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ABSTRACT

THE EFFECT OF PROBLEM-BASED LEARNING
ON THE ELEMENTARY SCHOOL STUDENTS’ ACHIEVEMENT
IN GENETICS

Araz, Giilsiim
M.S., Department of Elementary Science and Mathematics Education

Supervisor : Assist. Prof. Dr. Semra Sungur

June 2007, 193 pages

The purpose of the study is to investigate the relative effect of
problem-based learning (PBL) and traditionally designed science instruction
(TDSI) on students’ academic achievement and performance skills in the
unit of genetics after controlling for students’ prior knowledge, prior

performance skills, reasoning ability, and learning approach.

The sample consisted of 192 eight grade students from a public
elementary school in Ankara. Four classes instructed by two science
teachers were randomly assigned as experimental and control groups. The
experimental group students were taught the subject through PBL, while the
control group students received the TDSI. Students in experimental group
dealt with ill-structured problems based on real-life working in small groups
and individually. On the other hand, students in control group received an

instruction based on teacher explanations and textbooks.

v



Genetics Achievement Test, Test of Logical Thinking, and Learning
Approach Questionnaire were administered as pre-tests to students in both
groups to determine their prior knowledge and prior performance skills,
reasoning ability, and learning approach, respectively. After the treatment,
Genetics Achievement Test was administered again as a post-test to
compare the effectiveness of PBL and TDSI on students’ achievement and

performance skills in Genetics.

Multivariate Analysis of Covariance (MANCOVA) was used to
investigate the effect of problem based learning and traditionally designed
science instruction on students’ academic achievement and performance
skills in Genetics when students’ prior knowledge, prior performance skills,
logical thinking abilities and learning approaches are controlled. Results of
the study revealed that students in PBL classes had higher mean scores on
Genetics Achievement Test developed to measure academic achievement
and performance skills in the unit of genetics. Therefore, the PBL students
appeared to be better compared to the TDSI students in terms of genetics
understanding and at using relevant information in addressing the problem,

articulating uncertainties, organizing concepts, and interpreting information.

Keywords: Problem Based Learning, Traditionally Designed Science

Instruction, Genetics, Academic Achievement, Performance Skills
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PROBLEME DAYALI OGRENME MODELININ
ILKOGRETIM OGRENCILERININ GENETIK KONUSUNDAKI
BASARILARINA OLAN ETKISi

Araz, Giilsiim
Master, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi : Yrd. Dog. Dr. Semra SUNGUR

Haziran 2007, 193 sayfa

Bu c¢alismanin amaci, Ogrencilerin 6n bilgi ve 0n performans
becerileri, mantiksal diisiinme yetenekleri ve 6grenme yaklasimlar1 kontrol
altindayken probleme dayali 6grenme modeli (PDO) ve geleneksel fen
ogretim yonteminin (GFO) 6grencilerin akademik basarisina ve performans

becerilerine olan etkisini incelemektir.

Calismanin o6rneklemini Ankara ilinde bir ilkogretim okulunda
okuyan 192 sekizinci simif Ogrencisi olusturmaktadir. Deney ve kontrol
gruplart 2 ayr1 Ogretmenle egitim goren 4 smniftan rasgele secilmistir.
Konular deney grubunda probleme dayali 6grenme modeli ile islenirken,
kontrol grubunda geleneksel fen Ogretim yontemi ile islenmistir. Deney
grubundaki 6grenciler konular1 iyi yapilandirilmamus, gercek hayata dayali
problemler dogrultusunda grup igersinde ve ayni zamanda bireysel calisarak
Ogrenirken, kontrol grubundaki 6grenciler konulari 6gretmen agiklamalari

ve ders kitaplaria dayali olarak 6grenmislerdir.
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Ogrencilerin 6n bilgilerinin ve performans becerilerinin, mantiksal
diisiinme yeteneklerinin ve 6grenme yaklasimlarinin belirlenebilmesi i¢in
On test olarak sirasiyla Genetik Basar1 Testi, Mantiksal Diigiinme Yetenek
Testi ve Ogrenme Yaklagimi Olgme Testi uygulanmustir. Uygulamalardan
sonra PDO ve GFO yéntemlerinin 6grencilerin akademik basarilarina ve
performans becerilerine olan etkisini karsilastirabilmek i¢in Genetik Basar1

Testi son-test olarak tekrar uygulanmustir.

Probleme dayali 6grenme modelinin ve geleneksel fen ogretim
yonteminin Ogrencilerin Genetik konusundaki akademik basarilarma ve
performans becerilerine olan etkisini incelemek i¢in Ortak degiskenli ¢ok
yonlii varyans analizi (MANCOVA) kullamlmgtir. Ogrencilerin 6n bilgi ve
on performans becerileri, mantiksal diisiinme yetenekleri ve Ogrenme
yaklagimlar1 analize ortak degiskenler olarak atanmistir. Calismanin
sonuclar1 Ogrencilerin akademik basarisinin ve performans becerilerinin
olgiilmesini amaglayan Genetik Basar1 Testinde PDO 6grencilerinin GFO
ogrencilerinden daha yiiksek bir ortalamaya sahip olduklarin1 gostermistir.
Bu durum, PDO &grencilerinin genetik konularmi GFO &grencilerine
kiyasla daha iyi o6grendigini ve verilen problemdeki gerekli bilgilerin
kullanimi, belirsizliklerin ortaya konmasi, kavramlarin organize edilmesi ve
bilgilerin yorumlanmasi gibi beceriler acisindan daha basarili oldugu ortaya

¢cikmustir.

Anahtar Sozciikler: Probleme Dayali Ogrenme Modeli, Geleneksel

Fen Ogretim Yontemi, Genetik, Akademik Basari, Performans Becerileri.

vii



To My Parents

viii



ACKNOWLEDGMENTS

The completion of my master degree and this thesis represents the
work of many people to whom I am very thankful for their encouragement,

support and help.

First of all, I would like to express my deepest gratitude to my
supervisor Assist. Prof. Dr. Semra SUNGUR for her invaluable advices,

patience, guidance and assistance during my research.

[ am very thankful to my family members for their encouragement and
moral support through the process. Special thanks to my parents; their life
long devotion to education became my major inspiration to be an educator
and they never stopped trusting me. I would like to thank to my brothers
Kiirsad, for his help and support, and Kadir for his moral support. Their

existence means much more to me than I will ever be able to express.

Special heartfelt thanks to my fiancé Ali GOK for his help, support,
continuous encouragement and sensibility. He was with me in every step of
the process and where I need help. I feel very fortunate that I have someone

like you.

Thanks are also extended to my officemates Asiye PARLAK-RAKAP,
Savas PAMUK, Murat AYDEMIR and Mustafa Sami TOPCU for their
valuable friendship, help and patience during the entire process. They have

never turned me back when I need their help.

Sincere gratitude is extended to 8" grade students of Haci Mustafa

Tarman Ilkdgretim Okulu who participated in this study and also their

X



science teachers, Belgin MURAT and Nurhayat KAYATURHAN who
agreed to apply my instructional materials fastidiously. I also extend my
gratitude to Dr. Ilker CICEK for fruitful discussions and his suggestions

related to my thesis.

Finally, I express my sincere thanks to my committee members for

their willingness to serve in my committee and their invaluable comments.

Thank you all very much indeed.



TABLE OF CONTENTS

PLAGIARISM... oottt st il

ABSTRACT ...ttt v

OZ oottt vi

ACKNOWLEDGMENTS .....ooiiiiiieieeesete et ix

TABLE OF CONTENTS ..ottt Xi

LIST OF TABLES. ... .ottt Xiv

LIST OF FIGURES ..ottt XV

LIST OF SYMBOLS ...ttt XVi
CHAPTER

1. INTRODUCTION .....oiiiiiiiiiiiteitesieeteetesieee sttt 1

2. REVIEW OF LITERATURE .......cccooiiiiiieiiieeeeeeeeeeeeee 8

2.1 Problem Based Learning ...........ccccceeeveeevviencieesie e 8

2.2 Students’ Difficulties in Understanding Genetics ................ 21

2.3 Research on Reasoning Ability ........ccccoevieiiiiiinniiiinienins 28

2.4 Research on Meaningful Learning ............cccccoevveeviiennennnene 34

3. PROBLEMS AND HYPOTHESES.......ccccciiiiiiiieeeeee 42

3.1 The Main Problem and Subproblems..............c.cceevevvrennnnne 42

3.1.1 The Main Problem...........cccccoooiiiiiiniiniiiiiiiee 42

3.1.2  The Subproblems.........cccceecueerirriiienieeieenie e 42

3.2 HYPONESIS ..eeeuviiiiieiiieciie ettt 43

4. METHOD ...ttt 44

4.1 Design of the Study ......ccoceeveiiiriiniiniiiicececeee 44

4.2 Definition of Variables .........ccccecerieneniiniienieiinienceeeens 45

4.3 Sample of the Study.......cccecveviiiiieieeieee e, 47

Xi



A4 VarIADIES .o 47

4.4.1 Independent Variables .......c.ccooeeverviinvenenicnecnnennne. 48
442 COVATIALES ..ottt 48
4.4.3 Dependent Variables..........ccccoeeueeeiieniieiiienieeciienenns 48
4.5 INSTUMENTS ..ooiiiiiiiiiiiiieeeteeeteeee et 48
4.5.1 Genetics Achievement Test (GAT) ....ccccevevvevveneen. 48
4.5.2 Learning Approach Questionnaire (LAQ) ............... 49
4.5.3 Test of Logical Thinking (TOLT) .......ccceeevvevureennnnns 50
4.5.4 Problem Based Learning Feedback Form................. 50
4.6 Treatment (PBL vs TDSI) ...cooiiiiiiiiiieieceeeeeeee 50
4.7  Analysis 0of Data .......cccocceeeiiieiiiiiieeeeee e 68
4.8 Assumptions and Limitations .........c.ccceeeevrereeecieenieeiveennnenns 68
4.8.1 ASSUMPLIONS ...vveeerieeiiieeiiieeriieeesiieeeeeeeeeeesreeesseeenns 68
4.8.2 LIMItatioNS ...ccoueerrieniieeiieiieeieeriie et esiee e e siee s e ens 69
. RESULTS AND CONCLUSION ......cccteiiriiniiienienieeieneenieeeens 70
5.1  Descriptive StatiStiCs ....eevvverrvierieeieeriieerierieereeseeereeseeeenne 70
5.2 Inferential StatiStiCs .......ccooeeriueerieriiiinienieeee e 71
5.2.1 Assumptions of MANCOVA ........ccoceriiniinenienenn 71
5.2.1.1. Sample SiZe ......coceveeneriiniininicniceee 71
5.2.1.2. Normality and Outliers ...........ccccceeruvenneen. 73
5.2.1.3. Linearity.....cccceeveeeervveeeiieeeieeeiiee e 73
5.2.1.4. Multicollinearity and singularity .............. 73

5.2.1.5. Homogeneity of Variance-Covariance
MALTICES ettt 74
5.2.1.6. Homogeneity of Regression Slopes.......... 75

5.2.2 Multivariate Analysis of

Covariance(MANCOVA).....cccoiviiiiieieeeeee 75
5.3 Students' Opinion about the Problem Based Learning ....... 81
5.4 CONCIUSIONS ..couviiiiiiieiiiieieeieeee e 90

Xii



6. DISCUSSION........coimiieeieeeeeeeeeeeeeeee e, 92
6.1 DISCUSSION....cceiiiiiiiiiiiiiiiieee ettt e e e e seaaaaeeees 92
6.2 Validity Threats of the Study.........ccoevvveveiiniiniieieeieee 97
6.2.2 Internal Validity of the Study .........ccceevveeiveniennns 97
6.2.2 External Validity of the Study..........cccoevvvirennennne. 98
6.3 Implications of the Study........cccccocerviniininiiniiniiccee, 98
6.3 Recommendations for Further Research ...............c............. 99
REFERENCES ........ooviiiiieeeeeeeeeeeeeeeee e 101
APPENDICES ......oovimiiieieeeeeeeeeee e eene s 114
A. OGRENME STILLERI ENVANTERI .......cccccoovvvviiiienn. 114
B. GENETIK BASARI TESTI ..oueiiiiieeeeeeeeee e 116
C. RUBRIC ..o 124
D. OGRENME YAKLASIMI OLCME TESTI ......cc.cocovvvviviiennnn 127
E. MANTIKSAL DUSUNME YETENEK TESTI.......cccocvvvvinn.. 129
F. PROBLEME DAYALI OGRENME MODELINE ILISKIN
GERIBILDIRIM FORMU ........coooiviimeiieieeeeeeeeeeeeee e, 136
G. HANDBOOKS .....coooovimeiieeeeeieeeeeeeeeeeeeeeesseseesses s 141
H. POSTERS ...t 158
I. PREPERATION ACTIVITY ...oooviiriiieeeeeeeeeereeeeeeeeeees 160
Jo CASE 1o 162
K. WORKSHEET L.....coovioiimieeieeeeeeeeeeeeeeeeeeeeeseresses s 171
L. SAMPLE OF STUDENTS’ FINAL REPORT FOR CASE 1 ....172
M. CASE 2 oot 175
N. SAMPLE GROUP SHEET ......cc.coovveimeeeeeeeeeeeeereeeneeeeeneen. 181
O. SAMPLES OF STUDENTS’ FINAL REPORT FOR CASE 2 ..182
P. CASE 3 .o 183
R. SAMPLE OF STUDENTS’ FINAL REPORT FOR CASE 3 ....192
S. WORKSHEET 2.....oouivieiiiieeeeeeeeeeeeeeeeeee e, 193

xiil



LIST OF TABLES

TABLES

Table 4.1 Research Design of the Study..........ccceevvveeiieniiicieniieenne, 44

Table 5.1 Descriptive Statistics for Academic Achievement,

Performance Skill, Reasoning Ability and Learning Approach

for both the Experimental and the Control groups................... 72
Table 5.2 Zero-order Correlations ..........c.ceceeviveevieeiieenieiiiecieeeene 74
Table 5.3 Box's Test of Equality of Covariance Matrices.................. 74
Table 5.4 Levene's Test of Equality of Error Variances..................... 75
Table 5.5 Results 0of MANCOVA .......cooiiiiiiiniiieneeeeeeseeeene 76
Table 5.6 Tests of Between-Subjects Effects ........ccccoeevveviiieinieennen. 77

Xiv



LIST OF FIGURES

FIGURES

Figure 5.1 Comparison between post-Genetic Achievement Test

scores of the experimental and the control groups..................

Figure H.1 Poster A: Dominant Characters.........c..cccceveveveenenienncens

Figure H.2 Poster B: Recessive Characters ..........ccoccveeeeveeenieeennneenns

Figure L.1 Sample of Students’ Final Report for Case 1 Page 1I......

Figure L.2 Sample of Students’ Final Report for Case 1 Page 2......

Figure L.3 Sample of Students’ Final Report for Case 1 Page 3......

Figure N.1 A Sample of Group Sheet.........c.ccocveevieriieiiencieeiienes

Figure O.1 Students’ Final Report for Case 2 Sample 1...................

Figure O.2 Students’ Final Report for Case 2 Sample 2...................

Figure R.1 Students’ Final Report for Case 3 .........ccceveriinvineennene

XV



LIST OF SYMBOLS

PBL : Problem Based Learning

TDSI : Traditionally Designed Science Instruction

GAT : Genetics Achievement Test

TOLT : Test of Logical Thinking

LAQ : Learning Approach Questionnaire

LAQ-M : Learning Approach Questionnaire - Meaningful
LAQ-R : Learning Approach Questionnaire - Rote

LSI : Learning Style Inventory

EG : Experimental Group

CG : Control Group

Xvi



CHAPTER 1

INTRODUCTION

“...learning needs to be conceived of as something a learner does,

not something that is done to learner.” (Fosnot, 1989, p.5).

In recent decades, there has been a shift in science education towards
more student-centered teaching approaches. Indeed, relevant literature has
shown that when students are involved in the learning process actively;
meaningful learning, understanding and retention can be enhanced
(Ausubel, 1963; Lord, 1994). According to Debacker and Nelson (2000),
classroom environments which focus on students’ effort and strategy use
instead of their ability, encourage students to compare and realize the
difference between their past and present performance, and reduce the
emphasis on grade and social comparisons can improve student learning.
Moreover, as Torp and Sage (2002) points out, “students need to understand
at deeper levels, and to understand at deeper levels they need to engage in
sustained thinking about topics or issues-to crawl inside ideas and expose

misconceptions while making multiple connections” (p.31).

Problem-based learning (PBL) is a constructivist method in which
students learn the course content by dealing with messy, open-ended
problems in small groups and individually with the guidance of the teacher.
Educators worked on this method over than 40 years, since PBL was firstly



integrated in medical curriculum in McMaster University. PBL attracted
attention in medical fields as it contributes usage of the knowledge in the
relevant situations, and in education as it has several advantages in
motivation, meaningful learning, retention, and social and performance
skills.

There are studies in the literature which aimed at adapting problem-
based learning for use in elementary and high school settings (Achilles &
Hoover, 1996; Gallagher, Stepian, Sher, & Workman, 1995; Gordon,
Rogers, Comfort, Gavula, & Mcgee, 2001; McBroom & McBroom, 2001;
Sage, 1996; Savoie & Hughers, 1994; West, 1992). Results, in general,
revealed that the PBL creates an environment in which students actively
participate in the learning process, take responsibility for their own learning,
and become better learners in terms of time management skills, ability to
define topics, ability to access different resources, and ability to evaluate
validity of these resources. Moreover, it was found that PBL appears to
improve critical thinking, communication, mutual respect, teamwork,
interpersonal skills and increase students’ interest in the course and make
students apprentice scientists. Furthermore, it was suggested that PBL
encourages students to identify knowledge deficiencies, coordinate actions
and people, realize goals and continuously monitor understanding (Galand,
Bentein, Bourgeois & Frenay, 2003; Karabulut, 2002; Paris & Paris, 2001).

The main characteristic of PBL that differentiate it from other
constructivist methods is the ill-structured problems. Students construct the
knowledge base while dealing with ill-structured, messy, and open-ended
problems that include cases from real-world situations with no single right
solution. Ill-structured problems poss multiple solutions and multiple

criteria for evaluating solutions and require learners’ personal opinions



(Jonassen, 2000). The problem requires scientific thinking, reasoning skills
and personal decisions that are based on prior experiences. In a PBL
classroom after meeting the problem, students determine what they know
and generate hypotheses to solve the problem, decide what they need to
know to test the hypotheses and to reach the solution, search the sources
about the subject and share their ideas and information with their peers, get
a conclusion for the best solution, and lastly summarize their process and
present their solution. During the PBL teachers are the facilitator who guide
students in the process and help to reach the sources. The teacher must
check on the students in each group and their progress and help groups
eliminate their misconceptions or help them keep going to learning in true
way (McKeachie, 2002). Therefore, students are active learners and

problem solvers and teachers are the guides (Torp & Sage, 2002).

In PBL classes, students are responsible for their learning and they
learn how to learn instead of receiving the information from teacher. The
benefits of PBL include improvement in students’ motivation, higher-order
thinking skills and learning how to learn skills by making learning relevant
to the real world, encountering the students with authentic situations. In
addition, learners’ endeavor for finding a solution and generation the
strategies to the problems provide self-regulated learning and learning how
to learn (Torp & Sage, 2002). Moreover, the real-world problems connect
the knowledge with students’ world and support their perception of subjects
as important to learn since they may use them in their real life (Uyeda,
Madden, Brigham, Luft & Washburne 2002; Plucker & Nowak, 1999;
Levin, 2001; Gordon et al., 2001). Therefore, in PBL environments ill
structured problems are used as guides for student learning and teachers are
expected to keep students on track while deciding on what directions to
follow in their investigations, what information to collect, and how to



evaluate the information (Chin & Chia, 2005; Hmelo-Silver, 2004; Song,
Grabowski, Koszalka, & Harkness, 2006).

In fact, one of the primary goals of research in education and
educational psychology is to help students apply scientific concepts to real
life problems (Chin & Chia, 2005). According to Ausubel (1968), such
meaningful learning is encouraged whenever students relate new knowledge
to relevant concepts they already know. For meaningful learning to take
place, however, students should not acquire isolated facts; they should
construct new knowledge by drawing relationships among several different
concepts, both new and old. Therefore, it should be noted that regardless of
which instructional approach is employed in the classrooms, students’ prior
knowledge has great influence on their further learning. The studies in the
literature showed that prior knowledge is a significant predictor of
achievement (Johnson & Lawson, 1998; Williams & Marek, 2000).

Meaningful learning is also associated with a meaningful learning
approach (Entwistle & Ramsden, 1983), which refers to an intention to
understand the material. The predominant strategies of this approach are
use of evidence and the relating of different ideas, and its predominant
motive is an interest in the ideas presented (Diseth, Pallesen, Hovland, &
Larsen, 2006). Entwistle and Ramsden (1983) reported that students who
adopt a meaningful learning approach are likely to find the task more
interesting and easier to understand. In general, a meaningful approach is
found to be associated with a deep level of understanding. In contrast, the
rote approach to learning involves both rote memorization and the syllabus
boundness. In this approach, the student’s intention is to meet the minimum
course requirements and their external motive is to avoid failure by simple
recall (Diseth et al., 2006). Cavallo, Rozman and Potter (2004) suggested



that the rote approach to learning is not sufficient to achieve a sound
understanding of scientific concepts. Cavallo (1992) found a significant
positive relationship between the student’s approach to learning, their prior
knowledge, and their level of meaningful understanding after completing a
genetics course. In a similar study, Cavallo (1996) later reported that a
meaningful approach to learning is the best predictor of meaningful
understanding. On the other hand, students relying on the rote approach
appeared to need help in applying the concepts, indicating a lack of

meaningful understanding.

However, learning approach or prior knowledge may not be sufficient
to explain the observed variations in students’ science understanding
especially in abstract concepts like Genetics. Therefore, it is essential to
consider the students’ native reasoning abilities as well. In fact, many
studies have shown that reasoning ability is also a strong predictor of
achievement for several biological concepts, including genetics (Cavallo,
1996; Johnson & Lawson, 1998; Lawson & Thompson, 1988). Students at
higher formal reasoning levels are more successful in genetics and solving
genetic problems than students at lower reasoning levels. Additionally,
reasoning ability is a contributor of achievement for inquiry based
instructions (Johnson & Lawson, 1998).

Previous studies showed that students have difficulty, many
misconception, confusion and incoherency knowledge in genetic topics
which include many abstract concepts hard to understand, to learn and to
remember (Bahar, Johnstone, & Hansell, 1999; Cavallo, 1996; Esiobu &
Soyibo, 1995; Lewis, & Leach, 2004; Lewis, & Wood-Robinson, 2000;
Lewis, Leach, & Wood-Robinson, 2000a, b, c; Wood-Robinson, Lewis, &
Leach, 2000; Knippers, Waorlo & Boersma, 2005). The researchers of the



studies suggested that meaningful understanding of Genetics concepts can
be increased by integrating methods that actively involves students in the
learning process with the guidance of the teacher and enhancing students-
students interactions by small group discussions and dealing with open-
ended problems. Ausubel (1963) points out that, to achieve a meaningful
learning for abstract concepts, learners need to discover them by their own

concrete, empirical, problem-solving experience.

In Turkish curriculum, students meet with the Genetics concepts first
time at 8" grade, when they are at the age of 14-15 years. Tobin and Capie
(1982) suggested that the majority of students at these ages have difficulty
in learning to use integrated process skills, and the teaching strategies
should be designed to improve these skills. Otherwise, students may have
difficulty in understanding abstract concepts like genetics. The intricacy in
genetics concepts may be overcome and students process skills may be
improved by implementing PBL since it encourage meaningful
understanding through confronting students with ill-structured problems,
activating their prior knowledge, and improving their higher order thinking
skills as well as their performance skills. However, since there are a few
empirical studies involving the implementation of PBL in elementary
science education, more studies are needed to reveal the effectiveness of
PBL on achievement, performance skills and some other important variables
such as motivation in elementary schools (Sage, 1996; Savery, 2006).
Majority of the studies in the literature, on the other hand, have focused on
the effectiveness of PBL without making a comparison with other
instructional methods. Related studies in elementary and high school levels
were mainly descriptive. As a result of this, the number of empirical studies
which compared effectiveness of PBL with other instructional methods was
very limited. In order to fill this gap in the literature, the present study



aimed at comparing the effectiveness of PBL and traditional lecture-based
instruction on elementary school students’ academic achievement and
performance skills in a science unit on genetics. Moreover, students’ prior
knowledge, prior performance skills, reasoning ability and learning
approach were used as covariates to control the variance in achievement and
performance skills scores due to these variables. The findings of the present
study are imperative since the appropriateness of PBL for elementary
students and its effectiveness in terms of student learning, understanding,

higher order thinking skills, and performance skills can be determined.



CHAPTER 2

REVIEW OF LITERATURE

This chapter includes the review of the literature relevant with
problem-based learning, students’ difficulties in understanding genetics,

reasoning ability, and meaningful learning.

2.1. Problem-Based Learning

In today’s world, one of the main goals of science education is to
help students develop scientific thinking. In order to accomplish this end,
there is need for creating rich learning environments in which students are
involved in inquiry based tasks requiring cognitive processes used by
scientists while conducting research. As suggested by Chin and Chia (2005)
such scientific thinking processes can be developed in students with the
integration of the problem based learning (PBL) into the curriculum. In fact,
the PBL provides students with guided experience in learning through
dealing with ill-structured problems based on real life. Ill-structured
problems are complex problems that have multiple solutions instead of
having a single correct answer, and to generate a solution and support their
ideas students need to consider alternatives by using personal opinions and
provide a reasoned argument (Hmelo-Silver & Barrows, 2006; Jonassen,
2000). Actually, three major components of a PBL environment include

presence of ill-structured problems, teachers as facilitators, and changed



students’ role in learning (Curry, 2002). Firstly if we take a look at the
problems we can see that unlike well-structured problems which focus on
conclusion with straightforward solutions, ill-structured problems incline
students in a messy situation with no one right answer and allow creation of
several hypotheses and solutions (Levin, 2001; Sage, 1996). These problems
play a role as a “content and knowledge organizer, learning environment
contextualizer, thinking reasoning stimulator, and learning motivator” in the
PBL process (Hung, 2006, p.56). Therefore, since the problems are ill-
structured, the PBL students are to define the problem and determine what
they need to know. Moreover, ill structured problems based on real life
situations help students make connections with real world and realize that
what they learn in the classroom can be used in their daily lives (Levin,
2001). Additionally, these problems allow students to take the responsibility
of learning and increase their activity in the learning process by giving roles,
to play according to scenario. This situation is not only enjoyable but also

helps students define the problem.

Therefore, in PBL environments ill-structured problems are used as
guides for student learning, and teachers, who are no longer considered as
dispensers of knowledge, are expected to keep students on track while they
decide on what directions to follow in their investigations, what information
to collect, and how to evaluate the information (Chin & Chia, 2005; Hmelo-

Silver, 2004; Song, Grabowski, Koszalka & Harkness, 2006).

Accordingly, in a typical PBL class, lesson starts with meeting the
problem but the students are to be prepared for PBL process. In fact, the
steps of PBL was specified by Torp and Sage (2002, p.36) in the following
order; prepare the learners, meet the problem, identify what we know, what

we need to know, and ideas, define the problem statement, gather and share



information, generate possible solutions, determine the best fit of solutions,
present the solutions, and lastly debrief the problem. More specifically, in a
PBL class the students need to know how a PBL lesson runs on and what
they are going to do in this process. When they meet the problem they take
the roles to play and identify what they know, generate ideas, hypothesis
and determine learning issues (Hansen, 2006). They conduct independent
study after lesson. They revise their hypothesis and ideas in line with new
information (Robins, 2005). Based on information and ideas, they generate
possible solutions to the problem and choose the best one. Because of the
problems are ill-structured they need to generate plural hypothesis. The
important point is not to find a correct answer; but to learn the content while
acquiring the information individually, sharing and exchanging and
integrating them with peers. All groups present their solution and explain
their process through PBL lesson. During these processes, the teachers
guide students to reach right sources and try to keep them on track (Robins,

2005).

The other major features of PBL contain a change both in teacher
and student role in learning. In a PBL environment, students are challenged
to understand the problem situation, identify important points to be
investigated, formulate hypothesis for a solution, access a variety of
resources to gain new knowledge, think about how this new knowledge can
be used to deal with the problem, and reflect on their understanding.
Moreover, in a PBL class students participate in social interactions working
in groups and the teacher acts as a facilitator. Therefore, in PBL classrooms,
students’ role changes from passive knowledge receivers to active learners
and teachers’ role changes from knowledge transmitter to facilitator in
learning process. In other words, instruction is students centered not teacher

directed in the PBL (Levin, 2001). Actually, Torp and Linda (2002)
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suggested that in the PBL classrooms, students become active learners and
problem solvers and teachers’ role is to act like a coach. Likewise,
Greenwald (2000) explains the PBL as a constructivist process that is
shaped and directed primarily by the students, with the instructor as the
“thinking” coach. The control of the direction of learning is on students as
they decide what they need and want to know to construct a solution to the
problem (Uyeda, Madden, Birgham, Luft & Washburne, 2002), and the
teachers questions aimed at to challenge students’ thinking, help shape
learning (Greeanwald, 2000) and asses depth of knowledge and
understanding (Uyeda et al., 2002). The PBL teacher as a facilitator
scaffolds students’ learning by clearing misapprehensions and gives clues
through questions, and produces good strategies for learning and thinking
rather than giving the subject directly (Hymelo-Silver & Barrows, 2006).
Moreover, teachers are expected to make students more responsible for their
learning (Archilles & Hoover, 1996). They are to follow up the students’
progress and guide them. Rather then transferring knowledge, they facilitate
the learning (Fyrenius, Bergdahl & Silén, 2005). In addition, feedback to
students as well as facilitation required from teachers. The teacher checks
on the students in each group and help groups clear up misconceptions or
help them keep continue to learn in the right way (McKeachie, 2002).
According to Torp and Linda (2002), “as teachers model and coach strong
cognitive and metacognitive behaviors and dispositions, students learn how
to learn and become excited about learning through problem solving.”
(p.34). In addition it should be noted that, implementation of the PBL
involves both cooperative learning and independent learning. Cooperative
learning, which provides students with opportunity to learn while working
in small groups, is one of the best ways for active learning (Silberman,
1996). Similarly, Rivarola and Garcia (2000) consider that team work is the

best way to encourage student participation and interaction, discussion,

11



corporation and conceptual communication. PBL favors learners to work
with group peers and share their findings and ideas to reach the solution.
Besides, it develops students’ skills to become self-directed learners by
requiring students to work in a group cooperatively to get information to
decipher the problem. On the other hand, while learning on their own
independently, students take the responsibility of learning and are expected
to assess their performance in order to determine what they need to learn
(Burgess, 2004). Searching information and deciding what is going to be
learned becomes personal construction of the learner. In a PBL classroom,
after defining the problem and determining the needed information for
finding them, students search the resources like library, books, internet, e-

sources individually then share the information in their group.

Savery and Duffy (1995) supports the claim that PBL is a
constructivist approach and is agreed with the principles of constructivist
instructions. The principles are as follows. Firstly, the purpose of the
learning activities should be clearly perceived and accepted by the learner.
Since the goals of the learners determine what they learn, a task should be
established in a way that learners may adopt it as their own. Secondly,
similar to the first principle, students should be encouraged to take on the
ownership of the process used for the task. Thirdly, authentic tasks and
complex environments should be generated for students. These tasks and
learning environments should be challenging for learners’ thinking skills.
Fourthly, teachers’ roles in instruction should be to support effective
functioning of learners in complex environments, to encourage their
alternative views, their discussions in the collaborative learning groups, and
to encourage testing their ideas and hypotheses. Lastly, the evaluation

should be based on learning process as well as the knowledge learned.
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Suvery and Duffy suggested that abovementioned characteristics are all

relevant to PBL instruction.

In fact, according to Arambula-Greenfield (1996), PBL is an
instructional format that requires students to participate actively in their own
learning by researching and working through real-life problems to arrive at a
best solution. In the PBL process, the problems are the center of the learning.
The problem is given students at the beginning of the process and learning
occurs by doing the problem solving (Burgess, 2004). Problems aim at to
motivating students to learn and providing a real world context to examine
the related issues (Savoie & Hughes, 1994). The problem is ill-structured
that is unclear and open-ended and that raises questions about what is
known, what needs to be known, and how the solution can be found
(Greenwald, 2000). Problems have many solutions ways and individuals
solve them by influencing their vantage point and experience (Greenwald,
2000). Since the problem is unclear, students need to redefine the problem
as new information is gathered (Greenwald, 2000) and to eliminate some of
the hypothesis or to generate new ones. In typical classroom problem
solving approaches, students encounter problems after they learn the
required content knowledge (Uyeda et al., 2002) and when all information
needed for solution building is available (Greenwald, 2000). On the contrary,
in PBL approach learning begins at the introduction of problem to students.
The process is regulated by students as generating hypotheses to the
problem based on the information in the problem, their prior knowledge and

research.
In PBL instruction, what students will construct from a learning

environment depends on teaching context, teaching/learning activities and

student factors such as prior knowledge, ability and motivation (Spronken-
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Smith, 2005). Additionally, Raine and Collett (2003) claim that prior
knowledge is the most important factor in learning and it is a valid
contribution to the group effort in PBL. Doig and Werner (2000) suggested
that creation of a common base of knowledge for students from diverse
academic backgrounds enables students to create meaningful constructs on
which PBL can build. Indeed, one of the aims of PBL procedure is to
increase the interaction between new information to be learnt and
knowledge already present in the learner (De Grave, Schmidt & Boshizen,
2001). De Grave et al. (2001) consider that PBL discussions have an
influence on the integration of new information in the knowledge already
available in the student. According to Doig and Werner (2000), although
problems are the focus for learning, integration and application students
need to have sufficient science knowledge background in order to deal with
problems effectively and learn underlying basic science. In fact, students
rely on their prior knowledge to formulate tentative hypotheses to the

problem (Burgess, 2004).

The origin of PBL as an educational approach was in medical
education in the 1960s (Torp & Sage, 2002). In the nineteen century the
cases were used in Harvard Medical School but firstly in 1969 traditional
lectures in first-year basic science courses were replaced with courses that
started with problems presented by patients’ cases in McMaster University
(McKeachie, 2002). The researchers realized that using traditional lecture
approach was sufficient to provide theoretical knowledge; however, it was
defective to provide enough skills to use in practical exercises. Whereupon,
the necessity of having learning approach that is not only based on
theoretical framework but also profitable for clinical application was
realized. Within a following decade PBL became widespread to be accepted

as instructional approach in many other medical schools in North America
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and Europe (Blight, 2000; Norman & Schmidt, 2000; Salvatori, 2000;
Savery, 2006). The main question, which is if the PBL was as much
adequate as in terms of conventional test of knowledge like in traditional
lectures, was examined by many researchers and the results showed that
PBL provided comparable scores with traditional approaches in medical
examinations (Vernon & Blake, 1993), and PBL graduates performed as
well and sometimes better in clinical examinations and faculty evaluations
(Albanase & Mitchell, 1993). There are many other studies which
investigated the effectiveness of implementation of PBL in engineering
education (Dahlgren, 2000; Fink, 2002) and in law education (Driessen &
van der Vleuten, 2000; Mackinnon, 2006). Now there are universities in
which PBL is implemented in many courses (Eck & Mathews, 2000). In
addition, PBL has been implemented in elementary and secondary school
because of its potential to enhance higher order thinking skills and
communication skills (Archilles & Hoover, 1996) and to make students

more active and highly motivated (Hmelo-Silver, 2004).

There are some studies conducted to identify the effect of PBL on
learning and to compare its effectiveness with traditional instruction.
Vernon and Blake (1993) conducted a meta-analysis study for 22 studies to
compare PBL with traditional methods in medical education and they
pointed out that the superiority of the PBL approach over the traditional
methods with respect to students’ clinical performance, attitudes and
opinions about their program while both methods are not differ on
knowledge. Arambula-Greenfield (1996) stated that, collage students
preferred PBL instruction to the traditional lecture-discussion-presentation
format for both learning academic content and for practicing independent

learning and critical thinking.
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A study by Gordon, Rogers, Comfort, Gavula and McGee (2001)
focused on the effectiveness of PBL on middle school students. They
conducted a study on low-income minority middle school students who
received PBL. Before the lectures more than thirty staff members of the
school were trained for PBL. The experimental group consisted of two
classrooms that included sixty six students from different levels and all
students were grouped according their grade level. Groups of eight to ten
students were formed. The control group consisted of two similar
classrooms with students of different levels. There was no difference in the
classes in terms of the grade level of the students so classes were grouped
heterogeneously. The same advisors and teachers of each grade remained
with the experimental and the control group classes. PBL scenarios were
developed in accordance with goals of the curriculum in health science
issues in order to develop students’ self-directed learning skills and critical
thinking. Problems that are relevant with issues were given to the sixth,
seventh, and eighth grades. The topics in the eighth grades were domestic
violence, target-marketing and advertising, sickle-cell anemia and aneroxia-
endocrinology. On the first day the PBL group met the problem, generated
learning issues and recorded their discussion results on a sheet of paper
under the categories of “data”, “analysis”, “hypothesis” and “learning
issues”. They used the school library, the internet and expert opinions as
source of information on subsequent days. The teachers and a librarian
helped students with their research. The next day they started to share and
discuss their findings and to apply the things they learned with each other.
They made a concept-map of their solutions and learning. The facilitator
provided feedback at end of each lesson. At the end a self-assessment
instrument which contained a list of what they learned, ideas about group
success and suggestions for group improvement was completed by all PBL

students. The findings showed that not only students but also facilitators had
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a positive perception of PBL and responded positively PBL activity. While
the teacher thought PBL promoted students’ critical thinking,
communication skills, group work and information seeking, the students
also valued the active learning, information seeking, the high level of
challenge, team work and the personal relevance of the material. Moreover,
a significant improvement in their science grades was observed at the end of
the study and it was concluded that PBL increased the performance of low-

income minority middle school students in the science subject.

A similar study was carried out by Sage (1996) to describe the
characteristics of PBL as a curriculum development and instructional
strategy in the K-8 level and to determine the effects of PBL on students’
thinking skills. To this purpose 1°/2", 3"/4™ and 8" grade students
participated in the study. Teachers involved in the study had experience in
PBL implementation. During the implementation, 1°/2" and 3'/4™ grade
students studied the same problem which was about the failure of planted
flowers in a garden to grow. The teacher prepared the students for the PBL
by making them to conduct several plant experiments and making them
familiar with the strategy of recording what they know, what they need to
know. The teacher also brought some books to the class to help students
access related information. However, students were not informed about the
fact that they would be doing PBL. After being prepared for the PBL,
students met with the problem about plant problems. While they were
dealing with the problem, the teachers took the role of coach who keeps
students focus on the problem, guides their efforts, provides active learning
opportunities and helps students to express their prior knowledge, recognize
facts, pursue and research about ideas and knowledge. They worked also at
home and shared their information with other groups. Students did more

experiments with the help of the teacher about plants to determine what
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affects on plants’ growth. Students were encouraged about using library and
online resources. In the last part they asked for help from their art teacher
and librarian to prepare a presentation on their solutions. The criteria for
presentation were that it had to be understandable, attractive and concise. 8"
grade students, on the other hand, worked on a problem related to a prairie
on their campus. After meeting the problem students were allowed to
examine the plants outside. The teacher collected relevant resources that
students used in class. The students also presented their solutions. 1%/2™
grade’s teacher stated that PBL improved students’ complex thinking and
problem solving. According to her, PBL helped students realize the reason
behind using a skill or strategy which improves retention. 3"/4™ grade’s
teacher mentioned that students learned many things about not only plants
but also food chains and ecosystem by actively involving the learning
process, not just by relying on textbooks. The opinions of 8" grade students’
teachers on PBL showed also that PBL develops students’ problem solving
and presentation ability. Additionally, they stated that PBL helps teachers to
redefine the aim of education and science and change their perspective from
“students need to know this” to “what is important for kids to know”.
Overall, the opinions of teachers, in all grade levels, about PBL were all

positive.

In other study, PBL was implemented in a Molecular Genetics unit
(McBroom & McBroom, 2001). Six high school juniors were selected for
the control group which would be instructed by a traditional lecture method
while five sophomore students were selected for the experimental group to
be instructed by PBL method. Each group was taught by the same instructor.
An interesting and practical problem about genetic similarity on common
daisy’s weed control on campus was given to the experimental group. The

experimental group spent more time on the unit than the control group. In
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the first week, students were introduced the problem, and students defined
the problem and identified where they could find the necessary information
about possible solutions to the problem. The instructor did not teach related
concepts directly but helped them as a learner-coach. In following lessons,
they did research on these concepts and class discussion controlled by the
instructor was made. In the last week they presented their project. A
questionnaire, which was developed to measure knowledge of students, was
administered as pre and post test. Independent samples t-test of the pre and
post tests scores showed that at the end of the unit, the PBL group scored
significantly higher then the traditional lecture group. Moreover, PBL
students completed the unit with a positive attitude and an apparent gain in

self confidence differently from other group.

In addition, the result of the study conducted by Cerezo (2004)
showed an increase in students’ motivation, self-regulated learning and self-
efficacy. The researcher studied on at-risk female students in middle grades
math and science classrooms to determine the effectiveness of PBL and
changes in students learning and self-efficacy. More specifically, 14 female
students, who were in danger of failing from math or science lessons, from
6", 7™ and 8" grades were lectured with PBL and interviewed to collect data.
Data on self-regulated learning and self-efficacy were collected depending
on the use of the library, concentration in school, homework deadlines, and
ability to be outspoken or participate in class discussions. The results
showed that participants’ performance positively changed and all of the
participants liked PBL and working in a group, also they benefited from
PBL for learning. Additionally, PBL made students have more willing for
school work, increased the students’ self efficacy by providing them with
interaction with other students in problem-solving situations and contributed

to understanding of the concepts deeply.
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Indeed, PBL engages students in learning and students take their
responsibilities, it increases students’ motivation. According to Savoie &
Hughes (1994), students become highly motivated and eager to share their
thoughts about problem, both inside and outside of the classroom. They also
reports that they observed their students changed from individuals who
struggled to remember even the simplest information in their regular classes
to discussers of a broad range of information, not just from the case
description but from their personal experiences as well. Additionally, PBL
gives answers to students about their dilemmas on ‘Why do they need to
learn?’ or ‘Where will they use this information in real world?’, so they can
find out the real reasons to learn. PBL makes learning relevant to the real
world by dealing with real-life problems. According to Uyeda et al., (2002)
the main benefit of PBL is developing an awareness of the connection
between science and society by presenting the importance of using concepts
from specific science disciplines to explain collected data to solve the
problem. These ill-structured scenarios encourage students to use and
improve their critical thinking and creativity. Moreover, PBL increases self-
regulated and metacognition skills and induce students to learn how to learn
(Torp & Sage, 2002). Independent learning skills are developed through
PBL process (Doig & Werner, 2000) and when the learning constructed by
the learner it is more meaningful and long-lasting (Rivarola & Garcia, 2000).
The result of the study conducted by De Grave et al. (2001) revealed that
PBL discussions encourages elaboration based on prior knowledge, thereby
causing integration of new information into existing knowledge as well as
accessibility and memorization of such knowledge. Moreover, thinking
about problem and possible solutions improve the formal reasoning ability,
and working together to solve the problem increases students
communication. Likewise, Xiuping (2002) maintains that, PBL produces

strong reasoning and team building skills. Additionally, students’
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presentation of their works in teams improves their oral communication

skills (Rivarola & Garcia, 2000).

Although PBL has many positive yields, during the implementation
of PBL some problems may be encountered, because in a PBL lesson
students are expected to work on ill-structured real world problems that they
are not familiar with (Plucker & Nowak, 1999). In other words, students
must be experienced in dealing with ill-structured problems while working
in groups and conducting independent study. The preparation of students to
the PBL process and encouraging students to use their critical thinking and
self-regulated learning skills are some of the roles of teachers. A paper
presented by Ngeow and Kong (2001) to prepare teachers and students for
PBL noticed the challenges in PBL implementation like difficulty of group
management, lack of experience with inquiry learning and insufficient
feedback from instructors. Moreover, during the implementation of PBL it
is recommended that cooperative learning skills, inquiry skills, reflection
skills are emphasizes; and in order to asses these skills, teachers make use of
presentations or final projects. In fact, teachers’ assessment and evaluation
of the PBL are not only based on the final learning product like PBL project
or knowledge based tests but also students’ performance during the whole
PBL process (Ngeow & Kong, 2001). Because the goals of PBL are both
knowledge-based and process-based the examinations must be considered

students progress towards these goals (Savery, 2006).

2.2. Students’ Difficulties in Understanding Genetics

Considerable research has demonstrated that Genetics is one of the

most important yet difficult topics to teach and learn in school science

(Rotbain, Marbach-Ad & Stavy, 2006; Kindfield, 1991; Tsui & Treagust,
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2003; Tsui & Treagust, 2004). These studies, indeed, showed that students
have difficulty in understanding genetics concepts and hold variety of
misconceptions with incoherent knowledge structure. Actually, genetics
include many abstract concepts hard to understand, learn and remember
such as inheritance, reproduction, and meiosis (Bahar, Johnstone, & Hansell,
1999; Cavallo, 1996; Knippers, Waorlo & Boersma, 2005; Lewis, & Leach,
2004; Lewis, & Wood-Robinson, 2000; Lewis, Leach, & Wood-Robinson,
2000a, b, c; Wood-Robinson, Lewis, & Leach, 2000). Law and Lee (2004)
pointed out that understanding of genetics requires understanding of both
not observable and abstract conceptual entities and interactions among these
entities. However, it is easier for young students to deal with the organisms
that are more visible than the invisible ones to the naked eye (Gilbert,

Osborne & Fensham, 1982).

The study of Wood-Robinson (1994) (as cited in Lewis &Wood-
Robinson, 2000) showed that understanding of genetics and inheritance was
poor at all age groups. Bahar et al. (1999) reported that even students in
higher education, who passed the university exam successfully, had
difficulty in understanding genetics related concepts. Authors suggested that
some similarities between topics like meiosis and mitosis may lead to
difficulties experienced by the students. In addition, Lewis and Wood-
Robinson (2000) found that students could understand probability well
however, the ability to apply relevant knowledge within the context of
inheritance showed variability among students. Additionally, dominance
and recessiveness of alleles was found to be one of the commonly

misunderstood concepts in genetics (Heim, 1991).

Furthermore, the study conducted by Lewis, Leach and Wood-

Robinson (2000) revealed that although students were familiar with genetics
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related concepts, they knew little about scientific explanations of these
concepts. Accordingly, they had difficulty in providing explanations for the
questions asking for meaning of these concepts. It was also found that also it
was difficult for students to realize the links among different concepts and

apply their knowledge into new areas.

Further aspects of the abovementioned study were reported by Lewis,
Leach and Wood-Robinson (2000b). The study was carried out on students
aged 14-16 to determine their’ understanding of continuity of genetic
information between the cells of a single organism, which is the
fundamental subject to understand inheritance. The results showed the lack
of scientifically correct understanding in the related subject which results in
difficulties in meaningful understanding. Students knew the related concepts
but had difficulty in explaining meaning of these concepts. A few students
were found to achieve a meaningful understanding of the distinction

between a gene and genetics information that the gene carries out.

Additionally, Lewis, Leach and Wood-Robinson (2000c) studied
with the same students to investigate their understanding of cell division and
fertilization. Analysis of results revealed that students were confused with
respect to these topics and showed limited, and inconsistent understanding
of cell division. Some students were aware of function of mitosis, meiosis
and basic features of fertilization however they appeared to have little
understanding of related processes. The researchers suggested that the
sources of these difficulties were lack of the understanding of the

relationship among gene, chromosome and genetics information.

A similar study was investigated by Wood-Robinson, Lewis &

Leach (2000). They studied with 35 students in nine groups, aged 15-16.
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Students were asked to draw a check cell of an animal that include three
pairs of chromosomes as well as nerve, sperm, egg, fertilized egg and cells
from early embryo. While they were drawing the cells, some questions were
asked to students such as what is DNA, and discussions were made about
their drawings in order to better understand what they know about the
related concepts ad to explore their ideas deeply. The result of the study
showed that overall 11/35 students draw number of chromosomes correctly
while remaining students had confusions about relationships among
chromosomes, genes and DNA. In addition they have an opinion about if
the function of a cell or the gender of organism is different the genetic

information also changes.

In addition, the study of Lewis and Kattman (2004) focusing on
understanding of the process rather than knowledge of the rules and patterns
of inheritance, showed that 14-16 aged students had little understanding of
the difference between a gene and its expression as a trait, and little

awareness of basic processes of genetics.

Moreover, the study conducted by Tatar and Cansungu-Koray (2005)
revealed the prevalence of the knowledge deficiency and misconceptions
among 8™ grade students on basic genetics concepts like gene, DNA and
chromosome. They proposed that students’ tendency to memorize the
concepts without an attempt to understand deeply is the main cause of the
difficulties that they experience. In line with this proposition, the authors
suggested that different teaching methods including models, experiments or
educational games should be integrated into regular classroom instruction.
They also added that small group discussions should be encouraged to

promote understanding of relationships among the concepts.
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However, Knippers et al. (2005) stated that there is not enough
empirical research focusing on kind of strategies that can promote learning
and teaching of Genetics related concepts, which have been described as
difficult subjects to achieve. They recommended that instructional strategies
should help students identify the interrelationships among different concepts
by actively involving in the learning process with the guidance of the
teacher. Instruction should not just concentrate on solving crossing

problems.

Indeed, findings of a study conducted by Esiobu and Soyibo (1995)
showed that small heterogeneous cooperative groups improve students’
individual attention and performance more than traditional intrapersonal
competitive groups. They also suggested that an approach that focuses on
ways of enhancing students-students interactions may be used to improve
students understanding and performance in genetics and other science

aspects.

Moreover, Orcajo and Aznar (2005) investigated the effectiveness of
problem-solving methodology to teach Genetics and human inheritance in
secondary education students. Students in the experimental group dealt with
13 open problems in an environment based on investigation-action paradigm.
The control group students, on the other hand, worked with traditional
methodology receiving teacher centered instruction, following textbooks
and solving closed problems at the end of the unit. Both qualitative and
quantitative techniques of analyses showed that working on open problems
improved problem-solving abilities, which is an important goal in science
education (Slack & Stewart, 1990), and metacognitive skills like classroom

discussions, annotated drawing, and keeping diary included all steps that
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followed on the process. Moreover, meaningful learning was promoted

through open problems than traditional methodology.

Similarly, Sahin and Parim (2002) compared the effectiveness of
problem solving methodology and traditional lecture method on gh grade
students’ understanding of genetics. Students’ understanding was measured
by asking 40 open ended and 40 multiple choice items. Alternative of
multiple choice Items included a total of 63 misconceptions. The result of
study showed that problem solving method was more effective than

traditional lecture method in terms of meaningful understanding of genetics.

According to Thomson and Steward (2003), scientific inquiry that is
consistent with practice of science, promote student thinking and learning.
Therefore, student-centered inquiry methods that can encourage student
learning should be used to teach genetics. In accordance with this idea,
Okebukola (1990) noted the necessity of discouraging rote learning and
encouraging higher-level understanding while teaching genetics. The
researcher further suggested that since genetics is a fundamental subject,
inquiry methods providing students with opportunity to learn meaningfully

should be used in the classrooms.

Likewise, Rotbain et al. (2006) recommended use of classroom
activities that can enable students to study at their own pace until they
believe that they have assimilated the necessary information. According to
Saka, Cerrah, Akdeniz and Ayas (20006), different teaching methods that
encourage active student involvement in the learning environment must be
used to support students learning of abstract concepts such as genetics.
Furthermore, to teach genetics, Slack and Stewart (1990) proposed an

instruction that engages students to generate and test hypotheses to solve
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problems and to interpret the results. Moreover, they add that expressing a
solution to problems must be emphasized instead of giving an answer.
Additionally, Keles, Usak and Aydogdu (2006) found that in 8" grade
students modeling, role playing, and games were more effective than
traditional lecture methods with respect to understanding of genetics. This
finding supported the idea that student centered instructional strategies
integrated with scientific methodology are effective in learning and teaching

of genetics concepts.

According to Lewis and Wood-Robinson (2000), school curriculum
provides 14-16 aged students with neither a firm basis for future training as
a scientist nor a useful preparation for personal interactions with science. In
fact, using mostly verbal and textual explanation will not be sufficient to
promote students’ interest in and motivation to understanding of scientific
concepts including genetics (Tsui & Treagust, 2004; Tsui & Treagust, 2003).
Parallel to this idea, Lewis and Wood-Robinson (2000) suggested that
students should be provided with opportunities to gain basic knowledge and
skills and use these knowledge and skills in order to effectively deal with
social issue. Therefore students should have ability to evaluate scientific

information and use it to propose solutions to real life problems.

To sum up, research indicates that although genetics is an important
subject in science education due to its abstract nature it is hard to understand
related concepts meaningfully. In our national science curriculum, students
are expected to learn basic genetics concepts like DNA, gene and
chromosome at the elementary school level. It is clear that, if they learn
these concepts meaningfully at this level, they may learn related advance
concepts in the following years in a meaningful way (Saka et al., 2006). To

promote meaningful learning researchers suggested that it is necessary to
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create learning environments that requires students to deal with ill-
structured problems by generating hypotheses and ideas to propose solutions,
testing these hypotheses and ideas through interacting with their
environment and accessing different resources, and exploring the
relationships among concepts and topics by themselves. Problem based
learning is an instructional method that encourages active student
participation in the learning process through dealing with ill-structured
problems in small groups. In PBL environments, students learn the
concepts and subjects while they search for information to find a solution by
themselves and share their ideas and information with group members.
Indeed, according to Senocak and Taskesengil (2005), PBL is an effective
method in meeting the goals of the science education such as improving
students’ ability to use scientific processes like scientists, to propose
solutions to a given problem and to express personal ideas in a positive
manner. Thus, it is suggested that the PBL may improve students’
understanding of genetics while dealing with ill-structured authentic
problems, participating in social interactions, being guided by teachers and

peers (Song et al., 2006).

2.3. Research on Formal Reasoning Ability

Gerber, Marek and Cavallo (1997) explain reasoning ability as
stages in the development of thinking process. According to Valanides
(1996), Piaget’s works increased the attention on reasoning ability as an
important objective in education. Piaget’s theory about formal reasoning
ability and its effects on education have been tested in many studies.
General conclusion in these studies was reasoning ability is an important
variable for the ability to do science, learning and achievement. An

individual at high formal reasoning operation had the five reasoning modes,
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which are important for science learning; controlling variables, proportional,
probabilistic, correlational and combinational reasoning (Lawson, 1982;
Bitner, 1991). These people are able to use logical operations to
hypothetical situations (Williams & Cavallo, 1995) and able to assimilate
abstract instructional materials (Ehindero, 1979). On the other hand, Piaget
states that to understand and learn, concrete operational level students need
tangible and concrete objects or situations (Williams & Cavallo, 1995).
While formal students has the ability of analyzing data systematically,
learning from generated ideas and considering the reasons, concrete students
tend to learn concepts concretely without generating any ideas or
hypotheses. Indeed, Fuller (2001) suggested that concrete reasoning
students need experienced actions, concrete objects and observable
properties to understand, and step-by-step explanations in a lengthy
procedure. They are able to use classification, conservation and seriation
reasoning patterns. They tend to memorize the worlds, phrases or
procedures and use them without understanding meaningfully. The
researcher appends that concrete students are not aware of their own
reasoning. On the other hand, formal reasoning students are able to reason
with concepts, relationships and abstract properties. They express their ideas
by using symbols and plan a lengthy procedure with goals and resources.
They are also able to use combinational, proportional, probabilistic,
correlational, and controlling reasoning in addition to concrete reasoning
individuals. Differently from concrete students, they are aware of their
reasoning ability and test their conclusions by incorporate new knowledge
with existing ones. Additionally, they can work about an unfamiliar subject
manner in a new area. Lastly, the researcher stated that self-regulated
learning methods are needed to advance concrete reasoning people to formal

reasoning.
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Students use reasoning abilities in science to collect, to interpret and
to analyze data for problem solving, to formulate responses to questions and
to explain procedures (Tobin & Capie, 1982). Studies showed that,
reasoning ability is an essential skill for science learning (Gerber et al.,
1997). Students in high level of cognitive development get higher scores in
science (Vass, Schiller & Nappi, 2000). More specifically, Bitner (1991)
showed that reasoning ability is a statistically significant predictor of
students’ achievement in mathematics and science, explaining 62% and
29% of the variance respectively. Similarly, Lawson, Banks and Logvin
(2007) stated the reasoning ability is primary factor that predict the variance
of achievement and is a strong predictor of self-efficacy. A study conducted
by Mwamwenda (1993) reported a correlation between university students’
intellectual development and their academic achievement. Students at
formal operational level had a better performance in the courses. Similarly,
Baker and Lawson (2001) found a significant difference between the
performances of students with more reasoning skills than less skilled ones.
Additionally, Harwood and McMahon (1997) suggested that students with
higher logical thinking ability may benefit more from visual and auditory

images and videos.

Johnson and Lawson (1998) found that in inquiry based instructions
students’ reasoning ability was the best predictor of the achievement. The
sample consisted of 366 college students in biology course. While reasoning
ability was the better predictor in achievement in inquiry based learning
cycle instruction classes, the prior knowledge was the better predictor in
expository based classes. Moreover, pre and post formal reasoning ability
tests revealed that students in inquiry classes showed greater improvement

in formal reasoning ability than in expository classes.
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According to Sungur, Tekkaya and Geban (2001), tenth grade
students’ reasoning ability has a significant effect on their achievement in
human circulatory system concepts. Moreover, a significant mean difference
for achievement and attitude in biology was found between formal and
concrete students (Sungur & Tekkaya, 2003). Likewise, Oliva (2003)
analyzed 10™ grade students reasoning ability with respect to conceptual
change. The researcher reported that students at high level formal reasoning
ability changed their previous conceptions more easily as a result of better

initial structuralization.

A review of the literature conducted by Smith and Sims (1992)
showed that formal reasoning ability is conductive to success in genetics
problem solving. Similarly, Cavallo (1996) investigated the relationship
between students’ meaningful learning approach, reasoning ability,
understanding of genetics and solving genetics problems. One hundred and
eighty nine 10™ grade biology course students were instructed by
laboratory-based learning cycle instruction, which was the schools’ teaching
procedure for K-12 education. To determine students’ cognitive operational
level, which ranges from concrete to formal, Classroom Test of Scientific
Reasoning was administered. Students’ genetics knowledge was measured
through Test of Genetics Meanings and Test of Genetics Problems. The
tests aimed to determine students’ understanding of Punnet square diagrams
and using these diagrams to solve and interpret genetics problems. The
results of the both test showed that students’ meaningful learning approach
and reasoning ability were significantly predicted students understanding of
meiosis and Punnet square diagrams and using them to solve genetics
problems. While the reasoning ability explained more variance for problem
solving, meaningful learning explained more variance of understanding of

genetics. The researcher concluded that higher reasoning ability is the most
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important variable to solve genetics problems and second important variable

to understand genetics.

Furthermore, Lawson and Thomson (1988) studied on 131 seventh-
grade students’ misconceptions concerning genetics and natural selections
and the relative effect of formal reasoning ability, mental capacity, verbal
intelligence and cognitive style. Open-ended essay questions were asked to
students to determine their misconceptions related to principles of genetics
and natural selection after the lecture-textbook instruction. Students’ formal
reasoning ability was determined by Lawson Classroom Test of Formal
Reasoning. A negative and strong relationship was found between
misconceptions, and reasoning ability and mental capacity. To explain, the
results showed that better reasoning ability and larger mental capacity are
compensatory of misconceptions. The study concluded that formal

reasoning ability is necessary to overcome misconceptions in Genetics.

Ehindero (1979) found out a significant correlation between high
school students’ brightness and cognitive development precocity, especially
at the formal operational level. Additionally, Lawson (1982) suggested that
reasoning ability, different form intelligence, is an effective contributor to
general achievement. As reported in his paper, several science curriculum
development projects revealed that reasoning ability is related to both
problem solving abilities and achievement. Moreover, his study with 72
ninth grade students investigating the relationship between students’
reasoning ability and general achievement in reading, language art,
mathematics, social studies and science revealed that students’ formal
reasoning ability was not only correlated with achievement in science

(r=.69) and mathematics (r=.70) but also in social studies (r=.72).
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Moreover, Williams and Cavallo (1995) examined the relationship
between reasoning ability, meaningful learning and students’ understanding
of Newtonian Physics. 41 university students were involved in the study.
Correlational analyses and regression lines showed that reasoning ability
and meaningful learning was correlated with understanding of physics
concepts. Students who had higher reasoning ability had more physics
understanding and fewer misconceptions while concrete level students had

more misconceptions in the relevant subject.

In other study, Williams and Marek (1999) examined the
relationship between collage students’ understanding in Physics subjects
and their reasoning abilities and prior knowledge. The results demonstrated
reasoning ability was best predictor for understanding of heat concept and
second best predictor, after the prior knowledge, of forces and density
concepts understanding. In addition, reasoning ability was found to be a

significant predictor of problem solving in Physics concepts.

In middle schools, Chiappetta and Russel (1982) found out reasoning
ability was related with the achievement of 8" grade students. In the study,
the effects of reasoning ability and instructional methods, as traditional and
problem solving, on students achievement in earth science subject were
investigated. While logical reasoning ability explained more variation than
instructional method in achievement, no interaction was found between

instructional methods and reasoning ability.

Moreover, the results of a study conducted by Tobin and Capie
(1982) indicated that formal reasoning is important for achievement in
science at middle schools. The researchers found that formal reasoning was

the strongest predictor, as explains 36% variance, of process skill
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achievement and retention in science at 6™, 7" and 8" grades and, it was

related with generalizing and comprehending.

The review of the research revealed that students’ formal reasoning
ability is positively associated with achievement, performance skills and
problem solving in science and more specifically in Genetics. Indeed,
understanding of Genetics requires abstract level of thinking. Therefore,
formal reasoning abilities are necessary for meaningful understanding of
related concepts. Inquiry based methods, such as PBL, requires the
reasoning ability to understand the subjects. In the present study, students’
reasoning ability will be used as a covariate to remove the error variance on
students’ academic achievement and performance skills scores in genetics

arising from this variable.

2.4. Research on Meaningful Learning

Science education primarily aims at facilitating acquisition of
conceptual knowledge about the world (Cavallo, 1992). In order to have a
conceptual understanding, it is necessary for students to realize the
interrelationships among different concepts and processes of science
(Cavallo & Rozman, 2004). According to Ausubel (1963), meaningful
learning refers to processes whereby students relate new concepts and
information to relevant existing knowledge and at the end learn in a
meaningful manner. He explains that, to achieve the meaningful learning
students need to have a meaningful learning set which is used to relate new
concepts, information or situations to existing cognitive structure. In
addition, the material to be learned must be potentially meaningful to them.
A potentially meaningful material refers to the learning that is relatable with

relevant concepts in cognitive structure and with the specific cognitive
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structure of an individual. Parallel to this proposition, Taber (2004)
suggested that meaningful learning involves an integration of new

knowledge with previous experiences.

On the other hand, when students strive to memorize the information
as isolated pieces of knowledge, instead of associating with information that
already known it is described as rote learning. Novak (as cited in Cavallo,
1994) defined rote learning as memorization of facts instead of relating
information, concepts and ideas with previous experiences. Rote learners
employ their meaningful learning sets to ascertain a solution to the problem
or assimilate material verbatim (Ausubel, 1963). Cavallo (1992) suggested
that students should prefer acquisition of knowledge by formulating
relationships among ideas, rather than by rote memorization to be able to
create new ideas. The researcher also proposed that rote learning is not
sufficient to subsume the concepts by existing ones, as a result new
understanding does not occur because of the lack of conceptual framework
for understanding. On the other hand, majority of the students have a belief
that learning in science occurs only by rote memorization (Cavallo, Rozman,
Blickenstaft &Walker, 2003). The research investigating students’ learning
orientation and its effects on their meaningful understanding was examined

in the following paragraphs.

In one of the relevant research, Cavallo (1994) studied with 140 high
school biology students (70 males, 70 females) to examine their tendency to
learn biological concepts either by rote memorization of facts or by
formulating relationships between ideas on information. The researcher also
investigated effect of students’ approaches to learning on their performance
in biology. Learning Approach Questionnaire and teachers’ ratings were

used to determine students’ approaches. The data concerning students’

35



performance were obtained from two sources: open-ended questions about
meiosis and genetics and multiple-choice final exam. The teachers’ ratings
revealed that girls tended to learn biological concepts by rote memorization
more than boys. However, students’ responses to self report questionnaires
showed that there was no significant difference between boys and girls with
respect to their approaches to learning. Moreover, results of the study
concerning students’ performance indicated that while there was no
difference between boys and girls in open-ended questions, boys who were
rated as meaningful learners by teachers outperformed on multiple choice

€xam.

In other study, BouJaoude and Giuliano (1994) found that, among
220 collage students, students who had an intention to learn concepts
meaningfully succeeded in chemistry course slightly higher than those
having an intention to reproduce the learning material. The best predictor of
achievement was found to be prior knowledge, followed by reasoning
ability. Furthermore, a significant relationship between achievement and
meaningful learning orientation was found. However, the researcher
emphasized the importance of having a balance of both rote and meaningful
learning orientations in chemistry course which is necessary for both

acquiring concepts and understanding the relationships meaningfully.

Similarly, Cavallo and Schafer (1994) found that meaningful
learning orientation is necessary to attain meaningful learning, as well as
prior knowledge. In their study, the researchers explored the factors that
predict students’ meaningful understanding of meiosis and Punnet-square
method. Meaningful learning orientation was investigated as if it was a
distinct variable on meaningful understanding of topics independent form

prior knowledge, aptitude and achievement motivation. The possible
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predictive influences of interaction between meaningful learning orientation
and prior knowledge on meaningful understanding were also examined.
Students’ learning approaches were determined by administering Learning
Approach Questionnaire and making observations to validate the findings
from this self-report questionnaire. The sample consisted of 163 10" grade
students. The results showed that meaningful learning orientation was a
factor that uniquely predicted students’ attainment of meaningful
understanding. Moreover, meaningful learning orientation and prior
knowledge in meiosis were found to be significant predictors of students’
meaningful understanding of meiosis, Punnet-square method and
relationship between these topics. Results also revealed that for the
understanding of relationship between meiosis and Punnet-square method,
meaningful learning orientation alone was a predictor variable. In addition
interaction between prior knowledge and meaningful learning orientation
was found to be a significant predictor of students’ understanding in meiosis
and Punnet-square method. Results showed that meaningful learning
orientation was less effective in meaningful understanding of meiosis in
students who had high level of prior knowledge. However, meaningful
understanding of relationship among topics was high when students were
meaningfully oriented and had high prior knowledge of meiosis. It was
concluded that meaningful learning orientation explained a unique portion
of the variance in students’ acquisition of meaningful understanding. More
meaningful understanding was attained by students oriented toward
meaningful learning with high prior knowledge Thus, meaningful learning
orientation interacted with prior knowledge in predicting students’
meaningful understanding and students with higher levels of meaningful
learning orientation appeared to have meaningful conceptual understanding.
In a separate study, Cavallo (1992) also found that meaningful learning was

a significant predictor of the students’ retention of meaningful
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understanding of the meiosis topic but not Punnet-square method. The
researcher concluded that meaningful learning orientation was essential for

retaining meaningful understanding of abstract topics like meiosis.

Similarly, BouJaoude (1992) conducted a study to determine the
relationship between high school students’ learning approach, prior
knowledge attitudes and their misconceptions in chemistry. The researcher
also examined misconceptions of the students with different learning
approaches in detail. A multiple-choice test was used to explore students’
misconceptions. After each multiple choice item, students were asked to
provide an explanation for their responses. Students’ learning approach was
determined by Learning Approach Questionnaire. Explanations provided by
students regarding their responses in multiple choice test revealed that
meaningful learners developed more consistent understanding. Meaningful
learners had a significantly better performance than rote learners and they
were better able to use the information to correct their misconceptions. The
number of correct answers in both multiple-choice and explanation parts of
each question was higher for meaningful learners. It was concluded that rote

learning may leads to development of misconceptions

Furthermore, Cavallo, Rozman, Blickenstaff and Walker (2003)
investigated the relationships between collage students’ learning approaches,
reasoning abilities, motivational goals and epistemological beliefs relative to
science concept understanding and course achievement. The possible
differences in students’ learning approaches and its relationship between
conceptual understanding and achievement in an inquiry based physics
course, an expository based physics course and biology course was also
examined. Majority of biology students were found to adopt rote learning

orientation, yet it did not contribute their grades in the course. These
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students appeared to study for the reason of getting external approval or
high grades rather than learning for their own sake. In inquiry based physics
course designed in accordance with constructivist course format, rote
learning negatively predicted achievement. In expository base physics
course, on the other hand, only formal reasoning ability was found to be a

significant predictor of achievement

Moreover, BouJaoude, Salloum and Abd-El-Khalick (2004)
examined the relationship between 1" grade students’ performance on
conceptual and algorithmic problems in chemistry and their learning
orientation, reasoning ability and mental capacity. Students were more
successful in conceptual problems than algorithmic problems. While
meaningful learners outperformed rote learners in conceptual problems,
there was not a significant mean difference in algorithmic problems with
respect to students’ learning orientations. Moreover, the researchers
commented that meaningful learners were likely to develop coherent
conceptions than rote learners. Meaningful learning and mental capacity
were predictors of 8% variance of performance on conceptual test, while

18% of the variance was predicted by reasoning ability.

A study conducted by Cavallo, Rozman and Potter (2004)
ascertained that meaningful learning encourage students in the process of
physics learning. They also suggested that rote learning did not help
students’ success in the physics course since it is a negative predictor for
achievement. Similarly, Reap and Cavallo (1992) found that for high school
females, to achieve meaningful understanding and achievement, meaningful

learning orientation was important.
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Although above mentioned studies showed that learning approach is
important for conceptual understanding, BouJoude and Barakat (2003)
found no relationship between learning approach and conceptual
understanding. In their research, they employed a qualitative descriptive
study to compare high school students’ problem solving strategies in
stoichiometry with different learning approaches and conceptual
understanding levels. Results showed that learning approach did not have
effect on problem solving approach and was not correlated with students’

conceptual understanding.

In the light of related literature it can be said that, students’ learning
orientation is a significant predictor of their meaningful understanding of
science and achievement. In many studies meaningful learning approach
was positively associated with achievement while rote learning approach
was negatively associated. It is possible that learning approach may have
differential effect on achievement depending on concept being taught. For
example, it is expected that understanding genetics may require meaningful
learning approach because it includes many abstract concepts which are
closely linked with each other. Therefore, meaningful learning can be
achieved when students can realize the relationship among different
concepts which are abstract in their nature. For this reason, in the present
study, students’ learning approach will be used as a covariate to remove the
error variance on students’ academic achievement and performance skills

scores in genetics arising from this variable.

To sum up, the literature review revealed that PBL is a constructivist
method that encourages active student participation in the learning process.
Considerable research demonstrated that PBL has positive effect on

motivation, performance skills, social skills, meaningful learning and higher
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order thinking skills while it has little or no effect on knowledge.
Accordingly, PBL was suggested to be an effective method in promoting
students’ understanding of science concepts like genetics which is abstract
in its nature. Additionally, research showed that students’ prior knowledge,
meaningful learning approach, and reasoning abilities significantly
contribute to their understanding of science concepts. In the present study,
contribution of these three variables to collective dependent variables was

statistically controlled using them as covariates.
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CHAPTER 3

PROBLEMS AND HYPOTHESIS

This chapter introduces main research problem, sub problems of the

study and the hypothesis tested in results chapter.

3.1. The Main Problem and Sub-problems

3.1.2. The Main Problem

What is the relative effect of problem based learning and
traditionally designed science instruction on students’ academic
achievement and performance skills in the unit of genetics after
controlling for their prior knowledge, prior performance skills,

reasoning abilities, and learning approaches?

3.1.2. Sub-Problems

1. Is there a significant population mean difference between the control
group, exposed to traditionally designed science instruction, and
experimental group, exposed to problem based learning, with respect
to students’ academic achievement in the unit of genetics when
students’ prior knowledge, prior performance skills, logical thinking
abilities, and learning approaches are controlled?
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2. Is there a significant population mean difference between the control
group, exposed to traditionally designed science instruction, and
experimental group, exposed to problem based learning, with respect
to students’ performance skills in the unit of genetics when students’
prior knowledge, prior performance skills, logical thinking abilities,

and learning approaches are controlled?
3.2. Hypothesis

There is no statistically significant mean difference between the
control group, exposed to traditionally designed science instruction, and
experimental group, exposed to problem based learning, with respect to
students’ academic achievement and performance skills in the unit of
genetics when students’ prior knowledge, prior performance skills,
logical thinking abilities, and learning approaches are controlled in the

population of all the 8" grade students in Ankara.
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CHAPTER 4

METHOD

This chapter includes information about design of the study, sample,
variables, instruments, treatment, analysis of data, assumptions and

limitations.
4.1. Design of the study

The quasi-experimental design was implemented in this study
(Fraenkel & Wallen, 1996). Following table summarizes the design of the

study:

Table 4.1: Research Design of the Study

Groups Pretests Treatment Posttest

EG GAT PBL GAT
LAQ
TOLT

CG GAT TDSI GAT
LAQ
TOLT
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In this table, EG refers to experimental group taught by problem-
based instruction and CG refers to control group taught by traditional
science instruction. GAT is the Genetics Achievement Test, LAQ is the
Learning Approach Questionnaire, and TOLT is the Test of Logical
Thinking. PBL refers to Problem Based Learning while TDSI represents

Traditionally Designed Science Instruction.

Before the instruction, GAT was administered to both experimental
and control groups to determine students’ prior knowledge and prior
performance skills in a science unit on Genetics. Moreover, before the
treatment, students’ learning approach and reasoning ability were measured
by LAQ and TOLT, respectively. After the treatment the GAT was
administered again to compare the effectiveness of PBL and TDSI on
students’ achievement and performance skills in a science unit on Genetics.
Moreover, the experimental group students’ opinion about the PBL was
determined by the instrument called Problem Based Learning Feedback

after the treatment.

4.2 Definition of Variables

1. Academic Achievement: Students’ performance on multiple

choice part of the Genetics Achievement Test developed by the researcher.

2. Performance Skill: Students’ ability to use relevant information in
addressing a problem, to articulate uncertainties, to organize concepts, and
to interpret information as measured by essay type items in the Genetics

Achievement Test developed by the researcher.
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4. Logical Thinking Ability: Formal thought or intellectual abilities
of students as determined by TOLT.

5. Learning Approach: Students’ tendency of learning concepts
meaningfully or rote as measured by LAQ. Meaningful learning takes places
when students put effort to achieve deep understanding of the complex ideas
or relationship among concepts, while rote learning is associated with

memorization of information.

6. Traditionally Designed Science Instruction: The science

instruction based on the teacher explanations and textbooks.

7. Problem-Based Learning: An instructional strategy with the

following basic characteristics (Sungur, 2004).

Reliance on problems to drive the curriculum — students learn the

subjects through problems while they assess what they know, identify what
they need to know, search information, and collaborate on the evaluation of

hypotheses and ideas based on the data they collected.

The problems are ill-structured — students deal with problems that do

not have only one correct answer. The nature and definition of the problem

may change as students’ work on the problem.

Students solve the problems — students take the responsibility of

their learning and teacher acts as a facilitator.
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4.3. Sample of the study

The target population of this study was all eighth grade students in
Ankara and the accessible population was all eighth grade students
attending public schools in Kec¢ioren. Accordingly, sample of the study
consisted of 192 eight-grade students (91 boys and 101 girls) attending a
public elementary school in Ankara. Students were from six intact classes of
two teachers and intact classes were randomly assigned to one of two modes
of instruction namely, PBL instruction and traditional instruction. Each
teacher had both PBL classes (n = 101) and traditional classes (n = 91).
Students in both types of classes received identical syllabus-prescribed
learning content. The mean age of the students was 14.07 years (SD=.355,

range 13 to 15). Students were from middle-class families.

Learning Style Inventory Test (Kolb, 1985) (see Appendix A) was
administered to the experimental group students to form heterogeneous
groups with respect to learning styles as converger, diverger, assimilator or

accommodator.

In the school where study was conducted, there were two science
laboratories, one computer laboratory with internet connection, and one
multi-media room. In addition, there was a library with books on different

disciplines. All students had access to these resources.

4.4. Variables

Variables of this study can be categorized as Independent Variables,

Covariates, and Dependent Variables.
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4.4.1. Independent Variable

Independent variable of this study was the treatment being

implemented.

4.4.2. Covariates

Covariates of this study were prior knowledge and prior performance
skills as measured by GAT, learning approach as measured by LAQ, and

reasoning ability as measured by TOLT before the treatment.

4.4.3 Dependent Variables

Dependent variables of this study were the scores on the post-GAT
which measures students’ academic achievement and performance skills in

the unit of Genetics.

4.5. Instruments

4.5.1. Genetics Achievement Test (GAT)

Genetics achievement test includes 20 multiple-choice items and one
essay type item to measure students’ academic achievement and
performance skills respectively (see Appendix B). Items in the test were
related to Mendelian Genetics. Essay type item prepared in accordance with
a problem-based learning approach aimed at measuring students’
performance skills such as ability to use relevant information in addressing

the problem, articulate uncertainties, organize concepts, and interpret
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information. Students’ responses to essay type item were evaluated by using
a modified version of a rubric (Sungur, 2004) (see Appendix C) which was
originally developed by Lynch and Wolcott (2003). The scoring for this

item was done by two raters.

Genetic achievement test was developed by the researcher. Content
validity of each item in the test was determined by a group of experts in
biology, biology education, and measurement and evaluation. The
classroom teachers also analyzed the relatedness of the test items to the
instructional objectives. Internal consistency reliability coefficient for
multiple choice items was found to be .64 by conducting Kuder-Richardson-
20 formula, and inter-rater reliability was found to be .91 for the essay type
item. The GAT was administered to students in both experimental and
control groups to measure their knowledge and performance skills before

and after treatment.

4.5.2. Learning Approach Questionnaire (LAQ)

It is a 22-item-questionnaire developed to measure students’
approaches to learning (Cavallo, 1996; Cavallo et al., 2003). It was
translated into Turkish by Yenilmez (2006) (see Appendix D). The LAQ
includes two subscales, namely Meaningful Learning Approach (LAQ-M)
and Rote Learning Approach (LAQ-R) which determine the degree of
meaningful and rote learning orientations, respectively. In this study, rote
items were reversed and the mean of the items were used in the analysis.
Students responded to items on each subscale on a four point scale ranging
from always true to never true. A response of ‘Always True’ was assigned a

value of 4, ‘More True than Untrue’ was 3, ‘More Untrue than True’ was 2,
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and ‘Never True’ was assigned 1. The alpha coefficient for the whole scale

was found to be .60.

4.5.3. Test of Logical Thinking (TOLT)

Students’ reasoning abilities were measured by TOLT that was
developed by Tobin and Capie (1981) and translated into Turkish by Geban,
Askar and Ozkan (1992). The test consists of 10 items. Students respond to
each item by selecting a response and a reason for selecting that response.
For an item to be scored correct, the student must check the best answer and
the best justification. The Cronbach alpha internal consistency for the test

was found to be r = .85 (see Appendix E).

4.5.4. Problem Based Learning Feedback Form

Adapted version of the Problem Based Learning Feedback Form
(Sungur, 2004), which was originally developed by Mierson (1998) as a
course evaluation form, was used to get students’ opinion regarding PBL. It
included seven open-ended questions to obtain an in-depth understanding of
students’ opinions (see Appendix F). The form was administered to the

experimental group students after the treatment.

4.6. Treatment (PBL vs TDSI)

This study was conducted over a five week period during the 2005-
2006 spring semester in a public elementary school in Ankara. Genetic
concepts were covered as part of the regular curriculum in the eighth grade
science courses. 192 students from six intact classes of two science teachers

were involved in the study. Classes were randomly assigned as experimental
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and control groups. Students in the control group were taught by the
traditionally ~designed instruction, which was based on teachers’
explanations, questioning method, discussion and textbook. On the other
hand, experimental groups were instructed with Problem-based Learning.
Problem based learning was based on the presence of ill-structured
problems posed as cases from real life, small group work in the classroom,
independent study outside the classroom, and involvement of the teacher as
a guide. Prior to instruction, the teachers were trained about implementation
of PBL. The students of experimental group were also trained about PBL by
presentations and distribution of handbooks prepared by Sungur (2004) (see
Appendix G). The science lessons were three times per week and each

lesson was 40 minutes.

The students were administered the Genetics Achievement Test
(GAT), Learning Approach Questionnaire (LAQ), Test of Logical Thinking
(TOLT), Learning Style Inventories (LSI) in the first week to determine
their prior knowledge, prior performance skills, approaches to learning,
reasoning ability, and learning styles, respectively. In each class, students
were informed about the purpose of each instrument and procedure for

completing it.

In the control group, traditionally designed science instruction
(TDSI) was implemented. Before the instruction, the control group students
prepared sheets that include a list of genetics related concepts, and their
definitions. They kept the sheets through the implementation and used them
when they needed during the lessons. In the first session of TDSI, the
teachers asked the concepts to randomly selected students, they gave
definitions and the teachers corrected or repeated their answers. Following

session students and the teachers discussed about the effect of genes on the
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similarity and variation of the species, and the teachers gave some examples
about human traits. After that, the teachers explained how the genes are
represented by the symbols on the blackboard and students took notes. At
the end of the session a reading assignment about Mendel’s laws was given
to students. The last session of the first week started with the summary of
the previous sessions by the teachers. The teachers also gave information
about following session’s content and started to explain Mendel’s laws on
the blackboard. All explanation of the laws took 3 sessions. The teachers
gave an example for each law and explained the examples again when
required. Next session the teacher started to solve the crossing problems.
These problems, about the peas and human traits, were all knowledge based
and did not require higher order thinking skills. First two problems done by
the teachers and other problems were done by the students. The teacher gave
enough time to students to solve the problems on their seats and called
voluntary students to the blackboard. The homework of students for next
week was searching about the genetic diseases. First session of the third
week started with the discussion of the students’ findings about the diseases
and the summary of the previous session. Students said the name of the
diseases and the teachers explained them. The teachers asked to students
why the relative marriage is not recommended. Some of the students said
that the children of the parents can be sick. After that, the teacher clarified
that recessive illnesses can be observed on the offspring even the parents are
healthy. Next session started with the summary of the previous session, and
then the teachers explained how to determine the probability of the offspring
in the crossing problems. At the end of this session, students were given a
crossing problem as a homework assignment. Last session of the third week
started with solving the homework problem. Afterward, the teachers
explained that sex is also determined by genes and there are some sex-

linked diseases. Finally, the teachers solved two problems about sex linked
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inheritance and allowed to students to solve two other problems on the

blackboard.

Therefore, in the control group, the lessons were based on teachers’
explanations, textbooks, questioning and discussions. Majority of the
lessons started with the summary of the prior lesson and teacher-directed
questions. Students were required to take notes while the teachers explain
the subjects and solve problems related to monohybrid crosses. In addition,
at the end of each lesson, the teachers asked students to study to the related
topics of the next lesson from their textbooks. In short, traditionally
designed science instruction was a teacher-centered instruction where
teacher was considered as a dispenser of knowledge and students were

passive receiver of information.

In the experimental group, before the treatment, a presentation was
made to inform students about what PBL is and how the PBL lessons
proceeds. Moreover, handbooks about PBL implementation were prepared

and distributed to students to guide them during the implementation.

Then, during the first week, two posters prepared by the researcher
were brought to the PBL classes. These posters (see Appendix H) included
some pictures related to human genetic characteristics such as brown haired
person, freckled face, etc. One of the posters included pictures of dominant
characters while the other included recessive characters. However, students
were not informed about this information. The teachers attached the posters
to the blackboard. Then, they requested students to examine the posters and
to put a tick under the picture showing the character that they had. When all
of the students put a tick under the pictures showing their characters, they

realized that number of tick in one of the posters is much greater than that of
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the other poster. After that the teacher started a discussion about the possible
reasons for this situation. At the end of the discussion students realized that
some of the characters are observed more commonly than others. The
students searched this subject on the books and they explained the meaning

of “dominant” and “recessive” using the examples given on the posters.

Next lesson, the teachers introduced an activity to prepare students to
PBL implementation (see Appendix I). For this purpose, the teacher gave a
list of key words related to Genetics such as phenotype, genotype,
homozygote, heterozygote to students. Then, they requested them to search
for these key words and find the meanings of them. In addition students
were supposed to prepare a unit plan on Genetics. Students were asked to
prepare a very well designed and clear unit plan so that a primary school
student can learn from it. Moreover, students were expected to search for
news related to Genetics and find out some pictures which will help
visualization of some concepts. The students worked individually on this
activity and prepared a report including definitions of important terms, a
unit plan, news and pictures about the subject. The related concepts were
discussed in the class and the teachers never provided explanations or gave
direct answers to questions. They just encouraged discussion, helped the
students learn correct definitions of concepts, and tried to eliminate

formation of misconceptions.

Second week, PBL implementation was started. Before the
implementation, heterogeneous groups with respect to academic
performance, gender and learning style were formed. There were 5 to 7
students in each group. First case was prepared based on Mendel’s
experiments and the pages were prepared in such a way that reflects steps of

his research. The case, which included information about pea crossings in
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Mendelian Genetics, was implemented throughout 3 class hours. Each group
was given a sheet which included a table with columns titled as, “what we
know,” “hypothesis/ ideas,” “learning issues,” and “resources.” Some roles
such as writer and reader were assigned to students. The case was
distributed over 9 pages and distributed one at a time (see Appendix J). First
page included information about a farmer: “He raises peas in his farm and
sells them in the bazaar. He wants to have more smooth peas because they
are more popular for the customers than the wrinkled ones.” After the reader
read this page, the writer wrote what were known, what were needed to be
known and listed the ideas generated to help the farmer. In next pages the
farmer starts to test different fertilizations and students starts to generate
new ideas and revise previous ones. For example, in the third page students
had an idea that the farmer is going to have wrinkled peas if he fertilizes two
wrinkled peas. When they took the fourth page they realized that this idea is
true and then they thought that if he crosses two smooth peas he can obtain
smooth peas. However, following pages showed that when the farmer
crossed two smooth peas, he did not have only smooth peas but also
wrinkled ones. In this page, students tried to find out possible reasons for
this. They searched their books and groups decided to make research out of
the school independently until next lesson. When the lesson was over, many
of the groups have been reached the fifth page and some others were on

sixth page.

At the beginning of the next lesson, a student from each group was
selected by lottery to summarize their group work and to mention about
his/her findings obtained from independent study. These presentations
revealed that students realized the fact that recessive traits can only be
expressed in homozygous condition while dominant traits can be expressed

in heterozygous condition as well as homozygous condition. In fact, they
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mentioned that this is the reason why wrinkled peas can be obtained when
two smooth peas are crossed. When they continued on the next pages, they
also recognized that in the given situation, when wrinkled and smooth peas
are crossed smooth peas are obtained. Therefore, they concluded that
dominant characters dominate corresponding recessive ones. At the end, all
groups tried to explain the reason for the results of crossing situations and
what the farmer needs to do to have always smooth peas. Then the teacher
gave the last page including the information about monohybrid crosses
provided by a friend of the farmer who was an agriculture engineer. After
that the teacher asked students to make crossings on each pages of the case
by using symbols for genotypes. The groups achieved this goal by the
guidance of the teacher and the help of the books.

Next week, a guest speaker from science education department at a
university was invited to provide students with an opportunity to share their
knowledge with an expert from the field and to discuss some points which
are not clear in their minds. In this way, it was intended that students
become aware of important learning issues and what they learned during
PBL. After the discussion between students and the guest speaker, a
worksheet was given to students containing several problems related with
monohybrid crosses (see Appendix K). Students completed the sheet
individually but discussions within groups were allowed. The teacher and
the guess speaker provided feedback for each student. Then, the teacher
asked students to write problem situations involving monohybrid crosses A
volunteer from each group shared his/her problem with the rest of the class
and another volunteer solved the problem. At the end, students prepared a
report that summarizes their process, ideas and understanding of crossings.
The sample of final reports submitted by students is presented in Appendix
L.
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Second case was implemented through next three class hours. Before
starting the case, the teachers asked students when they go to a doctor and
what the doctor does. Most of the students said that the doctor makes a
physical examination. At this point, the teacher asked it is really what a
doctor does first when a patient visits him/her. After this question, students
thought for a while and said that the doctor first asks what their complaints
are and then makes a physical examination and requests some laboratory
tests, X-ray, or tomography etc. Students further mentioned that the doctor
makes a diagnosis based on the information obtained from talks with them,
physical examination and laboratory test results and start treatment. After
this discussion, the second case related with sickle-cell anemia and negative
consequences of relative-marriage was introduced to students (see Appendix
M). Information about the complaints of a 4-year-old boy and the results of
the physical examination and blood tests were distributed over 6 pages.
Students were assigned some volunteer roles as doctor, parent, writer and
reader. First page included brief information about the patient and it was
given to all group members. The teachers gave the second page only to the
student who role played parent. The reader read the case information given
on the page to other group members. The case was about a 4-year-old boy
living in Hatay. His parents brought him in hospital complaining of frequent
fever, weakness, and fatigue. They suspected delayed growth in their child
and mentioned that he sometimes suffers from palpitation. The writer took
the necessary notes then the doctor and other members discussed about what
can be the reason of this situation and what they need to ask to the parent to
get further information on the sheet. A sample of sheet filled by writer is
presented in Appendix N. Meanwhile, group members stated that this illness
can be the result of some genetic problems and they decided to ask for other
complaints such as if there is another family member showing similar

symptoms. Then, the doctor asked questions determined as a result of the
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group discussion to the parent. The parent tried to answer the questions
based on the information provided on the second page. If there was no
information addressing a question the parent said “I do not know”. Talks
with the parent revealed that the parents were close relatives and symptoms
similar to those of patient were present among some of their family
members. At this point, the teacher asked them whether they had any other
questions to ask the patient. The doctors in each group decided to start the
physical examination and they wanted the results from the teacher. So, third
page providing information about physical exam results was given to
students. The reader read the page to the group and the writer wrote the
summary of the information. Information given on this page showed that he
looked pale, he had abdominal swelling, yellow skin and eyes, and
prominent cheek bone. In addition, information given on the page revealed
that he suffered from delayed growth, structural abnormalities of bones, and
shortness of breath. After getting this new information, students thought that
he may have hit somewhere and the swollen may have occurred because of
internal bleeding. Another idea arisen from the groups was that he had
jaundice so his skin looked pale. However, they had no idea about the
symptoms of jaundice so the group members agreed to use internet to find
information about jaundice. The writer wrote their decision on the ‘what
wee need to know’ column. In addition, some of the groups proposed that
his shortness of breath could be due to a problem in the respiratory system.
Another idea arising as a result of group discussions was that he could be
suffering from rickets because he had problems related to bones. Each group
generated ideas similar to ones which have been mentioned so far.
Accordingly, groups decided to make search related with their ideas on the
internet using the computer present in the class. They took notes about their
findings about the symptoms of the diseases that they proposed such as

rickets. Then, they compared these symptoms with the symptoms of the
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patient given in the case. After that, the students realized that they needed
more information like blood test results or X-ray of lungs to make a more
accurate decision concerning patients’ illness. So, the doctor requested the
test results and the teacher gave the related page. Based on the new
information, they revised their hypotheses and ideas. During this process,
the teacher guided them and asked them to be careful about the values that
were above or below the normal range. Students recognized that bilirubin,
potassium and iron values were slightly higher and the total iron binding
chapacity was lower that the expected values. When they checked the blood
cell counts they realized that all the values were lower than normal and
reticulocyte value was quite high. Moreover, ferritinin value was high.
Some groups aggreed on the idea that they should search for all these terms
such as bilirubin, ferritin on the internet net and find out their functions. At
the end of the group session, the teacher gave time to students to evaluate
their performance. Students generally said that they could get along well
with their peers, shared their ideas freely and performed well by now.
However, they stated that it was hard for them to find the information by
themselves and the last page given included test results which were difficult
for them to understand. The teacher said that they can request help from
other people outside who can make it easier for them to understand related
topics. When the lesson was over, the teacher reminded that each student
had to prepare an individual report that explained their group work,
individual studies, resources that they used and their findings. Students were
supposed to bring their reports to next lesson. Two of the final reports of

students about this case are given in Appendix O.
In the next lesson, a student from each group was selected randomly

and they explained what they did until this point. Then the teacher gave five

minutes to the groups to discuss and share their findings and make a group
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decision on the hypotheses and ideas. Meantime, the teacher checked their

29 ¢¢

“what we know”, “hypothesis/ideas” “what wee need to know” columns on
their worksheets. Groups had generated different hypotheses and made
different diagnosis such as kidney-failure, anemia, and sickle-cell anemia.
The teacher asked them how they concluded on these illnesses. One of the
students in a group, who agreed with the idea that the patient was suffering
from kidney-failure said that “My mom is a nurse. When I asked her which
illness causes a decrease in the number of blood cells and higher bilirubin
level, she told me that all these could happen in the case of a kidney-failure.
So, as a group we decided on this illness.” The groups, which decided on the
kidney failure as a possible reason for the patient’s symptoms, suggested
that as part of treatment the patient should follow a restricted diet and be
careful about salt-water balance. The group further suggested that the
patient should undergo dialysis if the symptoms worsen. The groups
deciding on the iron-deficiency anemia as the illness of the patient,
however, thought that the patient was suffering from iron-deficiency so he
could take iron pills to get better. On the other hand, the groups who
proposed that the patient was suffering from sickle cell anemia supported
their decision considering blood test results and the picture of peripheral
smear provided on test results page of the case. They also supported their
decision by explaining all symptoms of the sickle-cell anemia. They
mentioned about the pains on the bones or fingers, having fever, delayed
growth, and enlargement of liver and spleen. What is more, some groups
explained that they could better understand the disease by finding the
meanings of concepts in test results by searching on the internet. They stated
that reticulocyte means immature erythrocyte, and based on this information
they thought that there was something wrong with erythrocyte production.
Moreover, some groups gave details about relative marriage, and the

characteristics of the illness. The students searched information from
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internet, library and books. Furthermore, they went to the hospitals,
policlinics and sought advice from doctor or nurse neighbors or relatives.
When all of the presentations and discussions were finished, the teacher
gave the last page which included information about diagnosis and
treatment: The patient was suffering from sickle cell anemia and the reason
for the abdominal swelling was the enlargement of liver and spleen. As part
of the treatment iron binding drugs were given. He was advised to consume
limited amount of iron containing food. He was also informed that he has to
come to hospital frequently for blood transfusion if symptoms worsen. Then
the teachers started a discussion about the reasons of the symptoms and
students expressed their ideas about these. For example, the teachers asked
why liver and spleen enlargement might have occurred. One of the ideas
generated was lack of oxygen in the organs due to anomaly on erythrocytes.
Another student did not agree with this idea and generated a different idea.
According to him, lack of oxygen might have caused only speedy breathing
not swelling. He further stated that enlargement of spleen and liver must be
related with the production and destruction of erythrocytes, because blood
cells are made in liver, spleen and bones, and also destructed in spleen. At
the end of the discussion they all agreed that when the amount of the
erythrocytes is low, liver, spleen and bones works more to produce enough
blood cells to body. Skull deformation is a result of increasing in amount of
bone narrow to meet the over activity of the bone marrow. Sickle cells
clumps and interference with blood circulation, and this gives rise to local
failures in body supply like lung damage or muscle and joint damage.
Moreover, collection of the sickle cells in the spleen causes enlargement of
spleen. Deficiency of erythrocytes causes an increase in iron level in the
blood and a decrease in iron binding capacity. Paleness and yellow skin
arises from high bilirubin level caused by hemolyisis of erythrocytes. Then,

the teacher asked why the relative marriage is not recommended. Then some
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of the students gave examples from their families and they answered the
question as the possibility of having same recessive characters on parents
and passing them to child is high. So the recessive illnesses like sickle-cell
anemia may not be shown on parents but affects their child. They agreed
that relatives may have similar genes, and these genes may cause recessive
illnesses. All of the students assigned to make crossing with using letter for
genotypes of people in this case individually, and achieved this assignment

with given feedback by the teacher.

The groups who did not hypnotize sickle-cell anemia thought that
they were unsuccessful. The teacher explained that the important point is
not to find the right answer but to generate ideas and hypotheses, search for
information to support their hypotheses and share them with their peers, and
to communicate well and to put the required effort in the mean time. They
learned the important points such as why relative marriage is not advised,
what a recessive illness is and how it works. Moreover, the teacher added
that they were really successful at gathering the necessary information from
sources like the library, the web, experts and then using their data to support
their hypotheses. They were doing well in to revising their ideas with the
information from the sources and through discussions with other groups and
peers. At the end of the lesson the teacher gave some homework to students
to search other recessive illnesses and they were reminded that the following
session, they had to bring their group report including their ideas generated
during the class hour, discussions about group process, how they reached

their conclusion, and the summary of what they learnt from that case.
The following session started with a discussion about the previous

session’s homework. The students mentioned about albinism and

polydactyly. Some of them tried to give examples like color blindness,
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hemophilia and the teacher stated that these illnesses are different from
others and that they will learn about them later. Then the third case of a
patient with red-green colorblindness which is associated with the sex-
linked inheritance was given to students in the fourth week (see Appendix
P). The case was covered in two sessions and one session was spent for
presentations and discussions. It was observed that students were more
comfortable in sharing the ideas, and they approached the problem from
various aspects in this case. They studied with the same group members and
shared the roles voluntarily. The roles included parents, a 5-year-old boy, a
medical doctor, a writer and a reader. The first page, which includes
information about the patient and his problems, was given to the parents and
they explained that information to the doctor and other members of the
group. The patient’s kinder garden teacher realized that he was unwilling to
colour the pictures and cut the shapes on colored cartons was roughly
handled by him. The teacher thought that there might be a problem with his
eyes and the parents thereupon brought him to the doctor. Then the doctor
and other members started to think about the questions to ask to the patient
for further information. They generated ideas like subnormality, delayed
growth, squinting and poor eye-sight. Moreover, ideas related to the child’s
environment and emotions were produced. For example, one group thought
that the light of the class might be not enough for the kid and others thought
that he might find these activities boring. However, they agreed to ask more
questions and then make some examination. They decided to ask if there
was a person in their family with a sight problem. Following that, the
teacher gave them the second page, providing more information of the
patient and his family: the kid can not achieve to learn the colors correctly,
his father is nearsighted and uses glasses while reading, there are other
members using glasses in the family, and the kid’s maternal grandmother,

which lives in a village, can not distinguish the colors. At this point some

63



groups added color blindness to their hypotheses. Afterwards, the doctors
said that they gathered enough information and they requested the physical
examination results to see if there was squinting. When the teacher gave the
page to the students, they eliminated squinting and learned that there is no
problem on his pupil. Some groups wanted to do a colorblindness test, but
the teacher tried to guide them to eliminate some other hypotheses. After
that, they took the results of the eye-examination report. Following of the
examination of the report, the doctor explained that the patient has no sight
problem and does not need to use glasses. The writer eliminated this
hypothesis and they started to think about colorblindness more intensively.
At this point, the teacher asked each group what reason made them think
colorblindness existed. One student said: “We eliminated all other ideas and
realized they were not valid. Then we wanted to try this hypothesis.”
Another student explained; “He [the patient] does not have any sight
problems. We know he has never been able to learn the colors exactly. So
he has a problem with colors. ” Another idea generated by other students
was: “We know the colorblindness is a genetic disease and his grandmother
finds it hard to differentiate between colors, so she also could be colorblind,
and then the likelihood of colorblindness is high in the patient.” The teacher
thereupon said; “But the mother has no problem with colors.” Students
answered “This must be a recessive disease, it did not show itself on his
parents but the child has it”. Afterwards, the teacher asked another question:
“Don’t you think the father has to have these genes in order for you to claim
it is a recessive disease? It is mentioned in the case that there is no person in
his family with such a disease.”. Upon their teacher’s startling the question,
students requested to more time to search answers to this question after
testing their colorblindness hypothesis and so the teacher allowed them.
When the students wanted the colorblindness test result from the teacher,

she told them there was no result report, and that they should do the test
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themselves. The doctors asked to come to the teacher and she explained to
them how to test the colorblindness, showing the shapes on the given page.
They were supposed to ask to the child what he sees in the shapes and he is
expected to find the way from X to X in the rounded shapes. Then the
doctors went back to their desks. Thereafter, she called the students who
pretended to be the child and gave a paper which wrote the answers that
they were supposed to give when the doctor asked them the question. They,
too, went back to their groups. The doctor showed the first picture and asked
the patient what he saw. The answer was “A sailboat”. However, in
following pictures, there were shapes the patient could not see and he was
not able to find the way in the rounded shapes. The researcher observed the
students were really excited when they realized the child could not see some
shapes and they had fun while playing the roles. Subsequently, they agreed
that the child was colorblind when two sessions was about to be over. Since
there was no time left, students were reminded that they needed to search
the teacher’s question and to prepare their group and individual reports for

next lesson.

First session of the fifth week started with a discussion on students’
findings regarding the teacher’s question. The teacher walked around and
gave feedback to each group as they were sharing their ideas and findings
with their peers. In the course of their research, they found out that some
diseases are carried on the sex chromosomes. The teacher asked for
examples and they said, “red-green color blindness, hemophilia and
muscular dystrophy”. Also, they gave examples like hairy ear syndrome and
scaly skin. At this point the teacher asked the difference between these two
diseases with the previous examples. Students answered former carried on X
chromosome while the latter Y chromosomes. Next, the teacher asked

which diseases can be seen only in males. The answer was given as: “X
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chromosome exists in both male and females, on the contrary Y
chromosome is present in only males, so hairy ear syndrome and scaly skin
are peculiar to males.”. After the discussion, each group presented their
results and summarized their process. Not only did they explain all their
ideas and evidences that helped them to eliminate hypotheses other than
“red-green color blindness” but also presented their data about the disease
and information of not existence of a cute. All of the groups reached the
same conclusion. Then the teacher gave the last page of the case with a
sheet to make students think about sex-linked inheritance more and deal
with composing a pedigree. The sheet asked the students why red-green
color blindness appears in males more than females. Students thought about
this situation, made discussions with peers, searched the textbook and
supplementary books. When all the groups had ideas, the teacher let them
share and discuss their ideas between groups. After the discussion, they
concluded that the reason is females have 2 X chromosomes while males
have only one. Thus, females may have heterozygote genotype while the
males have no chance to have it. As a result, when an X chromosome carries
the gene of the disease, there is more possibility of being sick in males than
females. Thereafter, the teacher asked them to go to the next question which
requested the pedigree of the family in the case. One of the students
complained that they had never seen a pedigree and they had no idea about
how to make it. The teacher encouraged her as they were also uninformed
about the previous cases, subjects and concepts. However, they could
overcome them and now if they do a research in the books, they may find
examples. They formed the pedigrees by the help of books individually and
the teacher gave feedback to each of the students respectively. Before the
session was over, students gave their reports and they were assigned to
make a pedigree of their own family in their notebooks. Sample of students’

final report prepared for this case is given in Appendix R.
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Second lesson of the fifth week started with the checking of
homework given the previous lesson. Then the teacher gave students the
second worksheet which included all the possibilities of crossing the sex-
linked inheritance (see Appendix S). Like the prior crossing worksheet,
students solved the problems individually, compared with group mates and
took feedback from the teacher. They also wrote questions for all crossing
problems by using the X-linked diseases and concepts like homozygote,
heterozygote, dominant etc. A student from each group came to the

blackboard and wrote one question, and another student solved it.

During the implementation of the cases, all of the students were
expected to generate ideas, attend the group discussions, do research both in
and out of class, share the information frequently and listen the group
members’ ideas and findings respectfully. The teacher accentuated being
active in the groups and also doing individual research out of the class.
Students were responsible for their own learning, expected to evaluate their
process themselves and encouraged to think critically. On the other hand,
the teacher always guided them by asking open-ended, general questions
and gave feedback when they needed. Students played their roles
individually in the group; however, questions, that were asked to get further
information, and ideas were generated altogether. For example, while the
patient or the parents of the patient explained the complaints to the doctor
that interviewed them by the help of the questions that were written by other
group peers. Meantime, the reader read the given pages aloud after the role
was played, and the writer wrote down the information, facts, ideas,
hypotheses, learning subjects that were decided to seek out, and sources that
were used. All of the students were expected to prepare an individual report
that summarized their ideas, findings and the data reached at the end of

individual work. Moreover, at the end of each case, students prepared a
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group report that included their entire ideas, hypothesis and summary of

their process.

After the treatment, in the sixth week, the GAT was administered to
control and experimental groups as a post-test to measure the academic
achievement and performance skills in the unit of Genetics throughout one

session.

4.7. Analysis of Data

As descriptive statistics, means and standard deviations were used to

investigate the general characteristics of the sample.

MANCOVA was used to investigate the effect of problem based
learning and traditionally designed science instruction on students’
academic achievement and performance skills in the unit of Genetics when
students’ prior knowledge, prior performance skills, reasoning abilities, and
learning approaches were controlled.

4.8. Assumptions and Limitations

Following assumptions and limitations were encountered for this

study:

4.8.1. Assumptions

1. The teachers who applied the study were not biased during the

treatment.
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2. The administration of the questionnaires and test was under

standard conditions.

3. Students responded the questions seriously.

4. There was no interaction between the control and the experimental

group students.

4.8.2. Limitations

1. The study was limited to 192 eighth grade students at a public

school in Ankara.

2. The research findings are limited to Genetics unit in science.

3. Independency of observations assumptions of MANCOVA might

be violated since experimental group students worked in group.
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CHAPTER 5

RESULTS AND CONCLUSION

In this chapter, descriptive statistics of data, inferential statistics by
which the null hypotheses are tested, students' opinion about the problem

based learning and conclusions will be presented.

5.1. Descriptive Statistics

Table 5.1 shows the descriptive information related to academic
achievement, performance skill, reasoning ability and learning approach for

both the experimental and the control groups.

As seen from the Table 5.1, in terms of prior knowledge the control
group students appeared to have higher mean scores than the experimental
group students. When the pre-performance skills are considered, mean of
the pre-performance skill scores of the experimental group was found to be
slightly higher than the control group. In addition, students’ reasoning
ability in the experimental group appeared to be slightly higher than the
control group while mean scores for learning approach was very close for

both groups.

Independent sample t-test were conducted to determine whether the
observed mean difference between two groups with respect to prior
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knowledge, prior performance skills, reasoning ability and learning
approach statistically significant. Analyses of results showed that there was
no significant mean difference between the control and the experimental
groups with respect to prior performance skills (t(190)=1.933, p=.05),
reasoning ability (t(190)=-1.692, p=.09) and learning approach (t(190)=-
.367, p=.07) and there is a significant mean difference with respect to prior
knowledge (t(190)=-4.604, p=.00). However, magnitude of the difference
was not large (eta squared=.10). These variables were used as covariates in
the study in order to equalize two groups with respect to prior knowledge,
prior performance skills, reasoning ability and learning approach, and to
reduce error variance arising from them. Indeed, when preexisting
differences are small the use of MANCOVA is appropriate (Hinkle,
Wiersma & Jurs, 2003).

5.2. Inferential Statistics

Multivariate analysis of covariance was performed to investigate the
relative effect of problem-based learning and traditionally designed science
instruction (TDSI) on students’ academic achievement and performance
skills after controlling for prior knowledge, prior performance skills,
reasoning abilities and learning approaches were controlled. Before

conducting MANCOVA, the assumptions were checked.

5.2.1. Assumptions of Multivariate Analysis of Covariance

5.2.1.1. Sample Size

Sample size of the study was enough to proceed MANCOVA
analysis since the cases in each cell were greater than the number of
dependent variables (Pallant, 2001).
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Table 5.1: Descriptive Statistics for Academic Achievement, Performance Skill, Reasoning Ability and Learning

Approach for both the Experimental and the Control groups

Experimental Group Control Group

Variables N Mean S.D. Range Min. Max. Skewness Kurtosis N Mean S.D. Range Min. Max. Skewness Kurtosis

¢l

Prior
Knowledge 101 54 290 15 0 15 .730 461 91 75 345 15 1 16 .286 -.506

Academic
Achievement 101 11.8 3.35 15 4 19 -.280 -.339 91 109 3.32 15 3 18 -.098 -.217

Prior
Performance
Skill 101 14 142 5 0 5 673 -.689 91 1.0 1.10 4 0 4 .795 -.268

Post-
Performance
Skill 101 26 1.36 5 0 5 112 -.966 91 22 145 5 0 5 .028 -.931

Reasoing
Ability 101 18 1.91 8 0 8 1.362 1.215 91 23 221 9 0 9 1.171 597

Learning
Approach 101 27 29 123 209 332 -.041 -.664 91 28 .28 132 209 341 .020 -.113




5.2.1.2. Normality and Outliers

Univariate normality is tested by checking skewness and kurtosis
values of dependent variables which are shown in the Table 5.1. Table
shows that the values are vary between-1 and +1, which is in acceptable
range (Pallant, 2001), for the experimental and the control groups. Moreover,
normality of the distribution of the scores is checked by the histograms for

each group and that is observed the scores distributed normally.

To check multivariate outliers Mahalanobis value was calculated and
compared with critical value for two dependent variables given in the Chi-
square table (Pallant, 2001). Critical value in table was found to be 13.82.
Since the maximum Mahalanobis distance of the sample (11.082) was lower

than the critical value, there was no need to remove any value from the data.
5.2.1.3. Linearity

The linearity assumption is assessed by generating scatterplots
between each pair of the dependent variables and each of the covariates.
Although, the scatterplots do not provide an indication of a perfect linearity,

it can be assumed that there is no serious violation of this assumption.
5.2.1.4. Multicollinearity and Singularity

In order to check multicollinearity and singularity assumption, zero-
order correlations were computed between two dependent variables and four
independent variables. Zero-order correlations were presented in Table 5.2.
As shown in the table, there is not a strong relationship between the

variables of concern (<.8) (Pallant, 2001).
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Table 5.2: Zero-order Correlations

Prior Post
Prior performance  Academic performance  Reasoning Learning
knowledge skills Achievement  skills ability approach
Prior
Knowledge 1.000
Prior
Performance  -.223(*%*) 1.000
Skills
Academic ok
Achievement 342(%%) .052 1.000
Post
Performance .070 297(%%) .385(*%) 1.000
Skills
Reasoning .320(%%*) .014 A24(4%) 154(%) 1.000
Ability
Learning .048 -0.008 134 251(**) .052 1.000
Approach

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

5.2.1.5. Homogeneity of Variance-Covariance Matrices

Homogeneity of variance-covariance matrices assumption was
assessed by using Box’s Test of Equality of Covariance Matrices. Results
showed that there was no violation of homogeneity of variance-covariance

matrices assumption with a Box’s M significance value of 0.327.

Table 5.3: Box's Test of Equality of Covariance Matrices

Box's Test of Equality of
Covariance Matrices

Box's M 3.49

F 1.15
dfl 3

daf 9978392
Sig. 327
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Moreover, homogeneity of variance checked by examining the result
of Levene’s Test of Equality of Error Variances. As Table 5.4. shows, there
was no violation of homogeneity of variance assumption for both academic

performance skills (p=0.448) and academic achievement (0.971).

Table 5.4: Levene's Test of Equality of Error Variances

F dfl df2 Sig.
Post-performance skills 57 1 190 448
Academic Achievement .00 1 190 971

5.2.1.6. Homogeneity of Regression Slopes

This assumption was assessed through syntax using the MANOVA
program. In general, the test of the pooled covariates by the treatment (the
experimental and the control group) showed that there was no interaction
between the covariates and the treatment because, Sig of related F were

found to be grater than .05.

In summary, preliminary analyses conducted to check the
assumptions of MANCOVA, showed that there was no serious violation of

the assumptions.

5.2.2. Multivariate Analysis of Covariance (MANCOVA)

Hypothesis: There is no statistically significant mean difference
between students who taught by PBL and traditionally designed science
instruction (TDSI) with respect to academic achievement and performance
skills in the unit of genetics after controlling for their prior knowledge, prior

performance skills, reasoning abilities and learning approaches.
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A multivariate analysis of covariance was performed to investigate
the effect of PBL and TDSI on students’ academic achievement in Genetics
and performance skills. The two dependent variables were academic
achievement and performance skills measured after the treatment. The
independent variable was the type of treatment: problem-based learning for
the experimental group versus traditionally designed science instruction for
the control group. Students’ prior knowledge, prior performance skills,
reasoning ability and learning approach were used as covariates in this

analysis.

Table 5.5: Results of MANCOVA

Wilks’ Partial
Lambda Hypothesis Eta
Effect Value F df Error df Sig. Squared
Reasoning
Ability .868 14.091 2.000 185.000 .000 132
Learning
Approach 927 7.236  2.000 185.000 .001 .073
Prior
Knowledge .887 11.758 2.000 185.000 .000 113
Prior
Performance
Skill 901 10.210 2.000 185.000 .000 .099
Treatment
.904 9.812  2.000 185.000 .000 .096

Table 5.5 shows the results of the MANCOVA. As seen from the
table, there was a statistically significant mean differences between the
groups instructed by problem-based learning instruction and traditional
instruction with respect to academic achievement and performance skills:
Wilks’ A=,.904 F(2,185)= 9.812, p=.00, eta squared=.096. The multivariate
eta-squared with the value of .096 signifies that about 10% of multivariate
variance of dependent variables was related with the treatment. In addition,

the results showed that reasoning ability (Wilks’A= .868, F(2,185)= 14.091,
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p=.00, eta squared=.132), learning approach (Wilks’A= .927, F(2,185)=
7.236, p=.01, eta squared=.073), prior knowledge (Wilks’A= .887, F(2,185)=
11.758, skill
(Wilks’A= .901, F(2,185)= 10.210, p=.00, eta squared=.099) significantly

p=.00, eta squared=.113), and prior performance

contributed to collective dependent variables.
Following univariate analyses were conducted in order to analyze
the effectiveness of treatment on each dependent variable separately. Table

5.6 presents the findings of these analyses.

Table 5.6: Tests of Between-Subjects Effects

Type 1II Partial
Dependent Sum of Eta Observed
Source Variable Squares df F Sig.  Squared  Power(a)
Reasoning Post
Ability Performance 4,225 1 2,589 ,109 014 ,360
skill
Academic 224,880 1 28,330,000 132 1,000
Achievement
Learning Post
Approach Performance 22,929 1 14,050 ,000 ,070 ,962
skill
Academic
X 24,825 1 3,127 ,079  ,017 421
Achievement
Prior Post
Knowledge Performance 6,562 1 4,021 ,046  ,021 514
skill
Academic
. 184,553 1 23,250 ,000 ,111 ,998
Achievement
Prior Post
Performance Performance 33,504 1 20,529 ,000 ,099 ,995
Skill skill
Academic 14,373 1 1,811 180 010 ,268
Achievement
Treatment Post
Performance 11,030 1 6,759 ,010 ,035 734
skill
Academic
. 140,217 1 17,664 000 ,087 ,987
Achievement
Error Post
Performance 303,549 186
skill
Academic
Achievement 1476,448 186
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According to the results shown in Table 5.6. there was a statistically
significant difference between the experimental and the control groups with
respect to academic achievement: F(1,186)=17.664, p=.00, eta squared=.09.
In addition, a significant relationship was found between academic
achievement and students’ prior knowledge (F=23.250, p=.000), and
reasoning ability (F=28.330, p=.000).

As it can be inferred form Table 5.6., there was a statistically
significant difference between the experimental and the control groups on
their performance skill: F(1,186)=6.76, p=.01, eta squared=.04. Moreover, a
significant relationship were found between score of post-performance skill
and prior knowledge (F=23.250, p=.000), prior performance skill (F=20.529,
p=.000) and learning approach (F=14.050, p=.000).
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Figure 5.1: Comparison between post-Genetic Achievement Test scores of

the experimental and the control groups
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Descriptive statistics showed that the experimental group students
(M=11.80, SD=3.348) had higher mean scores than the control group
students (M=10.91, SD=3.318 ). At this point, it is important to note that ,
some of the items in the Genetic achievement test were in the knowledge
level while others were comprehension and above in the Bloom’s taxonomy.
For this reason, students needed to realize interrelationships among the
concepts and apply their knowledge about genetics to be able to respond to
latter items correctly. Figure 5.1 shows the proportions of correct responses
to each item in post Genetic Achievement Test for the control and the
experimental groups. Analyzing the item responses indicated that, students
in the control group appeared to be more successful in knowledge based
items while the students in the experimental group in items which needs
comprehension and higher order thinking skills. Moreover, the differences
between the percentiles of students’ responses in questions, which the
experimental groups succeeded more, are higher than questions that the

control groups succeeded.

More specifically, the first three items were at knowledge level and
prepared to determine students’ knowledge about genetic concepts like
genotype, carrier, gene and chromosome. As seen from the figure, students
in the control group likely to be more successful in these questions.
Moreover, percentage of correct responses of the control group was higher

for item 8 which assess students’ knowledge on Mendel’s laws.

On the contrary, percentage of correct responses for item 9, 12 and
14, which needs higher order thinking skills, was higher in the experimental
groups. Question 9 was related to an experiment of a scientist in crossing of
peas. Students were asked to predict the result of the experiment. They were

expected to find out which treatments are dominant and recessive from the
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results of the experiment. Likewise, there was a striking difference between
the experimental and the control groups concerning the percentiage of
correct responses to item 12 which required students make an inference for
parents genotypes from offspring In addition, it was necessary for students
to apply their knowledge on the genetic concepts to select the correct
answer. The reason of the highest percentage of correct responses for the
experimental group may be that, they were asked to write problems to a
given crossing situations in the worksheets by using the concepts that
appeared in of this question (see Appendix M and Appendix S). Similarly,
in item 14 concerning recessive diseases, students needed to infer the
genotype of the family from their phenotype. This question required the
ability to interpret a given pedigree. Students in PBL classes learned how to
make inference concerning genotypes and phenotypes of a family or how to
interpret pedigrees while dealing with ill-structured problems posed to them
as cases form daily life. Therefore, they actively involved in the learning
process and constructed knowledge by themselves. On the contrary, in the
control group classes, the teacher explained the recessive diseases in
humans, solved related problems, drown a pedigree on the blackboard and

gave homework about pedigree of students’ family.

Similarly, results in Table 5.6. showed that there was a statistically
significant difference between the experimental and the control groups with
respect to performance skills: F(1,186)=6.759, p=.01, eta squared=.04. In
addition, a significant relationship was found between performance skill and
students’ prior knowledge (F=4.021, p=.05), prior performance skill
(F=20.529, p=.000) and learning approach (F=14.050, p=.000). The
experimental group students (M=2.63, SD=1.36) are found to have higher
mean scores than the control group students (M=2.20 SD=1.45). Maximum

possible score on the essay type item measuring performance skill was five.
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While there were no students in the control group receiving five, there were
students in the experimental group recording the maximum possible score.
To be able to get this score students had to be able to select, organize and
interpret the important information given in the case and use them by
incorporating it with information from outside resources. Moreover, they
had to articulate the uncertainties and minimize them, organize concepts and
information, and reinterpret data when new information was obtained were
attached importance. In addition, students had to approach the problem as a
guide to build their learning not as a question that needs an answer. Results

showed that PBL students appeared to be better in terms of these skills.

In summary, the findings indicates that there was a statistically
significant mean difference between the control group, exposed to
traditionally designed science instruction, and the experimental group,
exposed to problem based learning, with respect to students’ academic
achievement and performance skills in the unit of genetics when students’
prior knowledge, prior performance skills, reasoning abilities and learning
approaches are controlled. Analysis of the effects of treatment showed that
students exposed to PBL were more successful than students exposed to

traditionally designed science instruction.
5.3. Students' Opinion about the Problem Based Learning

A survey instrument, prepared by Sungur (2004), was administered
to students in the experimental group in order to get their opinions about the

problem-based learning (see Appendix F). The representative responses of

the students to survey questions are given below.
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Q1. How do you describe PBL? In your opinion, what

characteristics best describe PBL?

Student 11: PBL is a model that encourages students to do research
and ask questions. The information is not given directly in PBL. Some clues

are given in cases to help us reach the relevant information.

Student 26: it is a good method based on group working and
research. In this method students learn by themselves. The teacher did not
teach the subject directly. She helped us understand and construct

knowledge by giving us some scenarios.

Student 202: a student centered method. Group working was done.
In this way, different ideas were produced and therefore we could exchange
our ideas. Students were encouraged to search, ask questions, exchange
their ideas to learn and understand. It is an active learning method that

makes us curious and feel responsible.

Student 267: in PBL model we formed groups and studied on
scenarios. We talked about our ideas. We tried to find solutions through
discussions. The session was very enjoyable. | feel that | understand more

easily and better through this approach.

The purpose of this question was to specify students’ perceptions
about PBL (Sungur, 2004). Their responses revealed that students perceive
PBL as a student centered method which helps them construct knowledge.
They stated group work, presence of cases, and discussions as key elements

of PBL.
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Q2. Which of these characteristics contributed most to your

learning?

Student 11: clues were the most contributed characteristic for me.
Thus | could generate new ideas. | could think about the problem by

intensifying on clues.

Student 27: for one thing, it made me inclined to search about
something. It happened for the first time in 8 years! We learned to head for

something together.

Student 217: the scenarios were the most contributed among all
characteristics. Productivity to session was increased. Study and research
took over. Because of this, nobody is passive anymore and so everybody has
a chance to talk. Furthermore, we became more successful and we made an

effort to learn.

Student 267 Firstly, because of the sessions became more enjoyable,
the subjects were like easier. Sharing our ideas, and discussing them
provided most contribution.

According to students, searching information individually then
sharing them with their peers, generating ideas and discussing them through
group work contributed to the learning. Moreover, they pointed out the
importance of scenarios and clues in the promoting the learning by

searching from different sources.

Q3. What aspects of PBL would you definitely change?
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Student 8: 1 would not like to change anything because it is a very

nice method.

Student 38: 1 would definitely exclude report writing.

Student 274: 1 would not change anything because everything works

perfectly in this method.

Student 275: | would like to have2 or at most 3 people the most in

each group instead of 6.

The students were generally pleased with the method. However,
some students thought that it was hard to prepare reports and presentations.
Some complained that the groups were crowded. However, as students’
answers to the previous question revealed majority of students are aware of
that group working is a beneficial characteristic of PBL.

Q4. What aspects of PBL would you definitely keep?

Student 221: scenarios based on real life.

Student 248: playing roles like in a theatre, and group working.

Student 260: small group work, cases and student involvement in

accessing information should definitely be kept.
Student 25: in PBL, cases promote learning. We repeated subjects

many times by preparing reports, and filling out what we know/ what we

need to know table. We proposed solutions to given problems by generating
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ideas and hypotheses. Because of all these, such activities in PBL must be

implemented.

Student 36: scenarios must be kept. Such cases based on real life can
help students’ understand subject matter easier. Even students with lower
levels of motivation to learn can benefit from the cases. Because they are

enjoyable.

The students pointed out the group work, scenarios and being
responsible for their own learning as aspects of PBL that should definitely
be kept in PBL. They also stated that they were enjoyed while playing roles,
and subjects were understood well while searching information individually
and using what we know/what we need to know table. Students' responses
revealed that they were aware of the advantages of student-centered

learning environments for themselves.

Q5. What problems were faced with during PBL?

Student 22: 1 did not have any difficulty at all. On the contrary,
mentally, | learned to think and ponder. | thought more and | developed

my logical thinking skills.

Student 271: | had difficulties in group working. At first, we
sometimes argued about the roles but later we learned how to
communicate with each other. Actually, these were nice memories. |

learned to be respectful to others’ opinions.

Student 36: | found it a little hard to prepare a report at the end of
each case. Except that, there was no other problem.
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Student 276: sometimes, we could not reach the information that
we were searching for from the resources. However, even though our
research took much time, we were able to find what we needed to know.

We did not have any other difficulty. It was pretty clear and lucid.

The analysis of the students' answers showed that preparing report
and research from different resources were difficult for them. Moreover,

some students revealed that they had difficulty in adapting to group work.

Q6. How would you describe the ideal facilitator? (Science
background, knowledge of group process, level of participation/guidance,

etc.)

Student 29: she/he must be a good educator in every aspect and
teach us to find the right solution by guiding us. In addition, he/she must

have the ability of explaining subject well enough.

Student 27: she/he must not give the information directly and must
encourage us to make an effort. One more thing, she/he must help us

right on time when we need.

Student 202: firstly, the facilitator must be competent in the field
and know about the purpose of this implementation as why it is applied
and what it is supposed to teach us. His/her emphasis, mimics, and
tonality must be appropriate and he/she must deal with all groups at all
times. He/she must also inform us about the sources that we needed to

search.
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Student 205: | think, when students ask a question when they are
stuck, the facilitator must not give the answer directly. The facilitator
could explain that the students can find it themselves.

Students’ answers showed that they are aware of the role of the
teacher in PBL. They stated that an ideal facilitator should guide and
promote them to do researches, and learn by themselves and should not

give the answers or subjects directly.

Q7. What qualities do you think make for a good PBL student?

Student 21: he/she must express his/her ideas related to the subject
and search about the theme. He/she must contribute to group work and be

supported by other group members.

Student 263: he/she must research before coming to class, take
responsibility of his/her duties and bring materials about the lesson to the

class.

Student 275: a good PBL student is sensitive to subject, and is active,

sociable, not a person who sits in the corner alone.
Student 36: students must be hard workers, they have to know how to
research, how to learn well, how to listen to others. But the most important

thing is being able to research and read a lot.

Students’ answers showed that the most important quality to become

a good PBL student is the ability to do research efficiently. In addition, they
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attached importance on sharing opinions and listening to others’ ideas.

Taking responsibility in group work was necessary, too.

Q8. How well written are the cases?

Student 15: they were quite well. Especially the cases related to
diseases interested me. | understood Mendelian genetics and crossings

better, thanks to these cases.

Student 22: they were nice. They made me curious. | wondered what
was going to come in the following step after each event. New ideas raised
in my mind after receiving each page. Thus | comprehended the subject

better owing to the cases.

Student 265: they were pretty nice. | was pleased very much. We

became closer to the real world by the help of the cases.

Student 7: | was informed about diseases that we examined in cases.
| felt like a doctor myself and that made it easier for me to focus on the

session.

Students were pleased with the cases and they thought that it was

nice to have the cases based on real life.
Q9. Do you think that any of the skills that you acquired in PBL have

made a difference in your other academic or social situations? If so, please

explain?
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Student 209: it widened my perspective in learning and this enabled

me to perceive various ideas to a case in different ways.

Student 25: PBL increases solidarity in class, mutually respect and
cooperation. Because it is based on research, it increases the acquiring
knowledge. Besides, group working increases the densities of idea,
suggestion, and thought.

Student 38: there is no change in my social life. If we talk about

academic life, I learned information that | will never forget in my whole life.

Student 26: | can talk about my ideas more easily. It affected me
positively in doing research. We sometimes discuss the cases respectfully
with my friends out of class. Thus, we learn how to discuss in a considerate

environment.

Students’ answers revealed that they learned how to work in groups
as a result of PBL. According to them, their social skills such as,
communicating, sharing ideas, discussing subjects in a respectful manner
and considering others’ opinions were improved. They added that they

reached life-long learning and their research skills were enhanced.

To sum up, students in general were pleased with the PBL
implementation. They realized the important characteristics of PBL such as,
cases, group work, research and taking responsibility of their own learning.
They thought cases were important for PBL and these cases were
conductive to learning, well prepared, amusing and provided a link between
the subject and the real world. They mentioned that understanding the

science lesson was easier with the cases. Furthermore, students were aware
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of the expected roles of the teacher and students; their answers indicated
that a good facilitator should encourage them, give feedback when they
needed it, and offer guidance. The facilitator is not supposed to provide the
answers for the questions of students but to give them clues to help.
Meanwhile, the role of the students is to learn subjects by doing research
and small group discussions. According to students, an ideal PBL student
must be active in the class, share ideas without hesitating, do research out of
class and take the responsibilities, give importance to others’ ideas and be
able to discuss in a suitable manner in the group. They specified in the
answer of 4™ question that they appreciated the importance of group
working. Some students stated that they started to be more active in the
class while some others have learned to respect others’ ideas through group
work and cases. On the other hand, PBL students explained that one of the
problems they faced was regarding resources. However, they believe that
they could get over the difficulties. In addition, most of the students stated
in 3™ question that they had difficulty in preparing reports although they
were aware of importance of it in their learning. Finally, students’ responses
to the last question revealed that cases, searching for information and
discussing with peers, helped them acquire knowledge that they will
remember over a long time, while group working redounded their social
interaction, self confidence to tell and defend their ideas, and

communication..
5.4. Conclusions:

In conclusion, the result of the current study revealed that, students
in PBL classes were more successful than the students taught by traditional

teaching method, as revealed by mean academic achievement and

performance skills determined after the treatment. Therefore, it appeared
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that, PBL students were more successful to use relevant information in
addressing the problem, articulate uncertainties, organize concepts, and

interpret information.
The results also underlined a significant contribution of students’

reasoning ability, learning approach, prior knowledge and prior performance

skills on their academic achievement and performance skills in Genetics.
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CHAPTER 6

DISCUSSION

This chapter includes the discussion, internal and external validity

threats, implications of the study, and recommendations for further research.

6.1. Discussion:

The present study aimed at investigating relative effectiveness of
problem based learning and traditional designed instruction on students’
academic achievement in Genetics and performance skills after controlling

for their prior knowledge, learning approach and reasoning ability.

Before the treatment, Genetics Achievement Test, Learning
Approach Questionnaire and Test of Logical Thinking were administered to
determine students’ prior knowledge and prior performance skills, learning
approach and reasoning ability, respectively. Pre-test results were used to
examine the equality of the control and the experimental groups with respect
to collective variables. The analyses showed the similarity between groups
with respect to reasoning ability and learning approach. However, a
significant difference was found with respect to prior knowledge. To be able
to equalize the groups, these variables were attained as the covariates.
During the treatment, the Genetics concepts were taught to the experimental

group students through PBL method while those concepts were taught to the
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control group students through traditional instruction method based on
teacher explanations and textbooks. After the treatment, Genetics
Achievement Test was implemented to measure the difference in scores
between the experimental and the control groups. The items in the
achievement test were at knowledge, comprehension and above levels in the
Bloom’s taxonomy. The experimental group students were more successful
than the control group students, especially in the items that require higher
order thinking or reasoning. For example, item 9 was a question that asks
students the aim and the result of a crossing experiment. Students had to
have the deep understanding of crossing and Mendel laws. Moreover,
students needed to understand the experiment and identify the information,
infer the genotypes of parents and possible offspring from their phenotypes
by hypothesizing and testing in order to be able to generate a conclusion to
answer. On the other hand, concerning the items at knowledge level,
performance of the experimental group students and the control group
students were comparable. Indeed, a meta-analysis, conducted by Dochy,
Segers, Van den Bossche and Gijbels (2003) showed that PBL improves
students’ skills to apply knowledge, their general learning and thinking
skills. In general, the findings of the present study is compatible with the
assertions in the study by Gordon, Rogers, Comfort, Gavula and McGee
(2001) claiming that PBL promoted students’ critical thinking and Chin and
Chia (2005) who state that PBL may develop students’ scientific thinking.
According to Krynock and Robb (1999), PBL students use crucial critical-
thinking skills and think at a higher level.

Actually similar to the findings of the current study, McBroom and

McBroom (2001) showed that students in PBL group scored significantly
higher than students received traditional lecture in the Molecular genetics
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subjects at high school. Moreover, Gordon et al. (2001) stated that PBL

improved middle school students’ science grades.

Moreover, analysis of the essay type item in the post achievement
tests showed that experimental group students surpassed the control group
students with respect to performance skills. This means, the PBL students
were more successful than the traditional students in their ability to use
information to solve the problem, articulate uncertainties, organize and
interpret the information and concepts, utilize the alternatives objectively,
and approach the problem scientifically. In fact, in the literature, it is
suggested that ill-structured problems encourage the creation of several
hypotheses, solutions (Levin, 2001; Sage, 1996) and require considering
alternatives by using personal opinions, organizing the content and the
knowledge and the reasoning thinking (Hmelo-Silver & Barrows, 2006;
Jonassen, 2000; Hung, 2006). Moreover, students learn how to collect and
interpret the information through PBL since the problems are guides for
students and teachers are facilitators (Chin & Chia, 2005; Hmelo-Silver,
2004; Song, Grabowski, Koszalka, & Harkness, 2006). Similar to the result
of current study, Vernon and Blake (1993) found out in their meta-analysis
that the PBL students’ performances are better than students in traditional
lectures. Additionally, Cerezo (2004) showed that PBL affected students’

performance positively.

What is more, students’ opinions about PBL were positive just like
in the studies of Gordon et al. (2001) and Sage (1996). The students thought
that cases, individual learning and group work, doing research and sharing
ideas contributed to their learning during the PBL implementation. The
students also explained that group work increased their social skills such as

communicating, sharing ideas, discussing subjects in a respectful manner
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and considering others’ opinions. This result is in line with the contention of
Rivarola and Garcia (2000) who reported that team work is an effective way
to encourage student participation and interaction, discussion, corporation
and conceptual communication. Furthermore, Xiuping (2002) proposed that
PBL produces team building skills. Moreover, McBroom and McBroom
(2001) showed that PBL increases the interaction between students and their
self-efficacy by providing them with problem-solving situations. Although
the present study did not investigate the effect of PBL on self-efficacy, it is
expected that PBL students develop higher sense of self-efficacy as they

deal with problems and realize the link between their effort and progress.

When the covariates of the present study were taken into
consideration, it was found that prior knowledge, prior performance skills,
learning approach and reasoning ability contributed to academic
achievement and performance skills. The relationship between achievement,
and prior knowledge and reasoning ability reached an agreement with the
findings in the literature. Majority of the studies showed that, prior
knowledge and reasoning ability are the predictors of the achievement.
Johnson and Lawson (1998) showed that while prior knowledge was the
best predictor, reasoning ability was the second predictor of biology
achievement. Similarly, Williams and Marek (1999) reasoning ability was
the second predictor, followed the prior knowledge in the Physic concepts.
In fact, Raine and Collett (2003) claimed that prior knowledge is a valid
contribution to the group effort in PBL. Moreover, since the achievement
test included items that require the higher order thinking skills and abstract
level of thinking, it is reasonable to expect the effect of reasoning ability on
academic achievement. Additionally, Johnson and Lawson (1998) stated
that reasoning ability was an important factor to success in inquiry based
instructions, like PBL. More specifically, Smith and Sims (1992) showed
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that reasoning ability had an important effect on the achievement in
Genetics concepts. Same result were found in the studies of Cavallo (1996)
and Smith and Sims (1992) who reported that reasoning ability is a
contributory factor in the success of Genetics and problem solving.
Furthermore, Lawson and Thomson (1988) revealed that reasoning ability is
effective to overcome misconceptions in Genetics. In addition, Cavallo
(1996) showed that learning approach was an important variable in students’
genetics understanding, as meaningful learners performed better than rote
learners. BouJaoude (1992) also found that meaningful learning positively
influenced students’ performance in chemistry. Furthermore, Cavallo,
Rozman, Blickenstaff and Walker (2003) proposed that inquiry based
courses requires meaningful learning rather than rote learning to be
successful since this approach supports learning actively and meaningfully.
According to Damnjanovic (1999), students are responsible to construct
their own knowledge base and understanding in the inquiry classes.
Additionally, Dipasquale, Mason and Kolkhorst (2003) stated that students
learn and construct the new knowledge by questioning and seeking
information, and in inquiry classes, critical thinking and integrating the new
knowledge with previous experiences is required rather than rote
memorization of concepts and facts. Therefore, learning approach is
expected to be an important predictor of students’ achievement in inquiry-

based classes.

In sum, the results of the present study revealed that PBL approach
has a positive effect on students’ academic achievement and performance
skills. Additionally, students’ prior knowledge, prior performance skills,
learning approach and reasoning ability are the contributors of the academic
achievement and performance skills. Therefore, PBL method is suggested to

use in elementary schools to improve students’ academic achievement and
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performance skills in science lessons by providing them the opportunity to

learn by themselves.

6.2. Validity Threats of the Study

6.2.1. Internal Validity of the Study

The school involved in the study was selected by convenience
sampling. Moreover, intact classes were used during the treatment. This
situation prevented random assignment of individuals, since the groups were
already formed. On the other hand the control and the experimental groups

were assigned randomly to the classes.

Some of the subject characteristics, such as gender, intelligence,
attitude, prior knowledge, learning approach, reasoning ability, are possible
threats for this study. In an attempt to equalize the experimental and the
control groups with respect to prior knowledge, learning approach and
reasoning ability, these variables were used as covariates. Other student

characteristics can be considered in further research.

Location was not considered as a potential threat for this study since

the implementations were made in similar conditions.

The effect of instrumentation threat was controlled by the
administration of the tests by single person, the researcher. The researcher
treated both groups equally during the implementation. Moreover, the essay
type item was evaluated by two different people to avoid the data collector

bias.
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The researcher tried to prevent the implementation threat by training
the teachers. Each teacher had both the experimental and the control groups

during the treatment.

Confidentiality could not be a threat since the names of the
participants known only by the researcher and names were not used in

anywhere.
6.2.2. External Validity of the Study

Subjects of the study were selected in a convenience manner from
the accessible population. In the present study, 192 8" grade students from
just one school were involved. This can considered as a potential threat for
external validity. The findings can be generalized to the schools that have

the same conditions as library, computer laboratory and internet connection.
6.3. Implications of the Study

One of the main goal of science education is to grow up people who
aware of the nature of the world and use of scientific processes. In order to
achieve this end, new Turkish science curriculum was designed around
inquiry based activities and student centered instructional methods. Present
study revealed that PBL instructional method which is consistent with this
approach. Indeed, PBL was found to help students recognize relevant
information while dealing with a problem, generate and test the hypotheses,
and construct new knowledge, learn in a meaningful manner rather than
memorization.. Therefore, it is suggested that PBL should be integrated into
science lessons taking the three main components —ill-structured problems,
group work, and teacher as a facilitator— into consideration which are
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necessary for a successful PBL implementation. Accordingly, since the
problems are the center of the PBL, the experts who have enough
experience about science, education and PBL should prepare ill-structured
problems linked with the real-world. In addition, the teachers should be
trained about the implementation of the PBL because of their vital role as a
facilitator in student learning. Lastly, the students should be encouraged to
learn by themselves and work on open-ended tasks cooperatively, and
explore the knowledge by hypothesizing and testing just like a scientist.
Furthermore, students should be supplied with variety of resources which
will allow them to make research through multimedia materials, computers,

internet, and written materials.

Moreover, to be able to realize the true benefits of problem based
learning, evaluation should be in accordance with this student-centered
approach and not only students’ knowledge but also their performance skills
should be evaluated.

6.4. Recommendations for Further Research

1. The effect of PBL on achievement and performance skills in
science topics other than Genetics can be investigated.

2. The effect of PBL on different grade levels can be investigated.

3. The effect of PBL on students from different schools can be
investigated and compared.

4. The effect of PBL on retention can be investigated.

5. Some other instructional methods can be implemented in the unit
of Genetics and compared with the effectiveness of PBL.

6. The effect of PBL on gifted or failed students’ achievement and
performance skills can be studied.
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7. The effect of PBL on other different variables from achievement
and performance skill, like motivation, reasoning ability,
learning approach can be examined.

8. The items in the Genetics Achievement Test can be revised and
new items can be added in order to increase internal consistency.

9. Sub-dimensions of Genetics Achievement Test can be
investigated in order to determine effect of PBL on students’
knowledge and higher order thinking skills separately.
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APPENDICES

APPENDIX A

OGRENME STILLERI ENVANTERI

Asagida her birinde dérder ciimle bulunan on iki tane durum
verilmektedir. Her durum icin size en uygun ciimleyi 4, ikinci uygun olani 3,
iiciincii uygun olam 2, en az uygun olam ise 1 olarak ilgili ciimlenin basinda
birakilan bosluga yazimiz. Tesekkiir ederim.

Ornek: Hatirlamaniz igin:
Ogrenirken _4 mutluyum. 4 — en uygun olan
1 hizliyim. 3 — ikinci uygun olan
2 _mantikliyim. 2 —iglincii uygun olan
3 dikkatliyim. 1 —en az uygun olan
1. Ogrenirken 7. Eniyi
--- duygularimi gz 6niine almaktan
hoslanirim --- kigisel iligkilerden 6grenirim
--- izlemekten ve dinlemekten --- gozlemlerden 6grenirim.
hoslanirim. --- akiler kuramlardan 6grenirim.
--- fikirler iizerine diisiinmekten --- uygulama ve denemelerden dgrenirim.
hoslanirim.

--- birgeyler yapmaktan hoslanirim.

2. Eniyi 8. Ogrenirken
--- duygularima ve onsezilerime
giivendigimde 6grenirim --- kigisel olarak o igin bir pargasi olurum.
--- dikkatlice dinledigim ve --- igleri yapmak i¢in acele etmem.
izledigimde 6grenirim. --- kuram ve fikirlerden hoslanirim.
--- mantiksal diisiinmeyi temel --- c¢alismamdaki sonuglar1 gdormekten
aldigimda 6grenirim. hoslanirim.

--- birseyler elde etmek i¢in ¢ok

calistigimda 6grenirim.
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3. Ogrenirken

--- gliclii duygu ve tepkilerle dolu
olurum.

--- sessiz ve ¢ekingen olurum.

--- sonuglar1 bulmaya y6nelirim.

--- yapilanlardan sorumlu olurum.

. Eniyi

--- duygularima dayandigim zaman
Ogrenirim.

--- gbzlemlerime dayandigim zaman
Ogrenirim.

--- fikirlerime dayandigim zaman &grenirim.

--- 6grendiklerimi uyguladigim zaman

Ogrenirim.

4. Ogrenirken
--- duygularimla 6grenirim.
--- izleyerek 6grenirim.
--- diislinerek 6grenirim.

--- yaparak dgrenirim.

10. Ogrenirken

--- kabul eden biriyim.
--- ¢cekingen biriyim.
--- akilc1 biriyim.

--- sorumlu biriyim.

5. Ogrenirken

--- yeni deneyimlere agik olurum.

--- konunun her yoniine bakarim.

--- analiz etmekten ve onlar1
pargalara ayirmaktan
hoslanirim.

--- denemekten hoslanirim.

11. Ogrenirken

--- katilirim.
--- gozlemekten hoslanirim.
--- degerlendiririm.

--- aktif olmaktan hoslanirim.

6. Ogrenirken

--- sezgisel biriyim.
--- gozleyen biriyim.
--- mantikli biriyim.

--- hareketli biriyim

En iyi
--- akilc1 ve agik fikirli oldugum zaman
Ogrenirim.
--- dikkatli oldugum zaman &grenirim.
--- fikirleri analiz ettigim zaman 6grenirim.

--- pratik oldugum zaman 6grenirim.
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APPENDIX B

GENETIK BASARI TESTI

Ad Soyad:
Simif:

Boliim 1.

Bu boliimde 20 adet ¢oktan se¢meli soru bulunmaktadir. Her soruda
size gore en dogru olan cevabi isaretleyiniz.

1) Asagidakilerden hangisi bir organizmanin genetik yapisina verilen addir?

a) Fenotip
b) Genotip
¢) Dominant (Baskin)
d) Resesif (Cekinik)

2) Herhangi bir hastalik genini bulunduran fakat kendisi saglikli olan bireye
ne ad verilir?

a) Resesif (Cekinik)
b) Tasiyici

¢) Aridol

d) Homozigot

3)
I- Gen
II- Organizma
I1I- DNA
IV- Cekirdek
V- Kromozom
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Yukaridaki kavramlarin biiyiikten kiiclige dogru siralanis1 asagidakilerden
hangisidir?

a) I-1IV-1-V-1IlI b)[I-1IV-V-II-1

¢) IV-II-V-I1-1II dIV-1II-1-V-1II

4) Genotipleri; 1SS IL.Ss IIL ss
olan bireylerden fenotipleri ayn1 olanlar, agagidakilerden hangisinde
verilmigtir?

a) [ vell b) 11 ve 111
¢) I ve Il d) I, I ve III

5) Bir kadinda asagida verilen hiicre ¢esitlerinden hangisi monoploit
(haploit) kromozom i¢cermektedir (n kromozoma sahiptir)?

a) Sinir b) Deri ¢) Yumurta d) Kas

6) Gorme bozukluguna sebep olan geni tastyan bir kadinin ¢ocuklarini bu
hastaliktan korumak i¢in hatali genin onarilmasi gereken yer
asagidakilerden hangisidir?

a) GOz hiicreleri  b) Kan hiicreleri
¢) Sinir hiicreleri d) Ureme hiicreleri

7) Herhangi bir 6zellik agisindan heterozigot bir gene sahip birey
asagidakilerden hangisine sahiptir?

a) Gene ait 2 6zdes alele

b) Gene ait 2den fazla kopyaya
¢) Gene ait 2 farkl alele

d) Gene ait 2 6zdes kopyaya

8) Asagidakilerden hangisi Mendel’in deneylerinden ¢ikan sonuglardan biri
degildir?

a) Karakterlerin kalittmini belirleyen genler vardir

b) Aleller degismeden esit olasilikla gametlere dagilir

¢) Her karakter i¢in bir canlida birbirine benzeyen (AA, aa) veya
farkli (Aa) iki gen vardir.

d) Bazi karakterlerin disilerde ve erkeklerde goriilme orani farklidir.
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9)
©o; 06 _|| &;©
6.00¢ | 0000

660 ¢ |6000

* * * 9

L
: o
"
G An Dl

Sekil 1 Sekil 2

Bir bilim insan1 bezelye tohumlarinin burusuk veya diiz oldugunu
farketmistir.

Diiz olan bezelye tohumlarini birbirleri ile ¢aprazladiginda diiz ve burusuk
bezelyeler elde etmistir. Fakat diiz bezelyelerin burusuk bezelyelere gore
daha ytiksek oranda ¢iktigini farketmistir. (Sekil 1)

Burusuk bezelyeleri birbiriyle caprazladiginda ise Sekil 2’deki gibi sadece
burusuk bezelyeler ortaya ¢iktigini gérmiistiir. Bilim insan1 daha

sonraki deneylerinde diiz bezelyeleri defalarca ¢aprazlamig ve meydana
gelen tiim burusuk bezelye doéllerini eleyerek sonraki caprazlamalara
katmamustir.

Bu deney sonucunda bilim insan1 asagidaki dollerden hangisine ulagir?

a) Homozigot dominant (BB) b) Heterozigot (Bb)
¢) Homozigot resesif (bb) d) Kesin birsey sdylenemez

10) Bezelyelerde, bezelye tanelerinin rengini belirleyen genlerden sar1 gen
(A) yesil gene(a) baskindir. Buna gore baskin genin ¢ekinik gen lizerine
olan etkisini her dolde incelemek isteyen bir bilim insan1 nasil genotiplere
ve fenotiplere sahip bezelyeleri ¢aprazlamalidir?

a) Sar1 (AA) ve Sar1 (AA)
b) Yesil (aa) ve Yesil (aa)
¢) Sari (Aa) ve Yesil (aa)

d) Sar1 (AA) ve Yesil (aa)
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11) iki bezelye caprazlandiginda 750 uzun, 250 kisa gdvdeli bezelye elde
edildigine gore, caprazlanan bezelyelerin gen durumlar1 hangisidir? (U=
uzun, u= kisa)

a) uu X uu b) Uu x uu
¢) Uux Uu d) UU x uu

12) Dominant uzun boylu ve resesif kisa boylu bezelyelerin ¢caprazlanmasi
ile elde edilen dollerin %% si uzun boylu olduguna gore, ¢caprazlanan
bezelyelerin karakteri hangisidir?

a) Melez dominant — Ar1 dol resesif
b) Ar1 dol resesif - Ar1 d6l dominant
¢) Ari dol dominant — Melez dominant
d) Melez dominant — Melez dominat

13) Farkli karakterlerde iki ar1 dol ¢aprazlandiginda, resesif karakter hangi
dolde, hangi oranda goriiliir?

a)Fy; 1/1 b) F»; 3/4

c) Fy; 1/4 d) Fp: 2

14) Yandaki sema Ayse ve ailesini
temsil etmektedir.

Annesi, babasi ve kendisi saglikli olan T f

Ayse’nin erkek kardesi genetik bir Sadhkh | Sagiik

hastaliga sahiptir. Ayse ayn1 hastaliga

sahip bir kisiyle evlendiginde hasta bir - Ayse = 5

kiz1 olmustur. w = w
Hasta Sadghkh = Hasta

Ayse’nin. g.eno‘Fipi hakkinda ne Hasta

sOyleyebilirsiniz?

a) AA b) Aa c)aa d) Kesin Birsey Soylenemez

15) Sag elini kullanma dominant (baskin / B) bir genden, solaklik ise resesif
(¢ekinik / b) genden kaynaklanir. Buna gore sag elini kullanan anne ve
babanin ¢ocugu solak ise anne ve babanin genotipleri nasildir?

a) BBx BB
b) bb x bb
¢) BBxbb
d) Bbx Bb
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16) Asli ve Hakan evlenmeyi diisiiniiyorlar. Her ikisi de orak hiicreli anemi
hastas1 birer kardese sahipler. Kendileri ve anne babalar1 saglikli olmasina
ragmen kardeslerinde goriilen bu hastaligin ileride ¢ocuklarinda da
goriilmesinden korkuyorlar. Bir genetik uzmani olsaydiniz bu durumda ¢ifte
asagidakilerden hangisini sdylerdiniz?

a) Cocuklarimizin higbirisi hasta olamaz

b) Cocuklarinizin 1/4 oraninda hasta olma ihtimali vardir

¢) Tiim ¢ocuklariniz hasta olacaktir

d) Cocuklarin hepsi saglikli olabilir fakat emin olmak i¢in hepsine kan
testi yapilmalidir.

17. ve 18. sorular1 asagidaki sekile gore cevaplayiniz.

17) Yandaki sekle gore hangi
durum normal bir erkek @ GO @ r XD~
meydana getirir? (1) (3)

a)l b2 ¢3 d4
@ + @/\_/ @ + ®/\_/
18) Yandaki sekle gore hangi (2) (4)

durum normal bir kadin
meydana getirir?

a)l b)2 ¢3 d)4

19) Hemofili esey kromozomlariyla tasinan bir hastaliktir. Bu hastaligin
erkeklerde kadinlara oranla daha sik goriilmesinin sebebi agsagidakilerden
hangisidir?

a) Hemofili geni Y kromozomuyla taginir

b) Esey kromozomuyla taginan bir gen anneden kizina asla gegmez

¢) X kromozomuyla taginan hastaliklarin kadinlarda goriilmesi i¢in
ayni alelden 2 adet olmalidur.

d) Eseye bagli hastaliklar kadinlarda asla goriilmez.
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20) Renkkdrliigii hastaligina X kromozomu tizerindeki ¢ekinik bir gen
neden olmaktadir. Buna gore renkkdrii bir kadin ile normal bir erkek
evlenirse, ¢ocuklari i¢in asagida verilen durumlardan hangisi sdylenebilir?

a) Tiim cocuklar renk korii olur.

b) Tiim ¢ocuklar normal olur.

¢) Tiim kizlar renk korii, tiim erkekler normal olur.
d) Tim kizlar tastyici, tiim erkekler renk kori olur.
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Boliim 2.

Bu bolimde bir ornek olay ve Ornek olaya dayali sorular
bulunmaktadir. Ornek olay1r okuyunuz ve bilgiler dogrultusunda sorulari
cevaplayiniz.

Ornek olay:

Hacettepe hastanesinde ¢ocuk doktoru oldugunuzu varsayin, Mustafa ve
Sevgi ¢ifti 8 aylik Bora isimli bebeklerini agiz i¢indeki kanamadan dolay1
size getirdi. Bora agzina darbe almamuis, hicbir yere carpmamistir. Aile
kanamanin goriinlir bir sebebi olmadigini kanama basladiginda dis
cikarmadan kaynaklanabilecegini diistindiiklerini ama kanama durmayinca
hastaneye getirdiklerini belirtmislerdir.

Aile ile yapilan goriismeler sonucunda akrabalarda kanama ile ilgili
problemler yasayan ve hayatini kaybeden bireyler oldugu tesbit edilmistir.
Sevgi, teyzesinin 2 oglundan yalnizca birisinin oyun esnasinda
yaralandiginda yaralarinin ¢ok kanadigini veya hafif darbeler aldiginda dahi
viicudunda morarmalar oldugunu belirtmistir. Ayrica Sevgi, dayisinin yillar
once koyde bir kaza gecirdigini, kazadaki diger insanlar gibi hafif
yaralanmasina ragmen asirt kan kaybindan o6ldiigiinii hatirlamigtir. Bunun
haricinde  Sevgi’nin ailesinde benzer sikayetlere sahip kimse
bulunmamaktadir. Mustafa’nin ailesinde ise benzer rahatsizliklar
goriilmemistir.

Bu bilgilere dayanarak su sekilde bir soy agaci ¢izdiniz;

: Saglikli Erkek . : Hasta Erkek

O : Saglikli Kadin ‘ : Hasta Kadin

O
m O

Mustafa Sevgi

Bora
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Sorular:

a) Ornek olayda 6nemli gordiigiiniiz bilgileri kendi ciimlelerinizle siralaym.

b) Ornek olayda bebekte gériilen rahatsizligin nedeni ne olabilir?
Diisiincelerinizi 6rnek olayda verilen bilgiler dogrultusunda agiklaymn.

¢) Bebekte goriilen rahatsizlik hangi viicut sistemini etkilemis
olabilir?Nicin?
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APPENDIX C

RUBRIC

Performans Becerileri

A B C D
* Problemin * Bilginin *Farkli * Probleme
¢Ozlimii i¢in organize alternatiflerin genel yaklasim
gerekli edilmesi objektif olarak
bilgilerin degerlendirilmesi
segilebilmesi *Bilginin igin pren.Sip.l ?.rin’
yorumlanmast rehber niteligi
ve kullanimi o
tagtyacak bilgilerin
*Belirsizliklerin kullanim
ifadesi
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¢l

1 Puan 2 Puan 3 Puan 4 Puan 5 Puan
(A,B,C,D (A performans becerisi (A, B performans (A, B, C performans (A,B,C,D
performans yeterli fakat B, C, D becerileri yeterli fakat becerileri yeterli performans
becerilerinin hepsi performans becerileri C, D performans fakat D performans becerilerinin hepsi
zayif ise) zayif ise) becerileri zayif ise) becerisi zayif ise) yeterli ise)
Daha ¢ok gergekler Daha ¢ok genel olarak Dikkatlice Farkli ¢6ziim Farkli ¢oziim
ve iizere ¢ok az bilgi varilan sonucu degerlendirilerck yollarinin yollarinin
kullanilmis destekleyen bilgiler ve gbzden gegirilmis, degerlendirilmesine degerlendirilmesine
Eger bir takim edinilen veriler olmak probleme ilgili gesitli olanak saglayan olanak saglayan

belirsizilikler ifade
edilmis ise, bu daha
¢ok sahip olunan
bilginin eksikligine
baglanmis ya da
konunun uzmanlari
tarafindan
aydinlatilacak gegici
belirsizlikler olarak
ortaya atilmistir

tizere az bilgi
kullanilmis

Eger bir takim
belirsizilikler ifade
edilmis ise, bu
belirsizlik i¢in en az bir
neden gosterilmis

bilgiler kullanilmis

Belirsizliklere iliksin
nedenler ve bu
belirsizliklerden
kaynaklanan giigliikler
ifade edilmis

kriterleri de i¢ine alan
dikkatlice
degerlendirilerek
gbzden gecirilmis,
problemle ilgili gesitli
bilgiler kullanilmis
Farkli belirsizlikler
ve bu belirsizliklerin
kaynaklarinin goreceli
Oonemi ortaya konmus

kriterleri de i¢ine alan
dikkatlice
degerlendirilerek
gdzden gegirilmis,
probleme ilgili ¢esitli
bilgiler kullanilmis ve
¢dzliim yollarinin
limitasyonlarini ortaya
koyan bilgileri meydana
¢ikaracak uygulanabilir
stratejiler gelistirilmis

Devam eden arastirma
sirasinda ortaya ¢ikan
belirsizlikleri minimum
diizeye indirmek i¢in
gerekli caba ortaya
konmus



9¢1

* Bilgi dogru, yanlis,
ya da belirsiz olarak
kategorilere ayrilmis

* bilgi verilmis ama
yorumu yapilmamis

* Probleme, problemi
parcalara ayirmaksizin
yaklasilmis ve daha genis
bir kontekste, daha farkli
bakis agilari g6z dniine
alinmamis

* Bilgi farkli gorusleri
destekiyor ya da
desteklemiyor diyerek
yorumlanmis

* Bilgi organize edilmis
ve kavramlar problemin
farkli yonlerini
incelemeye olanak
saglayacak tarzda bir
iskelet olusturmus

* Bilgi cesitli bakisli
acilarindan nitel olarak
degerlendirilmis,
birtakim varsayimlar,
eldeki verilerin niteligi
tartisilmis,

* Bilgi ve kavramlar
organize edilmis, farkli
bakis acilari icin gecerli,
ve farkli ¢6zim yolarinin
nitel degerlendirilmesine
olanak saglayan genel
kriterler kullanilmis

* Farkli bakis acilarinin
degerlendirilmesine
olanak saglayacak genel
prensipler kullanilarak
bilgi nitel olarak
degerelendirilmis

* Bilgi ve kavramlar organize
edilmis, farkli bakis agilari igin
gecerli, ve farkli ¢oziim
yolarinin nitel
degerlendirilmesine olanak
saglayan genel kriterler
kullanilmis ve daha iyi ¢6zim
yollari Uretebilmek icin kriterler,
izlenebilecek yollar nasil
gelistirilebilir ifade edilmis

* Zaman igersinde yeni bilgiler
ortaya ¢iktikca, eldeki veriler
tekrar tekrar yorumlanmis

* Eldeki veri ve
bilgilere dayanarak
mantikli cikarimlarda
bulunulmamis, daha
cok test edilmemis,
dogrulugu
gosterilmemis fikirler
tzerinden gerekceler
gosterilmis

* Probleme tek bir
¢6zim yolu ve tek bir
dogru cevabi olan
kapali uclu bir problem
gibi yaklasilmis

* Farkli yaklasimlara ¢ok
az yer verilmis, sonuglara
kismen sorgulayarak
varilmis, disunceler,
probleme yaklasim
yuzeysel olarak
anlasilmis bilgi ve
verilerle desteklenmis

* Varolan birtakim
belirsizliklere ragmen
amag varilan sonucu
desteklemek icin bilgi ve
verileri siralamakmis gibi
probleme yaklasilmis

* Eldeki veriler belli bir
perspektif icersinde
mantiksal olarak
degerlendirilmis (fakat
uygulanan kriter farkli
¢cOzum opsiyonlari igin
daima gegerli olmak
zorunda degil)

* Amag, farkli bakis
acilarinin dengeli ve
Onyargidan uzak bir
tarzda verilmesiymis
gibi probleme
yaklasilmis

* Farkli ¢cozum yollarinin
arasindan objektif olarak
segmeye ve objektif
olarak karsilastirmaya
olanak saglayan saglam
temellere dayanan,
kapsamli bilgiler,
prensipler kullanilmis

* Amag, farkli bakis
acilarin in objektif olarak
egerlendirilmesi sonucu
ortaya cikmis saglam
temellere dayanan
sonuclar ortaya
koymakmis gibi
probleme yaklasilmis

* Kendi bakis agisini
desteklemek icin ikna edici
cok yonli tartisma yapilms.
Goruslerinin gucli ve zayif
yonleri belirtilmis. Ortaya
atilan ¢6ziime sistematik bir
yaklasim, arastirma,
diistinme tarziyla nasil
ulasildigi ifade edilmis

* Amag bilgiyi kendisinin
insa etmesi, kendisinden
emin olarak saglam
temellere dayanan sonuglar
ortaya koymasiymis gibi
probleme yaklasilmis



APPENDIX D

OGRENME YAKLASIMI OLCME TESTi

zaman kaybi oldugunu diisiindiigiimden, sadece

g E
EE |8 | ¢
S22 |5 |25
2w = = 7
22 2 |2 | 2
1.  Genellikle ilk bakista zor gibi goriinen konulari
anlamak i¢in ¢ok caba sarfederim. 1228 3a 4d
2. Bir konuya ¢alisirken, 6grendigim yeni bilgileri
T 1a | 20 | 3@ 4Q
eskileriyle iligkilendirmeye ¢aligirim.
3. Ders caligirken, 6grendigim konular giinliik hayatta
P 1a | 20 | 30 40
nasil kullanabilecegimi diistiniirim.
4. Konulari en iyi, 6gretmenin anlattig1 siray1
e 19 | 20 | 30 40
diistindiigimde hatirlarim.
5. Ogrenmek zorunda oldugum konulari ezberlerim. a | 2ol 3o 40
6. Onemli konulari tam olarak anlayana kadar tekrar
. 1a | 20 | 30 4Q
ederim.
7. Ogretmenler, 6grencilerden, snavda sorulmayacak
konular iizerinde ¢ok fazla zaman harcamalarin 1Q | 20 | 30 40
beklememelidirler.
8. Birkez ¢aligmaya bagladigimda, her konunun ilgi
. L 1a | 20 | 30 40
c¢ekici olacagina inanirim.
9. Derslerde duydugum ya da kitaplarda okudugum bazi
bilgiler hakkinda sik sik diisiiniirim. Q2834 44
10. Konularmn birbirleri ile nasil iliskilendigini anlayarak,
yeni bir konu hakkinda genel bir bakis agis1 1a | 20 | 30 40
edinmenin benim i¢in faydali oldugunu diistiniiriim.
11. Anladigimdan iyice emin olana kadar dersten ya da
1a | 20 | 30 4Q
laboratuvardan sonra notlarimi tekrar tekrar okurum.
12. Bir konu hakkinda gok fazla aragtirma yapmanin
1a | 20 | 30 40
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sinifta ya da ders notlarinda anlatilanlari ciddi bir

sekilde galisirim.

bilgiyle sinirlarim.

13. Okumam i¢in verilen materyalleri, anlamini tam
1a | 20 | 30 4Q
olarak anlayincaya kadar okurum.
14. Gergek olaylara dayanan konulari, varsayima dayanan
konulardan daha ¢ok severim. 122030 4d
15. Bir konuda 6grendigim bilgiyi bagka bir konuda
. .o e 1a | 20 | 30 40
6grendigimle iliskilendirmeye ¢aligirim.
16. Benim igin teknik terimlerin ne anlama geldigini
anlamanin en iyi yolu ders kitabindaki tanimi 1a | 20 | 30 40
hatirlamaktir.
17. Bulmaca ve problemler ¢6zerek mantiksal sonuglara
. 1a | 20 | 30 4Q
ulagmak beni heyecanlandirir.
18. Genelde okumam igin verilen materyalin bana
< - - 1a | 20 | 30 40
saglayacagi fayday1 diigiinmem.
19. Konular ezberleyerek 6grenirim, yani grendigime
. . 1a | 20 | 30 4Q
inanana kadar ezberlerim.
20. Cogunlukla, konulari gergekten anlamadan okurum. a | 2a !l 3o 40
21. Bir konuyla ilgili verilen fazladan okumalar kafa
karistirici olabileceginden sadece derste
ogrendiklerimize parallel olarak tavsiye edilen birkag Q2834 44
kitaba bakarim.
22. Ekstra birseyler yapmanin gereksiz oldugunu
diisiindiiglim i¢in, ¢calismami genellikle derste verilen 1a | 2a | 30 40
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APPENDIX E

MANTIKSAL DUSUNME YETENEK TESTI

ACIKLAMA: Bu test, c¢esitli alanlarda, ozellikle Fen ve Matematik dallarinda
karsilasabileceginiz problemlerde neden-sonug iliskisini goriip, problem ¢6zme stratejilerini
ne derece kullanabileceginizi gdstermesi agisindan ¢ok faydalidir. Bu test i¢indeki sorular

mantiksal ve bilimsel olarak diisiinmeyi gosterecek cevaplari igermektedir.

NOT: Soru Kitapgig1 iizerinde herhangi bir islem yapmaymiz ve cevaplarinizi yalnizca

cevap kagidma yazimiz. CEVAP KAGIDINI doldururken dikkat edilecek hususlardan

birisi, 1 den 8 e kadar olan sorularda her soru i¢in cevap kagidinda iki kutu bulunmaktadir.
Soldaki ilk kutuya sizce sorunun uygun cevap sikkii yaziniz, ikinci kutucuga yani
ACIKL.AMASI yazili kutucuga ise o soruyla ilgili soru kitapgigindaki Aciklamasi
kismindaki siklar1 okuyarak sizce en uygun olanini seginiz. Ornegin 12’nci sorunun cevabi
sizce b ise ve Aciklamasi kismindaki en uygun agiklama ikinci sik ise cevap kagidini
asagidaki gibi doldurun:

b 2
12. ACIKLAMASI

9. ve 10. sorular1 ise soru kitap¢iginda bu sorularla ilgili kisimlart okurken nasil

cevaplayacaginizi daha iyi anlayacaksiniz.
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SORU 1: Bir boyaci, ayni biiyiikliikteki alti odayr boyamak i¢in dort kutu boya

kullandigina gore sekiz kutu boya ile yine ayn1 biiyiikliikte ka¢ oda boyayabilir?

Aciklamasi:

a.
b.

C.

&

7 oda
8 oda
9 oda
10 oda
Higbiri

3
Oda sayisinin boya kutusuna orani1 daima — olacaktir.

Daha fazla boya kutusu ile fark azalabilir.

Oda sayisi ile boya kutusu arasindaki fark her zaman iki olacaktir.

Dort kutu boya ile fark iki olduguna gore, alt1 kutu boya ile fark yine iki
olacaktir.

Ne kadar ¢ok boyaya ihtiya¢ oldugunu tahmin etmek miimkiin degildir.

SORU 2: On bir oday1 boyamak i¢in kag¢ kutu boya gerekir? (Birinci soruya bakiniz)

Aciklamasi:

a
b.

C.

&

A

5 kutu
7 kutu
8 kutu
9 kutu
Higbiri

Boya kutusu sayisinin oda sayisina orani1 daima — diir.

Eger bes oda daha olsayd, ti¢ kutu boya daha gerekecekti.
Oda sayisi ile boya kutusu arasindaki fark her zaman ikidir.
Boya kutusu sayist oda sayisinin yarisi olacaktir.

Boya miktarimi tahmin etmek miimkiin degildir.
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SORU 3: Topun egik bir diizlemden (rampa) asagi1 yuvarlandiktan sonra kat ettigi mesafe
ile egik diizlemin yiiksekligi arasindaki iliskiyi bulmak i¢in deney yapmak isterseniz,

asagida gosterilen hangi egik diizlem setlerini kullanirdiniz?

a.lvelV
) b. I ve IV
c. [velll
d.IllveV
@ e. Hepsi

Aciklamasi:
1. En yiksek egik diizlemle (rampa) karst en algak olan
karsilastirilmalidir.
Tiim egik diizlem setleri birbiriyle karsilastiriimalidir.
Yiikseklik arttikca topun agirligt azalmalidir.
Yiikseklikler ayni fakat top agirliklart farkli olmalidir.

A

Yiikseklikler farkli fakat top agirliklart ayni olmalidir.

SORU 4: Tepeden yuvarlanan bir topun egik diizlemden (rampa) asagi yuvarlandiktan
sonra kat ettigi mesafenin topun agirligiyla olan iliskisini bulmak i¢in bir deney yapmak
isterseniz, agagida verilen hangi egik diizlem setlerini kullanirdiniz?

a.lvelV

b. [l ve IV

c. Ivelll

d.lIve V

e. Hepsi

T5cm

Aciklamasi:
a. En agir olan top en hafif olanla kiyaslanmalidir.

b. Tiim egik diizlem setleri birbiriyle karsilagtiriimalidir.
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C.

d.

e.

Topun agirlig arttikea, yilikseklik azaltilmalidir.
Agirliklar farkli fakat yiikseklikler ayni olmalidir.
Agirliklar ayni fakat yiikseklikler farkli olmalidir.

SORU 5: Bir Amerikali turist Sark Expresi’nde alt1 kiginin bulundugu bir kompartimana

girer. Bu kisilerden iicii yalnizca Ingilizce ve diger iicii ise yalnizca Fransizca bilmektedir.

Amerikalinin kompartimana ilk girdiginde ingilizce bilen biriyle konusma olasilig1 nedir?

a.
b.

e

&

Aciklamasi:

Nk W

2del
3del
4del
6dal
6da4

Ardarda ¢ Fransizca bilen kisi ¢ikabildigi i¢in dort se¢im yapmak
gerekir.

Mevecut alt1 kisi arasindan Ingilizce bilen bir kisi secilmelidir.

Toplam iig Ingilizce bilen kisiden sadece birinin segilmesi yeterlidir.
Kompartimandakilerin yarisi Ingilizce konusur.

Alt1 kisi arasindan, bir Ingilizce bilen kisinin yanisira, ii¢ tanede

Fransizca bilen kisi segilebilir.

SORU 6: Ug altin, dort giimiis ve bes bakir para bir torbaya konulduktan sonra, dort altin,

iki giimiis ve {i¢ bakir yiiziik de ayni torbaya konur. Ik denemede torbadan altin bir nesne

¢ekme olasilig1 nedir?
a. 2del
b. 3del
7 de 1
d. 2ldel
e. Yukaridakilerden higbiri
Aciklamasi:
1. Altin, glimiis ve bakirdan yapilan nesneler arasindan bir altin nesne
secilmelidir.
2.

Paralarin — ii ve yiiziiklerin 5 u altindan yapilmustir.
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3. Torbadan g¢ekilen nesnenin para ve yiizilk olmast énemli olmadig igin
toplam 7 altin nesneden bir tanesinin secilmesi yeterlidir.
4. Toplam yirmi bir nesneden bir altin nesne seg¢ilmelidir.

5. Torbadaki 21 nesnenin 7 si altindan yapilmistir.

SORU 7: Alt1 yagindaki Ahmet’in seker almak i¢in 50 lirast vardir. Bakkaldaki kapali iki
seker kutusundan birinde 30 adet kirmizi ve 50 adet sar1 renkte seker bulunmaktadir. Tkinci
bir kutuda ise 20 adet kirmizi ve 30 adet sar1 seker vardir. Ahmet kirmizi sekerleri
sevmektedir. Ahmet’in ikinci kutudan kirmizi seker ¢ekme olasiligi birinci kutuya gore
daha fazla midir?

a. Evet

b. Hayir

Aciklamasi:
1. Birinci kutuda 30, ikincisinde ise yalnizca 20 kirmizi seker vardir.
2. Birinci kutuda 20 tane daha fazla sar1 seker, ikincisinde ise yalnizca 10
tane daha fazla sar1 seker vardir.
3. Birinci kutuda 50, ikincisinde ise yalnizca 30 sar1 seker vardir.
4. Tkinci kutudaki kirmizi sekerlerin oram daha fazladur.

5. Birinci kutuda daha fazla sayida seker vardir.

SORU 8: 7 biiyiik ve 21 tane kiigiik kopek sekli asagida verilmistir. Bazi kdpekler benekli
bazilar1 ise beneksizdir. Biiylik kopeklerin benekli olma olasiliklart kiigiik kopeklerden
daha fazla midir?
a. Evet
b. Hayir
Aciklamasi:
1. Baz kiigiik kdpeklerin ve baz1 biiyiik kopeklerin benekleri vardir.
2. Dokuz tane kiiciik kdpegin ve yalnizca ii¢ tane biiyiik kdpegin benekleri
vardir.

3. 28 kopekten 12 tanesi benekli ve geriye kalan 16 tanesi beneksizdir.
4. Biiyiik kopeklerin 7 si ve kiiciik kopeklerin E i beneklidir.

5. Kiigiik kopeklerden 12 sinin, fakat biiyiik kopeklerden ise sadece 4iiniin
benegi yoktur.
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SORU 9: Bir pastanede ii¢ gesit ekmek, li¢ ¢esit et ve ii¢ gesit sos kullanilarak sandvigler
yapilmaktadir.

Ekmek Cesitleri Et Cesitleri Sos Cesitleri
Bugday (B) Salam (S) Ketgap (K)
Cavdar (C) Pili¢ (P) Mayonez (M)
Yulaf (Y) Hindi (H) Tereyag1 (T)

Her bir sandvi¢ ekmek, et ve sos igermektedir. Yalnizca bir ekmek ¢esidi, bir et
¢esidi kullanilarak kag ¢esit sandvi¢ hazirlanabilir?

Cevap kagidi iizerinde bu soruyla ilgili birakilan bosluklara biitiin olast sandvi¢
gesitlerinin listesini ¢ikarin.

Cevap kagidinda gereksiniminizden fazla yer birakilmistir.

Listeyi hazirlarken ekmek, et ve sos ¢esitlerinin yukarida gosterilen kisaltilmig
sembollerini kullaniniz.

Omek: BSK= Bugday, Salam ve Ketcap dan yapilan sandvig
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SORU 10: Bir otomobil yarisinda Dodge (D), Chevrolet (C), Ford (F) ve Mercedes (M)
marka dort araba yarigmaktadir. Seyircilerden biri arabalarin yarisi bitirig sirasinin DCFM
olacagmi tahmin etmektedir. Arabalarin diger miimkiin olan biitin yaris1 bitirme
siralamalarimi cevap kagidinda bu soruyla ilgili birakilan boslukalara yaziniz.

Cevap kagidinda gereksiniminizden fazla yer birakilmstir.

Bitirme siralamalarin1 gosterirken, arabalarin yukarida gosterilen kisaltilmis

sembollerini kulaniniz.

Ornek: DCFM yarist sirastyla dnce Dodge’nin, sonra Chevrolet’in, sonra Ford’un

ve en sonra Mercedes’in bitirdigini gosterir.
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APPENDIX F

PROBLEME DAYALI OGRENME MODELI'NE iLiSKiN
GERIBILDIRIM FORMU

Ad Soyad:
Simif:

Asagida verilen sorular Probleme Dayali Ogrenme Modeline iliskin
gorlslerinizi belirlemek icin hazirlanmistir. Gorilisleriniz, bu model
dogrultusunda yeni ders planlari hazirlanirken gézoniine alinacaktir. Bu
nedenle verdiginiz cevaplar probleme dayali 6grenme modelinin ileride
etkili bir sekilde uygulanabilmesi icin biiyilk 6nem tasimaktadir. Liitfen her
soruyu dikkatlice okuyarak, goriislerinizi igtenlikle belirtiniz. Tesekkiirler.

1. Probleme Dayali (").grenme Modelini nasil tanimlarsimiz? Sizce
Probleme Dayali Ogrenme Modelinin karakteristik 6zellikleri
nelerdir?
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2. Yukarida belirttiginiz  karakteristik  Ozelliklerden  hangisinin
O6grenmenize en ¢ok katkisi oldu?

3. Probleme Dayali Ogrenme Modelindeki hangi 6zellikleri kesinlikle
degistirmek isterdiniz?
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4. Probleme Dayali Ogrenme Modelindeki hangi ozellikler kesinlikle
uygulanmaya devam edilmelidir?

5. Probleme Dayali Ogrenme Modelinin uygulanmasi sirasinda ne
tiir zorluklarla karsilastiniz?
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6. Sizce Probleme Dayali Ogrenme Modelinde ideal bir 6gretmen ne
tiir 6zellikler tasimahidir? (Alan bilgisi, grup c¢alismasina katki vb.
Acilardan)

7. Probleme Dayali Ogrenme Modelinin uygulandigi simflarda iyi bir
Ogrencinin ozellikleri ne olmalidir?
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8. Ders sirasinda islenen 6rnek olaylar hakkindaki goriisleriniz nelerdir?

9. Probleme Dayali Ogrenme Modelinin size akademik ve sosyal agidan
neler kazandirdigini diisiiniiyorsunuz?
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APPENDIX G

HANDBOOKS

Probleme-Dayali Ogrenme Modeli

OGRENCI EL KITAPCIGI

Hazirlayan: Semra SUNGUR
Eylil 2003
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A. Probleme Dayali Ogrenme Modelinde Ogrencilerin Rolii

Probleme dayali 6grenme modelinin uygulandigi siniflarda her biri yaklasik 7
kisiden olusan gruplar olusturulur. Bu modelde 6grenciler bir takim
karmasik roller dstlenirler. Mesela grubun aktif bir iiyesi olarak
ogrenciden yapicit elestiriler yapabilmesi ve kendisi i¢in yapilan
elestirileri hosgoriiyle karsilayabilmesi, eksikliklerini fark edebilmesi ve
bireysel olarak da calisabilmesi beklenir. Ayni zamanda G&grenciler
yaptiklar1 ¢alismalart hem bireysel olarak hem de grup diizeyinde diiriistce
degerlendirebilmelidir. Bunlarin yani sira 6grencilerden sinifta oynamalari
beklenen bir takim roller vardir. Ornegin, birtakim sikayetlerle acil servise
gelen bir hastanin yer aldig1 bir 6rnek olayda 6grencilerden birisi goniilli
olarak hasta digeri doktor roliinii Gistlenir. Yine goniillii olarak gruptaki bir
Ogrenci 6gretmen tarafindan dagitilan ve 6rnek olay1 igeren sayfalari okuma
roliinii iistlenir. Baska bir 6grenci 6rnek olayda verilenleri, 6rnek olaya
iliskin grubun diisiincelerini, Ornek olayda verilen problemle basa
cikabilmek icin cevap verilmesi gereken sorular1 ve nelerin 6grenilmesi
gerektigini tahtaya not eder. Tahtaya yazilanlar konusunda tiim grup
iiyelerinin fikir birligi icersinde olmas1 gerekmektedir. Ogrencilerin verilen
ornek olaydaki probleme ¢6ziim iiretebilmeleri yaklasik 4-6 ders saati
almaktadir. Ogrencilerden bir digeri ders basinda bir énceki ders saatinde
probleme iliskin yapilanlar1 6zetler. Bu sirada 6grenci 6rnek olayda verilen
bilgilerden, grup harici bireysel ¢alisma sirasinda bulduklarindan, ve
bulduklariyla ilgili yorumlarindan bahseder. Genel olarak etkin bir grup

calismasi i¢in beklenen 6zellikler su sekilde 6zetlenebilir:
Risk : Ogrenciler test edildikten sonra yanlis oldugu anlasilabilecek

hipotezlerini ifade edebilmeli ve bu riski goze alabilmelidir.

Diisiincelerini rahatca dile getirebilmelidirler.
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Aciklik: Grup tyeleri birbirlerine karsi acik olmalidir. Birbirleriyle
diisiincelerini, bilgilerini, deneyimlerini paylasmali gerektiginde birbirlerini

elestirebilmelidir.

Katilim: Iyi bir grup calismasimin temelini katilim olusturmaktadir. Grubun

her bir liyesinin katilimi tesvik edilmelidir.

Deneyim: Her bir 6grenci ornek olayda verilen problemle ugrasmali ve
problemi ¢6zebilmek icin gerekli olan sorgulama siirecinden ge¢melidir.
Dolayisiyla burada bahsedilen 6grencilerin 6nceden sahip olduklari
deneyimler degil, grup c¢alismasi sirasinda probleme ¢oziim yolu ararken

kazanilan deneyimlerdir.

Duyarlik : Grup igersinde her bir 6grenci digerinin farkli ortamlardan
farkli deneyimlerle gelmis olabilecegini g6z Oniine almali ve 6grenciler

birbirlerinin ihtiyaclarina ve duygularina kars1 duyarli olmalidir.

B. Probleme Dayali Ogrenme Modelinde Ogretmenin Rolii

Ogrenci merkezli olan ve bilgiyi birbirinden izole gercekler olarak
ogretmekten ¢ok bilgiye ulasmak igin gerekli tutum ve yeteneklerin
kazanilmasin1 hedefleyen probleme dayali 068renme modelinde,
Ogrencilerden beklenen davranislarin gelistirilebilmesi i¢in dgretmene de
biiyiik gorevler diigmektedir. Ogretmen konuyu &greten degil grup igersinde
Ogrenciler arasinda tartisma ortami saglayan, tesvik eden ve 6grenciler i¢in
gerekli 0grenme ortamini, materyalleri saglayan olmalidir. Probleme
dayali 6grenme modelinin uygulandigr siniflarda Ogretmenin rolii sdyle

Ozetlenebilir:
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. Her bir ders saatinde O&grencilerin  goniilli  olarak
birtakim  rolleri listlenmesinin saglanmasi: her ders saatinde 6rnek
olaya iliskin bilgilerin yer aldig1 sayfalar1 okuyacak ve bu bilgileri,
ortaya ¢ikan fikirleri, vb. tahtaya yazacak, ve 6rnek olayda gegen

rolleri oynayacak goniillii 6grenciler belirlenir.

. Ornek olaya iliskin materyallerin uygun zamanda dagitilmasi
Her bir ders saatinin 6z degerlendirme ile bitmesinin saglanmasi:
Ogrencilerin her ders saati sonunda kendilerini, arkadaslarini, ve
de Ogretmeni degerlendirmesi beklenmektedir. Ayni zamanda
ogretmen de kendisini grubun bir parcasi olarak goriip gortislerini dile

getirir ve kendisine yapilan elestirileri dinler.

. Grubun belirlenen hedef dogrultusunda hareket etmesinin
saglanmasi: probleme dayali 6grenme modelinde ana hedef
o0rnek olayda verilen problemin anlagilmasi, ¢oziim iiretebilmek
icin gerekli olan konularin belirlenmesi ve 6grenilmesidir.
Ogretmen eger Ogrencilerin bu hedeften uzaklastigimi fazla
diisliniip sorgulamaksizin sadece probleme bir ¢6ziim bulma
egiliminde oldugunu fark ederse, uygulanan bu modelde ana hedefin
ne oldugunu oOgrencilerin hatirlamasini, gerekirse ellerindeki

kitapgiktan okumalarini ister

o Grup calismasinin goézlemlenmesi ve notlarin  almmasi:
Ogretmen Ogrencilerin karar vermis oldugu O6grenilmesi gereken
konular listesini not eder. Eger bu listede 6grenilmesi 6nemli olan bir
konu yer almiyorsa, O&gretmen oOgrencilerin bunun farkina

varabilmesi i¢in yardimci olur. Ancak 6gretmen bdyle bir durumda
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miimkiin oldugunca 6grencileri yonlendirmekten kaginmalidir. Agik
uclu sorularla grubun uyarilip idare edilmesi: bu 6gretmenin en zor
gorevlerinden birisidir. Clinkii 6§retmenin grubu yonlendirmemesi ve
grubun kontroliinii almamas1 gerekmektedir. Fakat ayni zamanda yeri
geldiginde bir takim acik uc¢lu sorularla grupta tartisma ortami
yaratmas1 gerekmektedir. Burada dikkat edilmesi gereken nokta
Ogrencilerin basit¢e direk olarak cevap verebilecegi sorularin

sorulmamasidir.

. Ogrencilerin degerlendirilmesi: 6grenciler degerlendirilirken
uygulanan yazili simnavin sonucunun yani sira ogretmen ve grup
tiyelerinin doldurdugu degerlendirme formlar1 da géz Oniine alinir.
Bu formlarda ogrenciler grup igersindeki katilimlari, katkilari,
birbirleriyle olan iliskileri, ne 06l¢lide hazirlikli geldikleri gibi

kriterlere gore degerlendirilirler

C. Probleme Dayah Ogrenme Modelinde Ders islenisi

Probleme dayali 6grenme modelinin temelini grup halinde calisan
ogrenciler ve dgretmen olusturmaktadir. Grubun her bir iiyesi grubun diger
tiyelerini yapici olarak elestirebilmeli, sorgulayabilmeli ve elestirilmekten,
sorgulanmaktan ¢ekinmemelidir. Bu tlir davramglar grup iyelerinde
rahatsizlik olusturabileceginden, ilk baslarda bunu gerceklestirmek zor
olabilir. Fakat zaman gectikse, 6grenciler modele alistik¢a bu, dgrencilerin
bilgilerini arttirmalar1 gerektigi konulara yogunlagsmasini saglayan

eglenceli bir egzersiz haline gelecektir.

Biyoloji derslerinde kullanilabilecek bir 6rnek olayin probleme dayali

O6grenme modeli ile islenisi agagida belirtildigi gibi olmaktadir:
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Ders baglamadan dnce 6rnek olaya iliskin bilgileri kimin okuyacagi, kimin
tahtaya yazacagi belirlenir. Ayrica kimin hasta, kimin doktor roliinii
oynayacagi da belirlenir. Bu rol dagilimi goniillii 6grenciler arasinda yapilir.
Eger 6rnek olay daha onceki ders saatlerinde basladiysa kura ile belirlenen
bir 6grenci daha Onceki ders saatlerinde 6rnek olaya iliskin yapilanlari
Ozetler bu arada grup harici bireysel calisma sirasinda bulduklarindan ve

kendi diisiincelerinden kisaca bahseder.

Roller belirlendikten sonra 6rnek olayin ilk sayfasi dgrencilere dagitilir.
Ornek olay bir hastayr anlatir. Hastaya iliskin bilgiler 5 yada daha fazla
sayfada verilir. Genel olarak birinci sayfada hastanin adi, cinsiyeti, yas1 ve
sikayeti  belirtilir. Ikinci sayfada hastanin sikayetleri, gegmisteki
rahatsizliklari, kullandig1 ilaglar, ailesinde goriilen rahatsizliklar ve yasam
tarz1 ile ilgili daha detayli bilgiler verilir. Ikinci sayfa hasta roliinii
iistlenecek 6grenciye birinci sayfayla birlikte verilir. Ogrenciler birinci sayfa
tizerine tartigirken hasta roliinii oynayan 6grenci bir taraftan da ikinci sayfay1
icinden okur. Ugiincii sayfada muayene sonucu elde edilen veriler yer alir.
Dordiincii ve onu takip eden sayfalarda yapilan test, ¢ekilen rontgen, EKG

sonuglar1 ve diger ilgili sonuglar bulunur. Son sayfada ise teshis yer alir.

Ik sayfa dagitildiktan sonra 6rnek olayda verilenleri okumaktan sorumlu olan
ogrenci ilk sayfada verilen bilgileri yiiksek sesle okur diger 6grenci tahtaya
bilgileri not eder. Bu arada ogrenciler verilen bilgiler hakkinda
tartigmaya baslarlar. Hastanin sikayetleri hangi organ sistemiyle ilgili
olabilir, daha ¢ok bilgi edinebilmek i¢in hastaya ne tiir sorular sorulmalidir
gibi konular {izerine odaklasirlar. Ogrenciler diisiincelerini belirtirken nicin
Oyle diisiindiiklerini de agiklarlar ve ortaya atilan diisiinceleri, sdylenen

bilgileri dogruluklar1 konusunda sorgularlar. Tartisma sirasinda probleme
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¢Ozlim tretebilmek icin hangi konularda bilgi edinmeleri gerekiyor buna
karar verirler. Tiim bu tartismalar yapilirken tahtaya yazmaktan sorumlu
olan kisi hastanin probleminin hangi sistemle ilgili oldugu, ne gibi sorulara
cevap bulunmasi ve hangi konularin 6grenilmesi gerektigine dair grubun
vermis oldugu kararlari tahtaya yazar. Daha sonra doktor roliinii oynayacak
olan 6grenci belirlenen sorular1 hasta roliinii oynayan 6grenciye sorar. Bu
arada diger 6grenciler akillarina baska sorular gelirse hastaya sorabilirler.
Hastanin verdigi cevaplar tahtaya not edilir ve bu yeni bilgiler dogrultusunda
daha onceki diisiincelerini gozden gecirirler. Bu arada 6grenilmesi gereken
konular tizerinde tartisirlar. Gerekli bilgileri sorduklar sorularla edindiklerini
diistindiiklerinde ornek olaya iliskin ikinci sayfay1r 6gretmenden isterler ve
ogretmen ikinci sayfayr dagitir. Ornek olayr okumaktan sorumlu olan
ogrenci yliksek sesle ikinci sayfayr okur. Daha sonra 6grenciler spesifik
olarak hangi fiziksel muayene sonucuna ihtiya¢ duyulduguna karar verir ve
Ogretmenden fiziksel muayene sonuglarini iceren {iglincii sayfayi ister.
Ogrenciler ilk ii¢ sayfada verilen bilgileri kullanarak hastadan ne tiir
tetkiklerin istenmesi gerektigine karar verirler. Mesela, hastanin kan
degerlerine, akciger rontgenin sonucuna ihtiyag duyabilirler. Ogrenciler hangi
testlerin sonucuna ihtiya¢ duyulduguna karar verince 6gretmen dordiincii
sayfay1 dagitir. Ogrenciler drnek olaya iliskin bilgilerin yer aldig1 sayfalart
edindik¢e daha Once ortaya atmig olduklari diisiinceleri, hipotezleri gézden
gecirirler ve teshis koymaya calisirlar ve aralarinda tartistiktan sonra
O0gretmen teshisi igeren besinci sayfayr dagitir. Bu arada &grenciler esas
amacin bu ornek olay sayesinde bir takim biyolojik kavramlarin konularin

o0grenilmesi oldugu, teshis koymak olmadiginin bilincinde olmalidir.
Probleme dayali 6grenme modelinin uygulanisina iliskin olarak

vurgulanmas1 gereken dnemli noktalardan birisi sudur: Bir 6rnek olay

yaklasik 4-6 saatte tamamlanir. Bu da 6grencilerin 2 yada 3 kere grup
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calismast yapmasina denk gelmektedir. Ogrenciler her bir grup
calismasinin sonunda 6grenilmesi gereken konular ve bu konular hakkinda
nerelerden bilgi edinebileceklerine dair karar verirler ve bir sonraki grup
caligmasina kadar bu konular iizerinde bireysel calisma yaparlar. Bireysel
calisma sirasinda Ogrenciler kitaplardan, internetten faydalanabilir yada
konusunda uzman bir kisiye danisabilirler. Ogrenciler isterlerse grup halinde
de c¢alisabilirler. Her bir 6grenci konu hakkinda bilgi edindikten sonra, bu
bilgiler dogrultusunda goriislerini belirtecek tarzda hazirlanarak bir
sonraki ders saatine katilir. Her oOgrencinin ders saatlerine hazirlikli
gelmesi gerekmektedir. Ciinkii bir sonraki dersin basinda kurayla bir
Ogrenci belirlenir ve bu 0grenci Ornek olayda hastaya iliskin verilen
bilgileri ve bireysel ¢alisma sonucu elde ettigi bilgiler dogrultusunda
probleme iliskin goriislerini anlatir. Daha sonra diger 6grenciler goriislerini
belirtir ve bir onceki ders saatinde kalindigi yerden 6rnek olay iizerinde

tartisilmaya devam edilir, yeri geldikge ilgili sayfalar istenir.

Ogrenciler kendi aralarinda tartisirken Ogretmen onlar1 gozlemler.
Herhangi bir sekilde oOgrencileri yonlendirmez. Fakat raporun
'probleme dayali O6grenme modelinde Ogretmenin rolii' kisminda
belirtildigi gibi gerektiginde birtakim stratejiler izleyerek dersin model

dogrultusunda 6grenci merkezli olarak islenmesini saglar.

Genel olarak oOzetlemek gerekirse probleme dayali 6grenme modelinin

uygulandigi siniflarda:
» Ogrenciler 6grenme siirecinde aktif olarak yer alir

» Ogrencilerde bilgiye ulasabilmek i¢in gerekli olan tutum ve
davranislar gelistirilir.
» Ogrenciler ortak bir problemi analitik olarak grup igersinde

¢Ozebilme ortami bulur.
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A. Probleme Dayali Ogrenme Modelinde Ogrencilerin Rolii

Probleme dayali 6grenme modelinin uygulandigi siniflarda her biri yaklagik 7
kigiden olusan gruplar olusturulur. Bu modelde 6grenciler bir takim karmagik
roller iistlenirler. Mesela grubun aktif bir {iyesi olarak 6grenciden yapici elestiriler
yapabilmesi ve kendisi i¢in yapilan elestirileri hosgoriiyle karsilayabilmesi,
eksikliklerini fark edebilmesi ve bireysel olarak da ¢aligabilmesi beklenir. Ayni
zamanda Ogrenciler yaptiklar1 ¢alismalar1 hem bireysel olarak hem de grup
diizeyinde diiriistce degerlendirebilmelidir. Bunlarin yani sira 6grencilerden sinifta
oynamalar1 beklenen bir takim roller vardir. Ornegin, birtakim sikayetlerle acil
servise gelen bir hastanin yer aldig1 bir drnek olayda 6grencilerden birisi goniilli
olarak hasta digeri doktor roliinii iistlenir. Yine goniillii olarak gruptaki bir 6grenci
O0gretmen tarafindan dagitilan ve Ornek olayi igeren sayfalar1 okuma roliinii
iistlenir. Bagka bir 6grenci ornek olayda verilenleri, 6rmek olaya iliskin grubun
diisiincelerini, 6rnek olayda verilen problemle basa ¢ikabilmek i¢in cevap
verilmesi gereken sorular1 ve nelerin 6grenilmesi gerektigini tahtaya not eder.
Tahtaya yazilanlar konusunda tiim grup tyelerinin fikirbirligi i¢ersinde olmasi
gerekmektedir. Ogrencilerin verilen 6rnek olaydaki probleme c¢oziim
iiretebilmeleri yaklasik 4-6 ders saati almaktadir. Ogrencilerden bir digeri ders
basinda bir onceki ders saatinde probleme iliskin yapilanlar1 6zetler. Bu sirada
Ogrenci Ornek olayda verilen bilgilerden, grup harici bireysel caligma sirasinda
bulduklarindan, ve bulduklariyla ilgili yorumlarindan bahseder. Genel olarak

etkin bir grup ¢aligmasi i¢in beklenen 6zellikler su sekilde 6zetlenebilir:

Risk : Ogrenciler test edildikten sonra yanlis oldugu anlasilabilecek hipotezlerini
ifade edebilmeli ve bu riski goze alabilmelidir. Diisiincelerini rahatga dile

getirebilmelidirler.

Agiklik: Grup iiyeleri birbirlerine karst agik olmalidir. Birbirleriyle diigiincelerini,

bilgilerini, deneyimlerini paylagsmali gerektiginde birbirlerini elestirebilmelidir.

Katilim: Iyi bir grup ¢alismasinin temelini katilim olusturmaktadir. Grubun her bir

150



iiyesinin katilimi tesvik edilmelidir.

Deneyim: Her bir 6grenci 6rnek olayda verilen problemle ugragsmali ve problemi
¢Ozebilmek icin gerekli olan sorgulama siirecinden ge¢melidir. Dolayisiyla burada
bahsedilen 6grencilerin 6nceden sahip olduklar1 deneyimler degil, grup caligmasi

sirasinda probleme ¢6ziim yolu ararken kazanilan deneyimlerdir.

Duyarlik : Grup igersinde her bir 6grenci digerinin farkli ortamlardan farkli
deneyimlerle gelmis olabilecegini gdz Oniine almali ve &grenciler birbirlerinin

ihtiyaclarina ve duygularina karsi duyarli olmalidir.

B. Probleme Dayali Ogrenme Modelinde Ogretmenin Rolii

Ogrenci merkezli olan ve bilgiyi birbirinden izole gergekler olarak dgretmekten
¢ok bilgiye ulagmak i¢in gerekli tutum ve yeteneklerin kazanilmasini hedefleyen
probleme dayali 6grenme modelinde, &grencilerden beklenen davraniglarin
gelistirilebilmesi icin 6gretmene de bilyiik gorevler diismektedir. Ogretmen
konuyu 6greten degil grup icersinde 6grenciler arasinda tartisma ortami saglayan,
tesvik eden ve Ogrenciler i¢in gerekli 6grenme ortamini, materyalleri saglayan
olmalidir. Probleme dayali 6grenme modelinin uygulandig: siniflarda 6gretmenin

rolii sdyle 6zetlenebilir:

. Her bir ders saatinde  Ogrencilerin  goniilli  olarak
birtakim  rolleri iistlenmesinin saglanmasi: her ders saatinde Ornek
olaya iligkin bilgilerin yer aldig1 sayfalar1 okuyacak ve bu bilgileri,
ortaya ¢ikan fikirleri, vb. tahtaya yazacak, ve Ornek olayda gegen

rolleri oynayacak goniillii 6grenciler belirlenir.

o Ornek olaya iliskin materyallerin uygun zamanda dagitiimasi

Herbir ders saatinin 6z degerlendirme ile bitmesinin saglanmasi:
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Ogrencilerin her ders saati sonunda kendilerini, arkadaslarini, ve de
Ogretmeni degerlendirmesi beklenmektedir. Ayni zamanda 6gretmen de
kendisini grubun bir pargasi olarak goriip goriislerini dile getirir ve

kendisine yapilan elestirileri dinler.

o Grubun belirlenen hedef dogrultusunda hareket etmesinin
saglanmasi: probleme dayali 6grenme modelinde ana hedef o6rnek
olayda verilen problemin anlasilmasi, ¢oziim iiretebilmek i¢in gerekli
olan konularin belirlenmesi ve 6grenilmesidir. Ogretmen eger 6grencilerin
bu hedeften uzaklastigini fazla diisiiniip sorgulamaksizin sadece probleme
bir ¢6ziim bulma egiliminde oldugunu fark ederse, uygulanan bu modelde
ana hedefin ne oldugunu 6grencilerin hatirlamasini, gerekirse ellerindeki

kitapgiktan okumalarini ister

. Grup c¢alismasinin gdzlemlenmesi ve notlarin alinmasi:
o0gretmen Ogrencilerin karar vermis oldugu 6grenilmesi gereken konular
listesini not eder. Eger bu listede 6grenilmesi 6nemli olan bir konu yer
almiyorsa, O0gretmen O&grencilerin bunun farkina varabilmesi igin
yardimei1 olur. Ancak 6gretmen bodyle bir durumda miimkiin oldugunca

ogrencileri yonlendirmekten ka¢inmalidir.

. Acik uglu sorularla grubun uyarilip idare edilmesi: bu 6gretmenin
en zor goOrevlerinden birisidir. Cilinkii  6gretmenin  grubu
yonlendirmemesi ve grubun kontroliinii almamasi1 gerekmektedir. Fakat
ayni zamanda yeri geldiginde bir takim acik uglu sorularla grupta
tartigsma ortami yaratmasi gerekmektedir. Burada dikkat edilmesi gereken
nokta Ogrencilerin basit¢ce direk olarak cevap verebilecegi sorularin
sorulmamasidir. Ogrencilerin degerlendirilmesi: ogrenciler
degerlendirilirken uygulanan yazili stnavin sonucunun yani sira gretmen
ve grup iiyelerinin doldurdugu degerlendirme formlari da g6z Oniine

almir. Bu formlarda 6grenciler grup igersindeki katilimlari, katkilari,

152



birbirleriyle olan iliskileri, ne 6lgiide hazirlikli geldikleri gibi kriterlere

gore degerlendirilirler.

Probleme dayali 6grenme modeli uygulanirken ¢ok farkli gruplarla, 6grencilerle
karsilagilabilir. Kimi gruplarda 6grenciler birbirlerine karsi olumsuz, saldirgan
davramiglar sergilerken, kimi gruplarda Ogrenciler ortaya atilan fikirleri hig
sorgulamadan kabul etme egiliminde olabilirler. Ogretmenin bunun farkinda olup
her kosulda 6grencilerin merkezde oldugu ve modelin gerektirdigi tarzda
davrandigi bir ortam olusturmasi gerekmektedir. Mesela, 6grenciler ne yapmalari,
nasil davranmalar1 gerektigi konusunda belirsizlige diiserse 0gretmen hemen
miidahale etmemeli, beklemelidir. Eger 6grenciler tamamen bir belirsizlik
icersinde ise d6gretmen 'problemi anlayabilmek i¢in ne tiir ek bilgilere ihtiyaciniz
var?', 'tim bunlardan ne ¢ikarabilirsiniz' gibi genel, direkt cevabi olmayan
sorular sorabilir. Benzer bir sekilde, eger 6grenciler birtakim bilgileri, fikirleri
sorgulamadan kabul ediyorsa 'bunu nerden 6grendin?', 'bu sdylemis oldugun bir
gercek mi yoksa senin diisiincen mi?', 'bu konuda emin misin?', 'herkes bu
konuda hemfikir mi?' gibi sorular yoneltebilir. Dolayisiyla karsilagtigi grubun
ozellikleri ne olursa olsun 6gretmenin siifin kontroliinii almadan roliinii yerine

getirebilmesi igin:

* tartigma ortaminin kontroliiniin ve devamliliginin 6grencilerde olmasini
saglamalidir. Eger Ogrenciler soru sorarsa kontroliin tekrar
onlara gegmesini saglayacak tarzda davranmalidir. Grup ¢alismasi
O0gretmen ve her bir 6grenci arasindaki soru cevap oturumlarina
doniismemelidir.

» Ogrencilerin konuya yonlenmelerini, konu iizerine daha
derinlemesine diisiinmesini saglamalidir. Bunu yapabilmek i¢in ise a¢ik
uglu, cok genel sorular sormalidir

+ sabirli olmalidir. Ozellikle probleme dayali grenme modelinin ilk
uygulanmaya bagladigi  siralarda  Ogrenciler  beklendigi  gibi

davranamayabilir. Ogretmen 6grencilerine zaman tanimalidir
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+ dgrencilerin sorgulama yeteneklerini gelistirmelidir. Ogrenciler

bulduklari bilgileri hemen kabul etmeyip iizerinde diisiinmelidirler.
Ogretmenin smifta yapmamasi gerekenler soyle siralanabilir:

» sessizlik oldugunda hemen kontrolii almamalidir

* sorulan sorulara direkt olarak cevap vermemelidir

* Ogrencilere dogru yada yanlis yolda olduklarini sdylememelidir
» direkt olarak Ogrencileri 6grenmeleri gereken konular

konusunda yonlendirmemelidir

C. Probleme Dayali Ogrenme Modelinde Ders Islenisi

Probleme dayali 6grenme modelinin temelini grup halinde ¢alisan 6grenciler ve
ogretmen olusturmaktadir. Grubun her bir {iyesi grubun diger iiyelerini yapict
olarak elestirebilmeli, sorgulayabilmeli ve elestirilmekten, sorgulanmaktan
¢ekinmemelidir. Bu tiir davranislar grup tiyelerinde rahatsizlik
olusturabileceginden, ilk baslarda bunu gergeklestirmek zor olabilir. Fakat zaman
gectikse, 0grenciler modele alistikca bu, Ogrencilerin bilgilerini arttirmalari
gerektigi konulara yogunlasmasini saglayan eglenceli bir egzersiz haline

gelecektir.

Biyoloji derslerinde kullanilabilecek bir 6rnek olaym probleme dayali 6grenme

modeli ile islenisi asagida belirtildigi gibi olmaktadir:

Ders baglamadan 6nce 6rnek olaya iligkin bilgileri kimin okuyacagi, kimin tahtaya
yazacagl belirlenir. Ayrica kimin hasta, kimin doktor roliinii oynayacagi da
belirlenir. Bu rol dagilimi1 goniillii 6grenciler arasinda yapilir. Eger 6rnek olay
daha 6nceki ders saatlerinde basladiysa kura ile belirlenen bir 6grenci daha onceki
ders saatlerinde 6rnek olaya iliskin yapilanlar1 6zetler bu arada grup harici

bireysel ¢alisma sirasinda bulduklarindan ve kendi diisiincelerinden kisaca
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bahseder.

Roller belirlendikten sonra érnek olayin ilk sayfasi dgrencilere dagitilir. Ornek

olay bir hastay1 anlatir. Hastaya iliskin bilgiler 5 yada daha fazla sayfada verilir.

Genel olarak birinci sayfada hastanin adi, cinsiyeti, yas1 ve sikayeti belirtilir.
Ikinci sayfada hastanin sikayetleri, gecmisteki rahatsizliklari, kullandig: ilaclar,
ailesinde goriilen rahatsizliklar ve yasam tarzi ile ilgili daha detayli bilgiler verilir.
Ikinci sayfa hasta roliinii iistlenecek dgrenciye birinci sayfayla birlikte verilir.
Ogrenciler birinci sayfa iizerine tartisirken hasta roliinii oynayan dgrenci bir
taraftan da ikinci sayfay1 icinden okur. Ugiincii sayfada muayene sonucu elde
edilen veriler yer alir. Dordiincii ve onu takip eden sayfalarda yapilan test, ¢ekilen
rontgen, EKG sonuglar1 ve diger ilgili sonuglar bulunur. Son sayfada ise teshis yer

alir.

Ik sayfa dagitildiktan sonra 6rnek olayda verilenleri okumaktan sorumlu olan
o0grenci ilk sayfada verilen bilgileri yiiksek sesle okur diger 6grenci tahtaya
bilgileri not eder. Bu arada &grenciler verilen bilgiler hakkinda tartismaya
baslarlar. Hastanin sikayetleri hangi organ sistemiyle ilgili olabilir, daha ¢ok bilgi
edinebilmek i¢in hastaya ne tiir sorular sorulmalidir gibi konular iizerine
odaklasirlar. Ogrenciler diisiincelerini belirtirken nigin dyle diisiindiiklerini de
aciklarlar ve ortaya atilan diislinceleri, sdylenen bilgileri dogruluklari konusunda
sorgularlar. Tartisma sirasinda probleme ¢oziim iiretebilmek i¢in hangi konularda
bilgi edinmeleri gerekiyor buna karar verirler. Tim bu tartismalar yapilirken
tahtaya yazmaktan sorumlu olan kisi, hastanin probleminin hangi sistemle ilgili
oldugu, ne gibi sorulara cevap bulunmasi ve hangi konularin 6grenilmesi
gerektigine dair grubun vermis oldugu kararlar1 tahtaya yazar. Daha sonra doktor
roliinii oynayacak olan 6grenci belirlenen sorular1 hasta roliinii oynayan 6grenciye
sorar. Bu arada diger 6grenciler akillarina baska sorular gelirse hastaya
sorabilirler. Hastanin verdigi cevaplar tahtaya not edilir ve bu yeni bilgiler

dogrultusunda daha onceki diislincelerini gdzden gegirirler. Bu arada dgrenilmesi
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gereken konular {izerinde tartisirlar. Gerekli bilgileri sorduklari sorularla
edindiklerini diisiindiiklerinde 6rnek olaya iliskin ikinci sayfay1 6gretmenden
isterler ve dgretmen ikinci sayfay1 dagitir. Ornek olay1r okumaktan sorumlu olan
ogrenci yiiksek sesle ikinci sayfay1 okur. Daha sonra 6grenciler spesifik olarak
hangi fiziksel muayene sonucuna ihtiya¢ duyulduguna karar verir ve
dgretmenden fiziksel muayene sonuglarini iceren iigiincii sayfay1 ister. Ogrenciler
ilk {i¢ sayfada verilen bilgileri kullanarak hastadan ne tiir tetkiklerin istenmesi
gerektigine karar verirler. Mesela, hastanin kan degerlerine, akciger rontgenin
sonucuna ihtiya¢ duyabilirler. Ogrenciler hangi testlerin sonucuna ihtiyag
duyulduguna karar verince dgretmen dordiincii sayfayr dagitir. Ogrenciler
ornek olaya iliskin bilgilerin yer aldig1 sayfalar1 edindik¢e daha dnce ortaya
atmis olduklar1 diisiinceleri, hipotezleri gézden gegirirler ve teshis koymaya
caligirlar ve aralarinda tartistiktan sonra 6gretmen teshisi i¢eren besinci sayfayi
dagitir. Bu arada &grenciler esas amacin bu drnek olay sayesinde bir takim
biyolojik kavramlarin konularin dgrenilmesi oldugu, teshis koymak olmadiginin

bilincinde olmalidir.

Probleme dayali 6grenme modelinin uygulanigina iligkin olarak vurgulanmasi
gereken Onemli noktalardan birisi sudur: Bir 6rnek olay yaklasik 4-6 saatte
tamamlanir. Bu da 6grencilerin 2 yada 3 kere grup calismasi yapmasma denk
gelmektedir. Ogrenciler her bir grup ¢alismasinin sonunda dgrenilmesi gereken
konular ve bu konular hakkinda nerelerden bilgi edinebileceklerine dair karar
verirler ve bir sonraki grup ¢alismasina kadar bu konular iizerinde bireysel
calisma yaparlar. Bireysel calisma sirasinda 6grenciler kitaplardan, internetten
faydalanabilir yada konusunda uzman bir kisiye danisabilirler. Ogrenciler
isterlerse grup halinde de calisabilirler. Her bir 6grenci konu hakkinda bilgi
edindikten sonra, bu bilgiler dogrultusunda goriislerini belirtecek tarzda
hazirlanarak bir sonraki ders saatine katilir. Her 6grencinin ders saatlerine
hazirlikli gelmesi gerekmektedir. Ciinkii bir sonraki dersin basinda kurayla bir
ogrenci belirlenir ve bu 6grenci d6rnek olayda hastaya iliskin verilen bilgileri ve

bireysel calisma sonucu elde ettigi bilgiler dogrultusunda probleme iliskin
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goriislerini anlatir. Daha sonra diger 6grenciler goriislerini belirtir ve bir dnceki
ders saatinde kalindig1 yerden 6rnek olay lizerinde tartisilmaya devam edilir, yeri

geldikee ilgili sayfalar istenir.

Ogrenciler kendi aralarinda tartisgirken dgretmen onlar1 gdzlemler. Herhangi bir
sekilde o6grencileri yonlendirmez. Fakat raporun 'probleme dayali 6grenme
modelinde 6gretmenin rolii' kisminda belirtildigi gibi gerektiginde birtakim
stratejiler izleyerek dersin model dogrultusunda 6grenci merkezli olarak

islenmesini saglar.

Genel olarak ozetlemek gerekirse probleme dayali 6grenme modelinin

uygulandig: siniflarda:

* Ogrenciler 6grenme siirecinde aktif olarak yer alir

* Ogrencilerde bilgiye ulasabilmek i¢in gerekli olan tutum ve davraniglar
geligtirilir.

* Ogrenciler ortak bir problemi analitik olarak grup igcersinde ¢6zebilme

ortami bulur.
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Figure H.1: Poster A: Dominant Characters

158



|

WITHE Shie
FRILMAL
i
5

el
CRirgpaes

(¢

D
IiI':JI.IJ

S

E;ﬁ § |

_" . n ¥

o -

‘gn.rh q 2 I

Figure H.2: Poster B: Recessive Characters

159



APPENDIX I

PREPERATION ACTIVITY

ODTU de Molekiiler Biyoloji ve Genetik béliimiinde ¢alisan bir
Ogretim gorevlisi olarak sizden ilkogretim seviyesindeki dgrencilere genetik
konusunu 3 haftalik bir slirede toplam 12 ders saatinde Ogretecek bir
o6grenim plan1 hazirlamaniz istendi. Bu konuyu 5 kategoride planlamaya
karar verdiniz:

DNA: DNA Molekiiliiniin yapisi, gorevleri, ve DNA molekiiliiniin kendini
eslemesi.

DNA-GEN-KROMOZOM: Kavramlarin tanimlar1 ve aralarindaki farklar.

KALITIM VE KALITSAL OZELLIKLER: Bireylerin birbirinden
farkliliklarinin sebepleri, kalitimin dis goériinlistimiize etkileri(sag-goz rengi,
sa¢ yapisi, gamze, dil yuvarlama, kulak memesi sekli).

CAPRAZLAMALAR: Genetik, Kalitim, Genotip, Fenotip, Alel gen,
Melez dol, Ar1 dol, Cekinik (Resesif) gen, Baskin (Dominant) gen,
Homozigot, Heterezigot, Homolog Kromozom kavramlarinin tanimlar1 ve
ornekleri. Mendel’in bezelye bitkisi lizerinde yaptig1 ¢alismalar ve Mendel
Yasalart.

KALITIMSAL HASTALIKLAR VE AKRABA EVLILIiGi: Esey
kromozomlar1 ve cinsiyet, Gamet, Tasiyicilik, Renk korligii, Orak hiicreli
anemi, Hemofili.
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Goreviniz sadece bilgileri elde etmek degil, bu bilgileri dgretirken
kullanilabilecek ¢aliysma yapraklar1 hazirlamak ve giincel bilgiler,
resimler bulmaktir.

© Plam tablo halinde yapabilirsiniz.

© Gincel bilgiler dergi ve makalelerden genetikle ilgili haberler
olabilir.

© Resimler internetten, gazete ve dergilerden, kitaplardan
edinilebilir.

© Calisma sayfalarinda kavramlarin tanimlari, bosluk doldurmali
veya eslestirmeli sorular olabilir.

Not:  Grup olarak degil bireysel ¢alisacaksiniz.
Stireniz 1 hafta.
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APPENDIX J

CASE 1

Ornek Olay
-1-
Bezelye

Mehmet Bey Bursa’nin bir kdyiinde ¢ift¢ilik yapmaktadir. Mehmet
Bey tarlasinda bezelye yetistirmekte ve yetistirdigi bezelyeleri pazara
giderek satmaktadir. Pazara getirdigi bezeleyelerin biiyiikk bir kisminin
tohumlar1 yuvarlak daha az bir kisminin ise burusuktur. Pazarda burusuk
tohumlu bezelyelerin ¢ok satilmadigini farkeden Mehmet Bey bezelyenin
nicin farklt oOzellikler gosterdigini merak etmekte ve bunun nedenini
bulabilirse daha ¢ok yuvarlak tohumlu bezelye yetistirebilecegini
diistinmektedir.

D &
Yuvarlak Bursuk

Tohumlu Tohumlu
Bezelye Bezelye
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Ornek Olay
-1-
Bezelye

Mehmet Bey biitiin bezelyeleri ayni sartlarda yetismektedir :
Bezelyeler aynm1 6zellikteki topraga sahip tarlaya, ayni giin ekilmistir ve esit
miktarda glines 1s18ina maruz kalmistir, tiim tarla ayni su ile sulanmustir.
Mehmet Bey, pazara bezelye getiren diger ¢ift¢i arkadaslarinin tarlalarinda
da hem yuvarlak tohumlu hem de burusuk tohumlu bezelyeler yetistigini
gozlemlemistir.
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Ornek Olay
_1_
Bezelye

Mehmet Bey, burusuk tohumlu bezelyeleri birbiriyle ¢aprazlamaya
karar vermistir. (birinin ¢igcek tozunu, digerinin disi organlarinin tepecikleri
lizerine serpmistir)

€9 % €9
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Ornek Olay
-1-
Bezelye

Mehmet Bey burusuk tohumlu bezelyeleri ¢caprazladiginda elde ettigi
bezelyelerin timii her defasinda burusuk tohumlu olmustur. Elde ettigi
burusuk bezelyeleri tekrar ¢aprazladiginda ise gene burusuk bezelyeler elde
etmistir.

5% €92,

)

YYDD

N
DEVED <

Bunun {izerine Mehmet bey yuvarlak tohumlu bezelyeleri kendi
aralarinda ¢aprazlarsa yuvarlak tohumlu bezelyeler elde edip edemeyecegini
merak etmistir. Boylece yuvarlak tohumlu olan bezelyelerle diger yuvarlak
tohumlu bezelyeleri ¢caprazlamigtir.
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Ornek Olay
-1-
Bezelye

Mehmet Bey, sonraki nesillerde biitlin bezelyelerin yuvarlak
tohumlu olmadigini gormiistiir. i¢lerinde burusuk bezelye tohumlar1 da
cikmistir. Bu durum karsisinda ¢ok sasirmistir. Neden tamami yuvarlak
tohumlu olmamaist1 da burusuk tohumlu bezelyeler de ¢ikmist1?

Bunun iizerine Mehmet Bey, sonraki nesillerde ¢ikan burusuk
bezelye tohumlarini her seferinde eledi ve yalnizca yuvarlak tohumlu
bezelyeleri birbirleriyle ¢aprazladi.
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Ornek Olay
-1-
Bezelye

Mehmet Bey, her seferinde burusuk tohumlu bezelyeleri eleyerek
caprazlamalarina devam etti ve artik hi¢ burusuk bezelye elde etmemeye
basladi. Artik yaptig1 her ¢aprazlama sonucunda yuvarlak tohumlu bezelye
elde ediyordu.

PV
/ \, \} Elenecek
@ X %\‘)\)
PVOH
/ \ \}‘ Elenecek

Y

2

Mehmet Bey, sonunda sadece
yuvarlak bezelyeler elde edebiliyordu.
Ama merak ettigi birsey vardi. Acaba
yuvarlak tohumlularla burusuk @ X
tohumlular1 caprazlarsa ne olacakt1?

Bunun iizerine stirekli elde ettigi yuvarlak
tohumlu bezelyelerle burusuk tohumlu bezelyeleri ¢aprazladi.
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Ornek Olay
-1-
Bezelye

Yuvarlak ve Burusuk tohumlu bezelyeleri ¢aprazladiginda elde ettigi
bezelyelerin tamami yuvarlak tohumluydu.

Yeni elde ettigi bu yuvarlak tohumlu bezelyeler arasinda neden
burusuk tohumlu yok diye diisiindii. Acaba bu bezelyelerin i¢inde burusuk
bezelyelerle ilgili bir bilgi var miydi? Bunu test etmek icin bu yuvarlak
tohumlu bezelyeleri kendi aralarinda ¢aprazlamaya karar verdi.
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Ornek Olay
-1-
Bezelye

Elde ettigi bezelyelerde hem yuvarlak tohumlu hem de burusuk
tohumlu bezelyeler vardi. Fakat yuvarlak tohumlu bezelyeler burusuklardan
daha fazlaydi. Mehmet bey bezelye tanelerini saymis ve yaklasik olarak
%75’inin yuvarlak tohumlu % 25’inin ise burusuk tohumlu oldugunu
farketmistir.
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Ornek Olay
-1-
Bezelye

Mehmet Bey yaptig1 ¢aprazlamalarin sonuglarini kdylerinde ziraat
miihendisi arkadas1 Salih Bey ile paylasti. Salih Bey ona bu konuyla ilgili
sunlar1 sdyledi;

- Her canlida oldugu gibi, bezelye bitkisinde de karakterleri (6rnegin
tohumlarin yuvarlak veya burusuk olmasini) belirleyen bazi birimler
(genler) vardir.

- Bezelye bitkisinde her karakter i¢in birbirinin ayni veya farkli 2
birim (gen) bulunur.

- Birim(gen) ciftleri birbirinden farkli ise baskin olan birimin 6zelligi
goriiliir. Senin yuvarlak ve burusuk tohumlu bezelyeleri
caprazladiginda yuvarlak tohumlu bezelyeleri daha yiiksek oranda
elde ediyor olman iste bu yiizdendir.

- Yuvarlak tohumlu bezelyeleri kendi aralarinda ¢aprazladiginda
burusuk tohumlu bezelye elde edebilirsin ¢linkii yuvarlak bezelyeler
iclerinde burusuk tohumlu olma 6zelliginden sorumlu birimi sakliyor
olabilirler. Burusuk tohumlular1 kendi aralarinda ¢aprazladiginda
hepsi burusuk oldu ¢iinkii i¢lerinde yuvarlak bezelye tohumu birimi
yok; eger olsaydi onlar da yuvarlak goriiniirdii.

- Birtakim biyolojik terimler kullanarak konuyu biraz daha acabilirim:
Mayoz boliinme sirasinda birim (gen) ¢iftleri birbirinde ayrilir ve
mayoz bdliinme sonucunda olugan her bir gamet gen ciftlerinden
yalmizca birisini barmdirir. Ikisini birden barindirmaz. Déllenme
sirasinda ise gametler rastgele birlestiklerinden, bir sonraki nesilde
farkli gen ¢ifti kombinasyonlari ortaya ¢ikabilir.
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APPENDIX K

WORKSHEET 1

Fenotip : Yuvarlak Yuvarlak Fenotip : Burusuk Burusuk
Genotip : L s Genotip : aa aa
Gamet: —_ —_ Gamet : —_ -_ —
{Egey Hiicreleri) (Esey Hiicreleri)
1: Genotip: F1: Genotip:
Fenotip: Fenotip:
Oranlar : Oranlar :
Fenotip : Yuvarlak Yuvarlak Fenotip : Yuvarlak Burusuk
Genotip : Aa Aa Genotip : AA aa
Gamet : J— E Gamet: J— E
{Esey Hiicreleri} (Esey Hiicreleri)
F1: Genotip: F1: Genotip:
Fenotip: Fenotip:
Cranlar : Oranlar :
Fenotip : Yuvarlak Yuvarlak Fenotip : Yuvarlak Burusuk
Genotip : AA Aa Genotip : Aa aa
Gamet: P — e Gamet : P — E
(Esey Hiicreleri) {Esey Hiicreleri)
F1: Genotip: F1: Genotip:
Fenotip: Fenotip:
Oranlar : Oranlar :
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APPENDIX L

SAMPLE OF STUDENTS’ FINAL REPORT FOR CASE 1

Grop b , _
Naenla KABAKG) , Honde BAYSAL, Esak AYMILDIL, Gagruplnmnu, nku(j ILOGLL, Al

BU Ok LoGak

Mendel Mehmet, Yor lasinda bu'Llf @c‘lﬂ“ﬁi‘mﬂ’ded?nﬁu ben.%der?n bazilarinn
bw‘wk_lhambrmmdm‘nk tohumlu oldyGuau ve cyuvorkk Tohumlulorin doha. Gok
mhl@mcﬁrgﬂnc RBaglarinn neden buruguk oldyguna Sgrentese dahe fazla

cywwerlak buéye. Mlecfj‘fni' ddslngyor.

Géalemlere. boslayan Menda Mehmet , bitkin  beaglyclerT ayni _gorHorda ger.
|q4|‘ré_‘99r.‘fa,:’rt5| caligmabr  su gebilde ..:-m&\)ob-'&'ﬁa:

) Burupule b“-%‘fk”— kend? oralonnda QQ.PMBQI’:

Gerotip:rr
Fenctip= Burusuk  fohumlu

L x (i s
Q Q00
re re o = 0lugan W‘Rﬂ thﬁ burugut tohumludun

1

SONIIG-y Buruguk  Johuelu  beaglyeledn bbigiyle copmaloamast seaucs fing
buruguk hcnt(\.jaler olugur Bunun  medani, buruguk.  tahumla  beaelgelerin Reande,
hic. cysoclakle geninin bukinmomasidin o burugukluk éa.el@,duwb\:l& d&e
celinibhe

Bu  wlemi -k.'n:mr\l\_-.,eu-.v&ldgt Senug Tae d@;n@m

2\Bunun Unerine  Mendel Mghm‘&whk_ beaelyeles kendt arnlamnda copmz~
lacsa, yine duwla't elde edmp e.hnaeo@m: merak ediyor Ve COpmaluor:

rral 3 Gemﬁgz:ﬂﬁ RNl a: bmeiader i"\orﬂcﬂj'}m,
R,m{i?:ﬂwﬂk Hohumnle d:n? b%elﬂr det “Ine.F CW(hL to-

O O hurde  olocakte
1o Kﬂp\
O O 00

R& RR RR RR

Figure L.1: Sample of Students’ Final Report for Case 1 Page 1
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fienal Ly, Grenctip: e

Fenetip: Nuvorlak. ohumlu

Q O SONLQ EGer beaglyeler hetereaggotso yeni be-

o x B~ s\-".lad.uf-"l SR du\tar la ("bﬁo LTy Fnhmt.'yr},

) b2k he 4) 9025 'T burugut dehumlu ek
O o000 L

cokdin
als Br Br rr

3)Mendel Mehmet, sonrali nesillerde bitin  beaelplerin yovarkl olmadi-
I Prince gopirmihe

SONUG 3 Ffer olusen bu{l_njelarrn folnde burugut den vama, bu  blae coproa.
laan b&m&bﬁlﬂ*ﬂ h“‘}ﬂﬁ-‘ﬁjﬂ'\‘{?\r\ old@un@&gkdn

Bunun Saedne Mendd Mehmet, sonraki  nesillerde aiban buruauk. beaelyelen
her seferinde eligpr ve du.uorlukhn kend® aralonndo. coproalypn

PxQ

O O O (Olinu

Br Pe | o

O 000

pe RrRE ge

L) Mendel  Mehmet, her seferinde  burupuklon elgyerek. capraabmeuo. devam
E*‘fr e o'luym ben.téadﬂ"n h@n’b‘n Mh\’. uHSunu d@w
N O
Ao
E-rj X e
£ 0 0 0O
a2

L P

V \
O O O ©
PP i Br 2
k) O O oo
PR Q AR Ar AR Rr Rr (re

Figure L.2: Sample of Students’ Final Report for Case 1 Page 2
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SonnGy Fa dillinden rasfyele secflen 2 beaglyentn ESinin de ]‘IQ“‘!I&:I&!{'
olmo.  sans cyobtun Gbnks olgan be.:%,dtr(_\;.\wbkhr.{ﬁe- BT de hetereadyet
a\s&’d‘ ;huru;u):. ‘ehumia be:é_tjc de oclugudu.

5)Nuvorlk  tohumlulorlo buruguk dehumlilarr coprazbese ne  olocggmi me-
rolc eden Mendel Mehmed, bu tplemin senucunda yine  hep cyuvorok Yo hum-

lu heaé_\jt elde eldmiptn

By e A
V . N
oSee  ggoo

Be Br Pe Pr

SoNuG 52 Thitmal  dlomas. Glink Mendel Mehmet, yopha elemin sorunds
du\u'lck. be_mtl_uja elde edmighn Bu do burugul tohumlulerlen C-oPmlnrnhdu-

Nocbk  dohumbiloma I'wnn@n-i (rR) o\d@mucsﬂﬂ-eﬁh

6)Elde eHigi bu beaglyelerin fulnden, buruguk aokilir m?, diye dilsinen
Mendel  Llehmet, a.;\to.dn\'l"l kend arvlorinda capraalor:

OxQ
\/f—"
OO 00

Re  Rr Re RO

AV
O 000

=12 B Pr rr

SonuGyHetermafept v yuvarlak  beasglgentn ceprozlonmas sanucw, % 3T
duunr‘h‘c' g2 burnauk  tohumlu bmel:dg. clugur.

Figure L.3: Sample of Students’ Final Report for Case 1 Page 3
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APPENDIX M

CASE 2

Ornek Olay
-2-
Emre’nin Hastahig:

Hatay’l1 bir aile 4 yasindaki Emre adli ogullarin1 yorgunluk, halsizlik
ve sik sik ateslenme sikayetleriyle doktora getirmislerdir. Emre’de
yasitlarina gore gelisim geriligi oldugundan siiphelendiklerini belirtmislerdir.
Ayrica Emre’nin kalbinde zaman zaman ¢arpint1 oldugunu da sdylemislerdir.
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Ornek Olay
-2-
Emre’nin Hastahg

Emre’in anne ve babasi Emre’in dogumundan beri ¢ok hareketli bir
cocuk olmadigmi aciklamiglardir. Emre solgun ve bitkin goziikmektedir.
Karin boélgesinde sislik oldugu farkedilmistir. Emre’nin parmaklarinda
agrilar vardir.

Emre’nin anne ve babasi amca ¢ocuklari olduklarini ve bazi
akrabalarinda da Emre’ninkine benzer sikayetlerin oldugunu sdylemislerdir.
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Ornek Olay
-2-
Emre’nin Hastahgi

Yapilan muayene, tetkikler ve sonuclari 1

Fiziksel Muayene Sonuclart:

Karin bolgesinde sislik

Deride ve gozlerde solgunluk ve bronz renk

Hizli nefes alip verme ve nefes alma giigliigii

Yasa gore gelisme geriligi

Kemiklerde yapisal bozukluklar

Yiiz kemiklerinde ve elmacik kemiklerinde ¢ikiklik
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Hasta Bilgileri

Yapilan muavyene, tetkikler ve sonuclan 2

LABORATUVAR TEST SONUCLARI

Emre KESKIM

TC, Kimlik Mo

Miirmeat Tarihi - (3052006 1430

TYGULANAN TESTLER

MERKEZ LABORATUWARL

(B
{E¥03)
{BY04]
(EOG)
(B}
{B¥0T)
IEY15)
' (B8
BY1T)
[BY1E}
IBY19)
(BY20)
(BY1)
(BYZZ)
(Y]
(EYEd)
{BY25]
{BY2E]
{B27]
(BY28)
(B30}
(BY32}
(EY33)
(ETH3)
(BYS4)
{BYS5)

ACLIK HKAN SEEERE]L ...........0...
BET{EGUT) o ovnv v s nmnnmsnmnnnnnns
-
ALKRLEMN FOSFAT .......cccvcaans

LOH: s sevvmsemsnmnsnnnnnnmnnnnnns
2
TTRIK BSIT i iimieaaaaee s
ERELTANIN .. ..ot
T-BPROTEIN .. ...
ALBUMIM . ... ioiiciaans
BEALSTYUM ...cccccccvaaasacananas

LDL- KOLESTERCL
VLDL-KILESTEROL
TRIGLASERIT. e cveunsn
T.BILIRUBIN....
D. BILIFUEIN .. ..
KLOR

POTRASYTUM ......
s« o DEMIR.

. DEMIR BAGLAMA KAPASITESL ...
SERUM DEMIREI VE DEMLR BAGLAMA KR

HEMATOLOJTI MERKEE L

[EB2102)
(CBCL03)
({CEC104
(ZBC10S)
(CBC106)
(BT
(CBCLO)

. RBC (EBritrosit-alyuwar) ....
. HEB
by HCT
MOV (Ortalama Eritresit Hacom
..... MUH  ¢htlama Hoere Hemoglob
MCHE (Ortoloma Hiere Hemog, K

... PLT [(Trombosit-kan pulcuklari}

Giindr. Servis

Cinsivet/Yay | mbrkek &

Rapor Tarihi
SOHUC BIRIM
ai mig fdl
20 u/L
/L
Se UL
UL
U/ L
1z mg.fdl
3,5 miydl
0.6 mgsdl
7,1 grdl
4,9 g/dlL
4,9 gLl
3,2 mryfdl
145 mej el
55 mej Sl
e mg el
10 =gy dl
52 _-_-_g_,.f-t'_
0,47 mg /el
0,7 mg/dl
105 mmol /L
138 mmo /L
*& mma 1/ L
*250 ug,/dl
150 ugdl
*5, 27 ¥10. .ed/ul
3,02 g dL
27,8 3
52,9 £L
*15,2 ="}
95,8 g/dL
205 #o.. 3/uk
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Coguk HEMATOLOJ]

avakta

04052006 13:33

ROFMAL DEGERLER

70 - 110
o - 40
0 40

42 128
[ 5

125 - 243
3 - 25

2.8 - 1,2

0,5 - 1,4

6.4 - B, G

3,5 5

8,2 10,6

2,8 - 4,5

100 - 200
g - B0
& - 130
10 - 40

50 - Z00

0,2 - 1,3
Q- 0,5
SE - 108

1315 - 144

35- 3,3

25 - 158

230 - 430
4

11 -

¢ -

an -

27 -

32 -

13 - 400



Yamlan muavene, tetkikler ve sonuglar 2

LABORATUVAR TEST

Hasta Bilgileri:  Emre KESKIN
Kimlile M

Miiracat Tarihi | 03052006 10030

TV GULANAN TESTLER

[CBC136) .« RTC % {Retilulesit Yizdesi)
[CBCL42) RETUKULOSIT SAYIMI:
(CBC143) .. BTG # (RETIKULOSIT SAYISI.
e = - 1

(ZRCT4)  SEDIMANTASYON ...
|CBCTB) PERIFERIK ¥AYMA ....cvvuinennnns

MERKEEZ LABORATIUVARI

(GYTIOODISKIDA HEE (MORNOKLOMAL)

HORMON LAEORATIVART

(HMD32) FERRITIN ..
(HM034) VITAMIN 3=12

MERKEZ LAECRATUVRARI

(IDR113) 3TRIF KULLAMARAK IDRAR TETKIKL

[TORIOE) .. .. ISMSTTE............. t
(IORLA0) o0 LOHOSIT «vvvnvnnannneenenn
(ADRLA2) oo MITEIT vovvnnnnnncamnnnnnn
(1DR74) ... IDRARDA pH OLCUMU. caveeess
(EDRILL) oo cERITROSTIT . cvvve e ameennnn
{JORLOS) .. FROTEIN. v vvnnnnnnannnnnns
{tDREO} ... GLUKD TEST ...ovvevceonn-

[IDRIOT). . . . KETOH {Bseton) ..
IOR109} . . . URoslnivooe. . ..
IDRLOE} .. .BILIRUBIN .

Periferik Yayma ile Mikroskop
Goruntuleri;
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Rapar Tarihi

SONUG

0,a01

203

*300
3z22,2

1020
neq

L |
neg
e

ney

| SOMUCLARI
Gomdr.. Servis Goeuk HE
Cinsivet/Yay alitkek 4

BIRIM

ng/ml
pg/mL

Emal S L

norm umol/L

#15

SWATOLO]
ayakia

(4052006 13:33

HORMAL DEGERLER

0.5 - 2,5
22 - 133

0 - z0

4 —-204
160 =384

L0L5-1025
HNEGA
HEGR

5-7

HEGA

HEGA
NEGM

0,5

1lg

HEGA



Ornek Olay
-2-
Emre’nin Hastahg

Yapilan tetkikler ve analizler sonucu Emre’nin orak hiicreli anemi
hastas1 oldugu ve karin bolgesindeki sisligin  karaciger ve dalak
biliyiimesinden kaynaklandigi ortaya ¢ikmaistir.

Gerekli tedaviye baslanarak Emre’ye demir baglayici ilaglar
verilmigtir. Emre’nin demir miktar1 az besinlerle beslenmesi Onerilmis ve
hastaligin ilerlemesi halinde kan transfiizyonu igin sik sik hasteneye
gelinmesi gerektigi belirtilmistir.
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SAMPLE GROUP SHEET

Group No: q - Qrup

APPENDIX N
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Figure N.1: A Sample of Group Sheet
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APPENDIX O

SAMPLES OF STUDENTS’ FINAL REPORT FOR CASE 2

EeEmihe  MASPALE  ETENLIGS

Eranhon Ak dica. cdeserletaol! snlkebslbabll qdnntlerded Loauklul
= olguey asrelie Agrica ckmicl mibserinin LU
ol | dove Joala | Oladiea ve Sermit \oRlova | Hopositesiia
oldugurdn | aa. oldigumu ol b = | :lccamdm meble._ Denir
ack fulo om okef bzgi\Qr Riaue ne | rozlalgna g
oah i | ofostual i - (Lise b‘ifl’a Uitaplort wicudirauz  onsitlogedis
Ve . crort | leastal g oldguns Qﬂpam\'»..‘.r hostall oldiguny
dedavisinm Yoma celile demizle~mesitle wizuda o‘c-*s'liwsljk::
\’Jmaag‘fzdcw‘)wz_ serrle | baqloma Vaalora BoHoadnesi. aldugunn
suldul Ayica obrcka evilibleina Skee 2 \ogond okdenfz
lodlqe sihael | alrotam ambkler!  sibqa aseiHigY  lcih okl
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Figure O.1: Students’ Final Report for Case 2 Sample 1
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Figure O.2: Students’ Final Report for Case 2 Sample 2
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APPENDIX P

CASE 3

Ornek Olay
3-
Ali

Murat Bey ve Elif Hanim 5 yasindaki ogullari Ali’yi krese
gondermektedirler. Kresteki Ogretmeni Nesrin Hanim, Ali’nin renkli
kartonlar1 kesmek ve boya kalemleriyle resim yapmak gibi etkinliklere
katilimda isteksiz davrandigini farketmistir. Ayrica Ali, renkli kartonlar
tizerinde yer alan baska renkteki sekilleri keserken zorlanmakta, sekillerin
siirlarint belirleyememektedir. Bu sebeplerden dolay1 6gretmeni Nesrin
Hanim Ali’de bir goz problemi olabilecegini diistinmektedir. Nesrin Hanim,
Ali’nin ailesiyle goriliserek, Ali’yi bir g6z doktoruna gotiirmelerini
onermistir. Ailesi de Ali’yi gézlinde bir problem olup olmadigint 6grenmek
icin doktora getirmistir.
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Ornek Olay
-3-
Ali

Ailesi doktora Ali’nin renkleri tam olarak 6grenemedigini, fakat
bunun haricinde ¢ocuklarinda higbir Ogrenme veya gelisim geriligi
gozlemlemediklerini belirtmislerdir.

Ali’nin annesi Elif Hanim gozlik kullanmazken, 45 yasinda olan
babast Murat Bey yakini ¢ok iyi secemedigi icin gazete okurken gozlik
kullanmaktadir.Murat Bey ile Elif Hanim’1n ailelerinde de gozliik kullanan
bireyler vardir. Elif Hanim, kdyde yasayan annesinin de renkleri se¢gmekte
zorlandigini belirtmistir. Murat Bey ve Elif Hanim, diger akrabalarinda
gozle ilgili bir problemin olmadigini sdylemistir.
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Ornek Olay
-3-
Ali

Fiziksel muavene:

Ali’nin gozlerinde fiziksel agidan bir bozukluk bulunmamaktadir.
Sasilik gézlenmemistir.
Go6z bebeklerinin 1518a kars1 duyarliligi normaldir.
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Goz Hastaliklari Anabilim Dali

POLIKLINIK GOZLEM KAGIDI

Dr. Adi Soyadi: Soyadi Adi: Ali Getin
Yasi: 5
Tant:
Sag Sol
=SSN I

Fundus

Fundus

T\0.

— GORME -

Camsiz: Tam

Camsiz: Tam

Camli:

Camli:

Refraksiyon ve Akomadosyon Tashihi

Tibbi Tedavi:

e Uzak - Daimi Gozlik: od:

OSs:

e Yakin Gozlugu: od:

(01
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Renk Korlugii Testi
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[*)

Sekil :
Sekil :
Sekil :
Sekil :
Sekil :

Ali’nin Cevaplari:

Kare — Yildiz ve Yuvarlak goriiyorum.
Higbirsey yok.

Bir Kare var.

Bir Yuvarlak var.

Bir Yuvarlak var.

., 7.ve 8. Sekiller : Yolu bulamiyorum.
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Ornek Olay
3-
Ali

Yapilan testler sonucu Ali’nin kirmizi-yesil renkkorii oldugu tespit
edilmigtir. Aileye bu hastaligin kalitsal bir hastalik oldugu ve herhangi bir
tedavisi olmadig1 agiklanmustir. Ali’ye bu konuda yardimci ve destek
olmalari, ileride segecegi meslege yonelik uygun yonlendirmeler yapmalari
gerektigi belirtilmistir.
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Arastirin:
e Renkkorliigii erkeklerde kadinlara oranla daha sik goriilen bir
hastaliktir. Neden?
e Senaryoda verilen bilgilere gore Elif’in annesini ve babasini, Elif’1,
Murat’1 ve Ali’yi igeren bir soyagaci ¢iziniz.

Bireyler i¢in asagidaki sekilleri kullanin:

Saglikl erkek: Saglikl kadin: O

Hasta erkek: . Hasta kadin: .
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APPENDIX R

SAMPLE OF STUDENTS’ FINAL REPORT FOR CASE 3
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Figure R.1. Students’ Final Report for Case 3
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