĸtir.  

 

6. Aĸaĵēdaki ĸekilde gºsterildiĵi gibi, bir tepenin kenarēndan bir top ateĸlenir. 1-5 yollarēndan hangisi, 

merminin/g¿llenin izleyeceĵi en yakēn yoldur? 

 
A) 1   B) 2   C) 3  D) 4   E) 5 

 

7. 

 

 

 

 

 

 

 

 

Yer­ekimi ivmesinin (g) olduĵu bir yerde, ĸekildeki gibi P noktasēndan eĵik atēlan bir top (t) s sonra 

K noktasēna d¿ĸ¿yor.  

Yalnēz (g) ve (t) bilinenleriyle; 

hmax y¿ksekliĵi 

V0y  (d¿ĸey) bileĸenin b¿y¿kl¿ĵ¿ 

PK uzaklēĵē 

Niceliklerinden hangileri hesaplanabilir? 

 

A)  Yalnēz hmax      B) V0y ve PK C) hmax ve PK D) hmax ve V0y   E) hmax ,V0y ve PK 
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8. Yandaki ĸekilde A ºĵrencisi 75 kg ve B ºĵrencisi ise 57 

kg k¿tlelidir. Birbirinin aynē ofis sandalyelerinde karĸē 

karĸēya oturmaktadērlar. A ºĵrencisi, ĸekildeki gibi, 

ayaklarēnē B ºĵrencisinin dizlerine koymuĸtur. Sonra A 

ºĵrencisi birden ayaklarēyla dēĸarēya doĵru iterek, her iki 

sandalyenin de hareket etmesine neden olur. 

 

Ķtme sērasēnda ve Aônēn ayaklarē Bônin dizine hala 

dokunmaktayken, 

 

A) ºĵrenciler birbirlerine hi­bir kuvvet 

uygulamamaktadērlar. 

B) A ºĵrencisi B ºĵrencisi ¿zerine bir kuvvet 

uygulamakta, fakat B Aôya bir kuvvet uygulamamaktadēr. 

C) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat B daha b¿y¿k bir kuvvet uygular. 

D) her iki ºĵrenci de birbirlerine kuvvet uygulamaktadēr, fakat A daha b¿y¿k bir kuvvet uygular. 

E) her iki ºĵrenci de birbirleri ¿zerine eĸit b¿y¿kl¿kte kuvvet uygulamaktadērlar. 

 

9. Aĸaĵēdaki cisimlerden hangisinin/ hangilerinin eylemsizliĵinden bahsedilebilir? 

 

I. Duran bir arabanēn 

II. Sabit hēzla ilerleyen bir arabanēn 

III.  Sabit bir ivme ile hēzlanan bir arabanēn 

 

A) Yalnēz I B) Yalnēz III  C) I ve II D) II ve III E) I, II, ve III 

 

10. Aĸaĵēda eylemsizlik ile ilgili verilen yargēlardan hangisi doĵrudur? 

 

I. Eylemsizlik bir kuvvettir.  

II. Bir cismin eylemsizliĵi k¿tlesi ile doĵru orantēlēdēr.  

III.  Eylemsizlik cismin hareket durumuna baĵlēdēr. 

 

  A ) Yalnēz I      B) Yalnēz II  C) I ve II D) I ve III E) I, II ve III 
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II. Bºl¿m 

 

Bu bºl¿m, 10 adet eĸleĸtirme sorusundan oluĸmaktadēr. Her soru i­in bir eĸleĸtirme yapēnēz. L¿tfen 

t¿m sorularē cevaplayēnēz. 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 11-15. SORULARINI CEVAPLARKEN KULLANINIZ. 

 

Oyuncak bir araba yatay doĵru boyunca saĵa veya sola hareket edebiliyor. Pozitif yºn saĵa doĵrudur. 

 
Aĸaĵēda arabanēn farklē olasē hareketleri i­in ivme-zaman grafikleri (Aôdan Gôye) verilmiĸtir. 11-15 

sorularēnda ise arabanēn farklē hareket durumlarē verilmiĸtir. Bu hareket durumlarēna ait ivme-zaman 

grafiĵini belirtmek i­in Aôdan Gôye kadar olan se­eneklerden birini se­iniz ve sorunun yanēndaki 

boĸluĵa yazēnēz. Bir se­eneĵi birden fazla kullanabilir ya da hi­ kullanmayabilirsiniz; fakat her bir 

boĸluk i­in sadece bir cevap yazēnēz. Eĵer se­eneklerden hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz 

sorunun yanēndaki boĸluĵa J se­eneĵini yazēnēz. 

 

 
 

______11. Araba saĵa doĵru d¿zg¿n hēzlanarak hareket ediyor. 

______12. Araba saĵa doĵru d¿zg¿n yavaĸlayarak hareket ediyor. 

______13. Araba sola doĵru sabit hēzla hareket ediyor. 

______14. Araba sola doĵru d¿zg¿n hēzlanarak hareket ediyor. 

______15. Araba saĵa doĵru sabit hēzla hareket ediyor. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 16-20. SORULARINI 

CEVAPLARKEN KULLANINIZ  

Plastik top fērlatan bir silah ĸekilde gºr¿ld¿ĵ¿ gibi belirli bir 

a­ē altēnda ateĸleniyor. Havanēn s¿rt¿nme kuvvetini ihmal 

ediniz. 

Topun hareketi ile ilgili aĸaĵēda grafikler verilmiĸtir. Aôdan  Ķô 

ye kadar olan grafiklerin yatay ekseni zamanē gºsterirken 

d¿ĸey eksenler belirtilmemiĸtir.   

 

Merminin hareketi i­in 16-20 sorularēnda verilen her bir 

niceliĵe ait grafiĵi belirtmek i­in aĸaĵēdaki se­eneklerden (Aôdan Ķôye) birini se­iniz ve se­tiĵiniz 

harfi sorunun yanēndaki boĸluĵa yazēnēz. Bir se­eneĵi birden fazla kullanabilir ya da hi­ 

kullanmayabilirsiniz; fakat her bir boĸluk i­in sadece bir cevap yazēnēz.  Eĵer se­eneklerden 

hi­birinin doĵru olmadēĵēnē d¿ĸ¿n¿yorsanēz sorunun yanēndaki boĸluĵa J se­eneĵini yazēnēz. 

 

 
 

 16. D¿ĸey eksendeki konum 

 17. Hēzēn yatay bileĸeni 

 18. Net kuvvet 

 19. Hēzēn d¿ĸey bileĸeni 

 20. Yatay eksendeki konum 
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III. Bºl¿m 

 

Bu bºl¿m 11 adet a­ēk u­lu sorudan oluĸmaktadēr. Her soru i­in cevaplarēnēzē kēsaca a­ēklayēnēz. 

L¿tfen t¿m sorularē cevaplayēnēz.  

 

AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 21-23. SORULARINI CEVAPLARKEN KULLANINIZ 

 

Bir blok ve bir A k¿resi ĸekildeki gibi bir 

iple s¿rt¿nmesiz bir makara ¿zerinde 

kayacak ĸekilde birbirine baĵlanēyor ve bir 

el bloĵu kaymamasē i­in tutuyor.  

Ķpin aĵērlēksēz ve esnemediĵini varsayēnēz.  

Blok ile masa arasē s¿rt¿nmelidir. 

Havanēn s¿rt¿nme kuvvetini ihmal ediniz.  

 

 

El bloĵu serbest bēraktēĵē anda A k¿resi 

ile ºzdeĸ olan B k¿resi de serbest 

bērakēlēyor.  

 

21.  B k¿resi A k¿resinden ºnce mi, sonra 

mē, yoksa aynē anda mē yere ­arpar?  

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

22. Blok serbest bērakēlmadan ºnce, ipteki gerilme kuvveti 10 N dur. Blok serbest bērakēldēktan sonra, 

ipteki gerilme kuvveti 10 Nô dan b¿y¿k m¿d¿r, 10 Nôdan k¿­¿k m¿d¿r, yoksa 10 Nô a eĸit midir? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

23. ķimdi deneyi s¿rt¿nmesiz masa ¿zerinde tekrarladēĵēnēzē d¿ĸ¿n¿n¿z. Bu durumda B k¿resi A 

k¿resinden ºnce mi, sonra mē, yoksa aynē anda mē yere ­arpar?  Cevabēnēzē a­ēklayēnēz. 
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AķAĴIDAKĶ A¢IKLAMA VE ķEKLĶ 24-26. SORULARINI CEVAPLARKEN KULLANINIZ. 

 

A, B, C bloklarē s¿rt¿nmesiz bir masa boyunca sola doĵru sabit 

bir kuvvetle itiliyor. A bloĵu 2M, B bloĵu 3M ve C bloĵu M 

k¿tlesine sahiptir.  

24. Aĸaĵēda verilen ºl­ekli alana her bir bloĵa etki eden net 

kuvveti gºsteren vektºrleri ­iziniz. Vektºrleri, bloklara etki 

eden net kuvvetlerin birbirine gºre b¿y¿kl¿klerini ve 

yºnlerini dikkate alarak ­iziniz. 

 

 

25 ve 26. sorularē cevaplarken B bloĵunun k¿tlesinin iki katēna ­ēkarēldēĵēnē, diĵer bloklarēn 

k¿tlelerinin deĵiĸtirilmediĵini ve elin baĸlangē­taki sabit kuvveti uyguladēĵēnē d¿ĸ¿nerek 

cevaplayēnēz.  

 

25. A bloĵunun ivmesi B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr mē, yoksa 

aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

 

 

26. A bloĵuna etki eden net kuvvet B bloĵunun k¿tlesi iki katēna ­ēkarēldēktan sonra artar mē, azalēr 

mē, yoksa aynē mē kalēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

 

 

 

 

AķAĴIDAKĶ A¢IKLAMAYI 27 ve 28. SORULARINI CEVAPLARKEN KULLANINIZ. 

Fatma mutfak yerlerini sildikten sonra buzdolabēnē tekrar yerine itmeye ­alēĸēyor.  

 

27. Fatma buzdolabēnē itiyor, fakat buzdolabē kēmēldamēyor. Fatmaônēn uyguladēĵē kuvvetin 

b¿y¿kl¿ĵ¿ buzdolabēnēn Fatmaô ya uyguladēĵē kuvvetten b¿y¿k m¿d¿r, k¿­¿k m¿d¿r yoksa eĸit 

midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

28. Fatma b¿t¿n g¿c¿yle ittikten sonra buzdolabē sabit hēzla hareket etmeye baĸlēyor. Fatmaônēn 

uyguladēĵē kuvvetin b¿y¿kl¿ĵ¿ buzdolabēnēn Fatmaô ya uyguladēĵē kuvvetten b¿y¿k m¿d¿r, k¿­¿k 

m¿d¿r yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 
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29. Yukarēya doĵru atēlan bir taĸēn konum- zaman grafiĵi aĸaĵēdaki gibidir. Bu grafikten 

yararlanarak taĸēn hareketinin hēz-zaman ve ivme- zaman grafiklerini ­iziniz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30. Hareketli bir arabanēn hēz- zaman grafiĵi ĸekildeki 

gibidir. Bu grafikten yararlanarak arabanēn hareketinin 

konum- zaman grafiĵini ­iziniz? 

 

 

 

 
 

31. Ali, kestiĵi k¿t¿ĵ¿ iple ­ekerek yola ­ēkarērken, Newtonôun 3. yasasēnēn ­ekme olayēnda ge­erli 

olup olmadēĵēnē d¿ĸ¿n¿r. Ali , ñNewtonôun 3. Yasasēna gºre ben k¿t¿ĵ¿ ne kadar kuvvetle ­ekersem 

k¿t¿kte beni o kadar kuvvetle geri ­ekecek ve zēt yºnl¿ bu kuvvetler birbirini yok edeceĵinden k¿t¿ĵ¿n 

hareket etmemesi gerekir. K¿t¿k hareket ettiĵine gºre Newtonôun 3. yasasē burada ge­erli deĵildirò 

diye d¿ĸ¿n¿r. 

Aliônin d¿ĸ¿ncesindeki yanlēĸ ne olabilir? A­ēklayēnēz.  
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APPENDIX F 

 

 

ITEMAN RESULTS FOR THE FMAT -I AND FMAT -II IN THE MAIN STUDY  

 

 

 

Iteman Results For The FMAT-I  

 
                 Item Statistics             Alternative Sta tistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

  1   1 - 1     0.581    0.377   0.299     A     0.095     0.446   0.257   

                                         B     0.029    - 0.510  - 0.200   

                                         C     0.581     0.377    0.299  *  

                                         D     0.162    - 0.437  - 0.291   

                                         E     0.133    - 0.383  - 0.243   

                                       Other   0.000    - 9.000  - 9.000   

 

  2   1 - 2     0.505    0 .125   0.100     A     0.010    - 0.435  - 0.114   

                                         B     0.010    - 0.549  - 0.144   

                                         C     0.438     0.020   0.016   

                                         D     0.505     0.12 5   0.100  *  

                                         E     0.029    - 0.376  - 0.147   

                                       Other   0.010    - 0.320  - 0.084   

 

  3   1 - 3     0.333    0.887   0.684     A     0.048    - 0.295  - 0.137   

                                         B     0.324    - 0.547  - 0.420   

                                         C     0.248    - 0.268  - 0.196   

                                         D     0.333     0.887   0.684  *  

                                         E     0.029    - 0. 019  - 0.007   

                                       Other   0.019    - 0.227  - 0.077   

 

  4   1 - 4     0.419    0.890   0.705     A     0.495    - 0.811  - 0.647   

                                         B     0.419     0.890   0.705  *  

                                         C     0.010    - 0.206  - 0.054   

                                         D     0.038     0.168   0.072   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.019    - 0.290  - 0.098   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.019    - 0.415  - 0.141   

 

  5   1 - 5     0.467    0.823   0.656     A     0.000    - 9.000  - 9.000   

                                         B     0.400    - 0.754  - 0.595   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.467     0 .823   0.656  *  

                                         E     0.010    - 0.320  - 0.084   

                                         F     0.067     0.188   0.097   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.057    - 0.454  - 0.224  
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                 Item Statistics             Alternative Statistics  

             -----------------------    ------------------ -----------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

  6   1 - 6     0.3 43    0.831   0.644     A     0.000    - 9.000  - 9.000   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.352    - 0.604  - 0.469   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.057    - 0.276  - 0.136   

                                         F     0.343     0.831   0.644  *  

                                         G     0.200    - 0.021  - 0.015   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.048    - 0.442  - 0.206   

 

  7   1 - 7     0.324    0.896   0.688     A     0.010     0.478   0.126   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.019    - 0.352  - 0.120   

                                         D     0.048    - 0.119  - 0.055   

                                         E     0.029    - 0.197  - 0.077   

                                         F     0.324     0.896   0.688  *  

                                         G     0.524    - 0.648  - 0.516   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.048    - 0.354  - 0.165   

 

  8   1 - 8     0.390    0.469   0.369     A     0.057     0.004   0.002   

                                         B     0.390    - 0.426  - 0.336   

                                         C     0.019    - 0.039  - 0.013   

                                         D     0.390     0.469   0.369  *  

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.067    - 0.128  - 0.066   

                                         G     0.000     - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.076     0.011   0.006   

 

  9   1 - 9     0.057    0.613   0.303     A     0.010    - 0.206  - 0.054   

                                         B     0.057     0.613   0.303  *  

                                         C     0.390    - 0.168  - 0.133   

                                         D     0.019     0.463   0.157   

                                         E     0.12 4    - 0.278  - 0.173   

                                         F     0.190     0.202   0.140   

                                         G     0.133     0.117   0.074   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.076    - 0.315  - 0.170   

 

10   1 - 10    0.267    0.801   0.595     A     0.286    - 0.122  - 0.092   

                                         B     0.267     0.801   0.595  *  

                                         C     0.05 7    - 0.073  - 0.036   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.267    - 0.529  - 0.393   

                                         F     0.038     0.203   0.088   

                                         G     0.029    - 0.287  - 0.112   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.057    - 0.327  - 0.161   

 

 11   1 - 11    0.171    0.509   0.343     A     0.17 1     0.509   0.343  *  

                                         B     0.029    - 0.153  - 0.060   

                                         C     0.105    - 0.368  - 0.218   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.390     0.401   0.315   

                                         F     0.038    - 0.430  - 0.186   

                                         G     0.257    - 0.505  - 0.372   

                                         H     0.00 0    - 9.000  - 9.000   

                                       Other   0.010    - 0.320  - 0.084   
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                 Item Statistics             Alternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   P rop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

 12   1 - 12    0.067    0.751   0.389     A     0.0 67     0.751   0.389  *  

                                         B     0.010    - 0.320  - 0.084   

                                         C     0.010    - 0.092  - 0.024   

                                         D     0.705    - 0.539  - 0.408   

                                         E     0.133     0.523   0.331   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.010    - 0.435  - 0.114   

                                         H     0.0 00    - 9.000  - 9.000   

                                       Other   0.067    - 0.015  - 0.008   

 

 13   1 - 13    0.448    0.574   0.457     A     0.448     0.574   0.457  *  

                                         B     0.267    - 0.600  - 0.446   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.010    - 0.320  - 0.084   

                                         E     0.067     0.481   0.249   

                                         F     0. 181    - 0.237  - 0.162   

                                         G     0.019    - 0.290  - 0.098   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.010    - 0.320  - 0.084   

 

 14   1 - 14    0.114    0.728   0.442     A     0.114     0.728   0.442  *  

                                         B     0.038     0.168   0.072   

                                         C     0.019    - 0.227  - 0.077   

                                         D     0 .048     0.527   0.246   

                                         E     0.143     0.398   0.257   

                                         F     0.048    - 0.383  - 0.178   

                                         G     0.571    - 0.598  - 0.474   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.019    - 0.290  - 0.098   

 

 15   1 - 15    0.095    0.859   0.495     A     0.095     0.859   0.495  *  

                                         B     0.010    - 0.435  - 0.114   

                                         C     0.010    - 0.320  - 0.084   

                                         D     0.800    - 0.364  - 0.255   

                                         E     0.010     0.592   0.156   

                                         F     0.010    - 0.320  - 0.084   

                                         G     0.010    - 0.435  - 0.114   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0 .057    - 0.174  - 0.086   

 16   1 - 16    0.229    0.641   0.462     A     0.229     0.641   0.462  *  

                                         B     0.571    - 0.553  - 0.439   

                                         C     0.038     0.097   0.042   

                                         D     0.076     0.214   0.116   

                                         E     0.029     0.070   0.027   

                                         F     0.029    - 0.108  - 0.042   

                                         G     0 .019    - 0.102  - 0.035   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.010    - 0.320  - 0.084   
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ITEMAN for The FMAT -II  
 

                 Item Statistics             Al ternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   -- -----   ------   ------    -----  ---------   ------   ------  ---  

 

  1   1 - 1     0.477    0.574   0.458     A     0.047    - 0.347  - 0.160   

                                         B     0.093    - 0.463  - 0.266   

                                         C     0. 075    - 0.253  - 0.136   

                                         D     0.290    - 0.100  - 0.076   

                                         E     0.477     0.574   0.458  *  

                                       Other   0.019    - 1.000  - 0.350   

 

  2   1 - 2     0.579    0.696   0.551     A     0.159    - 0.114  - 0.076   

                                         B     0.579     0.696   0.551  *  

                                         C     0.037    - 0.526  - 0.226   

                                         D     0.093    - 0.348  - 0.200   

                                         E     0.103    - 0.435  - 0.257   

                                       Other   0.028    - 1.000  - 0.396   

 

  3   1 - 3     0.832    0.557   0.374     A     0.000    - 9.000  - 9.000   

                                         B     0.009     0.129   0.034   

                                         C     0.832     0.557   0.374  *  

                                         D     0.103    - 0.403  - 0.238   

                                         E     0.037    - 0.290  - 0.125   

                                       Other   0.019    - 1.000  - 0.350   

 

  4   1 - 4     0.916    0.634   0.353     A     0.009    - 0.331  - 0.086   

                                         B     0.028    - 0.687  - 0.268   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.019    - 0.111  - 0.037   

                                         E     0.916     0.634   0.353  *  

                                       Other   0.028    - 0.627  - 0.244   

 

  5   1 - 5     0.411    0.614   0.485     A     0.084    - 0.422  - 0.235   

                                         B     0.168    - 0.266  - 0.179   

                                         C     0.121     0.295   0.182   

                                         D     0.411     0.614   0.485  *  

                                         E     0.131    - 0.330  - 0.208   

                                       Other   0.084    - 0.622  - 0.346   

 

  6   1 - 6     0.654    0.552   0.428     A     0.196    - 0.346  - 0.241   

                                         B     0.654     0.552   0.428  *  

                                         C     0.121    - 0.297  - 0.183   

                                         D     0.009    - 0.024  - 0.006   

                                         E     0.000    - 9.000  - 9.000   

                                       Other   0.019    - 1.000  - 0.350   

 

  7   1 - 7     0.477    0.685   0.547     A     0.196    - 0.352  - 0.246   

                                         B     0.047    - 0.110  - 0.051   

                                         C     0.047    - 0.425  - 0.197   

                                         D     0.477     0.685   0.547  *  

                                         E     0.215    - 0.259  - 0.184   

                                       Other   0.019    - 1.000  - 0.350   

 

  8   1 - 8     0.738    0.555   0.411     A     0.000    - 9.000  - 9.000   

                                         B     0.037    - 0.054  - 0.023   

                                         C     0.028     0.091   0.036   

                                         D     0.178    - 0.518  - 0.353   

                                         E     0.738     0.555   0.411  *  

                                       Other   0.019    - 1.000  - 0.350   
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                 Item Statistics             Alternative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt .  Endorsing  Biser.  Biser. Key  

----   -----   -------   ------   ------    -----  ---------   ------   ------  ---  

 

  9   1 - 9     0.636    0.822   0.642     A     0.037    - 0.479  - 0.206   

                                         B     0.103    - 0.210  - 0.124   

                                         C     0.131    - 0.620  - 0.391   

                                         D     0.065    - 0.411  - 0.212   

                                         E     0.636     0.822   0.642  *  

                                       Other   0.028    - 0.747  - 0.291   

 

 10   1 - 10    0.533    0.745   0.594     A     0.019    - 0.406  - 0.137   

                                         B     0.533     0.745   0.594  *  

                                         C     0.084     0.002   0.001   

                                         D     0.121    - 0.459  - 0.284   

                                         E     0.187    - 0.397  - 0.273   

                                       Other   0.056    - 0.697  - 0.342   

 

 11   1 - 11    0.776    0.846   0.60 8     A     0.776     0.846   0.608  *  

                                         B     0.056    - 0.186  - 0.091   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.009    - 0.714  - 0.186   

                                         E     0.131    - 0.711  - 0.448   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.028    - 0.986  - 0.384   

 12   1 - 12    0.607    0.863   0.680     A     0.131    - 0.077  - 0.048   

                                         B     0.607     0.863   0.680  *  

                                         C     0.019    - 0.616  - 0.208   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.000    - 9.000  - 9.000   

                                         F     0.037    - 0.266  - 0.114   

                                         G     0.159    - 0.806  - 0.534   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.047    - 0.721  - 0.334   

 

 13   1 - 13    0.804    0.853   0.595     A     0.009    - 0.408  - 0.106   

                                         B     0.140    - 0.663  - 0.426   

                                         C     0.804     0.853   0.595  *  

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.009    - 0.561  - 0.146   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.009    - 0.637  - 0.166   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.028    - 0.747  - 0.291   

 

 14   1 - 14    0.570    0.665   0.527     A     0.159    - 0.194  - 0.129   

                                         B     0.570     0.665   0.527  *  

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.037    - 0.455  - 0.196    

                                         F     0.168    - 0.534  - 0.359   

                                         G     0.009     0.129   0.034   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.056    - 0.407  - 0.200   

 

 15   1 - 15    0.785    0.766   0.545     A     0.121    - 0.660  - 0.407   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.785     0.766   0.545   *  

                                         D     0.000    - 9.000  - 9.000   

                                         E     0.019    - 0.069  - 0.023   

                                         F     0.009    - 0.714  - 0.186   

                                         G     0.000    - 9.000  - 9.000   

                                         H     0.000    - 9.000  - 9.000   

                                       Other   0.065    - 0.547  - 0.282                        
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                 Item Statistics             Alte rnative Statistics  

             -----------------------    -----------------------------------  

Seq.  Scale   Prop.           Point            Prop.            Point  

No.   - Item  Correct  Biser.  Biser.   Alt.  Endorsing  Biser.  Biser. Key  

----   -----   ---- ---   ------   ------    -----  ---------   ------   ------  ---  

 

 16   1 - 16    0.570    0.753   0.597     A     0.121    - 0.631  - 0.390   

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.02 8    - 0.328  - 0.128   

                                         D     0.178    - 0.089  - 0.061   

                                         E     0.028     0.001   0.001   

                                         F     0.000    - 9.000  - 9.000   

                                         G     0.028    - 0.567  - 0.221   

                                         H     0.570     0.753   0.597  *  

                                         I     0.009    - 0.484  - 0.126   

                                       Other   0.03 7    - 0.927  - 0.399   

 

 17   1 - 17    0.682    0.771   0.591     A     0.037    - 0.431  - 0.185   

                                         B     0.019    - 0.364  - 0.123   

                                         C     0.037    - 0.195  - 0.084   

                                         D     0.047    - 0.406  - 0.188   

                                         E     0.019    - 0.616  - 0.208   

                                         F     0.093    - 0.233  - 0.133   

                                         G     0.00 9    - 0.714  - 0.186   

                                         H     0.009    - 0.331  - 0.086   

                                         I     0.682     0.771   0.591  *  

                                       Other   0.047    - 0.760  - 0.352   

 

 18   1 - 18    0.206    0.528   0.372     A     0.037    - 0.384  - 0.165   

                                         B     0.206     0.528   0.372  *  

                                         C     0.075    - 0.021  - 0.011   

                                         D     0. 065    - 0.109  - 0.056   

                                         E     0.047    - 0.012  - 0.005   

                                         F     0.290     0.001   0.001   

                                         G     0.009     0.359   0.094   

                                         H     0.093    - 0.302  - 0.173   

                                         I     0.112    - 0.008  - 0.005   

                                       Other   0.065    - 0.457  - 0.235   

 

 19   1 - 19    0.421    0.713   0.564     A     0. 047    - 0.130  - 0.060   

                                         B     0.037    - 0.313  - 0.135   

                                         C     0.421     0.713   0.564  *  

                                         D     0.159    - 0.162  - 0.107   

                                         E     0.084    - 0.260  - 0.145   

                                         F     0.037     0.017   0.007   

                                         G     0.037    - 0.195  - 0.084   

                                         H     0. 103    - 0.253  - 0.149   

                                         I     0.037    - 0.313  - 0.135   

                                       Other   0.037    - 0.927  - 0.399   

 

 20   1 - 20    0.645    0.828   0.644     A     0.645     0.828   0.644  *  

                                         B     0.000    - 9.000  - 9.000   

                                         C     0.000    - 9.000  - 9.000   

                                         D     0.028    - 0.418  - 0.163   

                                         E     0 .019    - 0.574  - 0.194   

                                         F     0.084    - 0.360  - 0.200   

                                         G     0.028    - 0.537  - 0.209   

                                         H     0.103    - 0.274  - 0.162   

                                         I     0.056    - 0.356  - 0.175   

                                       Other   0.037    - 0.927  - 0.399  
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APPENDIX G 

 

 

KEYS FOR THE OBJECTIVE TYPE QUESTION IN THE FMAT -I AND II  

 

 

 

The FMAT-I 

1. C 

2. D 

3. D 

4. B 

5. D 

6. F 

7. F 

8. D 

9. B 

10. B 

11. A 

12. A 

13. A 

14. A 

15. A 

16. A 

20. G 

 

 

The FMAT-II  

1. E 

2. B 

3. C 

4. E 

5. D 

6. B 

7. D 

8. E 

9. E 

10. B 

11. A 

12. B 

13. C 

14. B 

15. C 

16. H 

17. Ķ 
18. B 

19. C 

20. A 
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APPENDIX H1 

 

 

THE GENERAL ANALYTIC SCORING FRAMEWORK  

 

 

 

Coding 
Category Sub-Category Sub-

Coding 
Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Soruyu doĵru olarak yanētlayēp a­ēklamayē 

form¿l kullanarak yapar 
A1 3 

Soruyu doĵru olarak yanētlayēp a­ēklamayē 

form¿l kullanmadan yapar. A2 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama her 

ikisinde ya da 

ikisinden birinde 

hata yapar. 

Cevabē yanlēĸ yazēp doĵru a­ēklama yapar B1 2 

Cevabē doĵru olarak yazar ama a­ēklamayē eksik 

yapar yani a­ēklamasēnda cevabē oluĸturan t¿m 

kavram ve kavramlar arasēndaki iliĸkilerin bir 

kēsmēna yer verir. 

B2 2 

Cevabē doĵru olarak yazēp, a­ēklamayē yanlēĸ 

yapar ama a­ēklamasēnda soru ile ilgili doĵru 

bilgi ifadelerine rastlanēr. 

B3 1.25 

Cevabē doĵru olarak yazēp a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Cevabē yanlēĸ yazar ama a­ēklamasēnda soru ile 

ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar. 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabi oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar 
C4 0 

Doĵru cevap verir. C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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APPENDIX H2 

 

 

SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT -I  

 

 

 

Question 17 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun 

cevabēnē doĵru 

olarak yazar ve 

a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Batē cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz 

form¿l¿n¿ kullanarak a­ēklar. 

 

A1 3 

Batēi cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz 

form¿l¿n¿ kullanmadan a­ēklar. 

A2 3 

B 

Hem cevabē 

yazēp hem de 

a­ēklamayē 

yapar, ama her 

ikisinde ya da 

ikisinden 

birinde hata 

yapar. 

Batē cevabēndan farklē bir cevap verir ama doĵru 

a­ēklama yapar. 
B1 2 

Batē cevabēnē yazar ama a­ēklamayē eksik yapar 

yani a­ēklamasēnda cevabē oluĸturan t¿m kavram 

ve kavramlar arasēndaki iliĸkilerin bir kēsmēna yer 

verir.  

B2 2 

Batē cevabēnē yazar ama a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B3 1.25 

Batē cevabēnē yazar ama a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar 
C4 0 

Batē cevabēnē verir. C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de 

tamamen yanlēĸ 

yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 18 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak 

yazar ve 

a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Batē cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz form¿l¿n¿ 

kullanarak a­ēklar. 

 

A1 3 

Batēi cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz form¿l¿n¿ 

kullanmadan a­ēklar. 

A2 3 

B 

Hem cevabē 

yazēp hem de 

a­ēklamayē yapar, 

ama her ikisinde 

ya da ikisinden 

birinde hata 

yapar. 

Batē cevabēndan farklē bir cevap verir ama doĵru 

a­ēklama yapar. 
B1 2 

Batē cevabēnē yazar ama a­ēklamayē eksik yapar 

yani a­ēklamasēnda cevabē oluĸturan t¿m kavram 

ve kavramlar arasēndaki iliĸkilerin bir kēsmēna yer 

verir.  

B2 2 

Batē cevabēnē yazar ama a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B3 1.25 

Batē cevabēnē yazar ama a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda cevabē 

oluĸturan t¿m kavram ve kavramlar arasēndaki 

iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar 
C4 0 

Batē cevabēnē verir. C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de 

tamamen yanlēĸ 

yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 19 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak 

yazar ve 

a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Batē cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz form¿l¿n¿ 

kullanarak a­ēklar. 

 

A1 3 

Batēi cevabēnē yazar ve B aracēnēn batēya doĵru 

gidiyormuĸ gibi gºr¿nd¿ĵ¿n¿ baĵēl hēz form¿l¿n¿ 

kullanmadan a­ēklar. 

A2 3 

B 

Hem cevabē yazēp 

hem de 

a­ēklamayē yapar, 

ama her ikisinde 

ya da ikisinden 

birinde hata 

yapar. 

Batē cevabēndan farklē bir cevap verir ama doĵru 

a­ēklama yapar. 
B1 2 

Batē cevabēnē yazar ama a­ēklamayē eksik yapar 

yani a­ēklamasēnda cevabē oluĸturan t¿m kavram 

ve kavramlar arasēndaki iliĸkilerin bir kēsmēna yer 

verir.  

B2 2 

Batē cevabēnē yazar ama a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B3 1.25 

Batē cevabēnē yazar ama a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda cevabē 

oluĸturan t¿m kavram ve kavramlar arasēndaki 

iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar 
C4 0 

Batē cevabēnē verir. C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de 

tamamen yanlēĸ 

yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 21 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak 

yazar ve 

a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Kuvvetlerin eĸit olduĵunu sºyler. Hēz 

deĵiĸimi(ivme) ve net kuvvet arasēndaki iliĸkiyi 

form¿l kullanarak a­ēklar. 

A1 3 

Kuvvetlerin eĸit olduĵunu sºyler. Hēz 

deĵiĸimi(ivme) ve net kuvvet arasēndaki iliĸkiyi 

form¿l kullanmadan a­ēklar. 

A2 3 

B 

Hem cevabē 

yazēp hem de 

a­ēklamayē yapar, 

ama ikisinden 

birin de hata 

yapar. 

Eĸit cevabēndan farklē bir cevap verir ama doĵru 

a­ēklama yapar 
B1 2 

Kuvvetlerin eĸit olduĵunu sºyler ama hēz 

deĵiĸimi(ivme) ve net kuvvet arasēndaki iliĸkiyi 

tam olarak a­ēklamaz.  

B2 2 

Kuvvetlerin eĸit olduĵunu sºyleyip, a­ēklamayē 

yanlēĸ yapar ama a­ēklamasēnda soru ile ilgili doĵru 

bilgi ifadelerine rastlanēr.  

B3 1.25 

Kuvvetlerin eĸit olduĵunu sºyler ama a­ēklamayē 

ilgisiz kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

Soruya cevap olacak hēz deĵiĸimi(ivme) ve net 

kuvvet arasēndaki iliĸkiyi tam olarak a­ēklar. 
C1 2 

Soruya cevap olacak hēz deĵiĸimi(ivme) ve net 

kuvvet arasēndaki iliĸkiyi tam olarak a­ēklamaz. 
C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar 
C4 0 

Kuvvetlerin eĸit olduĵunu sºyler. C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de 

tamamen yanlēĸ 

yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 22 

Score Coding Category 

1+2=3 

A 

Blok ¿zerine etki eden 4 kuvveti belirler ve kuvvetleri, kuvveti bloĵa 

uygulayan cismi belirterek veya kitabi betimlemesini vererek tanēmlar.  

1+1.5=2.5 
B 

4 kuvvetin ismini yazar, 3 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.75+1.5=2.25 
C 

3 kuvvetin ismini yazar, 3 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

1+1=2 
D 

4 kuvvetin ismini yazar, 2 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.75+1=1.75 
E 

3 kuvvetin ismini yazar, 2 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

1+0.5=1.5 
F 

4 kuvvetin ismini yazar, 1 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.5+1=1.5 
G 

2 kuvvetin ismini yazar, 2kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.75+0.5=1.25 
H 

3 kuvvetin ismini yazar, 1 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

1 I 4 kuvvetin ismini yazar 

0.5+0.5=1 
J 

2 kuvvetin ismini yazar, 1 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.75 K 3 kuvvetin ismini yazar 

0.25+0.5=0.75 
L 

1 kuvvetin ismini yazar, 1 kuvveti bloĵa uygulayan cismi belirterek veya 

kitabi betimlemesini vererek tanēmlar. 

0.5 M 2 kuvvetin ismini yazar 

0.25 N 1 kuvvetin ismini yazar 

0 O Soruya verilen yanlēĸ yanētlar 

0 Q Sorunun cevabēyla ilgili olmayan yanlēĸ yanētlar 

0 R Yanētsēz.  

 

 

 

Question 23 

Score Coding Category 

3 

A 

Blok ¿zerine etki eden 4 kuvveti kuvvetin t¿r¿, kuvvetin uygulandēĵē 

cisim ve kuvveti uygulayan cismi dikkate alarak etiketler ve kuvvetleri 

blok ¿zerinde ­izer. [Burada sadece kuvvet t¿r¿n¿ (yani sadece T, G, f vb 

harflerini kullanma) gºsterecek ĸekilde yapēlan etiketlendirmeler de doĵru 

kabul edilir.]  

1+1.5=2.5 B 4 kuvveti etiketlendirir, 3 n¿ cisim ¿zerinde gºsterir 

0.75+1.5= 

2.25 
C 

3 kuvveti etiketlendirir, 3 n¿ cisim ¿zerinde gºsterir 

0.5+1=1.5 D 2 kuvveti etiketlendirir, 2 ni cisim ¿zerinde gºsterir 

0.5+0.5=1 E 2 kuvveti etiketlendirir1 ni cisim ¿zerinde gºsterir 

0.25+0.5=0.75 F 1 kuvveti etiketlendirir1 ni cisim ¿zerinde gºsterir 

1 G 4 kuvveti etiketlendirir 

0.75 H 3 kuvveti etiketlendirir 

0.5 I 2 kuvveti etiketlendirir. 

0.25 J 1 kuvveti etiketlendirir. 

0 K Soruya verilen yanlēĸ yanētlar 

0 L Sorunun cevabēyla ilgili olmayan yanlēĸ yanētlar 

0.75+1=1.75 M 3 kuvveti etiketlendirir, 2 ni cisim ¿zerinde gºsterir  

0 N Yanētsēz. 
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Question 24 

Score Coding Category 

3 

A 

Blok ¿zerine etki eden 4 kuvveti kuvvetin t¿r¿, kuvvetin uygulandēĵē cisim ve 

kuvveti uygulayan cismi dikkate alarak etiketler ve kuvvetleri blok ¿zerinde ­izer. 

[Burada sadece kuvvet t¿r¿n¿ (yani sadece T, G, f vb harflerini kullanma) 

gºsterecek ĸekilde yapēlan etiketlendirmelerde doĵru kabul edilir.]  

1+1.5=2.5 B 4 kuvveti etiketlendirir, 3 n¿ cisim ¿zerinde gºsterir. 

0.75+1.5= 2.25 C 3 kuvveti etiketlendirir, 3 n¿ cisim ¿zerinde gºsterir. 

0.5+1=1.5 D 2 kuvveti etiketlendirir, 2 ni cisim ¿zerinde gºsterir. 

0.5+0.5=1 E 2 kuvveti etiketlendirir1 ni cisim ¿zerinde gºsterir. 

0.25+0.5=0.75 F 1 kuvveti etiketlendirir1 ni cisim ¿zerinde gºsterir. 

1 G 4 kuvveti etiketlendirir. 

0.75 H 3 kuvveti etiketlendirir. 

0.5 I 2 kuvveti etiketlendirir. 

0.25 J 1 kuvveti etiketlendirir. 

0 K Soruya verilen yanlēĸ yanētlar 

0 L Sorunun cevabēyla ilgili olmayan yanlēĸ yanētlar 

0.75+1=1.75 M 3 kuvveti etiketlendirir, 2 ni cisim ¿zerinde gºsterir. 

0 N Yanētsēz. 

 

 

Question 25 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar ve 

a­ēklamasēnē eksiksiz 

olarak yapar. 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resinden daha k¿­¿k 

olduĵunu sºyler ve a­ēklamasēnē motorun her iki 

durumdaki nehre gºre hēzēnē karĸēlaĸtērarak yapar.  

A1 3 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resinden daha k¿­¿k 

olduĵunu sºyler ve a­ēklamasēnē motorun her iki 

durumdaki nehre gºre aldēĵē yolu karĸēlaĸtērarak 

yapar. 

A2 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama ikisinden 

birin de hata yapar. 

Karĸēlaĸtērmayē yanlēĸ yapar ama doĵru a­ēklama 

yapar 
B1 2 

Karĸēlaĸtērmayē doĵru yapar ama a­ēklamayē eksik 

yapar yani a­ēklamasēnda cevabi oluĸturan t¿m 

kavram ve kavramlar arasēndaki iliĸkilerin bir 

kēsmēna yer verir. 

B2 2 

Karĸēlaĸtērmayē doĵru yapar, a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B3 1.25 

Karĸēlaĸtērmayē doĵru yapar ama a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar. 
B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda soru 

ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan herhangi 

birini yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda cevabē 

oluĸturan t¿m kavram ve kavramlar arasēndaki 

iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru ile 

ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 
C4 0 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resinden daha k¿­¿k 

olduĵunu sºyler. 

C5 1 

Yanlēĸ cevap verir C6 0 

D Cevap ve a­ēklamanēn 

her ikisini de 

tamamen yanlēĸ yapar 

veya soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz kavramlarē 

kullanarak yanlēĸ yapar 

D1 0 

Soruyu yanētsēz bērakēr.  D2 0 
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Question 26 

Coding Category Sub-Category Sub-

Coding 

Score 

A Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resine eĸit olduĵunu 

sºyler ve a­ēklamasēnē motorun her iki 

durumdaki nehre gºre hēzēnē karĸēlaĸtērarak 

yapar. 

A1 3 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resine eĸit olduĵunu 

sºyler ve a­ēklamasēnē motorun her iki 

durumdaki nehre gºre aldēĵē yolu karĸēlaĸtērarak 

yapar.  

A2 3 

B Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Karĸēlaĸtērmayē yanlēĸ yapar ama doĵru 

a­ēklama yapar 

B1 2 

Karĸēlaĸtērmayē doĵru yapar ama a­ēklamayē 

eksik yapar yani a­ēklamasēnda cevabē oluĸturan 

t¿m kavram ve kavramlar arasēndaki iliĸkilerin 

bir kēsmēna yer verir. 

B2 2 

Karĸēlaĸtērmayē doĵru yapar, a­ēklamayē yanlēĸ 

yapar ama a­ēklamasēnda soru ile ilgili doĵru 

bilgi ifadelerine rastlanēr. 

B3 1.25 

Karĸēlaĸtērmayē doĵru yapar ama a­ēklamayē 

ilgisiz kavramlarē kullanarak yanlēĸ yapar.  

B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 

B5 0.25 

C Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr 

C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 

C4 0 

Nehir durgunken karĸēya ge­me s¿resinin, nehir 

akarken karĸēya ge­me s¿resine eĸit olduĵunu 

sºyler. 

C5 1 

Yanlēĸ cevap verir. C6 0 

D Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar. 

D1 0 

Soruyu yanētsēz bērakēr.  D2 0 
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Question 27 

Coding Category Sub-Category Sub-

Coding 

Score 

A Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler a­ēklamayē form¿l kullanarak 

yapar 

A1 3 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler a­ēklamayē form¿l 

kullanmadan yapar. 

A2 3 

B Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Cevabē yanlēĸ yazēp doĵru a­ēklama yapar B1 2 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler ama a­ēklamayē eksik yapar 

yani a­ēklamasēnda cevabē oluĸturan t¿m 

kavram ve kavramlar arasēndaki iliĸkilerin bir 

kēsmēna yer verir. 

B2 2 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler, a­ēklamayē yanlēĸ yapar ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr.  

B3 1.25 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler a­ēklamayē ilgisiz kavramlarē 

kullanarak yanlēĸ yapar  

B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B5 0.25 

C Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr 

C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 

C4 0 

Aĵēr olan paraĸ¿t­¿n¿n daha ge­ limit hēza 

ulaĸtēĵēnē sºyler. 

C5 1 

Yanlēĸ cevap verir. C6 0 

D Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar. 

D1 0 

Soruyu yanētsēz bērakēr.  D2 0 
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Question 21 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar ve 

a­ēklamasēnē eksiksiz 

olarak yapar. 

B k¿resinin daha ºnce d¿ĸt¿ĵ¿n¿ sºyler. A ve 

B k¿relerinin ivmelerini, k¿relerin ¿zerlerine 

etki eden net kuvvetleri kullanarak hesaplar. 

A1 3 

B k¿resinin daha ºnce d¿ĸt¿ĵ¿n¿ sºyler. 

Sistemin ivmesinden yola ­ēkarak A k¿resinin 

ivmesine ulaĸēr. 

A2 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama ikisinden 

birin de hata yapar. 

Karĸēlaĸtērmayē yanlēĸ yapar ama doĵru 

a­ēklama yapar. 
B1 2 

B k¿resinin daha ºnce d¿ĸt¿ĵ¿n¿ sºyler ama 

a­ēklamasēnē eksik yapar. 
B2 2 

B k¿resi daha ºnce d¿ĸt¿ĵ¿n¿ sºyler. 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 

B3 1.25 

B k¿resinin daha ºnce d¿ĸt¿ĵ¿n¿ sºyler ama 

a­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar  

B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arsēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 
C4 0 

B k¿resi daha ºnce d¿ĸt¿ĵ¿n¿ sºyler. C5 1 

Yanlēĸ cevap verir. C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 22 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Sistem hareketliyken T gerilmesinin daha 

k¿­¿k olduĵunu sºyler. Sistem durgunken ve 

hareketliyken T gerilme kuvvetlerinin 

b¿y¿kl¿klerini form¿l kullanarak hesaplar. 

A1 3 

Sistem hareketliyken T gerilmesinin daha 

k¿­¿k olduĵunu sºyler. Sistem durgunken ve 

hareketliyken T gerilme kuvvetlerinin 

b¿y¿kl¿klerini form¿l kullanmadan 

karĸēlaĸtērēr. 

A2 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Karĸēlaĸtērmayē yanlēĸ yapar ama doĵru 

a­ēklama yapar 
B1 2 

Bērakēldēktan sonra sitemin bir ivme sahip 

olduĵunu ve ivme artēĸēnēn T gerilmesini 

azalttēĵēnē sºyler ama bu azalmanēn nasēl 

olduĵunu a­ēklamaz. (Ķ­ kuvvetlerin sistemin 

ivmesinden etkilendiĵini fark eder, ama nasēl 

etkilediĵini a­ēklamaz) 

B2 2 

Sistem hareketliyken T gerilmesinin daha 

k¿­¿k olduĵunu sºyler, a­ēklamayē yanlēĸ 

yapar ama a­ēklamasēnda soru ile ilgili doĵru 

bilgi ifadelerine rastlanēr.  

B3 1.25 

Sistem hareketliyken T gerilmesinin daha 

k¿­¿k olduĵunu sºyler, a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar.  

B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar. 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak 

yanlēĸ yapar. 
C4 0 

Sistem hareketliyken T gerilmesinin daha 

k¿­¿k olduĵunu sºyler. 
C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 23 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

B k¿resinin ivmesi daha b¿y¿k olduĵundan 

daha erken d¿ĸeceĵini sºyler. A ve B 

k¿relerinin ivmelerini k¿relerin ¿zerlerine etki 

eden net kuvvetleri kullanarak hesaplar. 

A1 3 

B k¿resinin ivmesi daha b¿y¿k olduĵundan 

daha erken d¿ĸeceĵini sºyler. Sistemin 

ivmesinden yola ­ēkarak A k¿resinin ivmesini 

hesaplar. 

A2 3 

B 

Hem cevabi yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Karĸēlaĸtērmayē yanlēĸ yapar ama doĵru 

a­ēklama yapar. 
B1 2 

B k¿resinin daha erken d¿ĸeceĵini sºyler. A 

k¿resinin daha sonra d¿ĸeceĵini bloĵun veya 

ipin varlēĵēna baĵlar ama dinamik yasalarēnē 

kullanmaz. 

B2 2 

B k¿resinin daha erken d¿ĸeceĵini sºyler, 

a­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 

B3 1.25 

B k¿resinin daha erken d¿ĸeceĵini sºyler ama 

a­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar.  

B4 1 

Karĸēlaĸtērmayē yanlēĸ yapar ama 

a­ēklamasēnda cevabē oluĸturan kavramlara yer 

verir. 

B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabi oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 
C4 0 

B k¿resinin daha erken d¿ĸeceĵini sºyler. C5 1 

Yanlēĸ cevap verir. C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 24 

Score Coding Category 

3 
A 

Bloklara etki eden 3 net kuvveti, yºn ve birbirine gºre b¿y¿kl¿klerini dikkate 

alarak ­izer. 

2.5 
B 

Bloklara etki eden 3 net kuvvetin yºn¿ doĵru ­izer,ama 1nin b¿y¿kl¿ĵ¿n¿ yanlēĸ 

­izer. 

2.5 
C 

Bloklara etki eden 3 net kuvvetin b¿y¿kl¿klerini doĵru ­izer, ama 1 nin yºn¿n¿ 

yanlēĸ ­izer. 

2 
D 

Bloklara etki eden 3 net kuvvetin b¿y¿kl¿klerini doĵru ­izer, ama 2 sinin yºn¿n¿ 

yanlēĸ ­izer. 

1.5 
E 

Bloklara etki eden 3 net kuvvetin b¿y¿kl¿ĵ¿n¿ doĵru ­izer, 3 n¿n yºn¿n¿ yanlēĸ 

­izer. 

2 
F 

Bloklara etki eden 2 net kuvvetin b¿y¿kl¿ĵ¿n¿ doĵru ­izer, 1nin yºn¿n¿ yanlēĸ 

­izer. 

1.5 
G 

Bloklara etki eden 2 net kuvvetin b¿y¿kl¿ĵ¿n¿ doĵru ­izer, 2 sinin yºn¿n¿ yanlēĸ 

­izer. 

1.5 
H 

Bloklara etki eden 3 net kuvvetin yºn¿ doĵru ­izer,ama 3 n¿n b¿y¿kl¿ĵ¿n¿ yanlēĸ 

­izer. 

1 
I 

Bloklara etki eden 2 net kuvvetin yºn¿ doĵru ­izer, ama 3 n¿n b¿y¿kl¿ĵ¿n¿ yanlēĸ 

­izer 

1 
J 

Bloklara etki eden 2 net kuvvetin b¿y¿kl¿ĵ¿n¿ doĵru ­izer, 3nun yºn¿n¿ yanlēĸ 

­izer. 

0.5 K Bloklara etki eden 1 net kuvvetin yºn¿n¿ doĵru 3 n¿n b¿y¿kl¿ĵ¿n¿ yanlēĸ ­izer. 

0 L Soruya verilen yanlēĸ yanētlar 

0 M Sorunun cevabēyla ilgili olmayan yanētlar 

0 N Yanētsēz 

 

 

Question 25 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar ve 

a­ēklamasēnē eksiksiz 

olarak yapar. 

A bloĵunun ivmesinin azalacaĵēnē sºyler. Nedenini 

form¿l kullanarak a­ēklar. 
A1 3 

A bloĵunun ivmesinin azalacaĵēnē sºyler. Nedenini 

form¿l kullanmadan a­ēklar. 
A2 3 

B 

Hem cevabi yazēp 

hem de a­ēklamayē 

yapar, ama ikisinden 

birin de hata yapar. 

Cevabē yanlēĸ yazēp doĵru a­ēklama yapar B1 2 

Sistemin toplam k¿tle artēĸēnēn A bloĵunun ivmesini 

azaltacaĵēnē doĵru tahmin eder ve deĵiĸimin k¿tle, 

kuvvet ve ivme arasēndaki iliĸkiyi gºsteren 

form¿lden olduĵunu belirtir ama neden olduĵunu 

a­ēklamaz. 

B2 2 

A bloĵunun ivmesinin azalacaĵēnē sºyler, 

a­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru ile 

ilgili doĵru bilgi ifadelerine rastlanēr 

B3 1.25 

A bloĵunun ivmesinin azalacaĵēnē sºyler a­ēklamayē 

ilgisiz kavramlarē kullanarak yanlēĸ yapar  
B4 1 

Cevabē yanlēĸ yazar ama a­ēklamasēnda soru ile ilgili 

doĵru bilgi ifadelerine rastlanēr. 
B5 0.25 

C 

Cevap ve 

a­ēklamadan herhangi 

birini yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda cevabē 

oluĸturan t¿m kavram ve kavramlar arasēndaki 

iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda soru ile 

ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak yanlēĸ 

yapar. 
C4 0 

A bloĵunun ivmesinin azalacaĵēnē sºyler. C5 1 

Yanlēĸ cevap verir. C6 0 

D 

Cevap ve a­ēklamanēn 

her ikisini de 

tamamen yanlēĸ yapar 

veya soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz kavramlarē 

kullanarak yanlēĸ yapar. 
D1 0 

Soruyu yanētsēz bērakēr.  
D2 0 
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Question 26 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Sitemin k¿tlesi artēktan sonra A bloĵuna etki 

eden net kuvvetin azaldēĵēnē doĵru olarak 

tahmin eder a­ēklamayē form¿l kullanarak 

yapar. 

A1 3 

Sitemin k¿tlesi artēktan sonra A bloĵuna etki 

eden net kuvvetin azaldēĵēnē doĵru olarak 

tahmin eder a­ēklamayē form¿l kullanmadan 

yapar. 

A2 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Cevabē yanlēĸ yazēp doĵru a­ēklama yapar B1 2 

A bloĵuna etki eden net kuvvetin azalacaĵēnē 

sºyler ama a­ēklamayē eksik yapar yani 

a­ēklamasēnda cevabi oluĸturan t¿m kavram ve 

kavramlar arsēndaki iliksilerin bir kēsmēna yer 

verir. 

B2 2 

A bloĵuna etki eden net kuvvetin azalacaĵēnē 

sºyler, a­ēklamayē yanlēĸ yapar ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr.  

B3 1.25 

A bloĵuna etki eden net kuvvetin azalacaĵēnē 

sºyler ilgisiz kavramlarē kullanarak yanlēĸ 

yapar  

B4 1 

Cevabē yanlēĸ yazar ama a­ēklamasēnda soru ile 

ilgili doĵru bilgi ifadelerine rastlanēr 

B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabi oluĸturan t¿m kavram ve kavramlar 

arsēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 

C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak 

yanlēĸ yapar 

C4 0 

A bloĵuna etki eden net kuvvetin azalacaĵēnē 

sºyler. 

C5 1 

Yanlēĸ cevap verir C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 

D1 0 

Soruyu yanētsēz bērakēr.  D2 0 
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Question 27 

Coding Category Sub-Category Sub-

Coding 

Score 

A Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler ve nedenini a­ēklar. 

A1 3 

B 

Hem cevabi yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Eĸit dēĸēnda farklē bir cevap verir ama doĵru 

a­ēklama yapar 
B1 2 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler ama a­ēklamayē eksik 

yapar yani a­ēklamasēnda cevabi oluĸturan t¿m 

kavram ve kavramlar arsēndaki iliksilerin bir 

kēsmēna yer verir. 

B2 2 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler, a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr 

B3 1.25 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar  

B4 1 

Eĸit dēĸēnda farklē bir cevap verir ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr 

B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabi oluĸturan t¿m kavram ve kavramlar 

arsēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak 

yanlēĸ yapar 
C4 0 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler. 
C5 1 

Yanlēĸ cevap verir C6 0 

D Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 
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Question 28 

Coding Category Sub-Category Sub-

Coding 

Score 

A 

Sorunun cevabēnē 

doĵru olarak yazar 

ve a­ēklamasēnē 

eksiksiz olarak 

yapar. 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler ve nedenini a­ēklar. 

A1 3 

B 

Hem cevabē yazēp 

hem de a­ēklamayē 

yapar, ama 

ikisinden birin de 

hata yapar. 

Eĸit dēĸēnda farklē bir cevap verir ama doĵru 

a­ēklama yapar. 
B1 2 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler ama a­ēklamayē eksik 

yapar yani a­ēklamasēnda cevabē oluĸturan t¿m 

kavram ve kavramlar arasēndaki iliĸkilerin bir 

kēsmēna yer verir. 

B2 2 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler, a­ēklamayē yanlēĸ yapar 

ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B3 1.25 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar.  

B4 1 

Eĸit dēĸēnda farklē bir cevap verir ama 

a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

B5 0.25 

C 

Cevap ve 

a­ēklamadan 

herhangi birini 

yapar 

A­ēklamayē eksiksiz olarak doĵru yapar.  C1 2 

A­ēklamayē eksik yapar yani a­ēklamasēnda 

cevabē oluĸturan t¿m kavram ve kavramlar 

arasēndaki iliĸkilerin bir kēsmēna yer verir. 

C2 1 

A­ēklamayē yanlēĸ yapar ama a­ēklamasēnda 

soru ile ilgili doĵru bilgi ifadelerine rastlanēr. 
C3 0.25 

A­ēklamayē ilgisiz kavramlarē kullanarak 

yanlēĸ yapar 
C4 0 

Buzdolabēnēn Fatma ya eĸit kuvvet 

uygulayacaĵēnē sºyler. 
C5 1 

Yanlēĸ cevap verir. C6 0 

D 

Cevap ve 

a­ēklamanēn her 

ikisini de tamamen 

yanlēĸ yapar veya 

soruyu yanētsēz 

bērakēr. 

Cevabē yanlēĸ yapar ve a­ēklamayē ilgisiz 

kavramlarē kullanarak yanlēĸ yapar. 
D1 0 

Soruyu yanētsēz bērakēr.  

D2 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

198 

Question 29 

Score Coding Category 

3 
A 

Konum-zaman grafiĵinden yaralanarak hēz-zaman ve ivme-zaman grafiklerinin 

ikisini de doĵru olarak ­izer. 

2 B Hēz grafiĵini doĵru ­izer, ivme grafiĵini bir kēsmēnē doĵru ­izer. 

C Ķvme grafiĵini doĵru ­izer, hēz grafiĵini bir kēsmēnē doĵru ­izer. 

1.5 D Hēz grafiĵini doĵru ­izer, ivme grafiĵini yanlēĸ ­izer. 

E Ķvme grafiĵini doĵru ­izer, hēz grafiĵini yanlēĸ ­izer. 

1 F Hēz ve ivme grafiklerinin bir kēsmēnē doĵru ­izer. 

0.5 G Hēz grafiĵini bir kēsmēnē doĵru ­izer. 

0.5 H Ķvme grafiĵini bir kēsmēnē doĵru ­izer. 

0 J Soruya verilen yanlēĸ yanētlar. 

0 K Sorunun cevabēyla ilgili olmayan yanētlar. 

0 L Yanētsēz. 

 

 

 

 

 

 

Question 30 

Score Coding Category 

3 

A 

Hēz-zaman grafiĵini kullanarak konum-zaman grafiĵini doĵru olarak 

­izer. 

 

1.5 
B 

Konum-zaman grafiĵinin ñtò anēndan ºnce veya sonra olan kēsēmlarēndan 

birini doĵru ­izer. 

0 C Soruya verilen yanlēĸ yanētlar 

0 D Sorunun cevabēyla ilgili olmayan yanētlar 

0 E Yanētsēz. 

 

 

 

 

 

 

Question 31 

Score Coding Category 

3 
A 

Aliô nin d¿ĸ¿ncesindeki yanlēĸē tespit eder ve etki ve tepki kuvvet 

­iftlerinin farklē cisimler ¿zerinde olmasē gerektiĵini fark eder. 

2 B Ali nin d¿ĸ¿ncesindeki yanlēĸē tespit eder ama a­ēklamasēnē eksik yapar. 

0.25 
C 

A­ēklamasēnē yanlēĸ yapar ama a­ēklamasēnda soru ile ilgili doĵru bilgi 

ifadelerine rastlanēr. 

0 D Soruya verilen yanlēĸ yanētlar 

0 E Sorunun cevabēyla ilgili olmayan yanētlar 

0 F Yanētsēz. 
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APPENDIX H4 

 

 

STUDENTSô ANSWERS EXEMPLIFYING OBSERVED SUB-CATEGORIES 

 

 

 

FMAT -I  

Question 17 

Sub-

Coding 

Examples  

A1 

 

A2 
A arabasēnēn hēzē B arabasēndan fazla olduĵu i­in B yi batēya doĵru gidiyor gºr¿r. 

 

B1 
A arabasēnēn hēzē B arabasēndan fazla olduĵu i­in B yi doĵuy doĵru gidiyor gºr¿r. 

 

B2 Batēya hareket ediyor olarak gºr¿r. Vgºzlenen - Vgºzlemci den. 

B3 Batiya hareket ediyor olarak gorur. ¢¿nk¿ ona dogru yaklaĸēyor. 

B4 Batēya hareket ediyor gºr¿r. ¢¿nk¿ B arabasēnēn konumu A arabasēndan ileridedir.   

C5 Batē 

C6 Doĵu 

D1 Doĵuya doĵru hareket ediyor. ¢¿nk¿ B aracē ºndedir. 

D2 - 

 

 

 

 

Question 18 

Sub-

Coding 

Examples  

A1 

 

A2 
Batē olarak gºr¿n¿r ­¿nk¿ A arabasē ile B arabasē aynē yºne hareket eder fakat A arabasē 

daha hēzlēdēr. 

B1 A arabasēndaki gºzlemci B yi doĵuya gidiyor olarak gºr¿r ­¿nk¿ A nēn hēzē B den fazladēr. 

B2 Batēya doĵru gidiyormuĸ gibi gºr¿n¿r ­¿nk¿ A daha ­ok yerdeĵiĸtirmiĸ. 

B3 Batēya doĵru A yē duruyor farzetsek B batēya doĵru  A dan uzaklaĸēyor. 

B4 Batēya hareket ettiĵini d¿ĸ¿nebilir ­¿nk¿ ilk baktēĵēnda ºn¿ndeydi ĸimdi ise yanēnda. 

C5 Batē 

C6 Duruyor 

D1 
Duruyormuĸ gibi gºr¿r. ¢¿nk¿ aynē yºne giden ve yanyana giden ara­lar birbirlerini 

duruyor gibi gºr¿rler. 
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Question 19 

Sub-

Coding 

Examples  

A1 

 
A2 Batēya hareket ediyor olarak gºr¿r. Bunun nedeni A nēn daha hēzlē olmasēdēr. 

B2 

A arabasēndaki gºzlemci B arabasēnē batēya doĵru hareket ediyor  olarak gºr¿r. ¢¿nk¿ A 

arabasēnēn yerdeĵiĸtirmesi B arabasēndan b¿y¿kt¿r.B arabasēnēn yaptēĵē yerdeĵiĸtirme 

k¿­¿kt¿r.  

B3 
Batēya gidiyormuĸ gibi gºr¿r. ¢¿nk¿ arabalarēn yerdeĵiĸtirmelert farklēdēr.  

  

B4 Batēya gidiyor olarak gºr¿r ­¿nk¿ B daha hēzlēdēr. 

C5 Batē 

C6 Doĵuya 

D1 Duruyor olarak gºr¿r. Ge­erken de B sabit hēzlē olduĵu i­in onu duruyor olarak gºr¿r.  

D2 - 

 

 

 

 

 

 

 

Question 21 

Sub-

Coding 

Examples  

A1 

 

A2 
Eĸit kuvvet uygular. ¢¿nk¿ sabit hēzla ­ekildiĵinde ivme 0 ve buna baĵlē olarak net kuvvet 

0ô dēr. O zaman bu kuvvetlerin eĸit olmasē gerekir. 

B2 

¥rnek cevap1: 

Eĸit, sabit hēzlē hareket ettiĵinden. 

¥rnek cevap2: 

Eĸit kuvvet uygular F=ma dan. 

 

B3 
Eĸit bir kuvvet uygular ­¿nk¿ ip herhangi bir nakara yada  palanga sistemine sarēlmēĸ ve 

­ocuk 250 N sa onu ­ekmek i­in de o kadar kuvvet gereklidir.  

B4 Eĸit bir kuvvet uygular. ¢¿nk¿ yukarēya doĵru ­ekildiĵi i­in eĸit olur. 

C5 Eĸit 

C6 B¿y¿k  

D1 250 den b¿y¿k olmasē gerekir. K¿­¿k olursa ­ekemezler eĸit olursa dengede kalēr. 

D2 - 
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Question 22 

Coding Examples  

A 

Blok ¿zerine etki eden 4 kuvveti belirler ve kuvvetleri, kuvveti bloĵa uygulayan cismi 

belirterek tanēmlar.  

Yer­ekimi Kuvveti:  Bloĵa d¿nya tarafēndan uygulanan kuvvet; 

2) Normal Kuvvet: Bloĵa y¿zey tarafēndan uygulanan kuvvet; 

3) S¿rt¿nme Kuvveti: Bloĵa y¿zey tarafēndan uygulanan kuvvet; 

4) Gerilme Kuvveti: Bloĵa ip tarafēndan uygulanan kuvvet.  

veya  

sºzl¿k (fiziksel) betimlemesini vererek tanēmlar. 

Yer­ekimi Kuvveti d¿nyanēn cisimlerin k¿tlesinden dolayē uyguladēĵē ­ekim kuvvetine 

yer­ekimi denir 

Normal Kuvvet Bir cisme y¿zey tarafēndan uygulanan kuvvete denir. 

S¿rt¿nme Kuvveti Temas halinde olan iki cisim arasēnda oluĸan ve cismin hareketine karĸē 

koyan kuvvettir 

Gerilme Kuvveti Bir cisim iple ­ekildiĵinde ip cisme kuvvet uygular.Ķpteki bu kuvvete 

denir. 

 
The other coding examples invloves one or more mssings in the parts of example given in 

the coding A 

 

 

Question 23 

Coding Examples  

A 

1) Yer­ekimi Kuvveti: GBD 

2) Normal Kuvvet: NBY 

3) S¿rt¿nme kuvveti: fBY 

4) Gerilme Kuvveti: TBĶ 
 

TBĸ 
     

f BY                                                                                     

GBD  
          

NBY 

 

B 
The other coding examples invloves one or more mssings in the parts of example given in 

the coding A 

 

 

Question 24 

Coding Examples  

A 

1) Yer­ekimi Kuvveti:   GBD 

2) Normal Kuvvet: NBY 

3) S¿rt¿nme kuvveti: fBY 

4) FBA 
 

FBA 

     
fBY 

WBD  
          

NBY 

 

B 
The other coding examples invloves one or more mssings in the parts of example given in 

the coding A 
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Question 25 

Sub-

Coding 

Examples  

A1 

Karĸēya ge­me s¿resi kayēĵēn nehre gºre hēzēnēn d¿ĸey bileĸenine baĵlēdēr. Motor B 

noktasēna ­ēkmak i­in, nehir Va hēzēyla akarken doĵrultu deĵiĸtirmesi gerekir. Motorun hēzē 

her iki durumda da aynē olduĵunu gºre doĵrultu deĵiĸtirmek kayēĵēn d¿ĸey bileĸenini 

azaltacaĵēndan karĸē kēyaya ge­eme s¿resi uzayacaktēr. Yani t1 < t2  dir 

A2 

Motorun motorun nehre gºre aldēĵē yol nehir akarken daha uzun olur. Motorun nehre gºre 

hēzē her iki durumda ayni olduĵuna gºre nehir akarken daha uzun yolu daha uzun surede 

alēr. Yani t1 < t2  dir 

 

B2 
t2 s¿resi t1  s¿resinden uzundur. ¢¿nk¿ nehir durgunken alēnan yolu hēza bºld¿ĵ¿m¿zde 

­ēkan sonu­ nehir akarken alēnan  yolu hēz bºld¿ĵ¿m¿zde ­ēkan sonu­tan daha k¿­¿kt¿r.  

B3 
t1 < t2   ¢¿nk¿ t2  anēnda akēntē hēzēna karĸē bir diren­ uygulamasē gerekir ve d¿ĸ¿y bileĸeni 

deĵiĸir. 

B4 

t1 < t2    ¢¿nk¿, nehrin uyguladēĵē kuvvet nehir hēzlandēk­a artar ve buna karĸē koymak 

zorlaĸēr. Aracēn hēzē sabit kalacaĵēndan dolayē bu kuvvete karĸē alēnan yoldaki zamanda 

artar.  

B5 

t1 = t2  Nehrin akēntēlē olmasē karĸē kēyēya ge­meyi etkilemez. Sadece s¿r¿kler.Farklē 

noktadan ­ēkar ama daha uzun s¿rede deĵil. Karĸēya ­ēkma s¿resi dik bileĸenle alakalēdēr. 

Her iki durumda da bu deĵiĸmediĵinden karĸē kēyēya ge­me s¿resi deĵiĸmez. 

C5 t1 < t2     

C6 t1 = t2     

D1 
Motorun suya gºre hēzē aynē olduĵuna gºre t1 > t2   dir. ¢¿nk¿ Va yºn¿ g¿neye kaydērēr. 

Mesafe dikleĸtik­e uzaklēk azalacaktēr. Uzaklēk azalēnca t de azalacaktēr.   

D2  

 

 

 

 

 

 

Question 26 

Sub-

Coding 

Examples  

A1 
t1 = t2  dir. ¢¿nk¿ burada motorun yatay bileĸeni hep karĸē kēyēya doĵru ve dik bu y¿zden 

bu kuvvette bir deĵiĸme olmaz ancak karĸē kēyēda farklē bir yerden karaya ulaĸēr.  

A2 

Motorun nehre gºre aldēĵē yol nehir durgunken ve nehir akarken aynēdēr. Motorun nehre 

gºre hēzē her iki durumda ayni olduĵuna gºre, motorun karsēya geceme suresi nehir 

durgunken ve akarken ayni olur. t1 = t2 

 

B2 t1 = t2 dir. ¢¿nk¿ her iki harekette de alēnan yollar eĸittir.  

B3 t1 = t2 dir. ¢¿nk¿ akēntē etki etmez. 

B4 t1 = t2 dir. ¢¿nk¿ akēntē hēzē da etkili olmuĸtur.  

C5 t1 = t2  

C6 t1 <t2 

D1 t1 <t2 ¢¿nk¿ akēntē hēzē moturun hēzēnē yavaĸlatēr. 

D2  
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Question 27 

Sub-

Coding 

Examples  

A2 

 

B2 
Daha ge­ ulaĸēr. ¢¿nk¿ hafif olanēn limit hēza ulaĸmasē m nin az olmasēndan daha kolay ve 

hēzlēdēr. Fakat m b¿y¿d¿k­e limit hēza ulaĸma s¿resi de artar. 

B3 
Daha ge­ ulaĸēr.. Hafif olan paraĸ¿tc¿ dah b¿y¿k kuvvet uyguladēĵē i­in limit hēza 

ulaĸmasē ge­ikir. 

B5 Daha erken ulaĸēr ­¿nk¿ ona uygulanan yer­ekimi fazladēr.  

C5 Daha ge­ ulaĸēr. 

C6 Daha erken ulaĸēr 

D1 Aynē anda ulaĸēr ­¿nk¿ ikisine de uygulanan yre­ekimi aynē.  

D2  

 

 

THE FMAT II  

Question 21 

Sub-

Coding 

Examples  

A1 

A k¿resine etki eden kuvvetler; T gerilme kuvveti ile yer­ekimi (mg) dir.  

A ¿zerine etki eden net kuvvet; 

FA =  T - mg = -m*aA 

aA = g - T/m. 

B ¿zerine etki eden kuvvet sadece d¿nyanēn uyguladēĵē yer­ekimi kuvvetidir. 

FB = mg = maB 

aB = g 

aA<aB yani B k¿resinin ivmesi daha fazladēr. B k¿resi daha ºnce d¿ĸer.  

 

A2 

 

B2 
B k¿resi daha ºnce yere ­arpar. ¢¿nk¿ B k¿resine sadec e yer­ekimi etki ederken A 

k¿resine yer­ekimine ters yºnde ipin uyguladēĵē kuvvet vardēr. 

B3 
B k¿resi daha  ºnce d¿ĸer. ¢¿nk¿ blok yol alērken masanēn bloka karĸē uyguladēĵē 

s¿rt¿nme kuvveti A k¿resinin yere d¿ĸ¿ĸ s¿resini uzatēr. 

B4 B k¿resi ºnce d¿ĸer. Masa s¿rt¿nmeli olmasaydē aynē anda d¿ĸerlerdi. 

B5 Sonra ­arpar. Masa s¿rtenmeli olduĵu i­in 

C5 B k¿resi daha ºnce yere ­arpar. 

C6 Sonra 

D1 2ô side aynē anda d¿ĸer. ¢¿nk¿ ºnmeli olan ñmò deĵil ñgò dir. (Hava s¿rt¿nmesi yok) 

D2  
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Question 22 

Sub-

Coding 

Examples  

A1 

Bērakēldēktan ºnce 

Tº= mg= G= 10 

Bērakēldēktan sonra 

Ts= G-ma 

Ts<G 

10 N dan k¿­¿k olur. 

A2 ¥nce, T = 10 Sonra aĸaĵēya doĵru hēzlanan hareket yaptēĵēna  gºre 10 N dan k¿­¿kt¿r. 

B2 
Azalēr. Bloĵu tutarken yer­ekiminin etkisi altēnda. Tutmayē bērakēnca yer­ekimi ve 

s¿rt¿nme etki edecek. Bundan dolayē azalēr.  

B3 K¿­¿kt¿r, ­¿nk¿ sistem serbest kalēr.  

B4 
K¿­¿kt¿r. ¥ncede n el ile blok sabitlenmiĸ ĸekilde tutluyormuĸ, ama sonra eleini ­ekince 

d¿ĸer gerilme kuvveti. 

B5 10 n a eĸittir. ¢¿nk¿ serbest bērakēlmadan ºnce gerilme 10 ise A nēn aĵērlēĵē 10 N dur.  

C5 10 N k¿­¿kt¿r. 

C6 10 na eĸittir 

D1 Eĸittir gerile kuvvetinin form¿l¿ hep aynēdēr. 

D2  

 

 

 

 

 

 

Question 23 

Sub-

Coding 

Examples  

A1 

A k¿resine etki eden kuvvetler; T gerilme kuvveti ile yer­ekimi (mg) dir.  

A ¿zerine etki eden net kuvvet; 

FA =  T - mg = -m*aA 

aA = g - T/m. 

B ¿zerine etki eden kuvvet sadece d¿nyanēn uyguladēĵē yer­ekimi kuvvetidir. 

FB = mg = maB 

aB = g 

aA<aB yani B k¿resinin ivmesi daha fazladēr. B k¿resi daha ºnce d¿ĸer.  

 

A2 

 
B2 Yine ºnce ­arpar ­¿nk¿ bloĵun k¿tlesi vardēr. a sisô de bloĵun k¿tlesini de hesaba katarēz. 

B3 B k¿resi ºnce d¿ĸer ­¿nk¿ ­ektiĵi bir blok var. 

B5 
Aynē anda ­arpar ­¿nk¿ A k¿resine ve B k¿resine yer­ekiminden baĸka bir kuvvet etki 

etmez. 

C5 B k¿resi daha ºnce yere ­arpar. 

C6 Aynē anda 

D1 Aynē anda yere ­arparlar ­¿nk¿ s¿rt¿nme yok. 

D2  
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Question 24 

Sub-

Coding 

Examples  

A 

 

 
The other coding examples invloves one or more mssings in the parts of example given in 

the coding A 

 

 

 

 

 

 

 

Question 25 

Sub-

Coding 

Examples  

A1 

 

A2 

B bloĵunun ivmesi 2 katēna ­ēkarsa sistemin toplam k¿tlesi artacaĵēndan ivme azalēr. A 

bloĵunun ivmesi sistemin ivmesi ile aynē olduĵundan A bloĵunun ivmesi de azalēr. 

 

B2 Azalēr ­¿nk¿ ivme ile k¿tle orantēlēdēr. 

B3 Azalēr ­¿nk¿ uygulanan kuvvet deĵiĸmiyor.  

B4 Azalēr ­¿nk¿ el aynē kuvveti uygulyor B nin k¿tlesi artēyor. 

C5 Azalēr 

C6 Aynē kalēr. 

D1 Deĵiĸmez ­¿nk¿ oranlar aynē kalēr. 

D2  
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Question 26 

Sub-

Coding 

Examples  

A1 

 

A2 

 
B2 Ķvme azldēĵēndan etki de azalmēĸtēr. 

B3 
Azalēr. ¢¿nk¿ kutle artarsa etki eden s¿rt¿nme kuvveti artar. Bºyle olunca net kuvvet 

azalēr.  

B4 Azalēr. Kuvvet artēnca ivme azalēr.Ķvme azalērsa birbirine  etkisi de azalēr. 

C5 Azalēr. 

C6 Aynē kalēr. 

D1 

 
D2  

 

 

 

Question 27 

Sub-

Coding 

Examples  

A1 
Eĸittir. Fatmaônēn buz dolabēna uyguladēĵē kuvvet ile buzdolabēnēn Fatma ya uyguladēĵē 

kuvvet etki-tepki ­iftleri olduĵu i­in eĸittir. 

B2 
Eĸittir. ¢¿nk¿ Fatma buzdolabēna  ne kadar kuvvet uygularsa buzdolabē da Fatmaya o 

kadar  kuvvet uygular. 

B3 Eĸittir. Yerinden kēmēldamadĵē i­in etki kuvveti = - Tepki kuvveti 

B4 Buzdolabēnēn Fatmaôya uyguladēĵē kuvvet eĸittir. S¿rt¿nme kuvveti de etkili olmuĸtur.  

C5 Eĸittir. 

C6 B¿y¿kt¿r. 

D1 
Buz dolabēnēn k¿tlesi daha b¿y¿k olduĵundan buzdolabē Fatmaôya daha b¿y¿k bir kuvvet 

uygular. 

 

 

 

Question 28 

Sub-

Coding 

Examples  

A1 Eĸittir. Etki-tepki ­iftleri her durumda eĸittir. 

B2 
Eĸittir. Her ne kadar sabit hēzlē hareket  de etse Fatmaônēn uyguladēĵē kuvvet 

buzdolabēnēnkine eĸittir.   

B3 Eĸittir. Buzdolabēnēn s¿rt¿nme kuvvetini yenmesinden dolayē buzdolabē hareket etmiĸtir.  

B4 Buzdolabēnēn Fatmaôya uyguladēĵē kuvvet eĸittir. S¿rt¿nme kuvveti de etkili olmuĸtur.  

C5 Eĸittir. 

C6 K¿­¿kt¿r 

D1 K¿­¿kt¿r. ¢¿nk¿ k¿­¿k olmasaydē buzdolabē hareket etmezdi.  
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Question 29 

Sub-

Coding 

Examples  

A 

 

B 

 

C 

 

D 

 

E 

 

F 

 

G 

. 

 

H 
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J 

 
 

 

 

Question 30 

Sub-

Coding 

Examples  

A 

 

B 

 

C 

 
 

 

 

Question 31 

Sub-

Coding 

Examples  

A 

Newtonôun 3. Yasasēnda cisimlerin uyguladēĵē tepki kuvveti 2 farklē cisim ¿zerinde de 

olduĵu i­in birbirlerini gºt¿rmeyecek ve cisim hareket edecektir. Aliônin d¿ĸ¿ncesindeki 

yanlēĸēn sebebi tepki kuvvetlerinin aynē cisim ¿zerinde d¿ĸ¿nmesidir. 

B ¢¿nk¿ etki tepki farklē cisimler ¿zerindedir. 

C 
Ali cisme s¿rt¿nme kuvvetinin etki ettiĵini unutuyor. Bu y¿zden k¿t¿ĵ¿ harekete ge­iren 

kuvvet Fs den b¿y¿k olduĵu i­in cisim hareket eder. 

D 
Ali k¿t¿ĵ¿ itmiyor ki, ­ekiyor. Bu y¿zden tepki kuvveti yoktur. Eylemsizlik eĵlimi vardēr 

yalnēzca. O da azdēr. 

E Hi­bir fikrim yok. 

F  
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APPENDIX H5 

 

 

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE PREFMAT -I  

 

 

 

THE PREFMAT -I  

 

Question 17 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A2 7 13.7 

B3 2 3.9 

B4 2 3.9 

C5 2 3.9 

C6 12 23.5 

D1 22 43.1 

D2 1 2.0 

Total 51 100.0 

EM-7ELC  1 1.9 

A2 8 15.4 

B4 3 5.8 

C5 2 3.8 

C6 14 26.9 

D1 24 46.2 

Total 52 100.0 

 

 

 

Question 18 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A2 4 7.8 

C5 2 3.9 

C6 12 23.5 

D1 29 56.9 

D2 1 2.0 

Total 51 100.0 

EM-7ELC  1 1.9 

A2 4 7.7 

B3 1 1.9 

B4 1 1.9 

C5 2 3.8 

C6 13 25.0 

D1 30 57.7 

Total 52 100.0 
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Question 19 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A1 1 2.0 

A2 12 23.5 

B3 13 25.5 

B4 5 9.8 

C5 14 27.5 

C6 1 2.0 

D1 1 2.0 

D2 1 2.0 

Total 51 100.0 

EM-7ELC  1 1.9 

A2 9 17.3 

B2 2 3.8 

B3 8 15.4 

B4 12 23.1 

C5 16 30.8 

C6 2 3.8 

D1 2 3.8 

Total 52 100.0 

 

 

 

 

 

Question 21 

Group Categories Frequency Percent 

Control Group  3 5.9 

A2 2 3.9 

B2 4 7.8 

B3 3 5.9 

C5 1 2.0 

C6 7 13.7 

D1 30 58.8 

D2 1 2.0 

Total 51 100.0 

EM-7ELC  1 1.9 

A2 1 1.9 

B2 3 5.8 

B3 3 5.8 

B4 2 3.8 

C5 4 7.7 

C6 10 19.2 

D1 28 53.8 

Total 52 100.0 
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Question 22 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

E 2 3.9 

G 7 13.7 

H 4 7.8 

J 8 15.7 

L 15 29.4 

M 3 5.9 

N 7 13.7 

O 2 3.9 

Total 51 100.0 

EM-7ELC  1 1.9 

E 1 1.9 

G 5 9.6 

H 2 3.8 

J 6 11.5 

K 1 1.9 

L 17 32.7 

M 5 9.6 

N 13 25.0 

O 1 1.9 

Total 52 100.0 

 

 

 

 

 

Question 23 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

C 2 3.9 

D 23 45.1 

E 3 5.9 

F 10 19.6 

J 1 2.0 

K 4 7.8 

N 5 9.8 

Total 51 100.0 

EM-7ELC  1 1.9 

D 23 44.2 

E 1 1.9 

F 11 21.2 

I 1 1.9 

J 5 9.6 

K 4 7.7 

N 6 11.5 

Total 52 100.0 
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Question 24 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A 1 2.0 

C 9 17.6 

D 18 35.3 

E 1 2.0 

F 8 15.7 

I 1 2.0 

J 2 3.9 

K 2 3.9 

N 6 11.8 

Total 51 100.0 

EM-7ELC  1 1.9 

C 13 25.0 

D 15 28.8 

E 1 1.9 

F 7 13.5 

H 1 1.9 

I 1 1.9 

J 1 1.9 

K 5 9.6 

N 7 13.5 

Total 52 100.0 

 

 

 

Question 25 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

B3 6 11.8 

B4 26 51.0 

C5 5 9.8 

C6 3 5.9 

D1 7 13.7 

D2 1 2.0 

Total 51 100.0 

   

EM-7ELC  1 1.9 

B2 1 1.9 

B3 8 15.4 

B4 25 48.1 

C5 4 7.7 

C6 3 5.8 

D1 8 15.4 

D2 2 3.8 

Total 52 100.0 
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Question 26 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A1 1 2.0 

B2 2 3.9 

C5 1 2.0 

C6 5 9.8 

D1 37 72.5 

D2 2 3.9 

Total 51 100.0 

EM-7ELC  1 1.9 

A1 5 9.6 

B2 5 9.6 

C5 4 7.7 

C6 6 11.5 

D1 25 48.1 

D2 6 11.5 

Total 52 100.0 

 

 

 

 

 

 

 

Question 27 

Group Sub-Category Frequency Percentage 

Control Group  3 5.9 

A2 3 5.9 

B2 6 11.8 

B3 1 2.0 

C6 5 9.8 

D1 28 54.9 

D2 5 9.8 

Total 51 100.0 

EM-7ELC  1 1.9 

B2 2 3.8 

C5 1 1.9 

C6 8 15.4 

D1 35 67.3 

D2 5 9.6 

Total 52 100.0 
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APPENDIX H6 

 

 

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE POFMAT -I  

 

 

 

THE POFMAT -I  

 

Question 17 

Group Sub-Category Frequency Percentage 

Control Group A1 1 2.0 

A2 13 25.5 

B2 2 3.9 

B4 1 2.0 

C5 6 11.8 

C6 12 23.5 

D1 16 31.4 

Total 51 100.0 

EM-7ELC A1 15 28.8 

A2 23 44.2 

B1 2 3.8 

B3 1 1.9 

B4 1 1.9 

C5 2 3.8 

C6 2 3.8 

D1 6 11.5 

Total 52 100.0 

 

 

 

Question 18 

Group Sub-Category Frequency Percentage 

Control Group A2 8 15.7 

B2 1 2.0 

B3 1 2.0 

C5 4 7.8 

C6 14 27.5 

D1 23 45.1 

Total 51 100.0 

   

EM-7ELC A1 11 21.2 

A2 26 50.0 

B1 1 1.9 

B2 3 5.8 

B3 1 1.9 

C5 2 3.8 

C6 2 3.8 

D1 6 11.5 

Total 52 100.0 
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Question 19 

Group Sub-Category Frequency Percentage 

Control Group A1 4 7.8 

A2 18 35.3 

B2 4 7.8 

B4 5 9.8 

C5 16 31.4 

C6 2 3.9 

D1 2 3.9 

Total 51 100.0 

EM-7ELC A1 11 21.2 

A2 27 51.9 

B2 4 7.7 

B3 2 3.8 

B4 1 1.9 

C5 6 11.5 

D1 1 1.9 

Total 52 100.0 

 

 

 

 

 

 

 

Question 21 

Group Sub-Category Frequency Percentage 

Control Group A1 1 2.0 

A2 1 2.0 

B2 9 17.6 

B3 1 2.0 

C5 8 15.7 

C6 5 9.8 

D1 25 49.0 

D2 1 2.0 

Total 51 100.0 

EM-7ELC A1 19 36.5 

A2 11 21.2 

B2 14 26.9 

B4 1 1.9 

C5 5 9.6 

D1 2 3.8 

Total 52 100.0 
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Question 22 

Group Category Frequency Percentage 

Control Group B 1 2.0 

G 8 15.7 

H 1 2.0 

J 7 13.7 

K 3 5.9 

L 10 19.6 

M 7 13.7 

N 9 17.6 

O 2 3.9 

R 3 5.9 

Total 51 100.0 

EM-7ELC A 13 25.0 

B 3 5.8 

C 12 23.1 

D 1 1.9 

E 8 15.4 

F 1 1.9 

G 4 7.7 

H 2 3.8 

J 3 5.8 

K 1 1.9 

L 2 3.8 

M 1 1.9 

R 1 1.9 

Total 52 100.0 

 

 

 

 

 

 

 

Question 23 

Group Category Frequency Percentage 

Control Group C 3 5.9 

D 23 45.1 

E 3 5.9 

F 6 11.8 

H 1 2.0 

I 1 2.0 

J 3 5.9 

K 4 7.8 

M 1 2.0 

N 6 11.8 

Total 51 100.0 

EM-7ELC A 22 42.3 

C 23 44.2 

D 3 5.8 

F 3 5.8 

G 1 1.9 

Total 52 100.0 
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Question 24 

Group Sub-Category Frequency Percentage 

Control Group A 2 3.9 

C 18 35.3 

D 12 23.5 

F 5 9.8 

H 1 2.0 

I 1 2.0 

J 1 2.0 

K 5 9.8 

M 4 7.8 

N 2 3.9 

Total 51 100.0 

EM-7ELC A 35 67.3 

B 1 1.9 

C 10 19.2 

D 4 7.7 

F 1 1.9 

N 1 1.9 

Total 52 100.0 

 

 

 

 

 

 

 

 

 

Question 25 

Group Sub-Category Frequency Percentage 

Control Group A2 1 2.0 

B2 2 3.9 

B3 1 2.0 

B4 16 31.4 

B5 6 11.8 

C5 8 15.7 

C6 2 3.9 

D1 14 27.5 

D2 1 2.0 

Total 51 100.0 

EM-7ELC A1 10 19.2 

B2 9 17.3 

B3 3 5.8 

B4 6 11.5 

B5 18 34.6 

D1 6 11.5 

Total 52 100.0 
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Question 26 

Group Sub-Category Frequency Percentage 

Control Group A1 5 9.8 

B2 4 7.8 

B3 5 9.8 

B4 1 2.0 

C5 6 11.8 

C6 8 15.7 

D1 21 41.2 

D2 1 2.0 

Total 51 100.0 

EM-7ELC A1 34 65.4 

A2 1 1.9 

B2 7 13.5 

B3 1 1.9 

C6 2 3.8 

D1 7 13.5 

Total 52 100.0 

 

 

 

 

 

 

 

Question 27 

Group Sub-Category Frequency Percentage 

Control Group B2 3 5.9 

B3 4 7.8 

C5 1 2.0 

C6 13 25.5 

D1 29 56.9 

D2 1 2.0 

Total 51 100.0 

EM-7ELC A2 20 38.5 

B2 14 26.9 

B3 3 5.8 

B5 6 11.5 

D1 9 17.3 

Total 52 100.0 
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APPENDIX H7 

 

 

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE 

GROUPS FOR THE POFMAT -II  

 

 

 

POFMAT -II  

 

Question 21 

Group Sub-Category Frequency Percentage 

Control Group A1 2 3.9 

A2 1 2.0 

B2 12 23.5 

B3 28 54.9 

B4 2 3.9 

B5 1 2.0 

C5 1 2.0 

C6 3 5.9 

D1 1 2.0 

Total 51 100.0 

EM-7ELC A1 6 11.5 

A2 5 9.6 

B2 16 30.8 

B3 19 6.5 

D1 5 9.6 

D2 1 1.9 

Total 52 100.0 

 

 

 

Question 22 

Group Sub-Category Frequency Percentage 

Control Group B3 3 5.9 

B4 17 33.3 

C5 7 13.7 

C6 4 7.8 

D1 18 35.3 

D2 2 3.9 

Total 51 100.0 

   

EM-7ELC A1 5 9.6 

A2 1 1.9 

B2 5 9.6 

B3 5 9.6 

B4 6 11.5 

B5 1 1.9 

C6 5 9.6 

D1 23 44.2 

D2 1 1.9 

Total 52 100.0 
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Question 23 

Group Sub-Category Frequency Percentage 

Control Group B2 3 5.9 

B3 10 19.6 

B5 1 2.0 

C5 5 9.8 

C6 11 21.6 

D1 20 39.2 

D2 1 2.0 

Total 51 100.0 

EM-7ELC A1 1 1.9 

A2 3 5.8 

B2 4 7.7 

B3 3 5.8 

B5 5 9.6 

C6 1 1.9 

D1 33 63.5 

D2 2 3.8 

Total 52 100.0 

 

 

 

 

 

 

 

Question 24 

Group Category Frequency Percentage 

Control Group A 1 2.0 

D 1 2.0 

G 1 2.0 

H 15 29.4 

I 1 2.0 

K 10 19.6 

L 16 31.4 

N 6 11.8 

Total 51 100.0 

EM-7ELC A 20 38.5 

B 1 1.9 

E 1 1.9 

F 2 3.8 

H 19 36.5 

I 2 3.8 

K 4 7.7 

L 3 5.8 

Total 52 100.0 
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Question 25 

Group Sub-Category Frequency Percentage 

Control Group A1 1 2.0 

B2 20 39.2 

B3 5 9.8 

B4 9 17.6 

C5 1 2.0 

C6 4 7.8 

D1 8 15.7 

D2 3 5.9 

Total 51 100.0 

EM-7ELC A1 15 28.8 

A2 11 21.2 

B2 13 25.0 

B4 1 1.9 

C5 1 1.9 

D1 10 19.2 

D2 1 1.9 

Total 52 100.0 

 

 

 

 

 

 

 

 

Question 26 

Group Sub-Category Frequency Percentage 

Control Group A2 2 3.9 

B2 3 5.9 

B3 4 7.8 

B4 5 9.8 

C5 5 9.8 

C6 10 19.6 

D1 20 39.2 

D2 2 3.9 

Total 51 100.0 

EM-7ELC A1 4 7.7 

A2 9 17.3 

B2 2 3.8 

B3 2 3.8 

B4 3 5.8 

C6 2 3.8 

D1 30 57.7 

Total 52 100.0 
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Question 27 

Group Sub-Category Frequency Percentage 

Control Group A1 16 31.4 

B2 4 7.8 

B3 1 2.0 

B4 13 25.5 

C5 2 3.9 

C6 4 7.8 

D1 11 21.6 

Total 51 100.0 

EM-7ELC A1 33 63.5 

B2 4 7.7 

B4 4 7.7 

C5 3 5.8 

D1 8 15.4 

Total 52 100.0 

 

 

Question 28 

Group Sub-Category Frequency Percentage 

Control Group A1 7 13.7 

B4 3 5.9 

C5 3 5.9 

C6 8 15.7 

D1 30 58.8 

Total 51 100.0 

EM-7ELC A1 29 55.8 

B2 1 1.9 

B3 1 1.9 

B4 13 25.0 

C5 4 7.7 

D1 4 7.7 

Total 52 100.0 

 

 

 

Question 29 

Group Category Frequency Percentage 

Control Group A 2 3.9 

B 6 11.8 

D 1 2.0 

E 1 2.0 

F 4 7.8 

G 9 17.6 

H 12 23.5 

J 16 31.4 

Total 51 100.0 

EM-7ELC A 29 55.8 

B 6 11.5 

C 4 7.7 

D 2 3.8 

E 1 1.9 

F 1 1.9 

H 5 9.6 

J 3 5.8 

L 1 1.9 

Total 52 100.0 
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Question 30 

Group Category Frequency Percentage 

Control Group A 23 45.1 

B 6 11.8 

C 21 41.2 

E 1 2.0 

Total 51 100.0 

EM-7ELC A 37 71.2 

B 6 11.5 

C 8 15.4 

E 1 1.9 

Total 52 100.0 

 

 

 

 

 

 

 

 

Question 31 

Group Category Frequency Percentage 

Control Group B 1 2.0 

C 2 3.9 

D 35 68.6 

E 5 9.8 

F 8 15.7 

Total 51 100.0 

EM-7ELC A 15 28.8 

B 10 19.2 

C 12 23.1 

D 13 25.0 

F 2 3.8 

Total 52 100.0 
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APPENDIX I  

 

 

CLASSROOM OBSERVATION CHECKLIST  

 

 

 

No Maddeler 

E
v
e

t 

K
ē
s
m
e
n

 

H
a
y
ē
r

 

1 ¥ĵrencilerin konu hakkēndaki ºn bilgilerinin farkēna varmalarē i­in ¿st-biliĸsel 

yºnlendirmeler yapēlēyor mu?    

2 ¥ĵrencilerin konu hakkēndaki g¿ndelik yaĸamdan elde ettikleri sezgisel 

bilgilerinin farkēna varmalarē i­in ¿st-biliĸsel yºnlendirmeler yapēlēyor mu?    

3 ¥ĵrencilerin konuya ilgi duymalarē saĵlanēyor mu?    

4 ¥ĵrenciler grup arkadaĸlarēyla konu hakkēndaki d¿ĸ¿ncelerini ¿st-biliĸsel 

ve/veya epistemolojik yºnlendirmelerle tartēĸēyorlar mē?    

5 ¥ĵrencilerin bir olay veya bir durum hakkēnda tahmin yapmalarē saĵlanēyor 

mu?    

6 ¥ĵrenciler tahminlerini test edecekleri deneyler yapēyorlar mē?    

7 ¥ĵretmen deneylerden ºnce konuyu anlatēyor mu?    

8 ¥ĵrenciler gºzlemlerini ve deney sonu­larēnē uygun formatta kayēt ediyorlar 

mē?    

9 ¥ĵrenciler elde ettikleri sonu­larla tahminlerini karĸēlaĸtērēyorlar mē?    

10 ¥ĵrenciler tahminleri ile deney sonu­larē farklē ­ēkmasē halinde bu farklēlēĵēn 

nedenini bulmaya ­alēĸēyorlar mē?    

11 ¥ĵrencilerin keĸif basamaĵēnda elde ettikleri sonu­larē diĵer arkadaĸlarē ile 

tartēĸmasē ¿st biliĸsel ve/veya epistemolojik yºnlendirmelerle yapēlēyor mu?    
12 ¥ĵretmen ºĵrencilerin gºzlem ve sonu­larēna dayanarak araĸtērēlan konu 

hakkēnda bilgi veriyor mu?    

13 ¥ĵrencilerin konu hakkēnda ºĵrendiklerini benzer durumlara uygulamasē 

saĵlanēyor mu?    

14 ¥ĵrenciler konu hakkēnda problemler ­ºz¿yorlar mē? 

   

15 ¥ĵrencilerin konu hakkēnda ºĵrendiklerini daha farklē durumlara uygulamalarē 

saĵlanēyor mu?    

16 ¥ĵrencilerin sezgisel bilgilerini fizik bilgileri ile uyumlu hale getirmek i­in 

aktiviteler yapēlēyor mu?    

17 ¥ĵrencilerin hatalarēnē analiz etmelerini saĵlayacak aktiviteler yapēlēyor mu?    

18 ¥ĵrencilerin ºĵrendiklerini deĵerlendirecekleri ¿st-biliĸsel ve/veya 

epistemolojik yºnlendirmeler yapēlēyor mu?    

19 ¥ĵrencilerin sezgisel bilgilerinin farkēnda olmalarē ve onlarē arētmalarē i­in 

ºdevler veriliyor mu?     

20 ¥ĵrencilerin kendi ºĵrenmeleri ¿zerinde d¿ĸ¿nmeleri i­in ºdevler veriliyor 

mu?    

22 ¥ĵretmen ­oĵunlukla yºnlendirici rol¿nde midir?    

23 ¥ĵretmen ­oĵunlukla bilgi aktaran rol¿nde midir?    
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APPENDIX J 

 

 

ACTIVITY SHEETS  

 

 

 

Adē ve Soyadē: 

Sēnēf: 

 

ETKĶNLĶK 1 

 

I.  Neleri Biliyoruz Gºsterelim 

 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki sorularē grup olarak tartēĸēnēz. Grup tartēĸmalarēnda herkesin 

fikirlerini belirtmesini bekliyoruz. D¿ĸ¿ncelerinizi belirtirken neden o ĸekilde 

d¿ĸ¿nd¿ĵ¿n¿z¿ belirtiniz.  

1. Kuvvet nedir? 

2. Hangi cisimler kuvvet uygulayabilir? 

3. Kuvvet t¿rleri nelerdir? 

4. Kuvvetin cisimleri ¿zerinde etkileri nelerdir? 

5. Kuvvetin ºzellikleri nelerdir? (vektºrel mi yoksa skaler bir b¿y¿kl¿k m¿d¿r?) 

6. Bileĸke kuvvet nasēl bulunur? 

 

B. (Grup olarak ­alēĸēnēz). Bu sorulara verdiĵiniz yanētlara ve kuvvet hakkēnda sahip olduĵunuz 

diĵer bilgilere dayanarak KUVVET hakkēnda bir kavram haritasē ­iziniz. (Kavram 

haritalarēnēzē size verilen boĸ k©ĵēda ­iziniz.) 

 

II. Newton Gibi D¿ĸ¿nelim 

 

¦nl¿ fizik­i Isaac Newtonôun elma hik©yesini bilmeyen yoktur: 

 

ñBir g¿n Isaac elma aĵacēnēn altēnda kitap okurken aĵa­tan bir elma d¿ĸer ve..ò  

 

¢oĵu insan i­in sēradan gibi gºr¿nen bu olay Newton i­in hi­te sēradan bir olay deĵildi. 

Elmanēn d¿ĸmesine neden olan etken acaba gezegenleri G¿neĸ etrafēndaki 

yºr¿ngelerinde tutan etkenle aynē ĸey miydi? Bu soruya verdiĵi yanētla 

dºneminde b¿y¿k ¿ne kavuĸan Newtonô nu diĵer insanlardan ayēran en 

ºnemli ºzelliĵi gºzlemlediĵi fiziksel olaylarēn nedenlerini 

sorgulamasēydē. Neden elma d¿ĸ¿yor? Gezegenler uzayda nasēl hareket 

edebiliyorlar?  

Newton gibi ­evremizde gºrd¿ĵ¿m¿z ve artēk bizi ĸaĸērtmayan 

fiziksel olaylarēn nedenlerini ve nasēl meydana geldiklerini sorgulamak 

fiziĵi daha iyi anlamamēza ve ºĵrenmemize yardēm edecektir.  

Bug¿n yaptēĵēmēz aktivitelerle gºzlemlediĵimiz olaylarēn 

nedenlerini sorgulamaya bir baĸlangē­ yapacaĵēz. 

 

III. Araĸtēralēm 

Gerekli Malzemeler: 

 Pinpon Topu 

 K¿­¿k Araba 

Aĸaĵēda A ve B kēsēmlarēnda sizden istenenleri ger­ekleĸtirin ve sorularē kendi grubunuzda 

tartēĸarak yanētlayēnēz.   

A. Pinpon topunu belli bir y¿kseklikten serbest bērakēn ve yaptēĵē hareketi gºzlemleyiniz. 

1. Pinpon topunun yere d¿ĸ¿nceye kadar yaptēĵē hareketi tanēmlayēnēz. 
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2. Pinpon topunun bu hareketine neden olan etken ne olabilir? 

 

 

B. Arabaya masa ¿zerinde anlēk bir itme uygulayēn ve hareketini gºzlemleyiniz. 

1. Araba nasēl bir hareket yaptē tanēmlayēnēz. 

 

2. Bu harekete neden olan etken ne olabilir? 

 

IV.  D¿ĸ¿ncelerimizi Paylaĸalēm 

 

 Sēnēf Tartēĸmasē 

 

A.  (Grup olarak ­alēĸēnēz) Bildiĵiniz kuvvet t¿rleri nelerdir?  Bunlarē kēsaca gºstermek istersek 

genelde hangi harflerle gºsteririz? 

 

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

 

A. ķekildeki gibi masa ¿zerinde duran bir kitabē dikkate alarak aĸaĵēdaki sorularē cevaplayalēm. 

B.  

 

 

 

 

 

1. Bireysel olarak masa ¿zerinde duran kitaba etki eden kuvvetleri tanēmlayēnēz? 

(Ķpucu: D¿ĸen pinpon topuna etki eden yer­ekimi kuvvetini nasēl tanēmladēĵēmēzē hatērlayēn.) 

 

 

2. Grup olarak tartēĸtēktan sonra kitaba etki eden kuvvetleri tanēmlayēnēz.  

 

 Sēnēf tartēĸmasē 

 

 

3. Grup olarak belirlediĵiniz bu kuvvetleri aĸaĵēda kitap ¿zerinde gºsteriniz. 

 

 

 

 

 

 

 

 Sēnēf tartēĸmasē 

 

Biraz ºnce tahtaya ­izdiĵimiz diyagrama kuvvet diyagramē denir. Kuvvet diyagramē sadece 

ilgilenilen cisim ¿zerine etki eden kuvvetleri gºsterir.  

¢oĵu kez kuvvetlerin (1) hangi t¿r olduĵu, (2) kuvvetin uygulandēĵē cisim ve (3) kuvveti 

uygulayan cismi belirtmek i­in etkilendirilmesi yani kuvvetlerin harflerle gºsterilmesi uygun bir 

kuvvet diyagramē ­izmek i­in olduk­a yararlēdēr.  

¥rneĵin D¿nyanēn kitaba uyguladēĵē kuvvet GKD ĸeklinde etiketlendirilir.  

 

 Siz de bireysel olarak diĵer kuvveti etiketlendiriniz. 

 

 

 

 Grup olarak tartēĸtēktan sonra kuvveti etiketlendiriniz. 

 

 Sēnēf Tartēĸmasē 

 

 

Fizik KitabĔ 

Fizik KitabĔ 
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 Sēnēf tartēĸmasēndan sonra etiketlendirdiĵiniz kuvvetleri kitap ¿zerinde ­iziniz. 

 

 

 

 

 

 

VI. ¥ĵrendiklerimizi Geniĸletelim (Esnek Masa) 

 

Bir ºnceki derste masa ¿zerinde duran bir kitaba uygulanan kuvvetleri aĸaĵēdaki ĸekilde 

gºsterdik.  

 

  

 

 

 

 

Ama masanēn kitaba kuvvet uygulamasē, ­oĵu ºĵrenciye sezgisel olarak anlamlē gelmemektedir.  

 

 Sēnēf Tartēĸmasē 

 

Aĸaĵēda iki ºĵrencinin masanēn kuvvet uygulamasē hakkēndaki konuĸmalarēnē okuyalēm. 

 

Sevgi: Biz kuvveti bir cismin baĸka bir cisim ¿zerine uyguladēĵē itme veya ­ekme olarak 

tanēmladēk. Ama masa benim kitabē itmem gibi kitabē itmiyor. Bu y¿zden masanēn 

kuvvet uygulamasē bana mantēklē gelmiyor. Bana gºre masa sadece kitabēn d¿ĸmesini 

engelliyor. 

Ufuk: Sana katēlēyorum. Ayrēca, farz edelim ki kitabēn aĵērlēĵē 5 N olsun bu durumda normal 

kuvvet 5 N oluyor. Eĵer kitabēn aĵērlēĵē 10 N ise normal kuvvet 10 N oluyor. Yani 

normal kuvvet kitabēn aĵērlēĵēna gºre kendini ayarlēyor. Masa her defasēnda ne kadar 

kuvvet uygulamasē gerektiĵini nerden biliyor? Bence masa bu kadar zeki olamaz.   

 

A.  

Sevgi ve Ufukôun ºne s¿rd¿ĵ¿ d¿ĸ¿nceleri dikkate alarak aĸaĵēdaki aktiviteleri yapalēm ve 

masanēn kuvvet uygulayabileceĵi fikrinin sezgisel olarak mantēklē, anlamlē olup olmadēĵēnē 

araĸtēralēm.   

 

1. (Grup olarak ­alēĸēnēz). Yatay bir zemin ¿zerinde sēkēĸtērēlmēĸ bir yayēn ºn¿ne bir blok 

koyup, yayē serbest bēraktēktan sonra bloĵun hareketini gºzleyiniz. Sezgisel olarak yayēn 

bloĵu ittiĵini, yani bloĵa bir kuvvet uyguladēĵēnē sºyleyebilir miyiz? Kēsaca 

d¿ĸ¿ncelerinizi ve neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ a­ēklayēnēz. 

 

 

2.  (Grup olarak ­alēĸēnēz). Bir ºnceki etkinlikteki gibi yatay bir zemin ¿zerinde 

sēkēĸtērēlmēĸ bir yayēn ºn¿ne bloĵu koyun fakat ĸimdi yayē serbest bērakmak yerine 

ºn¿nde bloĵu durdurmaya ­alēĸēn. Sezgisel olarak yayēn bloĵu ittiĵini yani bloĵa bir 

kuvvet uyguladēĵēnē sºyleyebilir miyiz? Kēsaca d¿ĸ¿ncelerinizi ve neden o ĸekilde 

d¿ĸ¿nd¿ĵ¿n¿z¿ a­ēklayēnēz. 

 

 

3.  (Grup olarak ­alēĸēnēz). Yayē bir zemin ¿zerinde d¿ĸey olarak tutun, sēkēĸtērēn ve 

¿zerine bloĵu koyduktan sonra yayē serbest bērakēn. Sezgisel olarak yayēn bloĵu 

yukarēya doĵru ittiĵini yani bloĵa bir kuvvet uyguladēĵēnē sºyleyebilir miyiz? Kēsaca 

d¿ĸ¿ncelerinizi ve neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ a­ēklayēnēz. 

 

 

4. (Grup olarak ­alēĸēnēz). Bir ºnceki etkinlikteki gibi yayē bir zemin ¿zerinde d¿ĸey olarak 

tutun ama ĸimdi yayē sēkēĸtērmadan ¿zerine bloĵu koyun. Sezgisel olarak yayēn bloĵu 

yukarēya doĵru ittiĵini, yani bloĵa bir kuvvet uyguladēĵēnē sºyleyebilir miyiz? Kēsaca 

d¿ĸ¿ncelerinizi ve neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ a­ēklayēnēz. (Bu etkinlikle 2. Etkinlik 

Fizik KitabĔ 

 

NKM 

GKD 
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arasēnda benzerlik kurmak olayē anlamamēzē kolaylaĸtēracaktēr. 2. Etkinlikte yayēn eski 

haline dºnmesini engelleyen bizim elimizken, bu etkinlikte yayēn eski haline dºnmesini 

engelleyen bloĵun aĵērlēĵēdēr. ) 

 

 

5.  (Grup olarak ­alēĸēnēz). ķimdi yay ¿zerine daha aĵēr bir blok koyup yaydaki deĵiĸimi 

gºzlemleyelim. Aĵēr blok yay ¿zerindeyken, yay hafif bloĵa uyguladēĵē kuvvetten daha 

b¿y¿k yukarēya doĵru bir kuvvet uygulayacaĵēnē nasēl bilir? Kēsaca d¿ĸ¿ncelerinizi ve 

neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ a­ēklayēnēz. 

 

 

 

B. Dokuzuncu sēnēfta b¿t¿n katēlarēn azda olsa esneyebildiĵini ºĵrendiniz. Katē maddeler de 
yay gibi esneyebildiĵine gºre, masanēn kitabē ittiĵine sezgisel olarak mantēklē bir a­ēklama 

getirebilir misiniz? Baĸka bir deĵiĸle dersin baĸēnda Sevgiônin ºne s¿rd¿ĵ¿ ñmasanēn kuvvet 

uygulamasēnēn mantēklē olmadēĵēò gºr¿ĸ¿ne karĸē bir a­ēklama yapabilir misiniz? 

 

C. Daha aĵēr bir kitabē masanēn ¿zerine koyduĵumuzda masa yukarēya doĵru ne kadar kuvvet 
uygulayacaĵēnē nerden bilir? Baĸka bir deĵiĸle Ufuk óun d¿ĸ¿ncesine karĸē mantēklē bir 

a­ēklama nasēl getirebilirsiniz? 

 

 

D. Bug¿nk¿ dersimizin ana fikri sizce nedir? 

 

 

 Sēnēf Tartēĸmasē  

  

VI.  ¥ĵrendiklerimizi Deĵerlendirelim 

 

A. ķimdi dersin baĸēnda grup olarak ­izmiĸ olduĵunuz kavram haritalarē size geri verilecek. 

Kavram haritasē ­izerken tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz ve tartēĸma 

sonunda sorulara verdiĵiniz yanētlara ve kuvvet hakkēnda ºĵrendiĵiniz diĵer bilgilere 

dayanarak kavram haritanēzda gerekli deĵiĸiklikleri ve eklemeleri size verilen renkli kalemle 

yapēnēz.  

 

B. Yaptēĵēnēz deĵiĸiklikleri/eklemeleri ve ni­in bu deĵiĸiklikleri/eklemeleri yaptēĵēnēzē kēsaca 
kavram haritasēnēn arkasēna yazēnēz.  
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Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 2 

 

Bu etkinliĵimizde baĵēl hēzē ºĵrenmenin yanēnda hatalarēmēzē tespit etmeye ve gelecekte aynē 

hatalarē yapmayē ºnlemeye yardēmcē bir metot ºĵreneceĵiz.  

 

I.  Neleri Biliyoruz Gºsterelim 

 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki sorular hakkēnda d¿ĸ¿ncelerinizi ve neden o ĸekilde 

d¿ĸ¿nd¿ĵ¿n¿z¿ yazēnēz. 

 

1. Hareketli bir cismin hēzē baĸka bir cisme gºre sēfēr olabilir mi? Nasēl? G¿nl¿k hayattan ºrnek 
vererek a­ēklayēnēz? 

 

 

 

 

2. Hatalarēmēz hakkēnda d¿ĸ¿nmek ºnemli midir? Cevabēnēzē a­ēklayēnēz.  

 

 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. 

GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK VERDĶĴĶNĶZ CEVAPLARI 

DEĴĶķTĶRMEYĶNĶZ. 

 

II.  Arabalarēn ¥l­¿len Hēzlarēnē Karĸēlaĸtēralēm 

 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki ¿­ durumda, A arabasē, her defasēnda aynē b¿y¿kl¿kte ani bir itme 

verilerek harekete ge­iriliyor. Buna gºre her durum i­in A arabasēnēn hareket detektºr¿ aracēlēĵēyla 

ºl­¿len hēzlarēnēn b¿y¿kl¿klerini karĸēlaĸtērēnēz. Neden o ĸekilde karĸēlaĸtērdēĵēnēzē a­ēklayēnēz. 

(Hareket detektºrl¿ B arabasē II ve III durumlarēnda aynē hēzla hareket ediyor.) 

 

I. A arabasē duran hareket detektºrl¿ B arabasēna doĵru hareket ediyorken,  

 

 

 

 

II. A ve B arabalarē zēt yºnde hareket ediyorken, 

 

 

 

 

 

 

 

 

III . A ve B arabalarē aynē yºnde hareket ediyorken,  

 

 

 

 

 

 

 

 

 

 

 

A B 

A B 

A B 
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III.  Araĸtēralēm 

A. ķimdi yukarēdaki ¿­ durumu deneysel yolla inceleyerek, tahminlerinizi test ediniz.  

Malzemeler: 

 Bilgisayar 

 Hareket Detektºr¿ 

 Arabirim 

 Logger Pro programē 

 Araba (2 adet) 

 Ray 

I.Durum: Hareket Detektºrl¿ Araba Hareketsizken 

V Hareket detektºr¿n¿ bir araba ¿zerine kaymayacak ĸekilde baĵlayēnēz ve I. 
durumdaki d¿zeneĵi kurunuz.  

V Arabirimi bilgisayara ve hareket detektºr¿n¿ de arabirimin DIG/SONIC 1 

KANALINA baĵlayēn.  

V ñToplaò tuĸuna bastēktan sonra hareket detektºrl¿ arabanēn karĸēndaki arabayē 

hareket detektºrl¿ arabaya doĵru itiniz.  

D¿zg¿n bir grafik oluĸuncaya kadar s¿reci tekrar ediniz. Araba hareket ediyorken hareket 

detektºr¿n¿n ºn¿nde hi­ kimsenin hareket etmediĵinden emin olunuz.  

 

1. A arabasēnēn ortalama hēzēnē oluĸan hēz-zaman grafiĵinden yararlanarak bulunuz.  

Vort = 

 

II. Durum: Arabalar Zēt Yºnde Hareket Ediyorken  

V II. durumda verilen deney d¿zeneĵini kurunuz. 

V ñTopla ñ tuĸuna bastēktan sonra rayēn her iki ucunda bulunan arabalarē birbirine 

doĵru itiniz. A arabasēnē I. durumdaki hēza yakēn bir hēz verecek ĸekilde itmeye ºzen 

gºsteriniz. 

 

1. A arabasēnēn ortalama hēzēnē grafikten bulunuz. 

Vort = 

 

III. Arabalar Aynē Yºnde Hareket Ediyorken 

V Hareket detektºrs¿z arabayē rayēn ortasēna hareket detektºrl¿ arabayē ise rayēn 

baĸēna yerleĸtirerek III. durumdaki deney d¿zeneĵini kurunuz.  

V ñToplaò tuĸuna bastēktan sonra arabalarē aynē yºnde itiniz. A ve B arabasēnē II. 

durumdaki hēzlarēna yakēn bir hēz verecek ĸekilde itmeye ºzen gºsteriniz. 

 

1. A arabasēnēn ortalama hēzēnē grafikten bulunuz. 

Vort = 

 

 

 

 

 

 

IV.  D¿ĸ¿ncelerimizi Paylaĸalēm 

 

 Sēnēf Tartēĸmasē 

 

 

 

 

Hatalarēmēzē Anlayalēm 

Bug¿n bu derste  ñ Hata Yakalamaò stratejisi adē verdiĵimiz yeni bir stratejiyi ºĵreneĵiz. Bu 

stratejiyi hatalarēmēzē belirlemek ve onlarē gelecekte tekrarlamamak i­in kullanacaĵēz.  

Hata yakalama stratejisinde tek yapmanēz gereken, hatayē niye yaptēĵēnēzē anlamaya ­alēĸmak ve 

hatayē tekrar yapmamak i­in sizi hataya gºt¿ren d¿ĸ¿ncelerinizi nasēl deĵiĸtireceĵinizi d¿ĸ¿nmektir.   

ķimdi ñHata Yakalamaò stratejisini deney yaparak test ettiĵiniz A arabasēnēn hēzlarēnē 

karĸēlaĸtērdēĵēnēz soruya uygulayalēm.  



 

231 

1. Eĵer A arabasēnēn hēzlarēnē deney sonu­larēndan farklē tahmin ettiyseniz ilk olarak ni­in 

hata yaptēĵēnēzē ve ikinci olarak da sizi hataya gºt¿ren d¿ĸ¿ncelerinizi nasēl 

deĵiĸtireceĵinizi yazēnēz.  

 

Bu soru i­in ºrnek cevap aĸaĵēdaki ĸekilde olabilir.  

A arabasēnēn hēzēnēn gºzlendiĵi referans sitemine yani gºzlemciye baĵlē olmadēĵēnē d¿ĸ¿nd¿ĵ¿mden 

¿­ durumda da hēzlarēn eĸit olacaĵēnē d¿ĸ¿nd¿m. Ama arabanēn hēzē gºzlendiĵi referans sistemine 

baĵlē olduĵundan her ¿­ durum i­in bulunan hēz deĵerleri birbirinden farklē olacaktēr.   

 

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

 

Grup olarak aĸaĵēdaki sorularē cevaplayēnēz 

 

1. Bir yol ¿zerinde A arabasē 10 m/s hēzla doĵuya doĵru giderken B arabasē 15 m/s, C arabasē 

ise 20 m/s hēzla batēya gitmektedir.  

 

 

  

 

 

a) A arabasēnēn hēzē B arabasēna gºre nedir?  

 

 

b) B arabasēnēn hēzē A arabasēna gºre nedir? 

  

 

c) C arabasēnēn A ve B arabalarēna gºre hēzē nedir? 

 

 

d) Arabalar birbirini ge­tikten sonra A arabasēnēn hēzē B arabasēna gºre nedir?  

 

2. Suya gºre hēzē 2v olan bir gemi ile bir yunus aynē yºnde gidiyor. Geminin pistinde hareket 
eden bir motosikletli yunusu duruyor gibi  gºr¿yor. Yunusun suya gºre hēzē v olduĵuna 

gºre, motosikletin gemiye gºre hēzē nedir? 

 

 

 

 

VI.  ¥ĵrendiklerimizi Geniĸletelim 

 

A. ķimdiye kadar hep aynē doĵrultudaki hareketleri inceledik. ķimdi farklē doĵrultuda hareket 
eden cisimlerin birbirlerinin hēzlarēnē nasēl algēladēklarē ¿zerinde duralēm.  

1. (Grup olarak ­alēĸēnēz). ķekilde gºr¿ld¿ĵ¿ gibi A arabasē 30 m/s ile doĵu yºn¿nde hareket 

ederken B arabasē kuzey yºn¿nde 40 m/s  ilerliyor. Buna gºre 

 

 

  

 

 

 

 

 

a) A arabasēnēn hēzē B arabasēna gºre nedir?  

 

 

 

b) B arabasēnēn hēzē A arabasēna gºre nedir?  

 

 

A 

C B 

A 

B 
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2. (Grup olarak ­alēĸēnēz). Nehre gºre 4 m/s sabit hēzē olan bir kayēk ĸekilde gºr¿ld¿ĵ¿ gibi 3 

m/s sabit hēzlē bir nehrin akēĸ yºn¿ne dik olacak ĸekilde A noktasēndan harekete baĸlēyor.  

 

  

 

 

  

 

 

 

 

 

a) Kayēĵēn yere gºre hēzē ne kadardēr? 

b) Kayēk karĸē kēyēya ne kadar s¿rede ­ēkar? 

c) Kayēk B noktasēndan ne kadar uzaĵa s¿r¿klenir? 

d) Kayēk A noktasēndan B noktasēna gitmek i­in ĸekildeki gibi d¿z bir yolu izliyor. Kayēĵēn 
bu yolu izleyebilmesi i­in yºn¿nde deĵiĸiklik yapmasēna gerek var mēdēr? Bu durumda 

karĸē kēyaya ge­me s¿resi deĵiĸir mi? A­ēklayēnēz.  

 

 

B. Sezgisel Bilgiler ve Baĵēl Hēz 

1. (Bireysel ­alēĸēnēz). A ve B arabalarēnēn 1 saniye zaman aralēklē konumlarē, aĸaĵēdaki ĸekilde 

numaralanmēĸ karelerle gºsterilmiĸtir. Arabalar doĵuya doĵru hareket etmektedirler. 

 

 
 

 

a) Sezgisel olarak 3 anēnda B arabasē A arabasēnē doĵuya mē hareket ediyor, batēya mē 

hareket ediyor yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz.  

 

 

 

 

 

 

b) Konum ekseninde her k¿­¿k aralēk 5 m ise A ve B arabalarēnēn hēzē nedir?  

 

 

 

c) Bulduĵunuz deĵerlerle 3 anēndaki VAB hesaplayēnēz. Bulduĵunuz sonu­ a) kēsmēndaki 

cevabēnēzla tutarlē mē? 

 

 

 Sēnēf Tartēĸmasē 

 

 

 

 

 

 

 

 

 

VNY=3 

m/s  

100 

m 

B 

VKN=4 

m/s  

A 
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C. Sezgilerimiz ile Fizik Tutarsēz Olduĵunda Ne Yapmalēyēz 

 

 ¢oĵu ºĵrenci ºnde olan daha hēzlēdēr sezgisine sahiptir. Biraz ºnce sezgisel olarak 

verdiĵimiz yanētēn baĵēl hēz form¿l¿n¿ kullanarak verdiĵimiz yanētla ­eliĸtiĵini gºrd¿k. ķimdi bu 

­eliĸki ¿zerinde biraz d¿ĸ¿nelim.  

 

1. (Bireysel ­alēĸēnēz). Aĸaĵēdakilerden hangisi bu tutarsēzlēk durumuna karĸē tutumunuzu en iyi 

ĸekilde gºsterir? Birden fazla se­enek se­ebilirsiniz. 

 

a) Bu gibi tutarsēzlēklar ¿zerinde d¿ĸ¿nmek gereksizdir. Baĵēl hēzēn ne olduĵunu tam olarak 
ºĵrenmek yeterlidir.  

b) Nasēl yapēlacaĵēnē bilmiyorum ama baĵēl hēz form¿l¿ ile sezgilerimizi tutarlē hale getirmenin 
muhtemelen bir yolu vardēr.   

c) Fizik ile sezgilerimiz ­oĵunlukla birbirleriyle tutarlēdēr. Ama yukarēdaki soruda fizik ile 
sezgilerimiz arasēndaki uyumsuzluk ­ok belirgin olduĵundan bu tutarsēzlēĵē kabul edip 

devam etmek zorundayēz.   

 

Cevabēnēzē a­ēklayēnēz. 

 

2. Cevaplarēnēzē gruptaki arkadaĸlarēnēzla tartēĸēnēz. Aranēzda bir anlaĸmaya vardēnēz mē, grup 

i­inde farklē d¿ĸ¿nenler var mē? 

 

 

D. Sezgisel Bilgilerimizin Arētēlmasē  

Baĵēl hēz form¿l¿ ile ñºnde olan daha hēzlēdērò sezgimiz arasēnda uzlaĸtērēlamaz bir ­atēĸma 

olduĵunu kabul etmeden ºnce bir ñUzlaĸtērma Stratejisiò olan ñSezgilerin Arētēlmasēò adē verdiĵimiz 

bir stratejiyi uygulayalēm.  

 

1. A ve B arabalarēnēn 1 saniye zaman aralēklē konumlarē, aĸaĵēdaki ĸekilde numaralanmēĸ 
karelerle gºsterilmiĸtir. Arabalar doĵuya doĵru hareket etmektedirler. 

 
a) Sezgisel olarak 3 anēnda B arabasē A arabasēnē doĵuya mē hareket ediyor, batēya mē 

hareket ediyor yoksa duruyor olarak mē gºr¿r? Cevabēnēzē a­ēklayēnēz.  

 

 

b) Konum ekseninde her k¿­¿k aralēk 5 m ise A ve B arabalarēnēn hēzē nedir?  

 

 

c) Bulduĵunuz deĵerlerle 3 anēndaki VAB hesaplayēnēz. Bulduĵunuz sonu­ ºnde olan araba 

daha hēzlēdēr sezgisi ile uyum i­inde midir? 

 

 

 Sēnēf Tartēĸmasē 

 

2. (Grup olarak ­alēĸēnēz). ñ¥nde olan daha hēzlēdērò sezgisel bilgisini kullandēĵēmēz iki soru 

­ºzd¿k. Ķlk soruda bu sezgimiz bizi yanlēĸ sonuca gºt¿r¿rken ikinci soruda doĵru cevaba 

gºt¿rd¿. O halde ºnde olan daha hēzlēdēr sezgisel bilgisi hakkēnda ne sºylenebilir? Yanlēĸ 

mē, doĵru mu, yoksa baĸka bir ĸey midir.  A­ēklayēnēz. 

 

 

 

 Sēnēf Tartēĸmasē 
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3. (Grup olarak ­alēĸēnēz). ¥nde olan daha hēzlēdēr  sezgisel bilgisi fizik dersi olmadan ºnce 

oluĸan ham bir sezgi midir? Yoksa fizik dersi aldēktan sonra ĸekillenen arētēlmēĸ bir sezgi 

midir? Eĵer ham ise onu nerden ºĵrendiniz? 

 

4. Hangi durumda A arabasēnēn 1 anēndan 3 anēna kadar yerdeĵiĸtirmesi B arabasēnēn 

yerdeĵiĸtirmesinden b¿y¿kt¿r? Bunu A arabasēnēn hēzē ile iliĸkilendirebilir miyiz? 

 

 

 Sēnēf Tartēĸmasē  

 

 

 

 

Arētma Diyagramē 

 

¥nde olan daha hēzlēdēr sezgisini aĸaĵēdaki gibi iki ĸekilde arētabiliriz.  

 

 

 

 

 

  

 

 

 

 

 

 

 

5. (Grup olarak ­alēĸēnēz). Yukarēdaki arētēlmēĸ sezgilerden hangisi baĵēl hēz form¿l¿ ile uyum 

i­erisindedir? 

 

 

6. Bug¿nk¿ dersin ana fikri nedir? 

 

 

 Sēnēf Tartēĸmasē 

 

 

 

 

 

VII.  Kendimizi Deĵerlendirelim 

 

1. (Grup olarak ­alēĸēnēz). Baĵēl hēz konusuna baĸlarken ñNeleri Biliyoruz Gºsterelimò 

kēsmēnda tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. Grup olarak tartēĸtēktan sonra her bir soru i­in grubun ortak 

d¿ĸ¿ncelerini yazēnēz. 

 

 

 

 

 

 

 

 

2. (Bireysel ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel olarak 

verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda fark var 

mē? Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini Uygulayēn).  

¥nde olan daha hĔzlĔdĔr 

AynĔ zaman aralĔķĔnda ºnde 

 olan daha fazla  

yerdeķiĺtirme de yapmĔĺsa  

daha hĔzlĔdĔr. 

¥nde olan her zaman 

daha hĔzlĔdĔr. 

Ham Sezgisel Bilgi  

ArĔtĔlmĔĺ Sezgisel Bilgi 
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Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 3 

 

I.  Neleri Biliyoruz Gºsterelim 

 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki sorular hakkēnda d¿ĸ¿ncelerinizi ve neden o ĸekilde 

d¿ĸ¿nd¿ĵ¿n¿z¿ yazēnēz. 

 

1. Bir kutu, bir y¿zey ¿zerinde bir ip yardēmēyla ­ekilerek sabit hēzla hareket ettiriliyor. Bu 

durumda ipin kutuya uyguladēĵē gerilme kuvveti (TKĶ) y¿zeyin kutuya uyguladēĵē ve 

kutunun hareketine zēt s¿rt¿nme kuvvetinden  (fKY) b¿y¿k m¿d¿r, k¿­¿k m¿d¿r, yoksa 

eĸit midir? 

 

 

 

 

 

2. Aynē kutu s¿rt¿nmesiz y¿zey ¿zerinde sabit bir kuvvetle ­ekiliyor. Bu durumda  

a) Kutunun ivmesi artar mē, azalēr mē, yoksa sabit midir? 

 

 

 

 

 

 

b) Hēzē artar mē, azalēr mē yoksa sabit mi dir?  

 

 

 

 

3.  Aynē kutu iki kat kuvvetle ­ekilirse ivmesi nasēl deĵiĸir? 

 

 

 

 

 

 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK 

VERDĶĴĶNĶZ CEVAPLARI DEĴĶķTĶRMEYĶNĶZ. 
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II. Siz Nedenini Biliyor musunuz? 

 

 

 

 

 

 

 

 

 

 

 

III. Araĸtēralēm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gerekli Malzemeler: 

 Bilgisayar 

 Arabirim 

 Hareket Detektºr¿ 

 Kuvvet Sensºr¿ 

 Hareket programē 

 Hareketli araba 

 Rampa 

 Makara 

 K¿tleler (5g, 10g, 50gr, é) 

 

A. (Grup olarak ­alēĸēnēz). I. Bºl¿mdeki 2. soruya yaptēĵēnēz tahmini test etmek i­in aĸaĵēdaki 

d¿zeneĵi kurunuz. 

 
Dikkat!!!  

 Kuvvet sensºr¿n¿n araba ¿zerinden kaymamasē i­in m¿mk¿n olduĵunca sēkē bir ĸekilde 

baĵladēĵēnēzdan emin olunuz.  

 Kuvvet sensºr¿ elektronik sinyallerde meydana gelen deĵiĸiklere gºre kuvveti ºl­t¿ĵ¿nden, 

bilgisayarēn kuvvet sensºr¿ne kuvvet uygulanmadēĵē durumdaki sinyali sēfēr olarak okumasē 

deneye baĸlamadan ºnce ºnemlidir. Bu iĸleme ñsēfērlamaò denir. Kuvvet sensºr¿ ile ºl­¿m 

yapmadan ºnce ñsēfērlaò butonu se­ilerek sēfērlama yapēlmalēdēr.  

 Hareket detektºr¿n¿n b¿t¿n hareket boyunca arabayē gºrd¿ĵ¿nden emin olunuz. 

 

V L03A2-2 (Speeding Up Again) deney dosyasēnē a­ēnēz. 

V Makaraya baĵlē k¿tlelerin arabayē ­ok hēzlē hareket ettirmemesi gerekir. Uygun k¿tle 

miktarēnē bulmak i­in, k¿tleler serbest bērakēldēktan sonra, arabanēn ray ¿zerindeki 2-3 

saniyelik hareketini gºzlemleyerek bulunuz. 

V Makaraya baĵladēĵēnēz k¿tleyi kayēt ediniz:         

Fizik bunun 

cevabĔnĔ biliyor. 

Bu etkinlikte bu 

cevaba 

ulaĺacaķĔz. Bu taĺĔ daha 

kolay hareket 

ettiriyorum. 

Neden? 

 

Bu taĺĔ daha 

zor hareket 

ettiriyorum. 

Neden? 
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V Hareket detektºr¿ ve kuvvet sºnsºr¿n¿ sēfērlayēnēz. 

V Hareket detektºr¿nden tēk sesi duyduktan sonra makaraya baĵlē k¿tleleri serbest bērakēnēz.  
Ķyi bir grafik elde edinceye kadar denemelerinizi tekrarlayēnēz.  

 

 

1. Ķvme-zaman ve kuvvet-zaman grafiklerinin ilgili yerlerini se­erek ve ara­ ­ubuĵundaki 

ñistatistiklerò ( ) tuĸunu tēklayarak ortalama kuvvet ve ivmeyi bulunuz. 

 

   Fort = 

 

aort = 

 

 

2. Kuvvet sensºr¿n¿n ºl­t¿ĵ¿ kuvvet ne tarafēndan arabaya uygulanēr? 

 

 

 

 

 

3. Arabanēn ivmesi nasēl deĵiĸti? 

 

 

 

 

 

4. Arabanēn hēzē nasēl deĵiĸti? 

 

 

 

 

 

 

 

 Sēnēf Tartēĸmasē 

 

 

 

 

Hatalarēmēzē Anlayalēm 

1. (Bireysel ­alēĸēnēz).  Eĵer I. Bºl¿mde 2a daki sabit bir kuvvetin etkisindeki kutunun ivmesi 

nasēl olur sorusuna verdiĵiniz cevapla deney sonu­larē farklēysa hata yakalama stratejisini 

kullanarak bu farklēlēĵēn nedenini bulmaya ­alēĸēnēz. (Hata yakalama stratejisinin nasēl 

uygulandēĵēnē 2. Etkinlikten hatērlayēnēz.) 

 

 

 

 

2. (Bireysel ­alēĸēnēz). Benzer ĸekilde hata yakalama stratejisini 2b deki sabit bir kuvvetin 

etkisindeki kutunun hēzē nasēl deĵiĸir sorusuna verdiĵiniz cevaba uygulayēnēz.   

 

 

 

 

 

 

B. I. Bºl¿mde 3 soruya verdiĵiniz cevabē deneysel yolla test ediniz. 

 

V L03A2-2 (Speeding Up Again) deney dosyasēnē tekrar a­ēnēz. 
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V Arabaya daha ºnceki kuvvetten daha b¿y¿k kuvvet uygulayēnēz. Bunu yapmak i­in 
makaraya baĵladēĵēnēz k¿tleyi yaklaĸēk olarak iki katēna ­ēkarēnēz. 

V Makaraya baĵlē k¿tle:     

V Kuvvet sensºr¿n¿ sēfērlayēnēz. 

 

1. Ķvme-zaman ve kuvvet-zaman grafiklerinden ilgili yerleri se­erek ve ara­ ­ubuĵundaki 

ñistatistiklerò ( )  tuĸunu tēklayarak ortalama kuvvet ve ivmeyi bulunuz. 

   Fort = 

aort 

2. Daha ºnceki bºl¿mde ve ĸimdi bulduĵunuz deĵerleri kullanarak aĸaĵēdaki tabloyu 

doldurunuz.  

 

 Ortalama Kuvvet Ortalama Ķvme 

A   

B    

 

3. Deĵerleri bilgisayara girerek kuvvetin ivmeye baĵlē grafiĵini ­iziniz.  

 

 

 

 

 

 

4. Grafiĵin eĵimi neyi veriyor? 

 

 

5. Arabanēn ivmesi ile arabaya etkiyen kuvvet arasēndaki matematiksel iliĸki nasēldēr? Bu 
iliĸkiyi gºsteren form¿l¿ yazēnēz ve a­ēklayēnēz. 

 

 

 

6. Yukarēda yazdēĵēnēz form¿l fizikteki hangi kanununun matematiksel bir ifadesidir? 

 

 

 

 Sēnēf tartēĸmasē 

 

 

 

7. (Bireysel ­alēĸēnēz). Yukarēda ulaĸtēĵēnēz form¿l doĵrudan size verilebilirdi. Ama form¿le 

belli aĸamalardan sonra ulaĸtēnēz. Form¿le ulaĸēncaya kadar yapēlan iĸlemlerin amacē ne 

olabilir? 

 

8. (Bireysel ­alēĸēnēz). Aĸaĵēdakilerden hangisi fizik form¿lleri hakkēndaki gºr¿ĸlerinizi en iyi 

ĸekilde ifade eder. (Birden fazla se­enek se­ebilirsiniz.) 

 

a) Bir­ok fizik kavramē (kuvvet, hēz, enerji, vb)  anlamlēdēr ve g¿nl¿k hayattaki 
tecr¿belerimizle iliĸkilidir; ama fizik form¿lleri fiziĵi zihnimizde 

anlamlandērmaktan ziyade,  problem ­ºzmek i­in kullanēlan ara­lardēr.  

b) Aslēnda form¿l¿ne gºre deĵiĸir; bazē form¿ller anlamlēdēr, fakat hepsinin anlamlē 
olmasēnē beklemiyorum. 

c) Genelde fizik form¿lleri anlamlēdēr ve g¿nl¿k yaĸamda kullandēĵēmēz sezgi ve 
tecr¿belerimizi bir bakēma ifade ederler.  

Cevabēnēzē a­ēklayēnēz. 
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9. (Grup olarak ­alēĸēnēz). 7. ve 8. sorulara verdiĵiniz cevaplarēnēzē grubunuzdaki 

arkadaĸlarēnēzēn cevaplarē ile karĸēlaĸtērēnēz. Grupta farklē d¿ĸ¿nceler varsa, birbirinizi ikna 

etmek yerine birbirinizin d¿ĸ¿ncelerini anlamaya ­alēĸēnēz. Sizin d¿ĸ¿ncelerinizden farklē 

olan ama iyi noktalara iĸaret eden arkadaĸlarēnēzēn gºr¿ĸlerini ºzetleyiniz.  

 

 

 

 Sēnēf tartēĸmasē 

 

IV.  ¥ĵrendiklerimizi Pekiĸtirelim 

 

Grup olarak aĸaĵēdaki sorularē cevaplayēnēz. 

 

1. S¿rt¿nmesiz bir y¿zey ¿zerinde saĵa doĵru 2 N luk sabit bir kuvvetle ­ekilen 1 kg lēk 

oyuncak bir arabanēn ivmesi nedir? 

 

 

 

 

2. Bu arabaya 1 kg lēk ikinci bir oyuncak araba baĵlanērsa ivmesi ne olur? 

 

 

 

 

3. 1 kg lēk baĸka bir oyuncak arabanēn sola doĵru 2 m/s
2
 lik bir ivme ile hareket edebilmesi i­in 

hangi yºnde ne kadar b¿y¿kl¿kte bir kuvvet uygulanmasē gerekir?  

 

 

 

4. 1 kg lēk araba saĵa doĵru 2 N kuvvetle s¿rt¿nmeli y¿zey ¿zerinde ­ekiliyor, arabaya 1 N luk 

bir s¿rt¿nme kuvveti etki ediyor. Buna gºre arabanēn ivmesinin yºn¿ ve b¿y¿kl¿ĵ¿ nedir? 

 

 

 

 

5. Park halindeki bir arabayē d¿ĸ¿n¿n¿z. Arabaya d¿nya tarafēndan uygulanan aĸaĵēya doĵru 
yer­ekimi kuvvetinin arabaya y¿zey tarafēndan uygulanan yukarēya doĵru normal kuvvete eĸit 

olmasēnēn nedeni aĸaĵēdakilerden hangisidir? (Birden fazla se­enek se­ebilirsiniz.) 

A. Bu kuvvetler etki tepki ­iftleri olduĵundan; 

B. Arabaya etki eden net kuvvet sēfēr olduĵundan; 

C. Yukarēdakilerden hi­biri. Eĸittir, ­¿nk¿  

 

 

 

 

 

 

 Sēnēf Tartēĸmasē 
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VII.  ¥ĵrendiklerimizi Geniĸletelim 

 

A. Sezgilerimiz ve Newtonôun 2. Yasasē 

1. (Bireysel ­alēĸēnēz). Bir daĵcē yolculuĵu sērasēnda beklenmedik bir kar fērtēnasē ile karĸēlaĸēr 

ve daĵda mahsur kalēr. Daĵcēyē kurtarmak i­in bir kurtarma ekibi bºlgeye bir helikopterle 

gºnderilir. Helikopter daĵcēya ulaĸtēĵē zaman kurtarma ekipleri aĸaĵēya bir ip sallarlar. 

Daĵcē bu ipi beline baĵlar. Daĵcēnēn aĵērlēĵē (daĵcēya aĸaĵēya doĵru etki eden yer­ekimi 

kuvveti) 650 N dur.  Ķp daĵcēyē yukarēya doĵru sabit bir hēzla ­ekerken ipin yukarēya doĵru 

uyguladēĵē kuvvet  sezgisel olarak 650 N dan b¿y¿k, k¿­¿k  yoksa  eĸit midir. Cevabēnēzē 

a­ēklayēnēz. 

 

 

 

 

 

2. (Grup olarak ­alēĸēnēz). ķimdi yukarēdaki soruya Newtonôun 2. Yasasēnē kullanarak ipin 

uyguladēĵē kuvvetin 650 N dan b¿y¿k, k¿­¿k  yoksa  eĸit mi olduĵunu bulunuz. 

 

 

 

 

 Sēnēf Tartēĸmasē 

 

3. (Grup olarak ­alēĸēnēz). ¢oĵu ºĵrenci yukarēya doĵru bir hareketin yukarēya doĵru bir 

kuvveti gerektirdiĵi sezgisine sahiptir. ¥rneĵin yukarēdaki soruda daĵcēnēn hareket 

edebilmesi i­in ipin uyguladēĵē kuvvetin daĵcēnēn aĵērlēĵēndan b¿y¿k olduĵunu 

d¿ĸ¿nmektedirler. Biz bu sezgiyi Newtonôun 2. Yasasēnē kullanarak bulduĵumuz sonu­la 

(yukarēya doĵru kuvvetin aĸaĵēya doĵru kuvvete eĸit olduĵu)  uyumlu hale getirebilir miyiz? 

Yoksa bu uyumsuzluĵu kabul m¿ etmeliyiz? 

 

 

 

 

 

 

 

 

 

 

B. Sezgilerimizi Newtonôun 2. Yasasē ile Uyumlu Hale Getirmek i­in Arētalēm 

 

Daha ºnce sezgilerin arētēlmasē stratejisini ºnde olan daha hēzlēdēr sezgisinin uygulayarak baĵēl 

hēz ile uyumlu hale getirmiĸtik. ķimdi sezgilerin arētēlmasē stratejisinin burada ­alēĸēp ­alēĸmadēĵēna 

bakalēm.  

 

1. (Grup olarak ­alēĸēnēz). Ķpin daĵcēyē yukarēya doĵru ­ekmeye baĸladēĵē ilk anda daĵcēnēn 

durgun olduĵunu d¿ĸ¿n¿n¿z. Hareketin bu baĸlangē­ aĸamasēnda, yukarēya doĵru ipin 

uyguladēĵē kuvvet 650 N (daĵcēnēn aĵērlēĵēndan) b¿y¿k, k¿­¿k  yoksa  eĸit midir?  

Cevabēnēzē a­ēklayēnēz.  

 

 

 

 

 

 

2. (Grup olarak ­alēĸēnēz). Newtonôun 2. Yasasēnē bu soruya uyguladēĵēnēzda hangi sonucu elde 

edersiniz? (Ķpucu: Daĵcē harekete baĸladēĵē anda hēzlanēyor mu, yani bir ivmesi var mēdēr?) 
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3. (Grup olarak ­alēĸēnēz). Newtonôun 2. Yasasēnē kullanarak bulduĵunuz cevap sezgilerinizle 

uyum i­erisinde mi? 

 

 

 

4-9. sorularēnda daĵcēnēn harekete baĸladēĵē aĸamadan sonraki hareketi yani daĵcēnēn 

yukarēya doĵru hareketli olduĵunu d¿ĸ¿n¿n¿z.  

 

4. Sezgisel olarak, ipin uyguladēĵē yukarēya doĵru kuvvet daĵcēnēn aĵērlēĵēndan b¿y¿k olursa 

(daĵcēnēn harekete baĸladēĵē andaki gibi) daĵcē hēzlanarak mē, yavaĸlayarak mē yoksa sabit 

hēzla mē y¿kselir. Kēsaca a­ēklayēnēz. 

 

 

 

 

5. Newtonôun 2. Yasasēnē bu soruya uyguladēĵēnēzda hangi sonucu elde edersiniz?  

 

 

 

 

 

6. Newtonôun 2. Yasasēnē kullanarak bulduĵunuz cevap sezgilerinizle uyum i­erisinde mi? 

 

 

 

 

 

7. Sezgisel olarak, ipin uyguladēĵē yukarēya doĵru kuvvet daĵcēnēn aĵērlēĵēndan k¿­¿k olursa 

­ocuk hēzlanarak mē, yavaĸlayarak mē yoksa sabit hēzla mē y¿kselir. Kēsaca a­ēklayēnēz. 

 

 

 

 

 

8. Newtonôun 2. Yasasēnē bu soruya uyguladēĵēnēzda hangi sonucu elde edersiniz?  

 

 

 

 

9. Newtonôun 2. Yasasēnē kullanarak bulduĵunuz cevap sezgilerinizle uyum i­erisinde mi? 

 

 

 

 

 

10. ķimdi yaptēklarēmēzē birbirleriyle iliĸkilendirelim. Ķpin uyguladēĵē kuvvet yer­ekiminden 

daha b¿y¿k olmayē s¿rd¿rd¿ĵ¿nde daĵcēnēn hēzlanmaya devam etmesi ve ipin uyguladēĵē 

kuvvetin yer­ekiminden daha k¿­¿k olmaya baĸladēĵē zaman daĵcēnēn yavaĸlamasē artēk 

sezgisel olarak anlamlē gelmektedir.  Aynē d¿ĸ¿nce ĸekliyle, ipin uyguladēĵē kuvvet daĵcēnēn 

aĵērlēĵēna eĸit olduĵu zaman (ipin uyguladēĵē kuvvet daĵcēnēn aĵērlēĵēndan daha b¿y¿k 

olmasē ile daha k¿­¿k olmasēnēn ortasēnda olduĵu zaman) daĵcēnēn hēzē hakkēnda ne 

sºylenebilir? 

 

 

 

 

 

11. Cevabēnēz Newtonôun 2. Yasasē ile uyum i­erisinde mi? 
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12. Aĸaĵēdaki arētma diyagramē ¿zerinde grup olarak ­alēĸēnēz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a) Yukarēdaki iki arētēlmēĸ sezgisel bilgiden hangisini (belki farkēnda 

olmadan) sayfa 8 deki 4. soruyu cevaplarken kullandēnēz? 

 

 

 

b) Yukarēdaki arētēlmēĸ sezgisel bilgiden hangisi Newtonôun 2. Yasasē ile uyum 

i­erisinde dir? 

 

c) Yukarēdaki iki arētēlmēĸ sezgisel bilgiden hangisini (belki farkēnda olmadan) 
sayfa 7 deki 1. soruyu cevaplarken kullandēnēz? 

 

 

 

13. (Grup olarak ­alēĸēnēz). Etkinliĵin 7. sayfasēndaki 2. soruda Newtonôun 2. Yasasēnē 

kullanarak sabit hēzlē harekete ipin uyguladēĵē kuvvetin daĵcēnēn aĵērlēĵēna eĸit olduĵunu 

gºrd¿k.  O soruda zaten cevabē bulduĵumuz halde 2. sorudan sonraki yaptēklarēmēzēn amacē 

ne olabilir? 

 

 

 

 

 

 

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

 

1. (Grup olarak ­alēĸēnēz). Etkinlik 3 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda 

tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. Grup 

olarak tartēĸtēktan sonra her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

 

 

 

 

 

 

2. (Bireysel ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel olarak 

verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda fark var mē? 

Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini Uygulayēn).  

 

 

? 
? 

Hareket i­in kuvvet 

gereklidir . 

Net bir kuvvet bir cismin 

hareketini (hĔzĔnĔ) devam 

ettirmek  i­in gereklidir. 

Net bir kuvvet bir 

cismin hareketini 

(hĔzĔnĔ) baĺlatmak ya da 

deķiĺtirmek i­in 

gereklidir.   

 

 

Ham sezgi  

 

ArĔtĔlmĔĺ 

Sezgiler  
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   Adē ve Soyadē: 

Sēnēf: 

 

ETKĶNLĶK 4 

 

I.  Neleri Biliyoruz Gºsterelim 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki sorular hakkēnda d¿ĸ¿ncelerinizi ve neden o ĸekilde 

d¿ĸ¿nd¿ĵ¿n¿z¿ yazēnēz. 

 

1. Havada d¿ĸme hareketi yapan bir topa etki eden havanēn diren­ kuvvetinin b¿y¿kl¿ĵ¿ nelere 
baĵlēdēr? 

 

 

2. Bir paraĸ¿t­¿ bir u­aktan atladēktan sonra havada gittik­e hēzlanērken, ivmesi artar mē, azalēr 
mē, yoksa sabit midir?   

 

 

 

3. Bir paraĸ¿t­¿ havada limit hēzla (sabit hēzla) d¿ĸerken paraĸ¿t­¿n¿n aĵērlēĵē yukarēya doĵru 
etki eden havanēn diren­ kuvvetinden b¿y¿k m¿, k¿­¿k m¿ yoksa eĸit midir?  

 

 

4. B¿y¿k bir binanēn tepesinden aynē anda serbest bērakēlan aynē b¿y¿kl¿kteki iki tenis topu 

aynē anda yere ­arpar. Eĵer bu toplardan birinin i­i demir par­alarē ile doldurulursa hangisi 

daha ­abuk yere d¿ĸer? Neden? Toplardan hangisi daha fazla diren­ kuvvetinin etkisinde 

kalēr? 

 

 

5. Aynē b¿y¿kl¿kte paraĸ¿tlerle aynē y¿kseklikten atlayan iki paraĸ¿t­¿den biri diĵerinden daha 

aĵērdēr. Paraĸ¿t­¿lerin limit hēzlarēnēn b¿y¿kl¿klerini karĸēlaĸtērēnēz. 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK 

VERDĶĴĶNĶZ CEVAPLARI DEĴĶķTĶRMEYĶNĶZ. 

 

II. ķaĸkēn Kutup Ayēsē 

 

ķimdi bir kutup ayēsēnēn u­aktan atladēktan sonraki hareketini gºsteren bir video 

izleyeceksiniz. Ķzlerken kutup ayēsēnēn nasēl bir hareket yaptēĵēna dikkat ediniz.  

 

III. Araĸtēralēm 

 

A. I. Bºl¿mde 2. soruya verdiĵiniz cevabē deneysel yolla test ediniz. 

Gerekli Malzemeler: 

 Bilgisayar 

 Arabirim 

 Hareket Detektºr¿ 

 Hareket programē 

 Pasta Kalēbē (6 adet) 

V L06A1-1 (Falling Ball) deney dosyasēnē a­ēnēz. 

V Bir pasta kalēbēnē aĸaĵēdaki ĸekilde gºr¿ld¿ĵ¿ gibi hareket detektºr¿n¿n altēnda serbest 
bērakēnēz. 
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a. Pasta kalēbēnēn ivmesi nasēl deĵiĸiyor. Bu tahminlerinizle aynē mē? Eĵer farklē ise bu 
farklēlēĵēn nedeni nedir? 

 

 

b. Pasta kalēbēnēn hēzēnēn sabit olduĵu yerde ivmesi nasēldēr? Bu sabit hēz ne olarak adlandērēlēr? 

 

 

c. Newtonôun 2. Yasasēnē pasta kalēbēnēn limit hēzla d¿ĸt¿ĵ¿ harekete uygularsak pasta kalēbēna 
etki eden kuvvetlerin (aĸaĵēya doĵru aĵērlēĵē ile yukarēya doĵru havanēn diren­ kuvveti) 

b¿y¿kl¿kleri hakkēnda ne sºylenebilir?  

 

d. Yukarēda verdiĵiniz cevap I. Bºl¿mdeki 3. soruya verdiĵiniz cevapla uyum i­erisinde midir? 

 

 

 Sēnēf Tartēĸmasē  

 

B. ķimdi I. Bºl¿mdeki 5. soruya verdiĵiniz cevabē test ediniz. Tahminlerinizi test etmek i­in 

aynē b¿y¿kl¿kteki biri diĵerinden daha aĵēr olan iki pasta kalēbēnē kullanēnēz.   

V Pasta kalēplarēnēn sayēsēnē artērarak k¿tleyi artērēnēz. 

V L06A1-1 (Falling Ball) deney dosyasēnē a­ēnēz. 

V Daha ºnceki etkinlikteki gibi hafif pasta kalēbēnē serbest bērakēnēz. (Pasta kalēbēnē 

bērakērken, kalēbēn hareket detektºr¿ne uzaklēĵēna dikkat ediniz, ­¿nk¿ aynē uzaklēĵē aĵēr 

pasta kalēbē i­inde kullanacaksēnēz.) 

V  Oluĸan ivme-zaman ve hēz-zaman grafiklerini arka plana atmak i­in deney men¿s¿ 

altēndaki ñen son uygulamayē saklaò se­eneĵini se­iniz.  

V Benzer ĸekilde aĵēr olan pasta kalēbēnē bērakēnēz.  

1. Oluĸan hēz-zaman ve ivme-zaman grafiklerini arka plana attēĵēnēz diĵer grafiklerle 

karĸēlaĸtērēnēz. Hangi pasta kalēbē daha b¿y¿k limit hēza sahiptir? 

 

 

 Sēnēf tartēĸmasē 

 

 

VII. Kendimizi Deĵerlendirelim 

 

3. (Grup olarak ­alēĸēnēz). Etkinlik 4 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda 

tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. 

Grup olarak tartēĸtēktan sonra her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

 

 

4. (Bireysel olarak ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel 

olarak verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda 

fark var mē? Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini 

Uygulayēn).  
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Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 5 

 

I.  Neleri Biliyoruz Gºsterelim 

A. (Bireysel ­alēĸēnēz).  

1. Aĸaĵēdaki tabloda birinci satērda verilen ºrnek cevaptan yararlanarak diĵer satērlardaki 
ilgili yerleri doldurunuz.   

Hareketin Tanēmē Konum-zaman 

Grafiĵi 

Hēz-zaman Grafiĵi Ķvme-zaman Grafiĵi 

Araba orijinden sabit 

hēzla uzaklaĸēyor. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Araba orijinden d¿zg¿n 

yavaĸlayarak 

uzaklaĸēyor. 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Araba orijine doĵru 

d¿zg¿n hēzlanarak 

yaklaĸēyor.  
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Araba orijine doĵru 

d¿zg¿n yavaĸlayarak 

yaklaĸēyor. 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

Araba ºnce orijinden 

d¿zg¿n yavaĸlayarak 

uzaklaĸēyor, daha sonra 

bir anlēk durup, tekrar 

orijine doĵru d¿zg¿n 

hēzlanarak yaklaĸēyor. 

 

 

 

 

   

 

 

 

2. Aĸaĵēda yolda y¿r¿yen bir adamēn konum zaman grafiĵi verilmiĸtir. Adam hangi zaman 
aralēĵēnda daha hēzlē y¿r¿m¿ĸt¿r? Neden? 

 
 

 

 

3. Hēz-zaman grafiĵini kullanarak ivmeyi nasēl buluruz?  

 

 

 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. 

GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK VERDĶĴĶNĶZ CEVAPLARI 

DEĴĶķTĶRMEYĶNĶZ. 
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III. Araĸtēralēm 

 

Bu bºl¿mde d¿z bir rampa ¿zerinde hareket eden arabanēn hareketini gºzlemleyerek, 

konum-zaman, hēz-zaman ve ivme-zaman grafikleri ¿zerinde ­alēĸacaksēnēz.  

Malzemeler: 

 Bilgisayar 

 Hareket Detektºr¿ 

 Arabirim 

 Hareket programē 

 Hareketli araba 

 Rampa 

 Makara 

 K¿tleler (5g, 10g, 50gr, é) 

A. Araba hēzlanēyor mu yoksa sabit hēzla mē ilerliyor? 

V Hareket detektºr¿, araba, rampa, makara ve k¿tlelerden oluĸan d¿zeneĵi ĸekilde 

gºr¿ld¿ĵ¿ gibi kurunuz.  

 
 

 

1. (Bireysel ­alēĸēnēz). Arabayē durgun halden serbest bēraktēktan sonra arabanēn yaptēĵē 

hareketin konum-zaman, hēz-zaman ve ivme-zaman grafiklerinin nasēl olacaĵēnē aĸaĵēdaki 

eksenlere kesikli ­izgi ile ­iziniz. 

 
 

2. (Grup olarak ­alēĸēnēz). Gruptaki arkadaĸlarēnēzla yukarēdaki soruyu tartēĸtēktan sonra 

grubun ortak cevabēnē kesiksiz ­izgi ile yukarēdaki eksenlere ­iziniz.  

 

Tahminlerinizi Test Ediniz 

V L02A1-1(Speeding Up) deney dosyasēnē a­ēnēz. 

3. Hareket detektºr¿nden tēk sesi duyduktan sonra arabayē durgun halden serbest bērakēnēz. 

(Elinizin hareket detektºr¿ ile araba arasēnda kalmamasēna dikkat ediniz. D¿zg¿n grafik 

elde edinceye kadar denemelerinize devam ediniz.) 

 

 

4. Oluĸturduĵunuz konum-zaman, hēz-zaman ve ivme-zaman grafiklerini aĸaĵēdaki eksenlere 

­iziniz.  
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5. Konum-zaman grafiĵinin birka­ noktasēnēn eĵimini bulunuz. Bulduĵunuz eĵim deĵerleri 

neye karĸēlēk gelir? (Eĵimi ara­ ­ubuĵundaki ñTeĵet ()ò komutunu kullanarak bulunuz.) 

 

 

 

 

 

 

6. Hēz-zaman grafiĵinin altēnda kalan alanēn hesaplayēnēz. Bulduĵunuz deĵer neye karĸēlēk 

gelir?        (Alanē ara­ ­ubuĵundaki ñĶntegral ()ò komutunu kullanarak bulunuz.) 

 

 

 

 

 

7. Hēz-zaman grafiĵinin hangi ºzelliĵi arabanēn hēzlandēĵēnē gºsterir? 

 

 

 

 

8. Hēz-zaman grafiĵinin eĵimi neyi verir? 

 

 

 

9. Arabanēn hēzlandēĵē s¿re boyunca ivme pozitif mi yoksa negatif midir?  Ķvmenin bu iĸareti 

ile arabanēn hēzēndaki deĵiĸiklik arasēnda bir iliĸki var mēdēr?  

 

 

 

10. Arabanēn hēzēndaki artēĸ sabit midir yoksa baĸka t¿rl¿ m¿d¿r? 

 

 

 

11. Araba hēzlandēĵē zaman ivme nasēl deĵiĸir? Bu deĵiĸim hēz-zaman grafiĵinden ­ēkardēĵēnēz 

deĵiĸimle uyuĸuyor mu? 

 

 

12. Ķvme-zaman grafiĵinin altēnda kalan alanē hesaplayēnēz. Bulduĵunuz deĵer neye karĸēlēk 

gelir? 

 

 

 

 

 Sēnēf Tartēĸmasē 

 

Hatalarēmēzē Anlayalēm 

3. (Bireysel ­alēĸēnēz).  Eĵer bireysel olarak yaptēĵēnēz tahminle deney sonu­larē farklēysa hata 

yakalama stratejisini kullanarak bu farklēlēĵēn nedenini bulmaya ­alēĸēnēz. (Hata yakalama 

stratejisinin nasēl uygulandēĵēnē ºnceki etkinliklerden hatērlayēnēz.) 
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B. Arabanēn hareket doĵrultusuna zēt bir kuvvet uygulanērsa ne olur?  

 

V Hareket detektºr¿, makara,  rampa ve k¿tlelerden oluĸan aĸaĵēdaki d¿zeneĵi kurunuz.  

 

 

 

  

 

 

 

1. (Bireysel ­alēĸēnēz). Araba hareket detektºr¿nden uzaklaĸacak ĸekilde ani bir kuvvetle 

itildikten sonra makaraya baĵlē k¿tleler serbest bērakēlērsa arabanēn ivmesi pozitif mi, negatif 

mi yoksa sēfēr mē olur? Neden?  

 

 

 

 

 

 

2. (Bireysel ­alēĸēnēz). Arabanēn hareketinin hēz-zaman ve ivme- zaman grafiklerini tahmin 

ederek aĸaĵēda verilen hēz ve ivme eksenlerine kesikli ­izgi olarak ­iziniz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. (Grup olarak ­alēĸēnēz). Gruptaki arkadaĸlarēnēzla tartēĸtēktan sonra grubun ortak cevabēnē 

kesiksiz ­izgi ile yukarēdaki eksenlere ­iziniz.  

 

 

Tahminlerinizi Test Ediniz 

V L04A1-1(Slowing Down Again) deney dosyasēnē a­ēnēz. 

V Hareket detektºr¿n¿n yºn¿n¿ ters ­eviriniz. 

V Arabayē hareket detektºr¿ne doĵru ani bir itme ile itiniz. Elinizin hareket detektºr¿ ile 

araba arasēnda kalmamasēna dikkat ediniz, arabanēn rampadan d¿ĸmemesi i­in 

rampanēn sonuna gelmeden durdurunuz. D¿zg¿n sonu­lar alēncaya kadar deneyi 

tekrarlayēnēz. 

 

 

 

 

 

 

 

 

 

 

 

 

Hareket  

Detektºr¿ 

H
Ĕ
z 

Zaman 

ĸ
v
m
e

 

Zaman 
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4. Oluĸan hēz-zaman ve ivme-zaman grafiklerini ­iziniz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. (Grup olarak ­alēĸēnēz). Grafikleriniz ¿zerinde 

a) Arabayē elinizin itmeye baĸladēĵēnēz noktayē A ile 

b) Elinizin itmeyi bēraktēĵēn noktayē B ile 

c) Makaraya baĵlē k¿tlerden kaynaklanan kuvvetin arabaya etkidiĵi bºlgeyi C ile 

d) Arabanēn hareketinin sona erdiĵi noktayē D ile gºsterecek ĸekilde grafikler ¿zerinde 
iĸaretleyiniz.  

6. (Grup olarak ­alēĸēnēz). Hēz-zaman grafiĵini kullanarak ivmenin iĸareti hakkēnda ne 

sºyleyebilirsiniz? 

 

 

7. (Grup olarak ­alēĸēnēz). Ķvmenin bu iĸarette olmasēnēn arabanēn hareketiyle nasēl bir iliĸkisi 

vardēr? 

 

 

 

 Sēnēf Tartēĸmasē 

 

 

Hatalarēmēzē Anlayalēm 

1. (Bireysel ­alēĸēnēz).  Eĵer bireysel olarak yaptēĵēnēz tahminler (1. ve 2. sorular i­in) deney 

sonu­lardan farklēysa hata yakalama stratejisini kullanarak bu farklēlēĵēn nedenini bulmaya 

­alēĸēnēz. (Hata yakalama stratejisinin nasēl uygulandēĵēnē ºnceki etkinliklerden 

hatērlayēnēz.) 

 

IV. ¥ĵrendiklerimizi Pekiĸtirelim 

 

Grup olarak aĸaĵēdaki sorularē 

cevaplayēnēz. 

 

 

Aliô nin teneff¿ste, koridorda yaptēĵē 

hareketin hēz-zaman grafiĵi yanda verilmiĸtir. Bu 

grafiĵi kullanarak aĸaĵēdaki 1 -5 sorularēna cevap 

veriniz. Saĵ yºn¿ pozitif alēnēz. 

 

 

 

1. t=1s de Aliônin konumu hakkēnda aĸaĵēdakilerden hangisi sºylenebilir? 

A) Konum kesinlikle pozitiftir.      B) Konum kesinlikle negatiftir.       C) Konum 

kesinlikle sēfērdēr. 

D) Verilen bilgiden konumun pozitif, negatif ya da sēfēr olduĵu yorumunu ­ēkaramayēz.  

Cevabēnēzē a­ēklayēnēz. 

 

 

H
Ĕ
z 

Zaman 

ĸ
v
m
e

 

Zaman 
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2. Aliônin t=3 s deki ivmesi nedir?  

A) 0 m/s
2
 

B) +4 m/s
2
 

C) -4 m/s
2
 

D) +6 m/s
2
 

E)  -6 m/s
2
 

 

3. Aliônin t=0 ve t=3 s zaman aralēĵēnda yaptēĵē yerdeĵiĸtirme ne kadardēr? 

A) Yerdeĵiĸtirmeyi hesaplamak i­in yeterli bilgi verilmemiĸtir. 

B) 4 m 

C) 6 m 

D) 8 m 

E) 10 m 

 

 

4. Aliônin t=2 ve t=3,5 s zaman aralēĵēndaki ortalama hēzē nedir? 

A) +3 m/s 

B) -6 m/s 

C) -4 m/s 

D) +1.33 m/s 

E)  +1 m/s 

 

5. t=2,5 s Ali nin yaptēĵē hareketi aĸaĵēdakilerden hangisi tanēmlar? 

A) Sabit hēzla saĵa doĵru hareket ediyor. 

B) Azalan hēzla saĵa doĵru hareket ediyor. 

C) Sabit hēzla sola doĵru hareket ediyor. 

D) Azalan hēzla sola doĵru hareket ediyor. 

E) Yukarēdakilerin hi­biri/ yeterli bilgi verilmemiĸtir. 

Cevabēnēzē a­ēklayēnēz 

 

 

 

 

A ve B hareketlileri birbirlerine paralel yollarda 

hareket etmektedir. Hareketlilerin yaptēklarē 

hareketin hēz-zaman grafiĵi yanda verilmiĸtir. 

Aĸaĵēdaki 6. ve 7. sorularē cevaplarken yandaki 

grafiĵi kullanēnēz.  

 

 

6. t=10 s de A hareketlisinin ivmesi nedir? 

 

A) 2 m/s
2
 B) 0 m/s

2
  

C) 0,5 m/s
2 

D) 0,1 m/s
2

 E)Yukarēdakilerin hi­biri 

 

7. Aĸaĵēdaki ifadelerden hangisi doĵrudur?  

A) A ve B hareketlileri t=10 s den ºnce, belli bir zamanda birbirlerini ge­erler (yani aynē 
konumda olurlar). 

B) Ķki hareketli t=10 s aynē konumda olurlar. 

C) Ķki hareketli birbirlerini asla ge­mezler. 

D) Bu soruyu cevaplamak i­in yeterli bilgi verilmemiĸtir. 

 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

5 s 10 s 

t 

1 m/s 

-1 m/s  

v 

0 

A 

B 
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8. Bir hareketlinin konum-zaman grafiĵi ĸekildeki 

gibidir. Hangi zaman aralēklarēnda, bu hareketlinin 

hēzē azalmaktadēr? 

 

 

 

 

 

 

9. ķekildeki ilk hēzē V0= 9 m/s olan bir hareketlinin 

ivme-zaman grafiĵi verilmiĸtir. Bu hareketlinin t= 

4 s sonraki hēzē ka­ m/s olur? 

 

 

 

 

 

 

 

 

 

10. Bir cisim, t= 0 anēnda bulunduĵu yere 2t s¿resi sonunda geri dºn¿yor. Bu cismin hēz-zaman 

grafiĵi aĸaĵēdakilerden hangisi olabilir? 
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11. Ķvme-zaman grafiĵi ĸekildeki gibi olan bir cisim 

i­in aĸaĵēdakilerden hangisi doĵrudur? 

 

A) Cismin  (I) aralēĵēndaki konum deĵiĸimi, (II) 

aralēĵēndakinin iki katēdēr. 

B) Cismin (I) aralēĵēndaki hēz deĵiĸimi, (II) 

aralēĵēndakinin iki katēdēr. 

C) Cisim (III) aralēĵēnda hareketsizdir. 

D) Cismin hēzē (II) aralēĵēnda d¿zg¿n olarak 

azalmēĸtēr. 

E) Cisim (I) aralēĵēnda deĵiĸmeyen hēzla hareket etmiĸtir.   

 

 

 

12. Bir cismin hēz-zaman grafiĵi ĸekildeki gibidir. Buradaki 

V0, V ve t bilinenleriyle  

ȹX, cismin konum deĵiĸimi 

a, cismin ivmesi 

F, cisme etki eden kuvvet niceliklerinden hangileri 

bulunabilir?   

 

  

 

13. D¿z bir yolda, v= 20 m/s lik sabit hēzla giden bir 

cisim, ĸekildeki K noktasēna geldiĵi anda, 100 m 

gerisinde duran baĸka bir cisim, sabit ivmeyle aynē 

yºnde harekete baĸlēyor. Ķki cismin, L noktasēna 

aynē anda varabilmesi i­in, arkadakinin ivmesi 

ka­ m/s
2
 olmalēdēr? 

 

 

 

VI. ¥ĵrendiklerimizi Geniĸletelim 

 

A. Tutarlē Olup Olmadēĵēnē Kontrol Etmek 

Bu bºl¿mde yeni bir hata ºnleme stratejisi ºĵreneceĵiz. Bu stratejiyi sadece bu konu i­in 

deĵil diĵer b¿t¿n fizik konularēnē ºĵrenmek i­in kullanabilirsiniz.  

Bir ºĵrenciden bir cismin hareketinin hēz-zaman grafiĵini ­izmesi isteniyor. ¥ĵrenci 

aĸaĵēdaki grafik 1 ­iziyor. Daha sonra aynē hareketin konum-zaman grafiĵini ­iziyor.   

 

  GRAFĶK 1     GRAFĶK 2 

 

 

 

 

 

 

 

 

 

 

1. (Bireysel ­alēĸēnēz). Sizin i­in konum-zaman grafiĵini mi ­izmek daha kolaydēr yoksa hēz-

zaman grafiĵini mi? Cevabēnēzē gruptaki arkadaĸlarēnēzla karĸēlaĸtērēnēz. Cevabēn kiĸiye ºzel 

olduĵunu unutmayēnēz. 

 

 

 

 

2. (Grup olarak ­alēĸēnēz). Yukarēdaki grafikleri ­izen ºĵrenci genel olarak konum-zaman 

grafiklerinde iyi olduĵunu ve % 99 oranēnda ­izdiĵi grafiĵin doĵru olduĵuna d¿ĸ¿n¿yor. 

Konum 

Zaman 

HĔz 

Zaman 
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Buna gºre, ºĵrencinin konum-zaman grafiĵini kullanarak hēz-zaman grafiĵindeki hatasēnē 

kontrol etmesinin bir yolu var mēdēr? Eĵer varsa, d¿ĸ¿ncelerinizi a­ēklayēnēz? (Ķpucu: 

Konum-zaman grafiĵinin hangi ºzelliĵi hēzē gºsterir?) 

 

 

 

 

 

 

 

3. (Grup olarak ­alēĸēnēz). Bir­ok iyi fizik ºĵrencisi onlardan sadece hēz-zaman grafiĵini 

­izmeleri istendiĵi halde, konum-zaman grafiĵini de ­izdiklerini sºylemiĸlerdir. Sizce 

neden iki grafiĵi de ­izme gereĵi duymuĸ olabilirler? 

 

 

 

 Sēnēf tartēĸmasē  

 

B.Eĵik D¿zlem ¦zerinde Hareket 

 

Hareket detektºr¿, araba ve raydan oluĸan 

ĸekildeki sitemi d¿ĸ¿n¿n¿z. Arabaya rayēn alt kēsmēnda, 

ani bir itme kuvveti verilerek yukarēya doĵru hareket 

etmesi saĵlanēyor. Araba rayēn en y¿ksek noktasēna 

­ēkēyor ve tekrar aĸaĵēya doĵru hareket ediyor. Aĸaĵēdaki 

sorular arabanēn ray ¿zerinde ani bir itme verildikten sonraki hareketi ile ilgilidir.  

 

 

I.  Hēz ile ilgili Tahminler 

 

1. (Bireysel ­alēĸēnēz). Arabanēn yaptēĵē 

hareketin hēz-zaman grafiĵini kesikli 

­izgilerle ­iziniz. (Ķpucu: Arabanēn 

hareketini iki kēsēmda d¿ĸ¿n¿n¿z: 

arabanēn yukarēya doĵru hareketi ve 

arabanēn aĸaĵēya doĵru hareketi.) 

 

 

 

 

2. (Grup olarak ­alēĸēnēz). Grupla tartēĸtēktan sonra grubun ortak cevabēnē kesiksiz ­izgi ile 

­iziniz. 

 

 

II.  Ķvme ile ilgili Tahminler 

 

1. (Grup olarak ­alēĸēnēz).  Araba yukarēya doĵru hareket ettik­e ivmesi pozitif mi, negatif mi, 

yoksa sēfēr mēdēr? Cevabēnēzē a­ēklayēnēz.  

 

 

 

2. (Grup olarak ­alēĸēnēz).  Araba rayēn u­ noktasēna ulaĸtēĵē anda ivmesi pozitif mi negatif mi 

yoksa sēfēr mēdēr? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

3. (Grup olarak ­alēĸēnēz). Arabanēn u­ noktaya ulaĸtēktan sonraki aĸaĵēya doĵru hareketini 

d¿ĸ¿n¿n¿z. Ķyi bir fizik ºĵrencisi arabanēn bu hareketinin ivmesinin pozitif  olduĵunu 

d¿ĸ¿nmektedir. ¥ĵrencinin bu ĸekilde d¿ĸ¿nmesinin nedeni ne olabilir? Kēsaca a­ēklayēnēz. 

detektºrǸ 

HĔz 

U­ Nokta 

Zaman 
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4. (Grup olarak ­alēĸēnēz). ķimdi tekrar arabanē u­ noktaya ulaĸtēktan sonra aĸaĵēya doĵru 

hareketini d¿ĸ¿n¿n¿z. Baĸka bir iyi fizik ºĵrencisi arabanēn bu hareketinin ivmesini negatif 

olduĵunu d¿ĸ¿nmektedir. ¥ĵrencinin bu ĸekilde d¿ĸ¿nmesinin nedeni ne olabilir? Kēsaca 

a­ēklayēnēz. 

 

 

 

5. (Grup olarak ­alēĸēnēz). Aĸaĵēdaki grafiklerin birine arabanēn aĸaĵēya doĵru hareketi i­in 

ivme pozitif diyen ºĵrencinin yaptēĵē tahmini, diĵerine de negatif diyen ºĵrencinin tahminini 

­izmeye ­alēĸēnēz.  

 

  Pozitif Ķvme     Negatif Ķvme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.  Tahminlerinizi Test Ediniz.  

V Aĸaĵēdaki deney d¿zeneĵini kurunuz.  

 

 

 

 

 

 

 

 

V Inclined Ramp (L06A1-5) deney dosyasēnē a­ēnēz. (Program bu deneyde hareket detektºr¿ne 

doĵru hareketi pozitif olarak aldēĵēndan yukarēya doĵru hareketi pozitif alēnēz.) 

V Hareket detektºr¿nden tēk sesi duyduktan sonra arabaya elinizle ani bir itme vererek 
arabanēn yukarēya doĵru hareket etmesini saĵlayēnēz. 

 

 

 

 

 

 

1. Oluĸan hēz-zaman ve ivme-zaman grafiklerini aĸaĵēdaki eksenlere ­iziniz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ĸvme 

U­ Nokta 

Zaman 

ĸvme 

U­ Nokta 

Zaman 

Detektºr 

HĔz 

U­ Nokta 

Zaman 

ĸvme 

U­ Nokta 

Zaman 
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Aĸaĵēda bir sonraki adēm i­in anlaĸamayan iki ºĵrencinin aralarēndaki tartēĸma verilmiĸtir.  

 

Tuĵba:  Artēk arabanēn aĸaĵē doĵru hareketinde ivmenin pozitif mi negatif mi olduĵunu ºĵrendik. 

Fizik deneye dayanan bir bilimdir. Doĵru cevabē bildiĵimize gºre artēk devam edebiliriz. 

 

G¿l:       Fakat biz ayrēca ivmenin negatif deĵil de pozitif olacaĵēna dair mantēklē bir d¿ĸ¿nce ile de 

karĸēlaĸtēk. Bence ivmeyi daha iyi anlamak i­in bu d¿ĸ¿nce ĸeklindeki yanlēĸē anlamak 

zorundayēz. 

 

 

1. (Bireysel ­alēĸēnēz). Hangi ºĵrenciye daha ­ok katēlēyorsun. Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

2. (Grup olarak ­alēĸēnēz).Yukarēdaki soruya cevabēnēzē gruptaki diĵer arkadaĸlarēnēzla 

tartēĸēnēz. Sizin d¿ĸ¿ncelerinizden farklē d¿ĸ¿nen arkadaĸēnēzēn d¿ĸ¿ncelerini ºzetleyiniz.  

 

 

 

 

3. (Grup olarak ­alēĸēnēz). Birbirleriyle ­eliĸen iki d¿ĸ¿nceyi d¿ĸ¿n¿n¿z: arabanēn aĸaĵēya 

doĵru hareketinde ivme (1) negatif mi yoksa (2) pozitif mi? Bu iki d¿ĸ¿nceden hangisinin 

doĵru olduĵunu deney yapmadan karar vermek m¿mk¿n m¿d¿r? Yoksa bu durumda tek 

­ºz¿m deney mi yapmaktēr? Cevabēnēzē a­ēlayēnēz.  

 

 

 

 

4. (Grup olarak ­alēĸēnēz).Daha ºnce ºĵrendiĵimiz tutarlē olup olmadēĵēnē kontrol etme 

stratejisinin karar vermede bize yardēmcē olup olmayacaĵēnē hep birlikte gºrelim. Sayfa 12ô 

de tahmin ettiĵiniz hēz-zaman grafiĵine bakēnēz. Tahmin ettiĵiniz hēz-zaman grafiĵi ile ivme 

zaman grafiklerinin (sayfa 13ô teki)  tutarlē olup olmadēĵēnē kontrol ederek, ivmenin pozitif 

mi negatif mi olduĵuna karar verebilir misiniz? 

 

 

5. (Grup olarak ­alēĸēnēz). Biraz ºnce tutarlē olup olmadēĵēnē kontrol etme stratejisinin 

birbirleriyle ­eliĸen d¿ĸ¿nceler arasēnda karar vermede yardēmcē olduĵunu gºrd¿k. Bu 

metodu kullanarak diĵer d¿ĸ¿ncenin neden yanlēĸ olduĵunu bulabilir miyiz? Hēz-zaman ve 

ivme zaman grafikleri arasēndaki iliĸkiyi kullanarak araba aĸaĵēya doĵru hareket ederken 

hēzlandēĵē halde ivmenin neden negatif olduĵunu a­ēklayabilir miyiz? (Ķpucu: arabanēn hēzē 

artēyor mu azalēyor mu?) 
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VII. ¥ĵrendiklerimizi Deĵerlendirelim 

(Grup olarak ­alēĸēnēz). Etkinlik 5 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda tartēĸtēĵēnēz 

sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi birbirinize belirtirken 

neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. Grup olarak tartēĸtēktan sonra 

her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

Hareketin Tanēmē Konum-zaman 

Grafiĵi 

Hēz-zaman Grafiĵi Ķvme-zaman Grafiĵi 

Araba orijinden sabit 

hēzla uzaklaĸēyor. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Araba orijinden d¿zg¿n 

yavaĸlayarak 

uzaklaĸēyor. 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Araba orijine doĵru 

d¿zg¿n hēzlanarak 

yaklaĸēyor.  
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Araba orijine doĵru 

d¿zg¿n yavaĸlayarak 

yaklaĸēyor. 

 

 

 

 

 

 

 

   

 

 

 

Araba ºnce orijinden 

d¿zg¿n yavaĸlayarak 

uzaklaĸēyor, daha sonra 

bir anlēk durup, tekrar 

orijine doĵru d¿zg¿n 

yaklaĸēyor. 

 

 

 

   

 

 

 

 

 

5. (Bireysel olarak ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel 

olarak verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda 

fark var mē? Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini 

Uygulayēnēz).  
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Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 6 

 

I.  Neleri Biliyoruz Gºsterelim 

A. (Bireysel ­alēĸēnēz).  

 

1. Yatay ve eĵik atēĸ hareketlerinde yatay ve d¿ĸey hēz nasēl deĵiĸir. Nedenleriyle birlikte 
a­ēklayēnēz? 

 

 

 

 

 

 

2. Sabit bir hēzla doĵu yºn¿nde hareket eden bir trendeki bir yolcu elindeki topu havaya dik 

olarak atar.  

a) Topun yolcu tarafēndan gºr¿len yºr¿ngesini ­iziniz.  

 

 

 

 

 

 

b) Topun trenin dēĸēnda duran bir gºzlemci tarafēndan gºr¿len yºr¿ngesini ­iziniz. 

 

 

 

 

3. Yatayla belli bir a­ē yapacak ĸekilde 

havalanan topun izlediĵi yol yanda 

verilmiĸtir. 

a) A, B ve C noktalarēnda topun hēzēnēn yºn¿n¿ 

oklarla gºsteriniz.  

b) A, B ve C noktalarēnda topun ivmesinin 
yºn¿n¿ oklarla gºsteriniz.  

 

 

 

 

 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK 

VERDĶĴĶNĶZ CEVAPLARI DEĴĶķTĶRMEYĶNĶZ. 
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III. Araĸtēralēm 

 

A. Yuvarlanan Top 

1. (Bireysel ­alēĸēnēz).Bir masa ¿zerinde yuvarlanan ­elik bir topun masanēn kenarēna geldikten 

sonra nasēl bir yol izleyeceĵini tahmin ediniz. Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

 

 

 

 

2. (Bireysel ­alēĸēnēz).Bir ºnceki sorudaki top daha hēzlē yuvarlanērsa izleyeceĵi yol nasēl olur? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

 

 

 

 

 

 

3. (Grup olarak ­alēĸēnēz). Yukarēdaki iki soruyu grup olarak tartēĸtēktan sonra grubun ortak 

cevabēnē kesikli ­izgilerle ­iziniz.  

 

Tahminlerinizi Test Etme Zamanē 

Eĵik ve yatay atēĸ hareketleri tek boyutlu hareketler olmadēĵēndan, bu hareketlerin konum-zaman, 

hēz-zaman ve ivme zaman grafiklerini hareket detektºr¿ kullanarak elde etmek m¿mk¿n 

olamamaktadēr.. Bu hareketleri incelemenin bir yolu Logger Pro programēnēn video analiz komutunu 

kullanmaktēr.  

 

Aĸaĵēdaki sorular ¿zerinde grup olarak ­alēĸēnēz. 

1. Birinci soruya verdiĵiniz yanētē test etmek i­in a­ men¿s¿n¿ kullanarak videolardan 

ñYuvarlanan Top1ò videosunu a­ēnēz. 

V Video analiz se­eneĵini kullanarak topun d¿ĸt¿kten sonraki hareketini inceleyiniz. 

V Videoyu yavaĸlatēlmēĸ olarak izleyiniz. ñAd pointò se­eneĵini kullanarak topun belli 

aralēklardaki konumlarēnē video ¿zerinde belirleyiniz. 

 

 

2. Top nasēl bir yºr¿nge izledi? Aĸaĵēya ­iziniz. 

 

 

 

 

 

3. Ara­ ­ubuĵundaki ñĶncele ()ò se­eneĵini kullanarak topun yatay hareketinin konum-

zaman grafiĵi ¿zerinde belli noktalarēn konumlarēnē belirleyiniz. Topun x eksenindeki 

yerdeĵiĸtirmesi nasēl deĵiĸmektedir? 
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4. Yerdeĵiĸtirmedeki deĵiĸim yatay eksendeki hēz hakkēnda ne sºyleyebilir? Yatay eksendeki 
hēz artēyor mu azalēyor mu yoksa sabit mi? 

 

 

 

5. Ara­ ­ubuĵundaki ñĶncele ()ò se­eneĵini kullanarak topun d¿ĸey hareketinin konum-

zaman grafiĵi ¿zerinde belli noktalarēn konumlarēnē belirleyiniz. Topun Y eksenindeki 

yerdeĵiĸtirmesi nasēl deĵiĸmektedir? 

 

 

 

 

6. Yerdeĵiĸtirmedeki deĵiĸim d¿ĸey eksendeki hēzē hakkēnda ne sºyleyebilir? Yatay eksendeki 
hēz artēyor mu azalēyor mu yoksa sabit mi? 

 

7. Ķkinci soruya verdiĵiniz yanētē test etmek i­in Ara­ ­ubuĵundaki a­ men¿s¿n¿ kullanarak 
videolardan ñYuvarlanan Top2ò videosunu a­ēnēz. 

V Video analiz se­eneĵini kullanarak topun d¿ĸt¿kten sonraki hareketini inceleyiniz. 

V Videoyu yavaĸlatēlmēĸ olarak izleyiniz. ñAd pointò se­eneĵini kullanarak topun belli 
aralēklardaki konumlarēnē video ¿zerinde belirleyiniz. 

 

8. Top nasēl bir yºr¿nge izledi. Aĸaĵēya ­iziniz. 

 

 

 

 

9. Topun yavaĸ yuvarlanērken ve hēzlē yuvarlanērken izlediĵi yolu karĸēlaĸtērēnēz. Aralarēndaki 

fark nedir? 

 

 

 

 

 

Hatalarēmēzē Anlayalēm 

(Bireysel ­alēĸēnēz). Tahminlerinizle ĸimdiki cevaplarēnēz birbirinden farklē ise hata yakalama 

stratejisini kullanarak baĸlangē­taki d¿ĸ¿ncenizin neden yanlēĸ olduĵunu ve bu d¿ĸ¿nceyi nasēl 

deĵiĸtirdiĵinizi yazēnēz. 

 

1. Tahmin 

 

 

 

 

 

2. Tahmin 

 

 

 

 

 Sēnēf Tartēĸmasē 

 

 

Kabul etme ve Anlama 

 

1. Neden yatay atēĸ hareketlerinde cisimler parabolik bir yºr¿nge izler? 
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IV. ¥ĵrendiklerimizi Pekiĸtirelim 

 

Grup olarak aĸaĵēdaki sorularē cevaplayēnēz. 

 

1. Bir cisim yukarēya doĵru V0 hēzēyla dik olarak atēlēyor. Yer­ekimi ivmesi g olduĵuna gºre 

cismin maksimum y¿ksekliĵe ­ēkmasē i­in gerekli s¿re ne kadardēr?  

 

 

  

2. Bir cisim yatayla belli bir a­ē yapacak ĸekilde V0 hēzēyla ateĸleniyor. Yer­ekimi ivmesi g 

olduĵuna gºre merminin yere d¿ĸme s¿resini hesaplayēnēz. 

 

 

 

3. Bir savaĸ gemisi aynē anda ve aynē hēzla iki bombadan birini yakēndaki A d¿ĸman gemisine 
diĵerini de uzaktaki B d¿ĸman gemisine doĵru ateĸliyor. Bombalar savaĸ gemisinden farklē 

a­ēlarda ayrēlēyorlar ve aĸaĵēdaki ĸekildeki gibi parabolik yollarē takip ediyorlar. Buna gºre, 

hangi d¿ĸman gemisi ºnce vurulur? 

 
a) A  b) B  c) Ķkisi de aynē anda vurulur. 

 

 

4. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) iĸlemsel 

problemlerden ayēran ºzellikleri nelerdir?  

 

 

 

5. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) nasēl ­ºzersiniz?  

 

 

 

 

 Sēnēf Tartēĸmasē 

 

4. U­urumun kenarēnda duran bir kiĸi iki toptan birini yukarēya diĵerini aĸaĵēya aynē hēzla 
fērlatēyor. Hava direncini ihmal edersek, hangi top yere daha b¿y¿k hēzla ­arpar.  

a) Yukarēya atēlan top 

b) Aĸaĵēya atēlan top 

c) Her ikisi de aynē hēzla yere ­arpar. 

5. Bir top yukarēya doĵru dik olarak Vo hēzēyla ateĸleniyor. Hava direncini ihmal ediniz. Topun 

ilk hēzē iki katēna ­ēkarēlērsa topun maksimum y¿ksekliĵe ­ēkma s¿resi  

a) iki katēna ­ēkar,  b) Dºrt katēna ­ēkar 

c) yarēya iner,  d) Yukarēdakilerden hi­biri, 

e) Bu soruya cevap vermek i­in yeterli bilgi verilmemiĸtir.  

 

 

 

 

 

6. Topun ilk hēzē iki katēna ­ēkarēlērsa topun ­ēkacaĵē maksimum y¿kseklik,   

a) iki katēna ­ēkar,  b) Dºrt katēna ­ēkar 

c) yarēya iner,  d) Yukarēdakilerden hi­biri, 

e) Bu soruya cevap vermek i­in yeterli bilgi verilmemiĸtir.  
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 Aĸaĵēdaki sorular bir u­urumun kenarēnda 

yatayla  a­ēsē yapacak ĸekilde v0 ilk hēzēyla 

yukarēya doĵru fērlatēlan tenis topu ile 

ilgilidir. Havanēn diren­ kuvvetini ihmal 

ediniz. 

A Topun fērlatēldēktan hemen sonraki 

konumu  

B Topun ­ēkabileceĵi maksimum 

y¿kseklikteki konumu 

C topun yere ­arpmadan hemen ºnceki 

konumunu gºstermektedir. 

 

7. Hangi nokta da topun ivmesi maksimumdur? 

a) A 

b) B 

c) C 

d) Ķvme her yerde aynēdēr. 

Neden? 

8. Topun B noktasēndaki hēzē aĸaĵēdakilerden hangisidir? 

a)  v0 

b)  v0 cos  

c) v0 sin  

d) tan0v  

 

 

9. Tenis topunun baĸlangē­taki hēzēnēn yatay bileĸeninin yarēya inecek ve d¿ĸey bileĸeninin 

deĵiĸmeyecek ĸekilde deĵiĸtirildiĵini d¿ĸ¿n¿n¿z. Bu durumda tenis topunun yere ­arpma s¿resi 

hakkēnda ne sºylenebilir? 

a) Zaman yarēya iner 

b) Zaman azalēr, ama yarēsēndan dah az azalēr. 

c) Aynē zamanda yere ­arpar. 

d) Ķki katē s¿rede yere ­arpar 

e) Zaman artar ama iki katē s¿reden daha az artar. 

 

Neden?  

 

 

10. t = 0 da bir u­urumun kenarēndan yatay olarak fērlatēlan bir tenis topunun t anēndaki hēzēnēn 

b¿y¿kl¿ĵ¿n¿ veren ifade aĸaĵēdakilerden hangisidir? Havanēn diren­ kuvvetini ihmal ediniz. 

 

a)
ov g t  b)

21
o 2

v t g t  c) 
22

ov gt   

d) 
ov g t  e) Hi­biri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

B

C

v0
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SONRAKĶ ĶKĶ SORUYU CEVAPLARKEN AķAĴIDAKĶ A¢IKLAMAYI VE ķEKLĶ 

KULLANINIZ .  

Bir futbolcu bir topa ĸekilde gºr¿ld¿ĵ¿ gibi vuruyor. Top sola doĵru havalanēyor. 

Hava tarafēndan topa uygulanan kuvvetlerin ihmal edilebilir olduĵunu d¿ĸ¿n¿n¿z.  

11. Aĸaĵēdakilerden hangisi topun ayaktan ­ēkēp yere d¿ĸene kadar olan hareketi 

boyunca topa etki eden kuvvet/kuvvetleri gºsteren serbest cisim diyagramēdēr? 

a)                     b)                       c)                      d)                    e) 

            

12. Futbolcu topa yatayla 30
0
 lik a­ē ve 10 m/s  lik hēz yapacak ĸekilde vuruyor. Buna gºre topun 

maksimum y¿ksekliĵe ­ēkmasē i­in ne kadar s¿re gereklidir (g=10 m/s
2
, Sin30=0,5, Cos30= 0.866) 

   

A) 0,5 s  B) 0,87 s  C) 1 s            D) 1,2 s              E) 2 s  

 

13.Doĵrusal ve yatay bir yolda V hēzēyla ilerleyen bir arabadan, yatayla 

ɗ a­ēsē yapacak doĵrultuda ve yere gºre V0 hēzēyla atēlan top yine 

arabanēn i­ine, atēldēĵē noktaya d¿ĸt¿ĵ¿ne gºre arabanēn V hēzēyla topun 

V0 hēzē arasēnda nasēl bir iliĸki vardēr? (S¿rt¿nmeyi ihmal ediniz.) 

 V= 

a)   v0 

b)   cos0v  

c)   v0 sin  

d)   2v0 

e)  2 cos0v  

14.ķekildeki P noktasēndan eĵik olarak fērlatēlan bir 

cisim, yºr¿ngesi ¿zerindeki L noktasēndan K noktasēna t 

s¿rede gelmiĸtir.  

MK uzaklēĵē ve t zamanē verildiĵine gºre, cisim N,L,K 

noktalarēndaki VN, VL ve VK hēzlarēndan hangileri 

bulunabilir? 

a) Yalnēz VN,  

b) Yalnēz VL  

c) Yalnēz VK 

d) VL ve VK 

e) VN, VL ve VK 

 

15.Kuvvetli esen r¿zg©ra raĵmen, bir tenis oyuncusu raketiyle tenis topuna vuruyor ve top aĵēn 

¿zerinden ge­erek rakibin sahasēna d¿ĸ¿yor. Aĸaĵēdaki kuvvetleri dikkate alēnēz: 

1. Aĸaĵē doĵru yer ­ekimi kuvveti. 

2. "Vurmayla" oluĸan kuvvet. 

3. Hava tarafēndan uygulanan kuvvet. 

Yukarēdaki kuvvetlerden hangisi(hangileri) tenis topunun raketle temasēnē kaybettikten sonra 

ve yere deĵmeden ºnce tenis topu ¿zerine etki etmektedir? 

a) Yalnēz 1  b) 1 ve 2  c) 1 ve 3  d) 2 ve 3  e) 1, 2 ve 3 
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VI. ¥ĵrendiklerimizi Geniĸletelim 

 

1) (Bireysel ­alēĸēnēz). Elinizde tenis topu ile okulun koridorunda koĸtuĵunuzu d¿ĸ¿n¿n¿z. 

Yerde ilerde duran bir hedefe topu isabet ettirmek istiyorsunuz. Buna gºre topun hedefe 

­arpmasē i­in topu hedeften ºnce mi, sonra mē, yoksa hedefe vardēĵēnēzda mē d¿ĸ¿r¿rs¿n¿z? 

Neden? (Dikkat: topu fērlatmēyorsunuz, d¿ĸ¿r¿yorsunuz.) 

 

 
 

2) (Grup olarak ­alēĸēnēz). Grup olarak yukarēdaki soruyu tartēĸēnēz. Grubun cevabēnē nedenleri 

ile birlikte yazēnēz. 

 

 

 

Tahminlerinizi Test Etme Zamanē 

Koridora ge­erek tahminlerinizi test edeniz. Ķlk olarak tahmin ettiĵiniz konumda topu d¿ĸ¿r¿n¿z, 

daha sonra diĵer iki konumlarē deneyiniz. 

3) Her ¿­ durum i­inde topun d¿ĸt¿ĵ¿ konumu gºzlemleyiniz. Gºzlemlerinizi yazēnēz. 

 

 

 

Hatalarēmēzē Anlayalēm 

4) (Bireysel ­alēĸēnēz).  Deney sonu­larē tahminlerinizle uyuĸmuyorsa hata yakalama stratejisini 

kullanarak bu farklēlēĵēn nedenini a­ēklayēnēz. Yani baĸlangē­taki d¿ĸ¿ncenizin neden yanlēĸ 

olduĵunu ve bu d¿ĸ¿nceyi nasēl deĵiĸtirdiĵinizi yazēnēz. 

 

 

 

 

 

5) Peki, yanlēĸlarēnēzēn doĵru olduĵu durumlar olabilir mi? Grup olarak tahminleri yanlēĸ olan 
arkadaĸlarēnēzēn, tahminlerinin doĵru olduĵu durumlarē belirleyiniz. (G¿nl¿k yaĸamdaki 

deneyimlerinizden yararlanēnēz.) 

 

 

 

 

VI. ¥ĵrendiklerimizi Deĵerlendirelim 

 

6. (Grup olarak ­alēĸēnēz). Etkinlik 6 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda 

tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. 

Grup olarak tartēĸtēktan sonra her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

 

 

 

7. (Bireysel olarak ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel 

olarak verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda 

fark var mē? Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini 

Uygulayēnēz).  
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Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 7 

 

I.  Neleri Biliyoruz Gºsterelim 

 

A. Aĸaĵēdaki sorularē bireysel olarak cevaplayēnēz. Cevaplarēnēzē a­ēklamayē unutmayēnēz. 

 

1. (Bireysel ­alēĸēnēz). Bir bilardo oyununda oyuncu bilardo masasēnēn ortasēnda duran topa 

kendi topuyla vuruyor. ¢arpēĸma anēnda oluĸan kuvvetler hakkēnda ne sºylenebilir? Bu 

kuvvetlerin b¿y¿kl¿klerini karĸēlaĸtērēnēz. Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

2. (Bireysel ­alēĸēnēz). Ķki bilardo oyuncusu bilardo masasēnēn yanēnda karĸēlēklē durarak 

toplarēna aynē kuvvetle vuruyorlar. Toplar masanēn ortasēnda ­arpēĸēyorlar. ¢arpēĸma anēnda 

oluĸan kuvvetler hakkēnda ne sºylenebilir? Bu kuvvetlerin b¿y¿kl¿klerini karĸēlaĸtērēnēz. 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

 

3. (Bireysel ­alēĸēnēz). Bir sivrisinek otoyolda ­ok hēzlē giden bir otob¿s¿n ºn camēna ­arpēyor. 

¢arpēĸma anēnda sineĵin uyguladēĵē kuvvet otob¿s¿n uyguladēĵē kuvvetten b¿y¿k, k¿­¿k 

yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

4. (Bireysel ­alēĸēnēz). Murat bayram tatilinde memleketine giderken yolda otomobili bozulur.  

Hemen tamircisini arar ve tamirci gelinceye kadar arabayē yolun kenarēna itmek ister. Neyse 

ki arabasē k¿­¿k bir araba olduĵundan tek baĸēna arabayē ittirebileceĵini d¿ĸ¿n¿r. 

a) Murat ilk denemesinde arabayē hareket ettiremiyor. Bu durumda Muratôēn uyguladēĵē 
kuvvet arabanēn Muratôa uyguladēĵē kuvvetten b¿y¿k, k¿­¿k yoksa eĸit midir? 

Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

 

b) Murat uyguladēĵē kuvveti biraz daha artērdēktan sonra araba sabit hēzla hareket etmeye 
baĸlēyor. Bu durumda Muratôēn uyguladēĵē kuvvet arabanēn Muratôa uyguladēĵē 

kuvvetten b¿y¿k, k¿­¿k yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

c) Murat arkadan bir arabanēn geldiĵini gºr¿nce kuvveti daha da artērēyor ve araba 
hēzlanarak hareket etmeye baĸlēyor. Bu durumda Muratôēn uyguladēĵē kuvvet arabanēn 

Muratôa uyguladēĵē kuvvetten b¿y¿k, k¿­¿k yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz. 

 

 

 

C. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK 

VERDĶĴĶNĶZ CEVAPLARI DEĴĶķTĶRMEYĶNĶZ. 
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III. Araĸtēralēm 

 

Gerekli Malzemeler: 

 Bilgisayar 

 Arabirim 

 Hareket Detektºr¿ 

 Kuvvet Sensºr¿ (2 adet) 

 Hareket programē 

 30 cm ip 

 

A. Tahmin Yapma Zamanē 

 

Halat ¢ekme Oyunu 

1. (Grup olarak ­alēĸēnēz). Hemen hemen aynē kilo ve boyda olan iki sporcunun halat ­ekme 

oyunu oynadēĵēnē d¿ĸ¿n¿n¿z.  Her iki sporcu da b¿t¿n g¿c¿yle halatē ­ekiyor.  Her ikisi de 

herhangi bir yºne hareket etmiyor yani hareketsizler.  Bu durum aĸaĵēdaki ĸekilde 

verilmiĸtir.  

  

 

 

 

 

 

 

 

 

Buna gºre aĸaĵēdakilerden hangisi doĵrudur. Neden? 

a) A sporcusu B sporcusundan daha fazla kuvvet uygular. 

b) Her iki sporcu birbirlerine aynē kuvveti uygular. 

c) A sporcusu B sporcusundan daha az kuvvet uygular. 

 

 

 

2. (Grup olarak ­alēĸēnēz). ķimdi biri diĵerinden daha zayēf olan iki sporcunun halat ­ekme 

oyunu oynadēĵēnē d¿ĸ¿n¿n¿z.  Her iki sporcu da b¿t¿n g¿c¿yle halatē ­ekiyor. Her ikisi de 

herhangi bir yºne hareket etmiyor yani hareketsizler. (A sporcusu B sporcusundan daha 

aĵērdēr.) Buna gºre aĸaĵēdakilerden hangisi doĵrudur. Neden? 

a) A sporcusu B sporcusundan daha fazla kuvvet uygular. 

b) Her iki sporcu birbirlerine aynē kuvveti uygular. 

c) A sporcusu B sporcusundan daha az kuvvet uygular. 

 

 

 

 

3. (Grup olarak ­alēĸēnēz). ķimdi biri diĵerinden daha zayēf olan iki sporcunun halat ­ekme 

oyunu oynadēĵēnē ve hafif olan sporcunun (B sporcusu) bir kaykay ¿zerinde olduĵunu 

d¿ĸ¿n¿n¿z. Aĵēr olan sporcunun (A sporcusu) hafif olan sporcuyu kendisine doĵru hareket 

edecek kadar kuvvetle ­ektiĵine gºre aĸaĵēdakilerden hangisi doĵrudur. Neden? 

a) A sporcusu B sporcusundan daha fazla kuvvet uygular. 

b) Her iki sporcu birbirlerine aynē kuvveti uygular. 

c) A sporcusu B sporcusundan daha az kuvvet uygular. 

 

 

 

 

 

 

 

 

B A 
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B. Tahminleri Test Etme Zamanē 

1. (Grup olarak ­alēĸēnēz). Birinci soruya verdiĵiniz cevabē test ediniz. 

¥nemli 

· Deneye baĸlamadan ºnce kuvvet sºnsºrleri kalibre ediniz.  

·   Kalibre etmek i­in DENEY men¿s¿ altēndaki ñkalibre etò i se­iniz. KN1: Dual Range 

Force óu se­in. ñKalibre etò tuĸuna tēklayēnēz. 

·  Ķlk sensºr ¿zerindeki kuvvetleri kaldērēn ve kancasē aĸaĵē gelecek ĸekilde dik tutunuz. Deĵer 

1 alanēna ñ0ò (sēfēr) girin ve Deĵer 1 i­in gºr¿nen yazē sabit hale geldiĵinde ñsaklaò tuĸuna 

tēklayēnēz. 

·   Sensºre 1 kg k¿tle asēnēz. Bu 9,8 N boyutunda bir kuvvet uygular. Deĵer 2 alanēna ñ9,8ò 

girin ve Deĵer 2 i­in gºr¿nen yazē sabit hale geldiĵinde ñsaklaò tuĸuna tēklayēnēz. 

· Ķlk kuvvet sensºr¿n¿n kalibresini tamamlamak i­in ñsonò tuĸunu tēklayēnēz.  

· 2. Ķkinci sensºr¿de benzer ĸekilde kalibre ediniz. 

 

V Tug-of-War (L07A2-1) deney dosyasēnē a­ēnēz. 

V Halat ­ekme oyununda kuvvetlerin yºnleri ters olduĵundan kuvvet sensºrlerinden 
birinin yºn¿n¿ ters ­eviriniz. 

V Kuvvet sensºrlerini sēfērlayēnēz. 

V Ķple ­evresi 30 cm olan bir halka yapēn. Kuvvet sensºrlerinin kancalarēnē bu halkaya 
ge­iriniz. 

V Bir kuvvet sensºr¿n¿ bir kiĸi tutarken diĵerini gruptaki farklē bir kiĸi tutsun. (Bu iki 

kiĸinin yanē kiloda ve b¿y¿kl¿kte kiĸiler olmasēna dikkat ediniz.) 

V Topla tuĸuna bastēktan sonra kuvvet sºnsºrelerini tutan kiĸiler sensºrleri kendilerine 

doĵru ­eksin. 

 

 

1. Oluĸan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin b¿y¿kl¿klerini 

karĸēlaĸtērēnēz. 

 

 

 

 

 

 

Hatalarēmēzē Anlayalēm 
(Bireysel ­alēĸēnēz).  Tahminlerinizle ĸimdiki cevaplarēnēz birbirinden farklē ise hata yakalama 

stratejisini kullanarak baĸlangē­taki d¿ĸ¿ncenizin neden yanlēĸ olduĵunu ve bu d¿ĸ¿nceyi nasēl 

deĵiĸtirdiĵinizi yazēnēz. 

2. ķimdi 2. Soru i­in yaptēĵēnēz tahmini test ediniz. 

V Tug-of-War (L07A2-1) deney dosyasēnē a­ēnēz. 

V Halat ­ekme oyununda kuvvetlerin yºnleri ters olduĵundan kuvvet sensºrlerinden 

birinin yºn¿n¿ ters ­eviriniz. 

V Kuvvet sensºrlerini sēfērlayēnēz. 

V Ķple ­evresi 30 cm olan bir halka yapēnēz. Kuvvet sensºrlerinin kancalarēnē bu halkaya 
ge­iriniz. 

V Bir kuvvet sensºr¿n¿ bir kiĸi tutarken diĵerini gruptaki farklē bir kiĸi tutsun. (Bu iki 

kiĸinin farklē iki kiloda ve b¿y¿kl¿kte kiĸiler olmasēna dikkat ediniz.) 

V Topla tuĸuna bastēktan sonra kuvvet sºnsºrelerini tutan kiĸiler sensºrleri kendilerine 

doĵru ­eksin. 

 

3. Oluĸan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin b¿y¿kl¿klerini 

karĸēlaĸtērēnēz. 
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Hatalarēmēzē Anlayalēm 
(Bireysel ­alēĸēnēz). Tahminlerinizle ĸimdiki cevaplarēnēz birbirinden farklē ise hata yakalama 

stratejisini kullanarak baĸlangē­taki d¿ĸ¿ncenizin neden yanlēĸ olduĵunu ve bu d¿ĸ¿nceyi nasēl 

deĵiĸtirdiĵinizi yazēnēz. 

 

 

 

 

 

 

4. ķimdi 3. Soruya yaptēĵēnēz tahmini test ediniz. 

 

V Tug-of-War (L07A2-1) deney dosyasēnē a­ēnēz. 

V Halat ­ekme oyununda kuvvetlerin yºnleri ters olduĵundan kuvvet sensºrlerinden 
birinin yºn¿n¿ ters ­eviriniz. 

V Kuvvet sensºrlerini sēfērlayēnēz. 

V Bu deneyde bir kiĸi tekerlikli sandalye otururken diĵeri ayakta duracak. 

V Topla tuĸuna bastēktan sonra ayakta duran kiĸi, tekerlikli sandalyedeki kiĸiyi kendisine 

doĵru hareket edecek ĸekilde ­eksin. 

5. Oluĸan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin b¿y¿kl¿klerini 

karĸēlaĸtērēnēz. 

 

 

 

 

Hatalarēmēzē Anlayalēm 
(Bireysel ­alēĸēnēz). Tahminlerinizle ĸimdiki cevaplarēnēz birbirinden farklē ise hata yakalama 

stratejisini kullanarak baĸlangē­taki d¿ĸ¿ncenizin neden yanlēĸ olduĵunu ve bu d¿ĸ¿nceyi nasēl 

deĵiĸtirdiĵinizi yazēnēz. 

 

 Sēnēf Tartēĸmasē  

 

V. ¥ĵrendiklerimizi Geniĸletelim 

 

A.  B¿y¿k, K¿­¿k yoksa Eĸit mi? 

1. (Bireysel ­alēĸēnēz). B¿y¿k bir otob¿s,  park halindeki i­inde insan bulunmayan bir 

otomobile ­arpēyor. Sezgisel olarak otomobilin otob¿se uyguladēĵē kuvvet, otob¿s¿n 

otomobile uyguladēĵē kuvvetten b¿y¿k, k¿­¿k yoksa eĸit midir? Cevabēnēzē a­ēklayēnēz 

 

 

 

 

Bir­ok ºĵrenci yukarēdaki soruya aĸaĵēdaki ĸekilde cevap vermiĸlerdir.  

Sezgisel olarak ­arpēĸma anēnda otomobil daha ­ok etkilenir. Bunun i­in araba daha ­ok kuvvet 

hisseder yani otob¿s daha fazla kuvvet uygular. Baĸka bir ifade ile hafif cisimler daha ­ok etkilenir 

sezgisini ºne s¿rm¿ĸlerdir.  

 

2. (Grup olarak ­alēĸēnēz).  1. Soruya verdiĵiniz yanēt yukarēdaki yanētla benzer mi, yoksa farklē 

mē, a­ēklayēnēz. 

 

 

 

3. (Grup olarak ­alēĸēnēz). ķimdi 1. Soruya verdiĵinizin yanētē test etmek i­in aĸaĵēdaki deney 

d¿zeneĵini kurunuz. Arabalardan birini daha aĵēr yapmak i­in i­ine k¿tleler yerleĸtiriniz. 
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4. (Grup olarak ­alēĸēnēz). Arabalarēn birbirine uyguladēklarē kuvvetleri karĸēlaĸtērēnēz.  

 

 

  

5. (Grup olarak ­alēĸēnēz).  Sezgilerimizle fizik ­eliĸtiĵi zaman ne yapēyorduk? 

 

 

 

 

B. Sezgisel bilgilerimiz ve Newtonôun 3. Yasasē 

 

1. (Grup olarak ­alēĸēnēz). ¢arpēĸan otomobil ve otob¿s sorusuna tekrar dºnelim. Otob¿s¿n 

2000 kg otomobilin 1000 kg olduĵunu d¿ĸ¿n¿n¿z. Otob¿s¿n hēzē ­arpēĸma anēnda 5 m/s 

azaldēĵēna gºre sezgisel olarak ­arpēĸma anēnda otomobilin hēzē ne kadar artar? (Otomobil 

­arpēĸma anēnda daha ­ok etkilenir sezgisel bilgisini bu soruya uygulamaya ­alēĸēnēz ve 

otob¿s¿n 2 kat daha aĵēr olduĵunu unutmayēnēz.) 

2. (Grup olarak ­alēĸēnēz). ¢arpēĸma anēnda otomobille otob¿s¿n birbirleriyle 0,5 s temas 

halinde kaldēklarēnē d¿ĸ¿n¿n¿z. Buna gºre, 

a) Otob¿s¿n ­arpēĸma anēndaki ivmesi ne kadardēr? 

 

 

 

b) Otomobilli ­arpēĸma anēndaki ivmesi ne kadardēr? (1. Soruda bulduĵunuz hēz deĵerini 

kullanēnēz.) 

 

 

 

3. Newtonôun ikinci yasasēnē kullanarak;  

a) Otob¿s¿n ­arpēĸma anēnda hissettiĵi kuvveti bulunuz? 

 

 

 

b) Otomobilin ­arpēĸma anēnda hissettiĵi kuvveti bulunuz? 

 

 

 

4. (Grup olarak ­alēĸēnēz). Otomobil daha ­ok etkilenir sezgisel bilgisini kullanarak otomobilin 

ne kadar hēz kazandēĵēnē tahmin ettikten sonra bu hēz deĵerini kullanarak otomobilin 

­arpēĸma anēndaki ivmesini ve hissettiĵi kuvveti buldunuz. Bu deĵer Newtonôun 3. Yasasē ile 

uyum i­erisinde midir?  Uyum i­erisinde olup olmadēĵēnē nerden anlarsēnēz? 

 

 

 

5. (Grup olarak ­alēĸēnēz).Otomobil daha ­ok etkilenir sezgisel bilgisinin otomobilin daha fazla 

hēz deĵiĸimine (yani daha fazla ivme kazandēĵē)  uĵradēĵē anlamēna geldiĵi gºrd¿k. Her iki 

ara­ da aynē kuvveti hissettiklerine raĵmen neden otomobil daha fazla ivme kazanēr?  
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6. Aĸaĵēdaki arētma diyagramē ¿zerinde grup olarak ­alēĸēnēz.  

 

 

7. (Bireysel ­alēĸēnēz). Sayfa 5ô deki birinci soruya cevap verirken yukarēdaki arētēlmēĸ sezgiden 

hangisini kullandēnēz? 

 

 

 

 

6. (Bireysel ­alēĸēnēz). Sayfa 6ô daki 1. soruya cevap verirken yukarēdaki arētēlmēĸ sezgiden 

hangisini kullandēnēz?  

 

 

 

 

 

 

C. Ķ­erde veya Dēĸarēda olmak ¢ok ķey Deĵiĸtirir mi? 

1.(Grup olarak ­alēĸēnēz). Yaĵmurlu bir g¿nde arabanēzēn ak¿s¿ bitti ve arabanēn ak¿s¿n¿ 

tekrar baĸlatmak i­in arabayē hareket ettirmek yani itmek zorundasēnēz. Arabanēn 

i­indeyken arabanēn ºn camēnē b¿t¿n g¿c¿n¿zle itmenize raĵmen neden arabayē hareket 

ettiremiyorsunuz? A­ēklayēnēz.   

 

 

 

 

 

AķAĴIDAKĶ ķEKĶL VE A¢IKLAMAYI 2 -11 SORULARI Ķ¢ĶN KULLANINIZ. 

 

 

Bir ­ocuk i­i dolu olan A ve B 

kutularēnē, kutular ile zemin arasēndaki 

s¿rt¿nmenin, kutularēn altēndaki 

silindirler yardēmēyla yok edildiĵi bir 

zemin ¿zerinde ĸekildeki gibi itiyor. A 

kutusu 75 kg iken B kutusu 25 kg dēr.  

¢ocuk A kutusuna 200 N luk yatay bir 

kuvvet uyguluyor.  

 

2.(Grup olarak ­alēĸēnēz). Ķĸlem yapmadan sezgisel olarak A kutusunun ivmesi B kutusundan 

b¿y¿k, k¿­¿k yoksa eĸit mi dir. Cevabēnēzē a­ēklayēnēz. 

 

 

 

 

3.(Grup olarak ­alēĸēnēz). ķimdi herhangi bir metodu kullanarak bloklarēn ivmelerini 

hesaplayēnēz.  

 

Hafif cisimler daha 

­ok etkilenir.  

 

Hafif cisimler daha ­ok 

kuvvet hisseder.  

Hafif cisimler daha ­ok 

ivme kazanĔr (hĔz deķiĺimi). 

Ham sezgi  

 

ArĔtĔlmĔĺ sezgiler 

 

 

 A 

75 kg 
 B 

25 kg 
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4.(Grup olarak ­alēĸēnēz). Birden fazla cisimden oluĸan sistem problemlerine iki ĸekilde 

yaklaĸēlēr (I) Cisimleri tek bir cisim olarak ele almak; (II) Cisimleri ayrē ayrē ele almak. 

Yukarēdaki soruda ivmeyi bulurken hangi yaklaĸēmē kullandēnēz?  

 

 

5.(Grup olarak ­alēĸēnēz). Sistem sorularēnda sistemi oluĸturan cisimlerin ivmelerini bulurken 

kuvvet diyagramē ­izmenin yararē olur mu?  A­ēklayēnēz. 

 

 

 

6.(Grup olarak ­alēĸēnēz). B kutusunda ­ok iyi paketlenmemiĸ cam tabaklar vardēr. Bu tabaklar 

uygulanan kuvvet 200 N a yaklaĸtēĵē zaman kērēlēyor. ¢ocuĵun,  A kutusunu 200 N luk 

kuvvetle ittiĵini hatērlayēnēz. Bu kuvvet B kutusuna aktarēlēr mē? Yani kutunun i­indeki 

camlar kērēlēr mē? Hesap yapmayēnēz, sadece mantēĵēnēzē kullanarak sezgilerinizle cevap 

veriniz. Cevabēnēzē a­ēklayēnēz.  

 

7.ķimdi hesap yapmadan sezgisel olarak B kutusunun 200 N kuvveti hissedip hissetmediĵi 

bulabileceĵimiz bir yol ¿zerinde duralēm. Ķlk olarak, her iki kutu i­in ayrē kuvvet 

diyagramlarē ­iziniz.  

 

 

 

 

 

 

 

 

 

 

 

 

8.ķimdi yukarēda ­izdiĵiniz diyagramlarē kullanarak, sonu­lar oyunu oynayēnēz. Sonu­lar 

oyunu doĵruluĵundan emin olunmayan bir d¿ĸ¿ncenin doĵruluĵunu test etmek i­in 

kullanēlan bir stratejidir. Se­ilen d¿ĸ¿ncenin doĵru olmasē durumunda doĵuracaĵē 

sonu­lara odaklanērēz. X doĵru ise, Y nin olmasē gerekir. Bazen Y diĵer fizik bilgileriyle 

­eliĸir bu durumda X den vazge­eriz, Bazē durumlarda ise Y diĵer fizik bilgileriyle uyum 

i­erisinde olur ve X in doĵruluĵundan daha ­ok emin oluruz. 

ķimdi ge­ici olarak A kutusuna uygulanan 200 N luk kuvvetin aynen B kutusuna iletildiĵini 

kabul ediniz. Bu kabulleniĸin doĵuracaĵē sonu­larē d¿ĸ¿n¿n¿z.  

  

a) Eĵer FBA (Bô ye A tarafēndan uygulanan kuvvet)  =200 N olduĵu doĵru ise, FAB  (A ya B 

tarafēndan uygulanan kuvvet) = ? 
 

 

b) Eĵer FBA =200 N olduĵu doĵru ise, A kutusuna etki eden net kuvvet ne kadardēr? 

 

 

c) Kabulleniĸin doĵuracaĵē sonuca dayanarak, FBA =200 N olduĵu yani A kutusuna 

­ocuĵun uyguladēĵē kuvvetin B kutusuna aktarēldēĵē d¿ĸ¿ncesini kabul m¿ yoksa ret mi 

edersiniz? 

 

 

 

9.(Grup olarak ­alēĸēnēz). Bu soruda kuvvet diyagramē ­izmek iĸinizi kolaylaĸtēr mē yoksa 

kuvvet diyagramē ­izmek sadece sizin hangi kuvvetleri bildiĵinizi ºĵretmenlerinize 

gºstermenin bir yolumu dur? 

 

 

 

10. (Grup olarak ­alēĸēnēz). A kutusunun B kutusuna uyguladēĵē FBA bulunuz.  

A kutusuna etki eden kuvvetler B kutusuna etki eden kuvvetler 

 



 

273 

 

11. Birden fazla cisimden oluĸan sistem problemlerine iki ĸekilde yaklaĸēlēr (I) Cisimleri tek 
bir cisim olarak d¿ĸ¿nmek;(II) Cisimleri ayrē ayrē d¿ĸ¿nmek. Yukarēdaki soruda kuvveti 

bulurken hangi yaklaĸēmē kullandēnēz?  

 

 

 

 

12. Eĵer portakalē bir sistem olarak kabul edersek 
elmanēn portakala uyguladēĵē kuvvet bir i­ 

kuvvet yoksa dēĸ kuvvet midir?(S¿rt¿nme 

kuvvetini ihmal ediniz).Bu kuvvetin sitemin 

ivmelenmesi ¿zerinde etkisi nedir? 

 

 

 

 

13. Eĵer portakal ile elmayē bir sitem olarak 

d¿ĸ¿n¿rsek elmanēn portakala uyguladēĵē kuvvet 

bir i­ kuvvet yoksa dēĸ kuvvet midir? 

?(S¿rt¿nme kuvvetini ihmal ediniz).Bu kuvvetin 

sitemin ivmelenmesi ¿zerinde etkisi nedir? 

 

 

 

 

 

 

14. (Grup olarak ­alēĸēnēz). ķimdi sayfa 8 deki 1.  soruyu tekrar tartēĸēnēz.   

 

 

¥ĵrendiklerimizi Pekiĸtirelim 

 

Aĸaĵēdaki sorularē grup olarak tartēĸēnēz. 

1. Masa ¿zerinde duran bir kitaba etki eden kuvvetler yer­ekimi ve masanēn uyguladēĵē normal 
kuvvettir. Bu kuvvetler Newtonôun 3. Yasasēna gºre etki- tepki ­iftleridir ve birbirlerine eĸit 

ve zēt yºnl¿d¿r. 

Yukarēdaki ifadeye katēlēyor musunuz? Cevabēnēzē a­ēklayēnēz.  

 

 

 

 

 

2. A arabasē serbest bērakēldēktan sonra ipin A arabasēna uyguladēĵē gerilme kuvveti ile B 
cisminin aĵērlēĵēnē karĸēlaĸtērēnēz. T¿m s¿rt¿nmeleri ihmal ediniz. 

 

 

 

 

 

 

mA

mB
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3. M1 ve M2 k¿tleli iki blok bir ip yardēmēyla birbirlerine baĵlanēyor. Bloklar T1 gerilme 

kuvveti ile saĵa doĵru ­ekiliyorlar. M2 > M1 olduĵuna gºre iplerde oluĸan T1 ve T2 

gerilmelerini karĸēlaĸtērēnēz. T¿m s¿rt¿nmeler ihmal ediniz. 

 

  

M1 M2 
T2 T1 

 
 

 

 

 

 

4. Bir ipin ucuna baĵlē bir ­elik top sabit bir hēzla aĸaĵēya doĵru indirilmektedir. Ķpte oluĸan 
gerilme ile topun aĵērlēĵēnē karĸēlaĸtērēnēz.  Cevabēnēzē a­ēklayēnēz. Havanēn diren­ kuvvetini 

ihmal ediniz.  

 

 

 

 

 

 

 

 

 

 

 

 

5. Aynē top aĸaĵēya doĵru d¿z¿n yavaĸlayarak indirilirse ipte oluĸan gerilme ile topun aĵērlēĵēnē 
karĸēlaĸtērēnēz. Cevabēnēzē a­ēklayēnēz. Havanēn diren­ kuvvetini ihmal ediniz.  

 

 

 

 

 

6. Aynē top aĸaĵēya doĵru d¿z¿n d¿zg¿n hēzlanarak indirilirse Ķpte oluĸan gerilme ile topun 

aĵērlēĵēnē karĸēlaĸtērēnēz.  Havanēn diren­ kuvvetini ihmal ediniz.  

 

 

 

 

 

 

 

 

7. Bir ip yardēmēyla birbirine baĵlanan A ve B bloklarē bir dēĸ kuvvetle saĵa doĵru sabit bir 
kuvvetle ­ekilmektedir. mA< mB dir. Bloklara etki eden kuvvetler ĸekil ¿zerinde 

gºsterilmiĸtir. Aĸaĵēdaki ifadelerden hangisi Newtonô un 3. Yasasēnē kullandēĵēmēzda doĵru 

bir ifadedir.  

 
NA 

mAg 

FFA 

mA 

NB 

mBg 

FFB 

mB 
Fext 

FAB FBA 

 
 

a) Newtonôun 3. Yasasēna gºre her bir blok i­in Normal kuvvet bloklarēn aĵērlēklarēna eĸittir.  

{ŀōƛǘ ƘƤȊƭŀ 
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b) Newtonôun 3. Yasasēna gºre FAB = FBA dir. 

c) Newtonôun 3. Yasasēna gºre FBA ipte oluĸan gerilme kuvvetine eĸit ve zēt yºnl¿d¿r.  

d) Yukarēdakilerin hepsi. 

 

 

 

8. M ve m k¿tleli iki blok s¿rt¿nmesiz 
bir y¿zey boyunca yatay bir F 

kuvveti ile itilmektedir.  

 

 

   

a) K¿­¿k bloĵun b¿y¿k bloĵa 

uyguladēĵē kuvvet F, M ve m 

cinsinden neye eĸittir.  

 

 

 

 

 

b) B¿y¿k blok ¿zerine etki eden net kuvvet F, M ve m cinsinden neye eĸittir.  

 

 

 

 

 

 

c) K¿­¿k blok ¿zerine etki eden net kuvvet F, M ve m cinsinden neye eĸittir. 

 

 

 

 

9. S¿rt¿nmesiz yatay bir d¿zlemde, ĸekildeki gibi 

birbirine dokunacak bi­imde konmuĸ 4 kg 

k¿tleli X k¿p¿ ile 5 kg k¿tleli Y k¿p¿ 18 N luk 

yatay kuvvetle itiliyor. Her iki k¿pe etki eden 

net kuvveti hesaplayēnēz. 

 

 

 

 

VI. ¥ĵrendiklerimizi Deĵerlendirelim 

8. (Grup olarak ­alēĸēnēz). Etkinlik 7 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda 

tartēĸtēĵēnēz sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi 

birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. 

Grup olarak tartēĸtēktan sonra her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

 

 

 

 

 

9. (Bireysel olarak ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel 

olarak verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda 

fark var mē? Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini 

Uygulayēnēz).  

 

 

 

 

F 
M 

m 



 

276 

Adē ve Soyadē: 

Sēnēf: 

ETKĶNLĶK 8 

 

I.  Neleri Biliyoruz Gºsterelim 

 

A. (Bireysel ­alēĸēnēz). Aĸaĵēdaki sorularē bireysel olarak cevaplayēnēz. Cevaplarēnēzē a­ēklamayē 

unutmayēnēz. 

 

 

1. Aĸaĵēdaki durumlarēn hangisinde bir otob¿s¿n i­indeki yolcularēn eylemsizliĵinden 

bahsedilebilir? Cevabēnēzē a­ēklayēnēz.  

a) Duran bir otob¿s¿n i­inde bulunan yolcularēn   

 

Neden? 

 

b) Sabit hēzla ilerleyen bir otob¿s¿n i­inde bulunan yolcularēn 

 

Neden? 

 

c) Ķvmeli hareket yapan (hēzēnda deĵiĸmelerin olduĵu) bir otob¿s¿n i­inde bulunan yolcularēn 

 

Neden? 

 

2. Otob¿s, kamyon gibi motorlu ara­larēn eylemsizliĵinden bahsedilebilir mi? Cevabēnēzē 
a­ēklayēnēz. 

 

 

 

3. Aynē k¿tleli iki toptan biri 10 m/s sabit hēzla gidiyor,  diĵeri 20 m/s sabit hēzla gidiyor. Bu 

toplarēn eylemsizliklerinden bahsedilebilir mi? Bahsedilirse, eylemsizliklerinin b¿y¿l¿klerini 

karĸēlaĸtērēnēz. 

 

 

 

 

4. Aynē k¿tleli iki toptan biri 4 m/s 2
 ivmeyle gidiyor,  diĵeri 8 m/s

2 
ivmeyle gidiyor. Bu 

toplarēn eylemsizliklerinden bahsedilebilir mi? Bahsedilirse, eylemsizliklerinin b¿y¿l¿klerini 

karĸēlaĸtērēnēz 

 

B. (Grup olarak ­alēĸēnēz). Yukarēdaki sorularē tartēĸēnēz. Her bir soru hakkēndaki 

d¿ĸ¿ncelerinizi birbirinize belirtirken neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki 

arkadaĸlarēnēza a­ēklayēnēz. GRUPLA TARTIķTIKTAN SONRA BĶREYSEL OLARAK 

VERDĶĴĶNĶZ CEVAPLARI DEĴĶķTĶRMEYĶNĶZ. 

 

 

III. Araĸtēralēm 

1. (Grup olarak ­alēĸēnēz). Piĸmiĸ ve piĸmemiĸ iki yumurtayē birbirinden nasēl ayērt edersiniz?  

 

 

 

2. (Grup olarak ­alēĸēnēz). Size verilen yumurtalarē ayrē ayrē masalarēnēzēn ¿zerinde ­eviriniz ve 

dºnen yumurtalara hafif­e kēsa s¿reli dokunup bērakarak yumurtalarēn durmalarēnē 

saĵlayēnēz. Gºzlemlerinizi kaydediniz? 
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3. (Grup olarak ­alēĸēnēz). Gºzlemlerinize dayanarak sizce hangi yumurta piĸmemiĸ olabilir? 

Neden bir yumurta dºnmezken diĵeri dºnmeye devam etti  (Ķpucu: Yumurtalarēn yapēsal 

farklēlēklarēna dikkat ediniz.) 

 

 

4. (Grup olarak ­alēĸēnēz). Yumurtalar dºnerken ivmelimi yoksa sabit hēzla mē hareket ediyor? 

 

 Sēnēf Tartēĸmasē 

 

 

IV. ¥ĵrendiklerimizi Pekiĸtirelim 

 

Aĸaĵēdaki durumlarē grup olarak tartēĸēnēz. 

 

1. Elin uyguladēĵē kuvvet bardaĵēn ¿zerindeki kartonu ivmelendirirken 
neden para bardaĵēn i­ine d¿ĸer? 

 

 

 

2. ¢ekicin aĸaĵē doĵru hareket ettirip aniden durmak neden ­ekiĸi 

sēkēĸmasēnē saĵlar?  

 

 

 

 

VI.¥ĵrendiklerimizi Geniĸletelim 

 

1. (Grup olarak ­alēĸēnēz). Aynē b¿y¿kl¿kte iki tane kutu bir masanēn ¿zerinde durmaktadēr. Bu 

kutulardan biri kum ile doldurulurken diĵeri pamuk ile doldurulmuĸtur. Bu kutularē 

kaldērmadan hangisinde pamuk hangisinde kum olduĵunu nasēl belirlersiniz?  A­ēklayēnēz. 

 

 

 

2. (Grup olarak ­alēĸēnēz). Bir belediye otob¿s¿ kērmēzē ēĸēĵēn yandēĵēnē son anda fark edip, 

frene basēyor. Otob¿s¿n i­inde ayakta duran ĸiĸman ve zayēf iki yolcudan hangisi daha fazla 

ºne doĵru hareket eder neden? 

 

 

3. (Grup olarak ­alēĸēnēz). Bir arkadaĸēnēz eylemsizliĵi ñcismin hareket durumunu deĵiĸtirmeye 

­alēĸan kuvvete karĸē gºsterilen ve cismin var olan durumunu korumaya ­alēĸan kuvvetò 

olarak tanēmlēyor.   Arkadaĸēnēza katēlēyor musunuz? A­ēklayēnēz. 

 

 

4. (Grup olarak ­alēĸēnēz). Emniyet kemerini takmak neden ºnemlidir? 

 

5. (Grup olarak ­alēĸēnēz). Virajē dºnen bir arabanēn i­inde olduĵunuzu d¿ĸ¿n¿n¿z. Araba virajē 

dºnerken neden virajēn dēĸēna doĵru savrulursunuz? 

 

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

1.(Grup olarak ­alēĸēnēz). Etkinlik 8 baĸlarken ñNeleri Biliyoruz Gºsterelimò kēsmēnda tartēĸtēĵēnēz 

sorularē tekrar kendi aranēzda tartēĸēnēz. Her bir soru hakkēndaki d¿ĸ¿ncelerinizi birbirinize belirtirken 

neden o ĸekilde d¿ĸ¿nd¿ĵ¿n¿z¿ gruptaki arkadaĸlarēnēza a­ēklayēnēz. Grup olarak tartēĸtēktan sonra 

her bir soru i­in grubun ortak d¿ĸ¿ncelerini yazēnēz. 

 

 

 

2.(Bireysel olarak ­alēĸēnēz). Neleri Biliyoruz Gºsterelim kēsmēnda bu sorulara bireysel olarak 

verdiĵiniz yanētlarla ĸimdi grup olarak tartēĸtēktan sonra verdiĵiniz cevaplar arasēnda fark var mē? 

Varsa bu farklēĵēn nedenini belirtiniz?  (Ķpucu: Hata Yakalama Stratejisini Uygulayēnēz).  
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APPENDIX K  

 

 

THE GENERAL TEACHER GUIDE  

 

 

 

¦STBĶLĶķSEL VE EPĶSTEMOLOJĶK OLARAK ZENGĶNLEķTĶRĶLMĶķ 7E ¥ĴRENME 

D¥NG¦S¦ MODELĶ UYGULAMA REHBERĶ 

 

Bu ­alēĸmanēn amacē ¿st-biliĸsel ve epistemolojik olarak zenginleĸtirilmiĸ 7E ºĵrenme dºng¿s¿ 

modeline dayalē geliĸtirilen ºĵretimin 10. sēnēf ºĵrencilerinin kuvvet ve hareket ¿nitesindeki 

baĸarēsēna ve epistemolojik geliĸmelerine etkisini araĸtērmaktēr.  

¦st-biliĸsel ve epistemolojik olarak zenginleĸtirilmiĸ 7E ºĵrenme dºng¿s¿ modeline dayalē ºĵretim, 

7E ºĵrenme dºng¿s¿n¿n 7 basamaĵēna ¿st-biliĸsel ve epistemolojik aktivitelerin yedirilmesi sonucu 

oluĸmaktadēr. Aĸaĵēdaki tabloda bu birleĸim ºzetlenmiĸtir. 

7E ¥ĵrenme ¢evrimi ¦st-Biliĸsel Aktiviteler Epistemolojik Aktiviteler  

¥nbilgileri ortaya ­ēkarma: Grup Tartēĸmasē 

Kavram Haritasē 

G¿nl¿k Yazēmē 

G¿nl¿k Yazēmē 

Girme   

Keĸfetme ¦st-biliĸsel yºnlendirmeler   

A­ēklama ¦st-biliĸsel yºnlendirmeli Sēnēf 

Tartēĸmasē  

 

Derinleĸtirme ¦st-biliĸsel yºnlendirmeler 

Sēnēf Tartēĸmasē 

Epistemolojik Stratejiler 

Sēnēf Tartēĸmasē 

Uzatma ¦st-biliĸsel yºnlendirmeler 

Sēnēf Tartēĸmasē 

Epistemolojik Stratejiler 

Sēnēf Tartēĸmasē 

Deĵerlendirme Kavram Haritasē 

¦st-biliĸsel yºnlendirmeler 

G¿nl¿k Yazēmē 

G¿nl¿k Yazēmē 

 

7E ¥ĴRENME D¥NG¦S¦ MODELĶ 

Bu ºĵretim metodu 7 basamaktan oluĸmaktadēr.   

¥nbilgilerin ortaya ­ēkarēlmasē basamaĵēnda ºĵrencilerin konu hakkēndaki ºnceki bilgileri ve 

tecr¿beleri ­eĸitli yºntemler kullanēlarak ortaya ­ēkarēlēr.  

Girme basamaĵēnda ºĵrencilerin konuya karĸē merak duymalarēnē ve konu hakkēnda zihinlerinde 

sorular oluĸturmayē saĵlayacak aktivitelere yer verilir.   

¥ĵrenme dºng¿s¿n¿n keĸfetme basamaĵē ºĵrencilere gºzlemlemek, bilgileri kayēt etmek, 

deĵiĸkenleri belirlemek, deneyleri planlamak, grafik yaratmak, sonu­larē yorumlamak, hipotez 

geliĸtirmek ve sonu­larēnē d¿zenlemek i­in fērsat saĵlar.  

A­ēklama basamaĵēnda ise ºĵrenciler bir ºnceki basamaktaki araĸtērdēklarē olaylara, sonu­lara 

a­ēklamalar getirirler. 

Derinleĸtirme aĸamasēnda ºĵrenciler ºĵrenmiĸ olduĵu bilgileri benzer durumlara uygularlar. Bu 

aĸamada ºĵrenciler benzer sorular ve hipotezler ¿retip benzer deneyler yapabilirler. ¥ĵrenme 

dºng¿s¿n¿n bu evresinde ºĵrencilere ­ºzebilecekleri sayēsal problemlerde sunulabilir. 

Yayma basamaĵēnda ise ºĵrencilerin ºĵrendikleri bilgileri daha farklē durumlara uygulamalarē 

beklenir. 

Deĵerlendirme basamaĵē hem s¿re­ hem de ¿r¿n deĵerlendirmesini kapsamaktadēr. ¦r¿n 

deĵerlendirme i­in ºĵrencilerden yaptēklarē deneylerin sonu­larēnē yorumlamalarē istenebilir, testler 

uygulanabilir. S¿re­ deĵerlendirme ºĵrenme dºng¿s¿n¿n belli bir basamaĵē ile sēnērlandērēlmamēĸtēr.  

¥ĵrenme dºng¿s¿ sadece bir yºnl¿ olmadēĵēndan, ºĵrencilerle etkileĸimin olduĵu t¿m basamaklarda 

s¿re­ deĵerlendirilebilir.  
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¦STBĶLĶķ 

 

¦st-biliĸ basit anlamda d¿ĸ¿nme hakkēnda d¿ĸ¿nme olarak tanēmlanabilir.  ¥ĵrencinin kendi 

ºĵrenmesini ilgilendiren her t¿rl¿ etkenin farkēnda olmasē ve ºĵrenmesi ¿zerinde bir kontrole sahip 

olmasē olarak da tanēmlanabilir.  

¦st-biliĸsel olarak iyi bir durumda olan bir ºĵrenci: 

 ¥ĵrenen olarak kendisini iyi tanēyan, analiz eden, 

 ¥ĵrenilecek aktivitenin (yeni ºĵrenilecek konu, ºdev, deney..) nasēl ­alēĸēlacaĵēnē, hangi 

stratejilerin konu i­in uygun olduĵu, konun zor mu kolay mē olduĵunu farkēnda olan, 

 Aktiviteye baĸlamadan ºnce plan yapan, ama­lar belirleyen 

 ¥ĵrenme s¿recinde ºĵrenip ºĵrenmediĵini kontrol eden, 

 ¥ĵrenme sonrasēnda kendini deĵerlendiren,  ama­larēna ulaĸēp ulaĸmadēĵēnē kontrol eden, 

karĸēlaĸtēĵē zorluklarēn, yaptēĵē hatalarēn farkēnda olan ºĵrencileridir.  

Bu ­alēĸmada, ºĵrencilerin ¿st-biliĸsel olarak aktif olmalarē i­in ¿st-biliĸsel yºnlendirmeler 

kullanarak bu becerileri alēĸkanlēk haline getirmeleri ama­lanmaktadēr. 

Kullanēlan Belli Baĸlē ¦st-Biliĸsel Aktiviteler 

 ¦st-Biliĸsel Okuma ¥devleri  

Bu aktivitede ºĵrencilere okuma ºdevleri verilecek ve okumalarēnē okuduklarēnē anlayēp 

anlamadēklarēnē kontrol etmelerine ve ºnceki bilgi ve tecr¿beleriyle iliĸkilendirmelerine yardēm 

edecek ¿st-biliĸsel yºnlendirmelerle yapmalarē istenecektir. 

¥rneĵin, 

1. Size verilen okuma ºdevini dikkatlice okuyunuz. Ardēndan kendinize konuyu anlayēp 
anlamadēĵēnēzē kontrol eden sorular sorun. 

Bu sorulardan birka­ēnē yazēnēz. 

2. Eĵer kendinize sorduĵunuz soruyu cevaplayamēyorsanēz, sorunuza cevap bulmak i­in 

ilgili yerleri tekrar okuyunuz. 

3. Okuduklarēnēzla g¿nl¿k yaĸamēnēzda kullandēĵēnēz bilgi ve deneyimlerinizle ­eliĸen 
bilgilerle oldu mu? ¥rnek veriniz? 

 G¿nl¿k Yazēmē: 

¥ĵrencilerden kendi ºĵrenmeleri ve ilgili konu hakkēndaki bilgi ve tecr¿beleri ¿zerinde 

d¿ĸ¿nmeleri i­in g¿nl¿kler yazmalarē istenecektir. G¿nl¿kleri yazarken kullanēlacak ¿st-biliĸsel 

yºnlendirmeler ºĵrencilere konuya baĸlamadan ve konu bitiminden sonra verilecek.  

Konuya baĸlamadan ºnce verilecek baĸlēca yºnlendirmeler: 

Konu hakkēnda neleri biliyorum? 

Konu hakkēnda neleri ºĵrenmek istiyorum? 

Konuya ­alēĸmadan ºnce plan yaptēm mē? 

Konuya nasēl ­alēĸacaĵēm? 

Konuya bitiminde verilecek baĸlēca yºnlendirmeler: 

Konu hakkēnda neleri ºĵrendim? 

Ama­larēma ulaĸtēm mē? 

Konunun hangi kesimlerinde zorlandēm, neden? 

¢alēĸma yºntemim etkili oldu mu? 

 Sēnēf ve Grup Tartēĸmalarē 

Konu hakkēndaki tartēĸmalar ¿st-biliĸsel yºnlendirmeler kullanēlarak y¿r¿t¿lecek.  

Kullanēlacak bazē ¿st-biliĸsel yºnlendirmeler: 

Bu aktivitede (soru, durum é) nasēl d¿ĸ¿nd¿ĵ¿n¿ bizimle paylaĸēr mēsēn? 

Burada bunumu sºylemek istiyorsun? 

Arkadaĸlarēnla aynē fikirde misin? 

Bu soruya baĸka biri nasēl cevap verebilirdi, ve neden bu ĸekilde d¿ĸ¿nm¿ĸ olabilir? 

Bºyle d¿ĸ¿nmene (yanlēĸ d¿ĸ¿nce) neden olacak ºrnek durumlar verebilir misin? O 

durumlarla incelediĵimiz bu durumlar arasēndaki fark nedir? 

 Kavram Haritalarē 

¥ĵrenme dºng¿s¿n¿n bilgileri ortaya ­ēkarma ve deĵerlendirme basamaĵēnda ºĵrencilerin 

bildiklerinin farkēna varmalarē amacēyla kullanēlacaktēr.  
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EPĶSTEMOLOJĶ 

 

Bilgi kuramē olarak da adlandērēlan epistemoloji bilginin doĵasē ve bilme yollarē hakkēnda 

inanēĸlar olarak tanēmlanēr. Bu ­alēĸmada ºĵrencilerin fizik hakkēndaki epistemolojilerinin 

geliĸtirilmesi i­in epistemolojik aktiviteler uygulanacaktēr.  

Fizik hakkēndaki epistemoloji ¿­e ayrēlēr. 

 Fizik bilgisinin yapēsē hakkēndaki inanēĸlar: Fizik bilgisi (fizik) birbirinden baĵēmsēz 

bilgi par­alarē topluluĵumu yoksa tutarlē tek bir sistem midir? 

 Fiziĵin i­eriĵi hakkēnda inanēĸlar: Fizik form¿llerden mi ibarettir yoksa form¿llere 

temel oluĸturan kavramlardan mē oluĸur. 

 Fizik ºĵrenme hakkēndaki inanēĸlar: Fizik ºĵrenmek dēĸarēdan pasif bir ĸekilde bilgi 

almak mēdēr yoksa g¿ndelik yaĸamda fiziksel olaylarē a­ēklamak i­in kullanēlan 

sezgisel bilgilerin ve deneyimlerin iĸlenerek yeniden d¿zenlenmesi midir? 

Kullanēlacak Belli Baĸlē Epistemolojik Stratejiler 

 Hatalarē Yakalamak 

Hatalarēnēn ve neden hata yaptēĵēnēn farkēnda olmasē i­in kullanēlan stratejidir.  

 Tutarlēk i­in Kontrol Etmek 

Cevaplarēyla sahip olduĵu diĵer fizik bilgileri arasēnda tutarlēlēĵē yakalamak i­in yapēlan stratejidir. 

 

 Sezgisel Bilgilerin Arētēlmasē 

Bu strateji ºĵrencilere fizik ºĵrenmenin g¿nl¿k yaĸamda kullandēklarē bilgi ve tecr¿belerin iĸlenerek 

geliĸtirilmesi olduĵu d¿ĸ¿ncesini geliĸtirmeyi ama­lamaktadēr.  

 Kºpr¿ D¿ĸ¿nceleri Se­mek 

Bu strateji ile ºĵrencilere bazē durumlarda bir olayēn a­ēklamasē i­in farklē d¿ĸ¿ncelerden hangisini 

doĵru kabul edip devam edeceklerine karar vermekte zorlandēklarē zaman, ilerleyebilmek i­in 

d¿ĸ¿ncelerden birini doĵru kabul edip, en azēndan belli bir s¿re i­in, devam etmeleri ºnerilir.  

 Sonu­lar Oyunu Oynamak 

Bu stratejide ºĵrenciler se­tikleri d¿ĸ¿ncenin doĵruluĵunu test etmek i­in sonu­lar oyunu oynarlar. 

¥rneĵin d¿ĸ¿nceyi se­tikten sonra onun doĵuracaĵē sonu­larē d¿ĸ¿n¿rler.  Eĵer X doĵru ise, Y nin 

olmasē gerekir. Bazen Y diĵer fizik bilgileriyle ­eliĸir bu durumda X den vazge­eriz, Bazē durumlarda 

ise Y diĵer fizik bilgileriyle uyum i­erisinde olur ve X in doĵruluĵundan daha ­ok emin oluruz. 
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APPENDIX L  

 

 

THE TEACHER GUIDES FOR ACTIVITY SHEETS  

 

 

 

ETKĶNLĶK 1 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin; 

  

1. Cisim ¿zerine etki eden kuvvetleri tanēmlamasē 

2. Cisim ¿zerine etki eden kuvvetleri etiketlendirmesi ve  

3. Kuvvet diyagramē ­izmesi  

beklenmektedir.  

 

Genel olarak bu aktivite ve diĵer aktivitelerde, ºĵrenciler bireysel-grup tartēĸmasē ve sēnēf 

tartēĸmasē sērasēnē takip ederek ­alēĸacaklardēr. Her sēnēf tartēĸmasēnda, kendisinden ºnceki bireysel ve 

grup ­alēĸmalarēndaki durumlar sēnēf­a tartēĸēlarak ºzetlenecektir.   

 

I.  

Bu bºl¿mde, ºĵrencilerin verilen sorulara dayanarak birbirleriyle tartēĸmasē saĵlanēr. Tartēĸma 

sērasēnda gruplar arasēnda dolaĸēlarak ºĵrenciler yºnlendirilir. 5 dakikalēk s¿re sonrasēnda 5 dakika 

ºĵrencilerin kavram haritalarēnē ­izmeleri saĵlanēr. ¥ĵrencilerin ilk kavram haritasē olduĵu i­in 

kavram haritasēnēn nasēl ­izileceĵi hakkēnda yardēmlarda bulunulabilinir.  

 

II.  

Bu kēsēm ºĵrencilerin derse ilgisini ­ekmek i­in verilmiĸtir. Hēzlēca okumalarē istenir ve 

­evremizde gºrd¿ĵ¿m¿z fiziksel olaylarēn nedenini sorgulamanēn ºnemine vurgu yapēlēr. 

 

III.  

Bu kēsēmda ºĵrencilerin yaptēklarē k¿­¿k deneylerle kuvvet ile hareket arasēnda iliĸki kurmalarē 

beklenir.  

 

IV.  

ñSonu­larē paylaĸalēm kēsmēndaò sēnēf tartēĸmasē yapēlēr. Her bir durum i­in, birka­ gruptan 

verilerini sēnēfla paylaĸmalarē istenir. 

 

¥ĵrencilerin bu tartēĸmada ¿st-biliĸsel olarak aktif olmalarē i­in onlara ¿st-biliĸsel yºnlendirmeler 

yapēlmalēdēr: 

¥rneĵin; 

 Bu aktivitede nasēl d¿ĸ¿nd¿ĵ¿n¿ bizimle paylaĸēr mēsēn? 

 Burada bunu mu sºylemek istiyorsun? (¥ĵrencinin sºyledikleri farklē bir ĸekilde 

ifade edilir) 

 Arkadaĸlarēnla aynē fikirde misin, farklē d¿ĸ¿nen var mē? 

 Tartēĸtēĵēmēz konuda size sezgisel olarak anlamlē ya da doĵru gelmeyen d¿ĸ¿nceler, 

ya da durumlar oldu mu?  

Sezgisel bilgi: Kiĸinin bir olayēn nasēl olacaĵē ya da nasēl olmasē gerektiĵine dair beklentisi 

olarak tanēmlanabilir. ¥rneĵin, aĵēr cisimlerin itmenin daha zor olacaĵēnēn beklentisi bir sezgisel 

bilgidir .  

 Bu soruya baĸka biri nasēl cevap verebilirdi ve neden bu ĸekilde d¿ĸ¿nm¿ĸ olabilir?  

 Bºyle d¿ĸ¿nmene (yanlēĸ d¿ĸ¿nce) neden olacak ºrnek durumlar (g¿ndelik 

yaĸamdan) verebilir misin? O durumlarla incelediĵimiz bu durum arasēndaki fark 

nedir?  

¥nceki iki soru ºĵrencilerin hatalarēnēn farkēna varmalarēna yardēm edecektir.  
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Sēnēf tartēĸmasēnēn ardēndan kuvvet tanēmlanēr. Kuvvetin, her zaman iki cismin etkileĸmesi 

sonucu oluĸtuĵu bunun i­in de kuvvet tanēmlanērken kuvveti uygulayan ve kuvvetin uygulandēĵē 

cismin mutlaka belirtilmesi gerektiĵi vurgusu yapēlēr.  

A. ¥ĵrencilerin g¿ndelik yaĸamēmēzda sēklēkla karĸēlaĸtēĵēmēz etkileĸimler sonucu oluĸan 

kuvvetleri hatērlamalarē saĵlanēr.  

Belirlenen kuvvetler i­in hangi harflerin kullanēlacaĵē karara baĵlanēr. 

 

V. 

Bu kēsēmda se­ilen ºrnek diĵer araĸtērmacēlar tarafēndan da sēklēkla kullanēlan bir ºrnektir. 

Bu ºrnekte sēklēkla yapēlan hata masanēn kitaba kuvvet uygulamayacaĵēnēn d¿ĸ¿n¿lmesidir. Bu a­ēk 

olmayan hatalardan birisidir ­¿nk¿ ºĵrenciler sorularē ­ºzerken yukarēya doĵru bir kuvveti ­izmekte 

zorlanmazlar, ama o kuvvetin hangi cisim tarafēndan uygulandēĵē ¿zerinde pek d¿ĸ¿nmezler.  

 

Sēnēf tartēĸmasēnēn ardēndan kitaba uygulanan kuvvetler: 

 

Yer­ekimi kuvveti: Kitaba d¿nya tarafēndan uygulanan kuvvet ve 

Normal K uvvet: Kitaba masa tarafēndan uygulanan kuvvet olarak tanēmlanēr. 

Bu sēnēf tartēĸmasēnda da yine ¿st-biliĸsel yºnlendirmelerle ºĵrencilerin ¿st-biliĸsel olarak 

aktif olmalarē saĵlanēr. 

 

IV  

Sēnēf tartēĸmasē ile kitap ¿zerine etki eden kuvvetler ­izilir. 

 

 Burada kuvvet diyagramēnēn ºnemine vurgu yapēlēr. Kuvvet diyagramē ­izmenin kuvvet ve 

hareket problemlerinin ­iziminde ­ok yararlē olacaĵē belirtilir.  

 

Kuvvetler etiketlendirilirken ilk olarak kuvvetin t¿r¿n¿ belirten harfin yazēlmasēnēn daha 

sonra alt indisler yazēlērken ise ilk olarak kuvvetin uygulandēĵē cismin baĸ harfi daha sonrada kuvveti 

uygulayanēn baĸ harfi yazēlmasēnēn daha anlaĸēlēr etiketlendirme i­in yararlē olacaĵē vurgulanēr. 

   

Kitaba d¿nya tarafēndan uygulanan kuvvet: GKD ve 

Normal Kuvvet: Kitaba masa tarafēndan uygulanan kuvvet: NKM ĸeklinde etiketlendirilir.  

 

ETKĶNLĶK 1(Devam) UYGULAMA REHBERĶ 

 

Pasif kuvvetler sadece aktif kuvvetler uygulandēĵē zaman ve onlara tepki olarak meydana 

gelen kuvvetlerdir. Normal kuvvet, s¿rt¿nme kuvveti ve gerilme kuvveti ancak aktif bir kuvvet 

uygulandēĵēnda tepki olarak ortaya ­ēkarlar ve uygulanan kuvvete gºre b¿y¿kl¿klerini ayarlarlar. 

  

¢oĵu ºĵrenci pasif kuvvetlerin (normal kuvvet, s¿rt¿nme kuvveti, gerilme kuvveti) aktif 

kuvvetlerden (bir insanēn kitabē itmesi, yer­ekimi kuvveti) farklē olduĵunu d¿ĸ¿nmektedir. Yani 

b¿t¿n kuvvetlerin ortak ºzelliklere sahip olduĵu ger­eĵini gºz ardē etmektedirler. Oysaki fizikte b¿t¿n 

kuvvetlerin bir yºn¿ ve ĸiddeti vardēr ve hepsi hareketle benzer ĸekilde iliĸkilidir (F=ma). Pasif 

kuvvetlerin diĵer kuvvetlerden ayrē yere konulmasē fark edilmesi zor bir kavram yanēlgēsēdēr. ¢¿nk¿ 

ºĵrenciler kuvvet diyagramē ­izerken ve sorularē ­ºzerken bu kuvvetleri, ºzellikle normal kuvveti, 

kullanmakta zorlanmazlar. Ama bazē ºĵrencilerin normal kuvvetin cismin aĵērlēĵēna eĸit olmadēĵē 

durumlarda da eĸit olarak almasē, normal kuvvetin ne olduĵunu ve nasēl oluĸtuĵunu 

anlamamalarēndan kaynaklanmaktadēr.  Bu etkinlikte ºĵrencilerin masanēn kitaba kuvvet 

uygulamasēnēn sezgisel olarak da anlamlē olduĵu ve pasif kuvvetlerin diĵer aktif kuvvetlerle aynē 

ºzelliklere sahip olduĵu ger­eĵinin farkēna varmalarē beklenmektedir. 

  

I.   

¥ĵrencilerle sezgisel bilgilerin ne olduĵu ve ºnemi hakkēnda sēnēf tartēĸmasē yapēlarak 

g¿nl¿k hayattan birka­ ºrnek verilecektir. Sezgisel bilgiler kiĸinin bir olayēn nasēl olacaĵē ya da nasēl 

olmasē gerektiĵine dair beklentisi olarak tanēmlanabilir. ¥rneĵin, aĵēr cisimleri itmenin daha zor 

olacaĵēnēn beklentisi bir sezgisel bilgidir. ¥ĵrencilere bu beklentilerinin tersi genelde mantēklē 

gelmemektedir. 
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II.  Araĸtēralēm 

¥ĵrenciler genelde esnek cisimlerin sēkēĸtērēldēĵēnda kendisini sēkēĸtēran cisme kuvvet 

uygulayacaĵē fikrini mantēklē bulmaktadērlar. Yapēlacak 5 aktivitede gerilmiĸ yay kullanarak, 

ºĵrencilerin bu sezgisel bilgisini aktif ederek ve masa ile yay arasēnda benzerlik kurularak masanēn 

kitaba kuvvet uygulayabildiĵi fikrinin ºĵrencilere mantēklē gelmesi saĵlanmaya ­alēĸēlacaktēr. Bu 

aktiviteler sonucunda ºĵrencilerin normal kuvvetin ger­ekte bir itme yani bir kuvvet olduĵunu 

anlamalarē beklenmektedir.   

Her aktiviteden ºnce ºĵrencilere aktivitede ne yapmalarē bekleniyor a­ēklanacaktēr.  

1. Yatay olarak sēkēĸtērēlmēĸ yayēn bloĵu itmesi yani kuvvet uygulamasē ºĵrenciler tarafēndan 
gºzlenecektir.  

2. Bu aktivitede ºĵrenciler bloĵun hareket etmesinin karĸē bir itme ile engellenmesine raĵmen 

yayēn hala bloĵa kuvvet uyguladēĵēnē gºzleyeceklerdir. 

3. ¥ĵrenciler d¿ĸey konumda sēkēĸtērēlmēĸ yayēn, ¿zerine konulan bloĵu ittiĵini 

gºzleyeceklerdir. 

4. Bu aktivitede blok, yayēn ¿zerinde dengededir. ¥ĵrencilerin bu durumda da yayēn 

sēkēĸtēĵēnēn ve yayēn ¿zerinde aĵērlēk olmadēĵē durum olan denge konumundan daha aĸaĵēda 

olduĵunun farkēna varmalarē gerekir. Bundan ºnceki aktivitelerin ºĵrencilerin yayēn bu 

durumdayken yine bloĵu ittiĵini gºrmelerine yardēm edeceĵi umulmaktadēr. Eĵer ºĵrenciler 

yayēn bloĵu ittiĵini sēnēf tartēĸmasēnda belirtmezlerse, bu aktivitenin 2. aktiviteye 

benzediĵini, her iki durumda da yayēn sēkēĸtēĵē vurgulanmalē ve 2. aktivitede yayēn bloĵu 

ittiĵini ama elimizin bloĵun hareket etmesini engellediĵi, benzer ĸekilde bu aktivitede yayēn 

bloĵu ittiĵini ama bloĵun aĵērlēĵēnēn bloĵun hareket etmesini engellediĵi belirtilebilir.  

5. Burada daha aĵēr blok konulduĵunda daha fazla sēkēĸtēĵē dolayēsēyla daha fazla kuvvet 

uygulayacaĵēnē ºĵrencilerin farkēna varmasē beklenmektedir. 

B¿t¿n kēsēmlar sēnēf­a tartēĸēldēktan sonra aĸaĵēdaki soru sorularak ºĵrencilerle sēnēf tartēĸmasē 

yapēlabilir. ñ Bu g¿n derse gelmeden ºnce masanēn kitaba kuvvet uyguladēĵēnē zaten biliyordunuz. O 

halde bug¿n bunlarē neden yaptēk, bug¿nk¿ dersin ana fikri nedir?ò 

Sēnēf tartēĸmasēnēn ardēndan ºĵrencilerin masanēn kitabē ittiĵini yani bir kuvvet uygulayabildiĵi 

fikrinin mantēklē bulmasē ve pasif kuvvetlerin (normal kuvvet, gerilme kuvveti, s¿rt¿nme kuvveti) 

ger­ekte pasif olmadēklarē, diĵer kuvvetlerin sahip olduĵu ºzellikleri gºsterdiklerini anlamalarē 

beklenmektedir.  

 

 ¥ĵrendiklerimizi Deĵerlendirelim 

 Bu kēsmēnda ºĵrencilerin bir ºnceki ­izdikleri kavram haritasēnē yeni ºĵrendiklerine baĵlē 

kalarak deĵiĸtirmeleri ve/veya eklemeler yapmalarē beklenmektedir. Deĵiĸiklikleri neden yaptēklarēnē 

a­ēklamalarē ¿stbiliĸsel olarak ºĵrencilerin aktif olmalarēna yardēm edecektir.  

 

ETKĶNLĶK 2 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin,  

1. Ķki cismin hareketini birbirine gºre yorumlamalarē ve 

2. Hareketli bir ortamdaki cisimlerin hareketlerini farklē gºzlem ­er­evelerine gºre 
yorumlayēp problemler ­ºzmesi beklenmektedir. 

 

Bu etkinlikte baĵēl hēz konusunun yanēnda ºĵrencilerin hatalarēnē belirlemede ve ºnlemede 

kullanacaklarē ñHata Yakalamaò ve ñSezgilerin Arētēlmasēò stratejilerini ºĵrenmeleri 

ama­lanmaktadēr. 

 

I.  Neleri Biliyoruz Gºsterelim 

Bu bºl¿mde ºĵrencilerin konu hakkēnda ºn-bilgilerini ve sezgisel bilgilerini ortaya ­ēkarmak i­in 

sorular verilmiĸtir. ¥ĵrenciler bireysel olarak bu sorularē cevapladēktan sonra grup olarak aynē 

sorularē tartēĸacaklardēr.   

 

II.  Arabalarēn ¥l­¿len Hēzlarēnē Karĸēlaĸtēralēm 

¥ĵrenciler verilen her ¿­ durum i­in A arabasēnēn hareket detektºr¿yle ºl­¿len hēzlarēnē tahmin 

edeceklerdir.  Bu kēsēmda ºĵrencilere cevaplarēnēn doĵruluĵu hakkēnda bilgi verilmeyecektir.  
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III.  Araĸtēralēm 

Bu bºl¿mde ºĵrenciler bir ºnceki aĸamada yaptēklarē tahminleri test edeceklerdir.  ¥ĵrenciler ilk 

denemelerinde d¿zg¿n grafikler elde edemeyebilirler. D¿zg¿n grafik elde edinceye kadar s¿reci 

tekrarlamalarē ve her ¿­ durumda da A arabasēna aynē hēz verecek ĸekilde itmeleri ºnerilmelidir. 

¥ĵrencilere elde ettikleri hēz-zaman grafiklerinin ilgili yerlerini ve analiz men¿s¿ altēnda 

ñistatistikleròi se­erek A arabasēnēn ortalama hēzēnē hesaplamalarēna yardēm edilecektir.  

 

IV.  D¿ĸ¿ncelerimizi Paylaĸalēm 

Bu bºl¿mde ºĵrencilerin Araĸtēralēm bºl¿m¿ndeki gºzlem ve sonu­larēnē birbirleriyle 

paylaĸmalarē saĵlanacak ve ºĵrencilerin sonu­ ve d¿ĸ¿ncelerinden yararlanēlarak baĵēl hēz 

verilecektir.  

 

 

Hatalarēmēzē Anlayalēm 

 Bu alt baĸlēkta ºĵrencilere  ñHata Yakalamaò stratejisinin nasēl uygulanacaĵē gºsterilecektir. Bu 

stratejinin etkili kullanēlmasēnēn hatalarē tespit etmede ve ºnlemede onlara b¿y¿k bir g¿­ saĵlayacaĵē 

belirtilerek, ºĵrenciler stratejiyi ºĵrenmeye ve uygulamaya teĸvik edilebilir.  

¥ĵrenciler bu stratejiyi ñArabalarēn ¥l­¿len Hēzlarēnē Karĸēlaĸtēralēmò bºl¿m¿nde yaptēklarē 

tahmin ve deney sonu­larēnēn farklē ­ēkmasē durumuna uygulayacaklardēr. Verilen ºrnek cevap 

a­ēklanarak benzer ĸekilde kendi hatalarēnē belirlemeleri istenecektir.  

 

  

form¿l¿n¿n ancak cisimlerin hēzlarē ortak bir referans sistemine (ºrneĵin yere) gºre verildiĵi 

durumlarda kullanabildiĵi, hēzlar farklē referans sistemlerine gºre verilip baĵēl hēz hesabē istendiĵinde 

bu form¿l¿n karēĸēklēĵa yol a­abileceĵi sºylenir.   

Baĵēl hēz bulunurken hēzlarēn alt indislerle belirtilmesinin hata yapmayē ºnleyeceĵi vurgusu yapēlēr.  

Hēz vektºrel bir b¿y¿kl¿k olduĵundan, baĵēl hēz bulunurken vektºrel toplama ve ­ēkarma yapēldēĵē 

sºylenir. 

A nēn yere gºre hēzē (VAY) bulunurken kullanēlan indislerin sērasēna dikkat ­ekilerek, eĸitliĵin 

saĵ tarafēndaki i­teki indislerin aynē harf (birinci terimin ikinci ve ikinci terimin birinci indisi, B), 

dēĸtakilerin de (birinci terimin ilk (A) ve ikinci terimin ikinci indisi (Y)) ,sērasēyla birleĸtirildiklerinde 

eĸitliĵin diĵer tarafēndaki hēzēn indislerini (AB) verdiĵi sºylenir.   

 
Hēzlarēn alt indislerle belirtilip yukarēdaki gibi uygun sērada yazēlarak toplanmasē ­ok sayēda 

hēzēn sºz konusu olduĵu durumlarda baĵēl hēzē hata yapmadan bulmaya yardēmcē olacaĵē soylenir. 

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

Bu bºl¿mde, ºĵrencilerin ºĵrendiklerini benzer durumlara uygulamalarē i­in sorular verilmiĸtir.  

¥ĵrencilerin baĵēl hēzēn vektºrel bir b¿y¿kl¿k olduĵu, bunun i­in hem b¿y¿kl¿ĵ¿n¿n hem de 

yºn¿n¿n belirtilmesi gerektiĵinin farkēna varmalarē saĵlanēr. 

 

VI.  ¥ĵrendiklerimizi Geniĸletelim 

A. Farklē doĵrultularda hareket eden cisimlerin birbirlerine gºre baĵēl hēzlarēnēn nasēl 

bulunacaĵē ¿zerinde durulur.  

1. Hēzēn vektºr olduĵu bunun i­in baĵēl hēzēn vektºrel iĸlem sonucu bulunduĵu vurgusu yapēlēr.  

2. Bu soruda karĸēya ge­me s¿resini kayēĵēn akēntēya dik bileĸeninin belirlediĵi, yatayda alēnan 
yolun ise kayēĵēn yere gºre hēzēnēn yatay bileĸenin (kayēĵēn suya gºre hēzēnēn yatay bileĸeni 

ile akēntē hēzēnēn vektºrel toplamē) belirlediĵinin ºĵrenciler tarafēndan anlaĸēlmasē ºnemlidir.  

d kēsmēnda, kayēĵēn A dan Bô ye verilen yolu takip etmesi i­in yºn deĵiĸtirmesi gerektiĵini 

ve bu yºn deĵiĸtirmesinin ise kayēĵēn d¿ĸey bileĸenin azalmasēna neden olacaĵēnē 

d¿ĸ¿nmeleri ºĵrencilerin bu soruyu doĵru olarak ­ºzmeleri i­in ºnemlidir.  

 

B. ¥ĵrenciler, hēz ile ilgili ­ocukluklarēndan beri ­eĸitli gºzlem ve tecr¿belerini yorumlamalarē 

sonucu elde ettikleri sezgisel bilgilere sahiptirler. Bu bºl¿mde ºnde olan daha hēzlēdēr sezgisel bilgisi 

¿zerinde durulacaktēr. 

a kēsmēnda ºĵrencilerin bu sezgisel bilgiye sahip olup olmadēĵē araĸtērēlacaktēr. 

b ve c kēsēmlarēnda ºĵrencilerin baĵēl hēz ile sezgisel bilgileri arasēnda ­atēĸma yaĸamalarē 

beklenmektedir.   

Sēnēf tartēĸmasēnda soru tartēĸēlarak ­atēĸma durumuna vurgu yapēlacaktēr.   
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C.  Bu soruda ºĵrencilerin uyumsuzluk durumlarēnda sezgisel bilgilerine karĸē tutumlarē 

araĸtērēlmaktadēr.  

 

D. Sezgisel Bilgilerimizin Arētēlmasē 
  1.  ¥ĵrenciler bu soruda sezgisel olarak verdiĵi cevaplarla fiziĵin uyum i­inde olduĵunu 

gºzlemleyeceklerdir.  

Sēnēf tartēĸmasēnda ºĵrencilerin soru hakkēndaki d¿ĸ¿ncelerini birbirleriyle paylaĸmalarē 

saĵlanacaktēr.  

Sēnēf tartēĸmasēnda 2. soruya verilen cevaplar tartēĸēlacaktēr. ¥ĵrencilerin bu soruda sezgisel 

bilgilerin ne doĵru ne de yanlēĸ olduĵu, duruma gºre deĵiĸtiĵi, bazē durumlarda doĵru iken bazē 

durumlarda yanlēĸ olduĵunu sºylemeleri beklenmektedir.   

 

2. soru kēsaca tartēĸēldēktan sonra ºĵrencilere ñsezgisel bilgilerimizle hammaddeler arasēnda 

benzerlik kurmak istersek nasēl bir benzerlik kurabiliriz?ò diye sorulup sēnēf tartēĸmasēndan sonra bu 

benzerlik aĸaĵēdaki gibi a­ēklanabilir; 

 

 ñNasēl ham maddeleri arētarak onlarē kullanabilir hale getiririz, sezgisel bilgilerimizi de arētarak 

onlarē fizik bilgileri ile uyumlu hale getiririz. Nasēl ham maddeleri (petrol, tuz) arētērken istenmeyen 

kēsēmlarē bir kenara ayērēp onlarē saflaĸtērēp kullanēlabilir hale getiriyoruz, benzer ĸekilde sezgisel 

bilgilerimizi de arētērken onlarēn ­alēĸtēĵē durumlarē ve ­alēĸmadēĵē durumlarē bulup onlarda 

d¿zenlemeler yaparak fizik bilgileri ile tutarlē hale getiririz.ò 

 

Sēnēf tartēĸmasēnda 3. ve 4. sorular tartēĸēlarak ºĵrencilere ºnde olan daha hēzlēdēr sezgisel 

bilgisini 4. soruya verdikleri cevaba dayanarak yani yerdeĵiĸtirme a­ēsēndan nasēl arētēlabilecekleri 

sorulur.  ¥ĵrencilere arētma diyagramlarē sunularak ham ve arētēlmēĸ sezgi arasēndaki farka vurgu 

yapēlēr. Ham sezgi daha genelken, arētēlmēĸ sezginin daha ºzel olduĵu belirtilir.  

 

6. soruda ºĵrencilerin sezgisel bilgilerle fizik bilgileri arasēndaki uyumsuzluĵun ham sezgisel 

bilginin yanlēĸ olmasēndan deĵil yanlēĸ olarak arētēlmasē sonucu oluĸtuĵunu ve hangi durumda hangi 

arētmayē yaptēĵēmēzēn farkēnda olmamēz hata yapmamēzē ºnlemede bize yardēmcē olacaĵēnē 

sºylemeleri beklenmektedir. 

 

VII.  Kendimizi Deĵerlendirelim 

1. Baĵēl hēz konusuna baĸlarken sorulan sorularēn ºĵrencilerin tekrar grup olarak tartēĸmalarē 
istenir. 

2. ¥ĵrencilerin bireysel olarak hata yakalama stratejisini yaptēklarē hatalara uygulamalarē 

istenir.  

 

 

ETKĶNLĶK 3 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlara sahip olmalarē beklenmektedir. 

¥ĵrenciler, 

1. Net kuvvet ile hēz deĵiĸimi arasēndaki iliĸkiyi irdeler, 

2. Net kuvvet ile cismin ivmesi ve k¿tlesi arasēndaki baĵēntēyē kullanarak problemler ­ºzer ve 

3. Net kuvvet ve ivme arasēndaki iliĸkiyi irdeler.  

 

I.Neleri Biliyoruz  

 Bu kēsēmda ºĵrencilerin uygulanan kuvvet ile bir cismin hareketi arasēndaki iliĸki hakkēndaki 

ºn/sezgisel bilgilerinin ortaya ­ēkarēlmasē ama­lanmaktadēr. ¥ĵrenciler, sorulara cevap verirken 

neden o ĸekilde cevapladēklarēnē yazmalarē ve benzer ĸekilde arkadaĸlarēyla tartēĸērken de nedenleriyle 

birlikte cevaplarēnē sºylemeleri konusunda uyarēlmalēdērlar.  

 

II. Siz Nedenini Biliyor musunuz? 

Bu bºl¿m ºĵrencilerin derse ilgilerini ­ekmek amacē ile verilmiĸtir.  

 

III. Araĸtēralēm 

¥ĵrenciler araĸtēralēm kēsmēnda I. Bºl¿mdeki 2. ve 3. sorulara yaptēklarē tahminleri test 

edeceklerdir.  
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A kēsmēnda ºĵrenciler sabit bir kuvvetin etkisindeki arabanēn ivme ve hēzēndaki deĵiĸimi 

inceleyeceklerdir. Bu bºl¿mde, ºĵrencilere d¿zg¿n grafik elde edinceye kadar denemelerine devam 

etmeleri sºylenir.  

2. soruda ºĵrenciler, genelde arabaya uygulanan kuvvetin ip tarafēndan uygulandēĵēnē gºz 

ardē etmekte, ipin ucuna baĵlē k¿tlelerin kuvvet uyguladēĵēnē ifade etmektedirler.  

 

Sēnēf Tartēĸmasēnda ºĵrencilerin deney sonu­larēnē ve sorulara verdikleri yanētlarē 

birbirleriyle paylaĸmalarē saĵlanēr. Sabit bir kuvvetin sabit bir ivme oluĸturduĵunu b¿t¿n ºĵrencilerin 

gºrmesi saĵlanēr.   

 

Hatalarēmēzē Anlayalēm 

Bu t¿r sorularē ºĵrenciler genelde gereken ºnemi gºstermemektedirler. Bunun i­in b¿t¿n 

ºĵrencilerin bu sorularē cevaplamalarē saĵlanmalē gereken yºnlendirmeler yapēlmalēdēr.  

 

B. kēsmēnda ºĵrencilerin F= ma ulaĸmalarē beklenmektedir.  

Sēnēf tartēĸmasēnda ºĵrencilerin deney sonu­larēnē ve sorulara verdikleri cevaplarē diĵer 

arkadaĸlarē ile tartēĸmalarē saĵlanēr.   

7. ve 8. sorular ile ºĵrencilerin fizik form¿llerini nasēl algēladēklarē araĸtērēlmaktadēr. 

¥ĵrencilerin bu sorularē bireysel cevapladēktan sonra grupla tartēĸmalarē olduk­a ºnemlidir.  

 

Sēnēf tartēĸmasēnda ºĵrencilerin 1. soruya form¿l¿ ezberlemek yerine form¿l¿n temelini 

oluĸturan kavramlarē ve bu kavramlar arasēndaki iliĸkileri gºzlemleyerek zihinlerinde form¿l¿ 

anlamlandērmalarē i­in yaptēklarēnē ifade etmeleri beklenmektedir. 

 

8. soruda ºĵrencilerin form¿llerin de diĵer fizik bilgileri (kavramlar, kanunlar, teoriler) gibi 

anlamlē, mantēklē olduĵunu ve fizik kavramlarēnēn ve/veya bu kavramlar arasēndaki iliĸkilerin 

matematiksel bir ifadesinin olduĵunu belirtmeleri beklenir.  

¥ĵrencilere ñFizikte her ĸey anlamlē ve birbirleriyle tutarlēdēr ­¿nk¿, fizikteki b¿t¿n 

form¿ller, teoriler, kavramlaré mutlaka fiziksel bir olayēn a­ēklamasēdēr. Bunun i­in ºĵrenilen fizik 

form¿llerinin anlamsēz matematiksel ifadeler olarak deĵil, kendi tecr¿be ve sezgilerimizle 

iliĸkilendirerek onlarē anlamlē hale getirerek ºĵrenmeliyizò vurgusu yapēlmalēdēr.  

 

V.¥ĵrendiklerimizi Pekiĸtirelim 

Bu bºl¿mdeki 1-4 sorularēnda, ºĵrenciler net kuvvetle ivme arasēndaki iliĸkiyi 

irdeleyeceklerdir. Bu sorularda ºĵrencilerin ivmenin b¿y¿kl¿ĵ¿n¿n yanēnda yºn¿ne dikkat etmeleri 

saĵlanmalēdēr.  

 

VI. ¥ĵrendiklerimizi Geniĸletelim 

 

Bu kēsēmda ºĵrenciler sezgisel bilgileri ile Newtonôun 2. Yasasēnē kullanarak ulaĸtēklarē 

cevaplarēn birbirleriyle tutarlē olmadēĵēnē gºzlemleyip, sezgisel bilgilerini fizikle uyumlu hale 

getirmek i­in arētacaklardēr.  

  

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde, ºĵrenciler Etkinlik 3 baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  

  

 

ETKĶNLĶK 4 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlarē gºstermesi beklenmektedir. 

1. Cismin hareketi ile ivmesi arasēndaki iliĸkiyi irdeler.  

2. Cismin hareketi ile cisme etki eden kuvvet arasēndaki iliĸkiyi irdeler. 

3. Cismin limit hēz ile k¿tle arasēnda iliĸki kurar.  

 

I. Neleri Biliyoruz  

Bu bºl¿mde ºĵrenciler verilen sorularē ilk olarak bireysel yanētlayēp daha sonra grup olarak 

tartēĸacaklardēr. B¿t¿n ºĵrencilerin grup tartēĸmalarēna katēlmalarē saĵlanmalēdēr. ¥ĵrenciler 

d¿ĸ¿ncelerini nedenleriyle birlikte a­ēklamalēdēr. ¥ĵrencilere cevaplarēnēn doĵru ya da yanlēĸlēĵē 
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hakkēnda bilgi verilmeyecektir.  ¥ĵrencilere, grupla tartēĸtēktan sonra ilk verdikleri cevaplarē 

deĵiĸtirmemeleri sºylenir.  

 

II. ķaĸkēn Kutup Ayēsē  

Bu bºl¿mde, ºĵrenciler, bir kutup ayēsēnēn havada yaptēĵē hareketi gºsteren bir videoyu 

izleyeceklerdir. Burada ama­ ºĵrencilerin konuya ilgilerini ­ekmek ve konu ile ilgili zihinlerinde soru 

iĸaretleri oluĸturmaktēr.  

¥ĵrencilere ilk olarak video kesintisiz izlettirilir. Daha sonra video, ilgili yerlerde durdurularak 

aĸaĵēdaki sorular ºĵrencilere yºneltilir; 

1. Kutup ayēsē kuĸu gºr¿nceye kadar nasēl bir hareket yaptē? 

2. Bu hareket boyunca etki eden kuvvetler nelerdir? Bunlarēn b¿y¿kl¿kleri nasēl deĵiĸir? 

3. Bºyle bir durumdayken ayē havada asēlēmē yoksa hareket halinde midir?  

4. Limit hēzla d¿ĸerken ayēya hangi kuvvetler etki eder?  Peki, sabit bir hēzdayken ayēya kuvvet 

etki eder mi? Etki ederse bu kuvvetlerin b¿y¿kl¿kleri nasēldēr? 

5. Ayē limit hēza ulaĸtēktan sonra neden tekrar hēzlandē? 

6. ķemsiye a­ēldēktan sonra ayē tekrar neden y¿kseldi? 

7. Yere d¿ĸt¿kten sonra ­antasēndakilerin ondan sonra d¿ĸmesi bu maddelerin limit hēzlarē 

hakkēnda bize ne sºyleyebilir? Yani ayēdan ºnce mi sonra mē limit hēza ulaĸērlar? 

 

III. Araĸtēralēm 

Bu bºl¿mde ºĵrenciler pasta kalēbēnēn ivmesinin nasēl deĵiĸtiĵi hakkēnda yaptēklarē tahminleri 

test edeceklerdir.  

1. soruda ºĵrencilerin hata yakalama stratejisini uygulamalarē saĵlanmalēdēr.  

Sēnēf tartēĸmasēnda ºĵrencilerin gºzlemelerini ve sorulara verdikleri cevaplarē tartēĸmalarē 

saĵlanarak limit hēz kavramē verilir ve limit hēzda pasta kalēbēna etki eden net kuvvetin sēfēr olduĵu 

sonucuna varmalarē saĵlanēr.  

B. kēsmēnda ºĵrenciler pasta kalēbēnēn k¿tlesinin limit hēzēn b¿y¿kl¿ĵ¿n¿ ve limit hēza ulaĸma 

s¿resini nasēl etkilediĵini test edecekleridir.   

Sēnēf tartēĸmasēnda ºĵrencilerin gºzlemelerini ve sorulara verdikleri cevaplarē tartēĸmalarē 

saĵlanēr. Tartēĸma sonunda ºĵrencilerin k¿tle artēk­a limit hēzēn b¿y¿kl¿ĵ¿n¿n ve limit hēza ulaĸma 

s¿resinin arttēĵē sonucuna varmalarē beklenmektedir.  

 

IV. ¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde ºĵrenciler Etkinlik 4 baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  

  

 

ETKĶNLĶK 5 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlara sahip olmalarē beklenmektedir. 

¥ĵrenciler, 

1. Verilen kinematik grafiĵinin metinsel a­ēklamasēnē ayērt eder  

2. Verilen kinematik grafiĵinin metinsel a­ēklamasēnē yapar 

3. Verilen hareket durumunun metinsel a­ēklamasēnēn kinematik grafiĵini ayērt eder  

4. Bir hareket durum i­in verilen bir kinematik grafiĵinden diĵer kinematik grafiklerini 

­izer.  

5. Konum-zaman grafiĵinden yararlanarak hēzē hesaplar.  

6. Hēz- zaman grafiĵinden yararlanarak toplam yer deĵiĸtirmeyi hesaplar. 

7. Hēz- zaman grafiĵinden yararlanarak ivmeyi hesaplar. 

 

I.Neleri Biliyoruz Gºsterelim 

Bu bºl¿mde, A kēsmēnda, verilen tablo ile ºĵrencilerin konum-zaman, hēz-zaman ve 

ivme-zaman grafiklerinin birini kullanarak, diĵer grafikleri doĵru olarak ­izebilme ve verilen 

kinematik grafiĵinin betimsel a­ēklamasēnē yapabilme becerileri araĸtērēlmaktadēr.  

 2. soruda, ºĵrencilerin, hēzēn b¿y¿kl¿ĵ¿n¿ konum-zaman grafiĵinin eĵiminin 

belirlediĵi ve ivmenin b¿y¿kl¿ĵ¿n¿ ise hēz-zaman grafiĵinin eĵiminin belirlediĵi bilgisine 

sahip olup olmadēklarē araĸtērēlmaktadēr.  
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III. Araĸtēralēm 

 

A. Araba hēzlanēyor mu yoksa sabit hēzla mē ilerliyor? 

Bu kēsēmda, ºĵrenciler sabit bir kuvvettin etkisinde hēzlanan hareketi inceleyeceklerdir. Ķlk 

olarak hareketin konum-zaman, hēz-zaman ve ivme-zaman grafiklerinin nasēl olacaĵēnē bireysel olarak 

tahmin edip, daha sonra grup olarak tartēĸtēktan sonar, grup olarak tahminlerini ­izmeleri istenecektir. 

 

Tahminlerinizi Test Ediniz 

Bu kēsēmda, ºĵrenciler yaptēklarē tahminleri deneysel yolla test ederek, verilen sorulara 

cevap verip, grafikleri yorumlayacaklardēr. 

 

Sēnēf tartēĸmasēnda ºĵrencilerin elde ettikleri sonu­larē ve sorulara verdikleri cevaplarē arkadaĸlarē ile 

tartēĸmalarē saĵlanacaktēr. Bu tartēĸma sonunda ºĵrencilerin grafikleri yorumlamanēn yanēnda 

kinematik denklemlerine ulaĸmalarē beklenmektedir.  

 

Hatalarēmēzē Anlayalēm 

¥ĵrenciler tahminleri ile deney sonu­larēnē karĸēlaĸtērarak, hatalarēnēn nedenlerini bulmalarē ve 

hataya gºt¿ren d¿ĸ¿nce ĸekillerini nasēl deĵiĸtireceklerini belirtmeleri saĵlanacaktēr.  

 

 

B. Arabanēn hareket doĵrultusuna zēt bir kuvvet uygulanērsa ne olur?  

Bu kēsēmda, ºĵrenciler, sabit bir kuvvetin etkisinde d¿zg¿n yavaĸlayan ve sonra hēzlanan 

hareketin grafikleri ¿zerinde ­alēĸacaklardēr.  

Bu kēsēmda da bir ºnceki kēsēmda izlenen yol takip edilecektir. Yani ilk olarak hareketin  hēz-

zaman ve ivme-zaman grafiklerinin nasēl olacaĵēnē bireysel olarak tahmin edip, daha sonra grup 

olarak tartēĸtēktan sonra grup olarak tahminlerini ­izmeleri istenecektir. Daha sonra tahminlerini test 

edip verilen sorularē cevaplayēp, sēnēf tartēĸmasēnēn ardēndan hata yakalama stratejisini 

uygulayacaklardēr.  

 

Tahminlerinizi Test Ediniz 

Bu kēsēmda ºĵrenciler yaptēklarē tahminleri deneysel yolla test ederek, verilen sorulara cevap 

vererek grafikleri yorumlayacaklardēr. 

 

Sēnēf tartēĸmasēnda ºĵrencilerin elde ettikleri sonu­larē ve sorulara verdikleri cevaplarē arkadaĸlarē ile 

tartēĸmalarē saĵlanacaktēr.  Bu tartēĸma sonunda ºĵrencilerin grafikleri yorumlamanēn yanēnda 

kinematik denklemlerine ulaĸmalarē beklenmektedir.  

 

Hatalarēmēzē Anlayalēm 

¥ĵrenciler tahminleri ile deney sonu­larēnē karĸēlaĸtērarak, hatalarēnēn nedenlerini bulmalarē ve 

hataya gºt¿ren d¿ĸ¿nce ĸekillerini nasēl deĵiĸtireceklerini belirtmeleri saĵlanacaktēr.  

 

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

Bu bºl¿mde ºĵrenciler bir ºnceki bºl¿mlerde ºĵrendiklerini benzer durumlara uygulamalarē 

i­in ºrnekler problemler ¿zerinde ­alēĸacaklardēr.  

   

VI. ¥ĵrendiklerimizi Geniĸletelim 

Bu bºl¿mde ºĵrencilerin ñTutarlē olup olamadēĵēnē Kontrol Etò stratejisini ºĵrenip, ­eĸitli 

uygulamalar yapmalarē saĵlanacaktēr.   

 

VI.¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde ºĵrenciler Etkinlik 5ôe baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  
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ETKĶNLĶK 6 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlara sahip olmalarē beklenmektedir. 

¥ĵrenciler, 

1. Ķki boyutlu hareketlerde yatay ve d¿ĸey boyut i­in konum-zaman, hēz-zaman ve ivme- zaman 

grafiklerini ­izer. 

2. Atēĸ hareketleri yapan cismin izlediĵi yolu se­er. 

3. Ķki boyutta sabit ivmeli hareketler ile ilgili problemler ­ºzer.  

 

I.Neleri Biliyoruz Gºsterelim 

Bu kēsēmda ºĵrencilerin konu hakkēnda ºn-bilgilerinin farkēna varmalarē ama­lanmaktadēr. 

¥ĵrenciler bireysel olarak sorularē cevapladēktan sonra grup olarak aynē sorularē tartēĸacaklardēr 

  

II. Araĸtēralēm 

A. Yuvarl anan Top 

Bu kēsēmda ºĵrenciler yatay atēĸ yapan bir cismin hareketini inceleyeceklerdir. Yatay atēĸ 

harekatlerinde ºĵrenciler ­oĵunlukla hēzlē atēlan bir cismin belli bir s¿re yatayda doĵrusal bir yol 

alacaĵēnē d¿ĸ¿nmektedirler. Hareket detektºr¿ sadece tek boyutlu doĵrusal hareketler i­in 

kullanēldēĵēndan iki boyutlu hareketler i­in logger pro programēndaki video analiz se­eneĵi 

kullanēlacaktēr. Bireysel ve grup tahminlerinden sonra ºĵrenciler video analiz programēnē kullanarak 

sorulara verdikleri cevaplarēnē test edecek ve ilgili sorularla iki boyutlu harekatin yatay ve d¿ĸey hēz 

ve ivmelerinin nasēl deĵiĸtiĵini bulacaklardēr. 

Hatalarēmēzē Anlayalēm 

¥ĵrenciler tahminleri ile deney sonu­larēnē karĸēlaĸtērarak, hatalarēnēn nedenlerini bulmalarē 

ve hataya gºt¿ren d¿ĸ¿nce ĸekillerini nasēl deĵiĸtireceklerini belirtmeleri saĵlanacaktēr. Hata 

yakalama stratejisi uygulandēktan sonra sēnēf tartēĸmasēyla ºĵrencilerin yuvarlanan topun hareketinin 

incelenmesinden elde ettikleri bilgileri birbirleriyle paylaĸmalarē saĵlanēr.  

Kabul etme ve Anlama 

Bu bºl¿mde sorulan soru ile fizikte bilgilerin anlayarak mē ya da kabul edilerek mi 

ºĵrenildiĵi hakkēnda tartēĸma yapēlarak, fizik ºĵrenmenin, olaylarēn nedenleri aramaya dayandēĵē 

sonucuna ºĵrencilerin varmasē saĵlanēr.  

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

Bu bºl¿mde ºĵrenciler bir ºnceki bºl¿mlerde ºĵrendiklerini benzer durumlara uygulamalarē 

i­in kavramsal sorular ¿zerinde grup olarak ­alēĸacaklardēr.  

 

VI. ¥ĵrendiklerimizi Geniĸletelim 

Bu kēsēmda ºĵrenciler belli bir hēzla ilerleyen bir hareketliden d¿ĸen bir cismin hareketini 

inceleyeceklerdir. ¥ĵrenciler bireysel ve grup olarak soru ¿zerinde tartēĸtēktan sonra tahminlerini test 

edip hata yakalama stratejisini uygulayacaklardēr. Son olarak ºĵrencilere yanlēĸ olan tahminlerinin 

doĵru olabildiĵi durumlarēn olup olmayacaĵē sorulacaktēr. Bu soruyla ºĵrencilerin sezgisel bilgilerin 

tamamen yanlēĸ bilgiler olmadēĵē ve bazē durumlarda okulda ºĵrenilen fizikle tutarlē olduĵunun 

farkēna varmalarē ama­lanmaktadēr. Fizik ºĵrenmenin g¿nl¿k yaĸamda kullandēĵēmēz bu sezgisel 

bilgilerin iĸlenmesine dayandēĵē sonucuna varmalarē saĵlanacaktēr. 

 

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde ºĵrenciler Etkinlik 6ô ya baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  

  

 

ETKĶNLĶK 7 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlara sahip olmalarē beklenmektedir. 

¥ĵrenciler, 

1. Etki tepki kuvvet ­iftlerini g¿nl¿k yaĸamdaki olaylara uygular. 

2. Etki tepki kuvvet ­iftlerinin farklē cisimler ¿zerinde olduĵuna karar verir. 

3. Birden fazla cisimden oluĸan sistemlerde sistemin ve cisimlerin ivmesini hesaplar. 

4. Sistem i­i kuvvetleri hesaplar. 
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I.Neleri Biliyoruz Gºsterelim 

Bu bºl¿mde ºĵrencilerin 9. Sēnēfta temel olarak ºĵrendikleri Newtonôun 3. Yasasēnē g¿nl¿k 

yaĸamdaki olaylara uygulayēp uygulayamadēklarē araĸtērēlmaktadēr. ¥ĵrenciler genelde bu t¿r sorulara 

sezgisel bilgileri ile yaklaĸmakta ve epistemolojik a­ēdan ele alēndēĵēnda Newtonôun 3. Yasasēônēn 

bazē durumlarda ge­erli olmadēĵēnē d¿ĸ¿nmektedirler. Daha ºnceki etkinliklerde olduĵu gibi 

ºĵrenciler, sorulara cevap verirken neden o ĸekilde cevapladēklarēnē yazmalarē ve benzer ĸekilde 

arkadaĸlarēyla tartēĸērken da nedenleriyle birlikte cevaplarēnē sºylemeleri konusunda uyarēlmalēdērlar. 

 

III. Araĸtēralēm 

 

Halat ¢ekme Oyunu 

¥ĵrencilerin bu t¿r sorulara yaklaĸēmē genellikle Newtonôun 3. Yasasē ile ­eliĸmektedir. ¥ĵrencilerin 

d¿ĸ¿nce s¿re­lerini etkileyen iki ºnemli ºzellik vardēr: Etkileĸen cisimlerin k¿tleleri ve etkileĸimi 

baĸlatanēn hareket durumu. Bu kēsēmda ºĵrenciler, aynē k¿tledeki iki kiĸinin, farklē k¿tledeki ve farklē 

k¿tlede iki kiĸiden birinin hareketli olduĵu etkileĸimlerdeki kuvvetlerin b¿y¿kl¿klerini tahmin edip 

daha sonra deneysel olarak tahminlerini test edeceklerdir. 

 

Deneye baĸlamadan ºnce kuvvet sensºrlerinin kalibre edilmesi deney sonu­larēnēn doĵruluĵu 

a­ēsēndan olduk­a ºnemlidir.  

 

Hatalarēmēzē Anlayalēm 
¥ĵrenciler bu kēsēmlarda onlarē hataya gºt¿ren d¿ĸ¿nce ĸekillerinin farkēna varmalarē i­in 

yºnlendirilmelidir.  

 

Sēnēf Tartēĸmasēnda ºĵrencilerin deney sonu­larēnē sēnēfla paylaĸmalarē saĵlanarak etkileĸen iki cismin 

birbirine uyguladēklarē kuvvetlerin birbirine eĸit ve zēt yºnl¿ olduĵu sºylenerek Newtonôun 3. Yasasē 

ºĵrencilere hatērlatēlēr.  

  

 

V. ¥ĵrendiklerimizi Geniĸletelim 

Bu kēsēmda ºĵrencilerin ­arpēĸmalarda hafif olan daha ­ok etkilenir sezgisel bilgilerini 

fizikle uyumlu hale getirmek i­in nasēl arētacaklarē ¿zerinde durulur. ¥ĵrenciler genellikle bu sezgisel 

bilgiyi kuvvet a­ēsēndan iĸleyip hafif cisimler daha ­ok etkilendiklerine gºre k¿tlesi fazla olan 

otob¿s¿n daha fazla kuvvet uyguladēĵē sonucuna varērlar. Bu kēsēmda ºĵrencilerin ­arpēĸmalarda 

hafif olan daha ­ok etkilenir sezgisel bilgisini hēz deĵiĸimi yani ivme a­ēsēndan iĸlemelerinin fizikle 

uyumlu sonu­lar vereceĵini kavramalarē saĵlanēr.   

 

 C. Ķ­erde veya Dēĸarēda olmak ¢ok ķey Deĵiĸtirir mi? 

Bu kēsēmda, ºĵrencilerin sistem, sistemin ivmesi ve sitem i­i kuvvetler kavramlarē ¿zerinde 

­alēĸmalarē saĵlanacaktēr. ¥ĵrenciler genelde sistemi oluĸturan cisimlerin ivmelerini hesaplarken 

sisteme dēĸarēdan etki eden kuvvetin b¿t¿n cisimlere aynen aktarēldēĵēnē d¿ĸ¿n¿p cisimler i­in farklē 

ivme deĵerleri hesaplamaktadērlar. Bu kēsēmda ºĵrencilerin kuvvet diyagramlarēnēn ­iziminin sistem 

sorularēnē ­ºzmede onlara yardēmcē olduĵunu gºr¿rler. 

 Bu bºl¿mde ºĵrenciler yeni bir stratejiyi (sonu­lar oyunu oynamak) uygulamayē da  ºĵrenip, 

fiziĵin nasēl ilerlediĵi konusunda kendi aralarēnda tartēĸacaklardēr.    

 

VI.¥ĵrendiklerimizi Pekiĸtirelim  

Bu bºl¿mde ºĵrenciler bir ºnceki bºl¿mlerde ºĵrendiklerini benzer durumlara uygulamalarē 

i­in ºrnekler problemler ¿zerinde ­alēĸacaklardēr.  

   

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde ºĵrenciler Etkinlik 7ôye baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  
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ETKĶNLĶK 8 UYGULAMA REHBERĶ 

 

Bu etkinlikten sonra ºĵrencilerin aĸaĵēdaki kazanēmlara sahip olmalarē beklenmektedir. 

¥ĵrenciler, 

1. Eylemsizliĵi cismin durgun, sabit hēzlē ve sabit ivmeli hareketinden baĵēmsēz olduĵunu ifade 

eder.  

2. Cismin eylemsizliĵinin k¿tlesinin bir ºl­¿s¿ olduĵunu ifade eder.  

3. Kuvvet ve eylemsizliĵin farklē olduĵu ayrēmēnē yapar. 

 

I.Neleri Biliyoruz Gºsterelim 

Bu bºl¿mde ºĵrencilerin eylemsizliĵinin cisimlerin hareket durumuna baĵlēlēĵē hakkēnda ºn bilgileri 

araĸtērēlacaktēr.  

 

II I. Araĸtēralēm 

Bu bºl¿mde, ºĵrenicilerin piĸmiĸ ve piĸmemiĸ yumurtayla yaptēklarē deneyle ve yumurtalarēn yapēsal 

farklēlēĵēna dikkat ederek eylemsizliĵi tanēmlamalarē saĵlanacaktēr.  

 

Sēnēf tartēĸmasēnda ºĵrencilerin gºzlemlerini ve d¿ĸ¿ncelerini sēnēfla paylaĸmalarē saĵlanacaktēr.  

 

V. ¥ĵrendiklerimizi Pekiĸtirelim 

Bu bºl¿mde ºĵrenciler bir ºnceki bºl¿mlerde ºĵrendiklerini benzer durumlara uygulamalarē 

i­in ºrnek iki durum ¿zerinde tartēĸmalarē saĵlanacaktēr.  

 

VI.¥ĵrendiklerimizi Geniĸletelim 

Bu bºl¿mde ºĵrencilerin eylemsizlikle k¿tle arasēnda iliĸki kurmalarē saĵlanacaktēr. 

 

VII. ¥ĵrendiklerimizi Deĵerlendirelim 

Bu bºl¿mde ºĵrenciler Etkinlik 8ôe baĸlarken tartēĸtēklarē sorularē tekrar kendi gruplarēnda 

tartēĸtēktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardēr.  
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APPENDIX M  

 

 

HOMEWORK SHEETS  

 

 

 

¥DEV I 

1. Aĸaĵēdaki ĸekilde gºr¿ld¿ĵ¿ gibi Mehmet ve B¿lent i­inde buzdolabē olan aĵēr bir kutuyu 

hareket ettirmeye ­alēĸēyorlar ama kutu hareket etmiyor. Mehmet eliyle kutuyu iterken 

B¿lent kutuya baĵlē ipi ­ekiyor. 

 

 

 

 

 

 

 

 

 

 

2. Kutuya etki eden kuvvetlerin adlarēnē yazarak tanēmlayēnēz? 

 

 

 

 

 

 

 

3. Bu kuvvetleri etiketlendiriniz.  

 

 

 

 

 

 

4. Etiketlendirdiĵiniz kuvvetleri aĸaĵēda kutu ¿zerinde gºsteriniz.  

 

 

 

 

 

 

 

 

5. Aĸaĵēda iki arkadaĸēn kuvvet diyagramē hakkēndaki tartēĸmasē verilmiĸtir. 

¥ĵrenci 1:  Kuvvet diyagramēnda ip tarafēndan, Mehmet tarafēndan ve B¿lent tarafēndan 

uygulanan kuvvetlerin olmasē gerektiĵini d¿ĸ¿n¿yorum. 

¥ĵrenci 2: Kuvvet diyagramēnda B¿lentôin uyguladēĵē kuvvetin olmasē gerektiĵini 

d¿ĸ¿nm¿yorum. ¢¿nk¿ insanlar dokunmadēklarē cisimlere kuvvet uygulamazlar.  

Yukarēdaki ºĵrencilerden hangisine katēlēyorsun? Neden? 
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Aĸaĵēdaki a­ēklama ve ĸekil sonraki 4 soru ile ilgilidir? 

 

 

 

 

 

 

5. Araba anlēk itme ile fērlatēldēktan sonra yatayla  a­ēsē yapan s¿rt¿nmesiz eĵik d¿zlem 

¿zerinde ĸekildeki gibi hareket ediyor. Aĸaĵēdakilerden hangisi araba ¿zerine etki eden 

kuvvetleri gºsteren kuvvet diyagramēdēr. 

 
6. Yukarēda verdiĵiniz cevabēn nedenini a­ēlayēnēz? 

 

 

 

 

7. Sizden farklē d¿ĸ¿nen baĸka bir arkadaĸēnēzēn vereceĵi olasē cevap hangisi olurdu? Neden bu 
ĸekilde cevap vermiĸ olabilir? 

 

 

 

 

8. Arkadaĸēnēzē bu cevaba gºt¿recek d¿ĸ¿nce ĸeklindeki yanlēĸ ne olabilir? 

 

 

 

 

Yukarēdaki 3 soru (6,7 ve 8) size alēĸageldiĵimiz soru tiplerinden farklē gelebilir. Bu sorularda sizden 

istenen soruya verdiĵiniz cevabēn nedenini a­ēklamanēz, sizden farklē d¿ĸ¿nen birinin bu soruya 

verebileceĵi olasē bir cevabē ve bu cevabē neden verdiĵi ve son olarak da cevabēn neden yanlēĸ olduĵu 

yºn¿nde bir a­ēklama yapmanēz beklenmektedir. Bu ¿­ soru arasēndan, sizden farklē d¿ĸ¿nen birisinin 

cevabēnēn neden yanlēĸ olduĵunu a­ēklamak en zor kēsēmdēr. Karĸē d¿ĸ¿ncenin neden yanlēĸ olduĵunu 

a­ēklamanēn g¿zel bir yolu bu d¿ĸ¿ncenin doĵru olduĵu durumlarē bulmak ve onlarēn soruda 

tanēmlanan durumdan farklē olduĵunu a­ēklamaktēr. 

Yani ĸºyle denilebilir: Bu d¿ĸ¿nce (yanlēĸ olan d¿ĸ¿nce) doĵru olurdu, eĵer... fakat bu sorudaki 

durum é  

 

 

 

9. Fizik ºĵrenmendeki amacēn nedir? 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) B) C) D) 
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¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

Aĸaĵēda bazē kavramlar ve durumlar hakkēnda dersten ºnce bildiklerinizle dersten sonra 

ºĵrendiklerinizi karĸēlaĸtēracaĵēnēz bazē sorular verilmiĸtir. Bu sorulara verdiĵiniz cevaplar doĵru ya 

da yanlēĸ olarak deĵerlendirilmeyecek sadece sorularē ne kadar detaylē yanētladēĵēnēz ve ne kadar 

i­ten olduĵunuz deĵerlendirilecektir. ¥nceki bildiklerinizin ne olduĵunu hatērlamak i­in sēnēfta 

yapēlan etkinliklerdeki sorulara verdiĵiniz cevaplarē, grup ve sēnēf tartēĸmalarēnē d¿ĸ¿nebilirsiniz.  

 

1a. Kuvveti dersten ºnce nasēl tanēmlēyordun? 

 

 

 

 

1b. Kuvveti ĸimdi nasēl tanēmlēyorsun? 

 

 

 

 

1c. Daha ºnceki tanēmda eksik olan kēsēm var mēydē? Var ise belirtiniz. 

 

 

 

 

2. Dersten ºnce masa ¿zerinde duran bir kitaba etki eden kuvvetler: 

 

 

 

 

3. Dersten sonra masa ¿zerinde duran bir kitaba etki eden kuvvetler: 

 

 

 

 

4. Dersten ºnce masanēn kitaba kuvvet uygulamasē sezgisel olarak anlamlē geliyor muydu yani 

masanēn kitaba kuvvet uygulayacaĵē fikri size mantēklē geliyor muydu? 

 

 

 

 

5.ķimdi masanēn kitaba kuvvet uygulamasē sezgisel olarak anlamlē geliyor mu? Gelmiyorsa l¿tfen 

belirtiniz. 
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¥DEV-2 

 

 Aĸaĵēdaki ĸekli 1-3 sorularē i­in kullanēnēz. 

 

 

 

 

 

 

 

 

 

 

 

 

1. Yukarēdaki ĸekilde gºr¿ld¿ĵ¿ gibi siyah araba batēya hareket ederken, u­ak ve beyaz araba 

doĵuya doĵru hareket ediyor. U­aĵēn hēzē her iki arabanēn hēzēndan da b¿y¿kt¿r. U­akta 

bulunan bir gºzlemci arabalarē hangi yºne doĵru gidiyor gºr¿r? Neden? 

 

 

 

 

 

 

 

 

2. Fizik dersi almamēĸ baĸka bir arkadaĸēnēz yukarēdaki soruya nasēl cevap verirdi? Neden bu 
ĸekilde cevap vermiĸ olabilir? 

  

 

 

 

 

 

 

 

3. Arkadaĸēnēzēn bu cevaba gºt¿recek d¿ĸ¿nce ĸeklindeki yanlēĸ ne olabilir? (yani arkadaĸēnēzēn 

d¿ĸ¿nce ĸeklini fizikle uyumlu hale getirmek i­in artmanēn bir yolu var mēdēr?) 

(Not: ¥dev 1 de bu t¿r sorularē nasēl cevaplayacaĵēnēz hakkēnda verilen a­ēklamayē ve Etkinlik 2 

de 10. sayfadaki 7. soruyu nasēl ­ºzd¿ĵ¿m¿z¿ hatērlamanēz sorularē yanētlamanēza yardēm 

edecektir. ) 
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¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

Aĸaĵēda bazē kavramlar ve durumlar hakkēnda dersten ºnce bildiklerinizle dersten sonra 

ºĵrendiklerinizi karĸēlaĸtēracaĵēnēz bazē sorular verilmiĸtir. Bu sorulara verdiĵiniz cevaplar doĵru ya 

da yanlēĸ olarak deĵerlendirilmeyecek sadece sorularē ne kadar detaylē yanētladēĵēnēz 

deĵerlendirilecektir. ¥nceki bildiklerinizin ne olduĵunu hatērlamak i­in sēnēfta yapēlan etkinliklerdeki 

sorulara verdiĵiniz cevaplarē, grup ve sēnēf tartēĸmalarēnē d¿ĸ¿nebilirsiniz.  

 

1. Baĵēl hēz konusunda ºnceden neleri biliyordum? 

 

 

 

 

2.  Baĵēl hēz konusunda ĸimdi neleri biliyorum? 

 

 

 

 

3. Etkinlik 2 de ºĵrenmekte zorlandēĵēm kēsēmlar? 

 

 

 

 

4. Karĸēlaĸtēĵēm zorluklarē nasēl ­ºzebilirim? 

 

 

 

5. Etkinlik 2 boyunca ºĵrendiĵim en ºnemli ĸey nedir? 

 

 

 

 

 

6. Baĵēl hēz ya da genel olarak hēz hakkēnda g¿ndelik yaĸantēlarēm sonucu elde ettiĵim 

sezgisel bilgi ve tecr¿belerim nelerdir? 

 

 

 

 

 

7. Etkinlik 2 boyunca fizik bilgileri ile uyumlu hale getirmek i­in arēttēĵēm sezgisel 

bilgilerim nelerdir? 

 

 

 

¥DEV-3 

 

1. Elinizle yatay bir kuvvet uygulayarak bir fizik kitabēnē sabit bir hēzla bir masa ¿zerinde 
ittiĵinizi d¿ĸ¿n¿n¿z. Kitaba masa tarafēndan uygulanan s¿rt¿nme kuvveti kitabēn hareketine 

zēt yºndedir. Buna gºre elinizin uyguladēĵē itme kuvveti s¿rt¿nme kuvvetinden b¿y¿k 

m¿d¿r, k¿­¿k m¿d¿r, yoksa eĸit midir? Neden? 

 

 

 

2. Fizik dersi almamēĸ baĸka bir arkadaĸēnēz yukarēdaki soruya nasēl cevap verirdi? Neden bu 
ĸekilde cevap vermiĸ olabilir? 
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3. Arkadaĸēnēzēn sezgisel bilgilerini kullanarak verdiĵi cevabē sizin verdiĵiniz cevapla 

uzlaĸtērmanēn bir yolu var mēdēr? Yoksa arkadaĸēnēza sadece ñdeneyler sizin d¿ĸ¿ncenizi 

desteklediĵinden sizin cevabēnēzē kabul etmesini mi sºylersiniz? (Ķpucu: Arkadaĸēnēz sezgisel 

bilgilerini sizin cevabēnēzla uyumlu yapabilmek i­in nasēl arētēlabilir? ) 

 

 

4. Ni­in Hatalara Odaklanērēz? 

Hemen hemen b¿t¿n etkinliklerde ve ºdevlerde hatta bu ºdevde de, yanlēĸ d¿ĸ¿nceler ¿zerinde 

d¿ĸ¿nmeye vurgu yapēyoruz. Hatalar ¿zerinde bu kadar ­ok durmamēzēn aynē hatalarē 

tekrarlamamēzēn ºn¿ne ge­menin yanēnda baĸka ne nedeni olabilir? (Bu soru i­in tek doĵru cevap 

olmadēĵēnē unutmayēn. Sadece ne d¿ĸ¿n¿yorsanēz onu belirtiniz). 

 

 

 

 

 

¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

 

1. Etkinlik 3ô ten ºnce cisim ¿zerine uygulanan net kuvvetle ivme arasēndaki iliĸkiyi nasēl 

tanēmlēyordun? (Yani Bir cisim ¿zerine net bir kuvvet etki ettiĵinde ivmesinin artacaĵēnē mē, 

azalacaĵēnē mē, yoksa sabit mi kalacaĵēnē d¿ĸ¿n¿yordun ?)  

 

 

 

 

2. Etkinlik 3ô ten sonra bir cisim ¿zerine net bir kuvvet etki ettiĵinde ivmesinin artacaĵēnē mē, 

azalacaĵēnē mē, yoksa sabit mi kalacaĵēnē d¿ĸ¿n¿yorsun? Neden? 

 

 

 

 

3. Kuvvet ile cismin hareketi (hēzē) arasēndaki iliĸki hakkēnda g¿ndelik yaĸantēlarēm sonucu elde 

ettiĵim sezgisel bilgilerim nelerdir? 

 

 

 

 

 

4.  Etkinlik 3 boyunca fizik bilgileri ile uyumlu hale getirmek i­in arēttēĵēm sezgisel bilgilerim 

nelerdir? 

 

 

 

 

 

5. Bu ºdevdeki performansēnē nasēl deĵerlendirirsin? 

a) Kºt¿   b)Orta   c)Ķyi 
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¥DEV-5 

 

AķAĴIDAKĶ A¢IKLAMAYI 1-5 SORULARI Ķ¢ĶN KULLANINIZ.  

Bir araba durgun halden t= 2 s kadar d¿zg¿n hēzlanarak hareket ediyor. Daha sonra 4 s sabit hēzla 

ilerlerken, aniden ºn¿ne ­ēkan yayaya ­arpmamak i­in frene basēyor ve d¿zg¿n yavaĸlayarak 3 s 

sonra duruyor. 

 

1. Ķlk olarak konum-zaman, hēz-zaman ve ivme-zaman grafiklerini birbirinden baĵēmsēz olarak 

ayrē ayrē ­iziniz. 

 

 
 

2. ķimdi yukarēda ­izmiĸ olduĵunuz konum-zaman ile hēz zaman ve hēz-zaman ile ivme zaman 

grafiklerinin birbiriyle tutarlē olup olmadēĵēnē kontrol ediniz. Tutarlēlēk i­in kontrol etme 

stratejisini uyguladēktan sonra grafiklerde bir deĵiĸiklik olduysa aĸaĵēdaki eksenlere 

grafiklerinizi tekrar ­iziniz? (Birinci soruya verdiĵiniz cevabēnēzēn doĵru olup olmadēĵē 

ºnemli deĵil, ikinci grafiklerinizin doĵruluĵuna gºre not alacaksēnēz. Bunun i­in ilk 

grafiklerinizi deĵiĸtirmeyiniz.) 

 

 

 

3. Eĵer grafiklerinizde herhangi bir d¿zeltme yaptēysanēz bunu neden yaptēĵēnēzē a­ēklayēnēz. 

 

 

 

 

4. Tutarlē olup olmadēĵēnē kontrol etme stratejisi ilk grafiklerinizdeki hatalarēnēzē belirlemede 

size yardēmcē oldu mu? Yoksa siz grafiklerin birbirleriyle uyumlu olup olmadēĵēnē 

d¿ĸ¿nmeden de ilk grafik ­izimlerinizde doĵru cevaba ulaĸtēnēz mē?  

 

 

 

 

5. Bir ºĵrenci 1. soru i­in aĸaĵēdaki grafikleri ­iziyor:  

 

 

 

 

 

 

 

 

 

 

 

Zaman 

HĔz 

Zaman 

Konum 
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6. Tutarlēlēk i­in kontrol etme stratejisinin bu ºĵrenciye yaptēĵē hatayē belirlemede ve 

d¿zeltmede nasēl yardēmcē olacaĵēnē a­ēklayēnēz? 

 

 

 

 

7. ¥ĵrenci yaptēĵē hatayē neden yapmēĸ olabilir? Bu ºĵrencinin gelecekte aynē hatayē 
yapmamasē i­in ona ne ºnerirsiniz (Hatasēnē d¿zeltmesi i­in ne sºylersiniz)? 

 

 

 

 

 

¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

 

1. Etkinlik 5 dan sonra neleri ºĵrendiniz. 

 

 

 

 

 

 

2. Etkinlik 5 boyunca ºĵrenmekte zorluk yaĸadēĵēnēz kēsēmlar neler oldu? Neden bu zorluklarē 

yaĸadēnēz? 

 

 

 

 

 

3.Hala anlamakta zorlandēĵēnēz kēsēmlar kaldē mē? 

 

 

 

 

 

4. Tutarlē olup olmadēĵēnē kontrol etme stratejisini kullanmanēn ºĵrenmenize olumlu katkēsē olacaĵēnē 

d¿ĸ¿n¿yor musunuz? Neden?  

 

 

 

 

5. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) iĸlemsel problemlerden 

ayēran ºzellikleri nelerdir?  

 

 

 

 

 

 

 

 

6. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) nasēl ­ºzersiniz?  

 

 

 

 

 

 

 

 



 

300 

¥DEV-6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Yukarēdaki ĸekilde gºr¿ld¿ĵ¿ gibi masa ¿zerinde duran bir topa ani bir kuvvet verilerek 

hareket etmesi saĵlanēyor. Top kazanmēĸ olduĵu hēzla masanēn kenarēna vardēktan sonra yere 

d¿ĸ¿yor. Topun yere d¿ĸ¿nceye kadarki hareketinin yatay eksenindeki ivme-zaman,  konum-

zaman, hēz-zaman, kuvvet-zaman grafiklerini ayrē ayrē ­iziniz. 

 

 
 

2. Daha sonra doĵruluĵuna en ­ok emin olduĵunuz grafiĵi kullanarak diĵer grafiklerin 
doĵruluĵunu, ñtutarlē olup olmadēĵēnē test etmeò stratejisini kullanarak kontrol edip 

deĵiĸiklik yaptēklarēnēzē aĸaĵēya ­iziniz. (Ķpucu: tutarlē olup olmadēĵē kontrol etme 

stratejisini kullanērken, konum-zaman grafiĵinin eĵimi ile hēzēn, hēz-zaman grafiĵinin 

eĵimiyle ivmenin,  kuvvet ile ivme arasēndaki iliĸkiden yararlanarak da kuvvet-zaman 

grafiĵinin doĵruluĵunu test edebilirsiniz). 
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3. Benzer ĸekilde masa ¿zerinden d¿ĸen aynē topun d¿ĸey eksenindeki ivme-zaman,  konum-

zaman, hēz-zaman, kuvvet-zaman grafiklerini tutarlē olup olmadēĵēnē kontrol etme stratejisini 

kullanarak ­iziniz. 

 

 
 

4. Fizik dersinde size mantēksēz, anlamsēz gelen, yani g¿ndelik yaĸamēnēzda hi­ iĸinize 

yaramadēĵēnē d¿ĸ¿nd¿ĵ¿n¿z bilgiler var mēdēr? Varsa aklēnēza gelenleri yazēnēz. Cevabēnēzē 

nedenleri ile birlikte a­ēklayēnēz.   

 

 

 

5. Fizik ºĵrenirken ezberlemek (anlamadan zihne olduĵu gibi yerleĸtirmek) zorunda kaldēĵēnēz 
bilgiler oluyor mu? (a)Oluyorsa, bunlar ºzellikle nelerdir? (b) Bu bilgileri ezberlemenizin 

temel nedenleri ne olabilir?  

 

 

 

¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

 

1. Etkinlik 6 den sonra neleri ºĵrendiniz. 

 

 

 

2. Etkinlik 6 boyunca ºĵrenmekte zorluk yaĸadēĵēnēz kēsēmlar neler oldu? Neden bu zorluklarē 

yaĸadēnēz? 

 

 

3.Hala anlamakta zorlandēĵēnēz kēsēmlar kaldē mē? 

 

 

 

¥DEV-7 

 

1. Bir futbol ma­ēnda Ali ile Ahmet kalecinin attēĵē topa vurmak i­in birbirlerine doĵru 
koĸmaya baĸlēyorlar. Sporcular birbirlerini fark etmediĵi i­in ­arpēĸēyorlar. ¢arpēĸma anēnda 

Ali Ahmetôten iki kat daha hēzlē olduĵuna gºre ­arpēĸma anēnda oluĸan kuvvetler hakkēnda 

ne sºylenebilir? Kuvvetlerin b¿y¿kl¿klerini karĸēlaĸtērēnēz. 

 

 

 

2. ķimdi ise Ali topa vurmak i­in daha ºnce ve sabit hēzla koĸmaya baĸlēyor. Ahmet ise daha 

sonra, fakat hēzēnē artērarak koĸmaya baĸlēyor. ¢arpēĸma anēnda her iki futbolcuda aynē hēzda 

olduĵuna gºre ­arpēĸma anēnda oluĸan kuvvetler hakkēnda ne sºylenebilir? Kuvvetlerin 

b¿y¿kl¿klerini karĸēlaĸtērēnēz. 
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3. ķimdi Aliônin Ahmetôten daha aĵēr olduĵunu d¿ĸ¿n¿n¿z. ¢arpēĸma anēnda her iki futbolcuda 

aynē hēzda olduĵuna gºre ­arpēĸma anēnda oluĸan kuvvetler hakkēnda ne sºylenebilir? 

Kuvvetlerin b¿y¿kl¿klerini karĸēlaĸtērēnēz. 

 

 

 

 

 

4. Fizik bilmeyen bir arkadaĸēnēz yukarēdaki 3 soruya nasēl cevap verirdi? Neden? 

1. soru 

 

 

 

 

2. soru 

 

 

 

 

3. soru 

 

 

 

 

5. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) iĸlemsel 

problemlerden ayēran ºzellikleri nelerdir?  

 

 

 

 

6. Fizik problemlerini (ºrneĵin kuvvet ve hareket ¿nitesindeki problemleri) nasēl ­ºzersiniz?  

 

 

 

 

¥nceki Bildiklerimizle ķimdiki Bilgilerimizi Karĸēlaĸtēralēm 

 

1. Etkinlik 7 den sonra ºĵrendiĵiniz en ºnemli ĸey nedir? 

 

 

 

 

2. Etkinlik 7 boyunca ºĵrenmekte zorluk yaĸadēĵēnēz kēsēmlar neler oldu? Neden bu zorluklarē 

yaĸadēnēz? 

 

 

 

 

 

3.Etkinlik 7 de ºĵrendiĵiniz ama size hala mantēksēz anlamsēz gelen bilgiler var mēdēr? Bunlar 

nelerdir? 

 

 

 

 

 

4. Etkilik 7 boyunca arēttēĵēnēz sezgisel bilgileriniz nelerdir? 

 

 

 



 

303 

 

 

 

APPENDIX N 

 

 

CONCEPT MAP DRAWING GUIDE  

 

 

 
Kavram haritasē insanlarēn bir konu hakkēnda sahip olduĵu kavramlarē ve bu kavramlarē zihinlerinde 

nasēl iliĸkilendirdiklerini gºstermek amacēyla ­izilen iki boyutlu bir ĸemadēr. Kavram haritasē ºĵrenilen yeni 

bilgilerin eski bilgilerle birleĸtirilmesinde etkili olduĵu gibi var olan eski bilgilerin de yeniden d¿zenlenerek 

birbirleriyle iliĸkilendirilmesinde etkili olan bir ºĵrenme ve ºĵretme stratejisidir.   

Kavram haritalarē oluĸturulurken aĸaĵēda belirtilen basamaklar izlenebilir. 

1. Konuyla ilgili t¿m kavramlar, ya da verilen kavramla iliĸkili t¿m kavramlar belirlenir. 

2. Kavramlar yakēnlēk derecesine gºre yerleĸtirilir.  

3. Ķlgili kavramlar birbirleriyle oklarla baĵlanēr. 

4. Oklarēn ¿st¿ne iki kavram arasēndaki iliĸkiyi gºsteren kelimeler veya ekler yazēlēr.   

Aĸaĵēda ­ekirdek ailenin kavram haritasē verilmiĸtir. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

¢ekirdek aile ile anne arasēndaki iliĸki ñanne ­ekirdek ailenin ¿yesidirò ĸeklinde kavram haritasēndan 

okunabilir. Ya da ­ocuk ile erkek kavramlarē arasēndaki iliĸki ñerkek ­ocuĵa ºrnektirò ĸeklinde okunabilir. 

 

 

Fizikten bir ºrnek verirsek bir cismin ivmesinin nelere baĵlē olduĵu kavram haritasēnda aĸaĵēdaki gibi 

gºsterilebilir.  

 

  

 

 

 

 

 

 

 

Ķvme ile k¿tle arasēndaki iliĸki kavram haritasēndan ñivme k¿tle ile ters orantēlēdērò ĸeklinde okunur. 

Yukarēda verilen ºrneklerde de gºr¿ld¿ĵ¿ gibi kavram haritasēnēn 3 ºnemli ºĵesi vardēr. Bunlar kutucuk i­ine 

alēnan kavramlar , oklar  ve oklarēn ¿zerine yazēlan, kavramlar arasēndaki iliĸkiyi gºsteren baĵlantē 

kelimeleridir. Kavram haritasē okunurken okun baĸladēĵē kavramdan baĸlanēr sonra okun bittiĵi kavram en 

sonunda da baĵlantē kelimeleri sºylenir. Bunun i­in kavramlar birbirine baĵlayan okun yºn¿ne dikkat etmek 

kavram haritasēnēn herkes tarafēndan aynē ĸekilde anlaĸēlmasēnē kolaylaĸtēracaktēr.  

 

Kavram Haritasē Hazērlarken Dikkat Edilmesi Gereken Hususlar 

 

1. Birbirleriyle iliĸkili kavramlar oklarla birleĸtirildikten sonra mutlaka iliĸkiyi gºsterecek baĵlantē 
kelimeleri veya ekleri yazēlmalēdēr.  

2. Ķlgili b¿t¿n kavramlar birbirleriyle oklar yardēmēyla iliĸkilendirilmelidir. 

3. Oklar ­izilirken iliĸkinin yºn¿ne dikkat edilmelidir.  

4. Her kavram harita ­izilirken sadece bir defa kullanēlmalēdēr 

5. Bir konu i­in standart bir kavram haritasē yoktur.  Kavram haritalarē kiĸiye ºzeldir. Bunun i­in bir konu 
hakkēnda bir ºĵrencinin ­izdiĵi kavram haritasē diĵer ºĵrencinin ­izmiĸ olduĵu haritasēndan farklē 

olabilir.  

Kuvvet 

Ķvme 

K¿tle 

 orantēlēdēr 
ters orantēlēdēr 

¢ekirdek Aile 

¢ocuk 

Anne Baba 

Kēz Erkek 

¿yesidir ¿yesidir 
¿yesidir 

ºrnektir ºrnektir 

d¿nyaya getirir d¿nyaya getirir 

kardeĸtir 
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APPENDIX O 

 

 

KEY WORDS 

 

 

 

 Scientific inquiry 

 Inquiry-based teaching 

 Inquiry-based learning 

 Learning cycle 

 7E learning cycle 

 Metacognition 

 Metacognitive instruction 

 Metacognitive training 

 Metacognitive strategy instruction 

 Metacognitive strategy training 

 Metacognitive prompts 

 Concept Map (Mapping) 

 Epistemology 

 Epistemological beliefs 

 Epistemic Beliefs 

 Epistemological activities 

 Epistemological instruction 

 Epistemological curriculum 

 Epistemological training 

 Science 

 Physics 

 Force and Motion 

 Different combination of the words given above 
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APPENDIX P 

 

 

STUDENTSô PRODUCTS 

 

 

 

The example of Activity 2 

 



 

306 

 
  



 

307 

 
 

 
  



 

308 

 
  

 

 

 

 

 

 



 

309 

 



 

310 

 
 



 

311 

 

 
 

 

 



 

312 

The example of Activity 3 
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The examples of homework 2 
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