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ABSTRACT

PRE-SERVICE SCIENCE TEACHERS’ METACOGNITION IN A
SCIENCE LABORATORY COURSE WITH METACOGNITIVELY
ORIENTED LEARNING ENVIRONMENT

Cakar, Birgiil
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Prof. Dr. Hamide Ertepinar

Co-Supervisor: Assoc. Prof. Dr. Ozgiil Yilmaz-Tiiziin

September 2011, 214 Pages

Based on the importance place of metacognition in education, the current
study aimed to investigate whether the embedded metacognitive prompts in
the manual lead a change in PSTs’ metacognitive knowledge and
metacognitive skills. Throught 2009-2010 Fall semester, the data were
collected from pre-service science teachers (PSTs) who enrolled in the
Laboratory Applications in Science Education course. The course was
offered as a must course in Elementary Science Education programme in

one of the biggest universites in Ankara. The method selected for the study
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was mix method. Both gquantitative and qualitative data were collected and
analyzed. Quantitative data was collected from 28 PSTs and qualitative data
was collected from 7 PSTs who were the members of the researcher’s
group. In accordance with the purpose of the current study, descriptive
statistics and independent samples t-test was conducted for quantitative
data. In terms of qualitative part, the study was case study and interviews
which were conducted before and after the course were analyzed to observe

the change of PSTs’ metacognition.

The result of the study revealed that before the course most of the PSTs
did not report metacognitive skills. After the course it was observed that
their metacognitive skills were developed. Among metacognitive skills, the
most reported skill was monitoring skill after the course. It can be concluded
from the study that metacognitive prompts embedded into the manual
provided a metacognitively learning environment and a development in

PSTs’ metacognition.

Keywords: Metacognition, Prompts, Laboratory course
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FEN LABORATUARI DERSI KAPSAMINDA FEN BiLGIiSIi
OGRETMEN ADAYLARININ USTBILIS ODAKLI OGRENME
ORTAMINDA USTBILISLERINDE DEGIiSIM

Cakar, Birgiil
Yiiksek Lisans, [lkogretim Fen ve Matematik Egitimi Boliimii
Tez Yoneticisi: Prof. Dr. Hamide Ertepinar
Ortak Tez Yoneticisi: Dog. Dr. Ozgiil Y1lmaz-Tiiziin

Eyliil 2011, 214 sayfa

Ust bilisin egitimdeki 6nemi diisiiniildiigiinde, bu ¢alismada laboratuar
kitapgiklarina yerlestirilen iist bilis yonlendiricilerinin fen bilgisi 6gretmen
adaylarmin st bilislerinde bir degisime neden olup olmadiklar
incelenmistir. Veriler 2009-2010 sonbahar doneminde fen bilgisinde
laboratuar uygulamalari adli derste fen bilgisi 6gretmen adaylarindan
toplanmistir. Bu ders Ankara’daki en biiyiik {iniversitelerinden birinde
ilkdgretim fen bilgisi egitimi programinda yer alan zorunlu derslerden
biridir. Calismada nitel ve nicel arastirma yontemleri kullanilmistir.
Arastirmanin nicel boyutunda veriler 28 Fen bilgisi 6gretmen adayindan
toplanmistir. Nitel boyutu i¢in de arastirmacinin grubunda yer alan 7 Fen
bilgisi 0gretmen adayindan veri toplanmistir. Calismanin amacina uygun
olarak, betimleyici istatistik testleri ve bagimli orneklem t-test analizleri
nitel verilerin analizinde kullanilmistir. Nicel c¢alisma acisindan calisma

nitel durum caligmasidir ve dersin uygulanmasindan 6nce ve sonra yapilan
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goriismeler Fen bilgisi 68retmen adaylarmin iist bilislerinde ki degisimi

gbzlemlemek i¢in analiz edilmistir.

Calismanin sonucu gostermistir ki, uygulanan dersten once fen bilgisi
O0gretmen adaylarinin pek c¢ogu iist bilis becerileri rapor etmemislerdir.
Derste yapilan uygulamadan sonra ise iist bilis becerilerinin gelistigi
gbzlemlenmistir. Dersten sonra, iist bilis becerilerinin arasinda en ¢ok rapor
edilen becerinin kendini izleme becerisi oldugu bulunmustur. Yapilan
calismadan, laboratuar kitapgigina yerlestirilen st bilis yonlendiricilerinin
iist bilis odakli 6grenme ortaminin olusturulmasina yardimer oldugu ve Fen

bilgisi 6gretmen adaylarinin {ist bilislerini gelistirdigi sonucuna varilabilir.

Anahtar Kelimeler: Ust bilis, Yonlendiriciler, Laboratuar dersi
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CHAPTER 1
INTRODUCTION

“When you know a thing, to hold that you know it, and when you do not know a thing,
to allow that you do not know it: That is knowledge.”

Confucius

The quotation of Confucius refers to the importance of self awareness which is placed
in metacognition. The self awareness of individuals about what they know and what they
do not know are indicator of metacognition. This awareness is important in terms of
education because it is thought that the meaningful learning and regulation of knowledge

is related to this awareness.
1.1 Metacognition

Studies in metacognition started in the late of 1970s and the term was introduced by
Flavell in 1979. Flavell (1979) defined metacognition as “knowledge and cognition
about cognitive phenomena” (p.906). Another definitions widely accepted in the
literature are “thinking about thinking” and “cognition about cognition” (Brown 1987;
Garner & Alexander, 1989; Jacops & Paris, 1987). Jacops and Paris (1987) defined
metacognition specifically for their study as the consciousness about the thinking. For
example being aware of how characteristics of a passage influence understanding is
metacognition. Definition of metacognition is a problem in the literature (Georghiades,
2004). One of the reasons is the placement of metacognition. Baker and Beall (2009)
consider that metacognition is a super ordinate component for self-regulation. Whereas,
Zimmerman (1995) accepts that self-regulation includes metacognition. Another
controversial issue in metacognition is the characteristic of it. Some researchers consider
that it includes motivation and affect, whilst some researchers state that metacognition

should be thought in terms of knowledge types and regulation without affect domain
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(Jacops & Paris, 1987). In this study, PSTs’ metacognitive knowledge types and
regulatory skills were considered without including motivation. Besides, in terms of the
definition of metacognition, | accepted that being aware of the cognitive aspects of
thinking which refers to metacognitive knowledge types and the awareness of regulation

of cognition.

Another issue which makes the definition of metacognition vague is the components
of metacognition. Flavell (1979) differentiate metacognitive knowledge from
metacognitive experience. Later, Flavell, Miller and Miller (2002) made some change
and they suggest a model for the components of metacognition. According to this model,
the components are monitoring and self regulation and metacognitive knowledge.
Furthermore, metacognitive knowledge includes person, strategy and task variables.
According to Schraw (1998), two components are differentiated as metacognitive
knowledge and regulation of cognition. Knowledge of cognition includes declarative
knowledge, procedural knowledge, and conditional knowledge (Brown, 1987; Jacobs &
Paris, 1987; Schraw & Moshman, 1995). Declarative knowledge focuses on what the
learner knows about his /her cognition and what s/he knows about his/her strength and
weak sides in learning. (Schraw & Moshman, 1995; Hartman, 2001; Schraw, 2001). For
example a child may believe that the best way for him to learn something is to selecting
main points and writing them with his/her own words. This example refers to declarative
knowledge (Flavell, 1979). Procedural knowledge is the knowledge about how to do
things. Knowing how to construct a concept map is an example. Finally, conditional
knowledge refers to the selection of cognitive actions regarding to the situation and it
also refers to the learner’s rationale about the selection of strategy and when to use it. An
example for conditional knowledge is when and where to use concept map. Another
example is studying an exam according to the question style of teacher (Hartman, 2001,
Schraw, 2001; Schraw & Moshman, 1995). For example, if a student’s studying

strategies are changing according to the test types, this refers to conditional knowledge.



This student studies multiple choice tests to recognize the true answer. However he/she

studies open ended questions as a way to remember the context (Pintrich, 2002).

Regulation of cognition refers to the control of the learning and cognitive actions.
Regulation of cognition is important since it helps students control the use of resources,
time, and strategies (Schraw, 1998; Schraw 2001). Regulation of cognition consists of
planning, monitoring, and evaluation. Planning concerns the allocation of sources, time,
setting goals and the selection of the strategies (Schraw, 1998; Schraw & Moshman,
1995; Pintrich, 2002). Monitoring refers to tracking of awareness in learning. This
tracking can be self-checking by asking questions yourself about reading, the material or
the strategies (Pintrich, 1999; Pintrich, 2002). Finally, evaluation is revising the learning
and setting future objectives. Besides, it includes re-evaluation of the objectives and the

products or conclusions.

To sum up and prevent any misunderstanding, the use of concepts were summarized.
Firstly, metacognition concept refers to metacognitive knowledge and skills.
Metacognitive knowledge refers to declarative knowledge, procedural knowledge and
conditional knowledge. Lastly, metacognitive skills refer to planning, monitoring and

evaluation in this thesis study.

1.2. Metacognition and inquiry based laboratory course

An inquiry based laboratory is suggested since it enables learners to consider their
experience, to plan their experiment and to make observations, collect data, make
inferences, interpret the results. Students also had opportunity to communicate these
results. Throughout this process they need to think on assumptions they made and to
think critically so that they can find out the possible explanations. In addition, they have
opportunity to discuss their results, the alternative explanations and assumptions which

provide them to discover different thoughts of people. These features of inquiry based



laboratory enable learners a learning environment which support learners’ metacognitive
knowledge and metacognitive skills (Hofstein & Lunetta, 2004; Hofstein & Walberg,
1995; Kipnis & Hofstein, 2007). Hodson (1990) stated that laboratory courses are
critically important for science learners to construct their knowledge by doing science.
However, a laboratory course which does not guide learners to think on the purposes,
methods and their exist knowledge is not properly designed (as cited in Kipnis &
Hofstein 2007).

It was stated that inquiry based laboratory activities provides students opportunity to
enhance metacognitive knowledge and metacognitive skills if it was well organized in
terms of guiding discussions and provoking students’ prior knowledge (Kipnis &
Hofstein, 2007; Hofstein, Kipnis & Kind, 2008).

Thomas (2002) described the characteristics of metacognitive learning environment
in eight dimensions based on the social constructivist view. These eight dimensions are
(1) metacognitive demands, (2) teacher modeling and explanation, (3) student-student
discourse, (4) student-teacher discourse, (5) student voice, (6) distributed control, (7)
teacher encouragement and (8) support an emotional support.

I embedded metacognitive prompts to both provide metacognitive learning
environment by considering Thomas (2002)’s definition and make PSTs think on their
metacognitive knowledge and help them regulate their knowledge. Besides, | aimed to
guide PSTs to make them aware of their existing knowledge with the help of these
prompts. Their existing knowledge is important in terms of metacognitive knowledge
and metacognitive skills. The reason for the selection of inquiry based laboratory course
is that the nature of this course is appropriate for the investigation of PSTs’
metacognition.

1.3. Metacognition in teacher education

Teachers’ metacognition in education is accepted critically important in terms of
being able to teach students how to learn (Duffy, Miller, Parsons & Meloth, 2009).



However, it is thought that much study is needed on metacognition in teacher education
(Duffy, et al., 2009; Lin, Schwartz & Hatano, 2005). Lin et al. (2005) used “adaptive
metacognition” term to refer the adaptation of teachers to various change in the
classrooms. They stated that every classroom has their own climate and the needs of
every student which are different from each other. Thus, a teacher should adapt
herself/himself easily to these different environment and his/her solutions should change
according to the different problems in classrooms. Teachers’ metacognitive knowledge
is important there. His/her knowledge for the strategies refer to declarative knowledge
and changing the solutions in terms of instruction and class management refers to
conditional knowledge (Lin et al, 2005; Lin, 2001; Duffy et al, 2009; Thomas, 2002).
Therefore, teachers’ metacognition is important for instruction and class management.
According to Baylor (2002), increase in monitoring skill leaded teachers preparing
constructivist based instruction plans and these teachers aimed meaningful learning for
their students.

When the importance of metacognition in teachers thought, |1 aimed to investigate
whether the embedded metacognitive prompts in the manual lead a change in PSTs’
metacognitive knowledge and metacognitive skills.

1.4. Learning strategies

Learning strategies or learning techniques are the tools which include behaviors or
thoughts while the learners engage in encoding process during the learning. These
strategies are important for learner to select, analyze, reorganize knowledge and make

connection with pre knowledge (Weinstein & Mayer, 1983).

Norman (1980) stated that educators expect students to learn a body of knowledge or
solving a problem but they rarely teach how to learn, how to solve the problems and they
do not tell the students about the art of memory. Weinstein and Mayer (1983) stated that
“good teaching is teaching students how to learn, how to think and how to motivate

themselves.” To teach students how to learn and how to think, teachers should be aware
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of and should have knowledge about the learning strategies and thinking types.
Therefore, | wondered PSTs’ learning strategies and whether metacognitive knowledge

and skills are changing according to the learning strategies they have.

Weinstein and Mayer (1983) listed eight learning strategies. These strategies are

shown in Table 1.1.

Table 1.1: Categories of Learning Strategies (Weinstein & Mayer, 1983)

1. Basic Rehearsal Strategies

2. Complex Rehearsal Strategies
3.Basic Elaboration Strategies

4. Complex Elaboration Strategies

5. Basic Organizational Strategies

6. Complex Organizational Strategies

7. Comprehension Monitoring Strategies
8. Affective and Motivational Strategies

Weinstein and Mayer (1983) defined these strategies as described below:
Basic rehearsal strategies are based on repeating names. Remembering the
chronological order of historical events is an example for this category. Complex
rehearsal strategies include copying a text to a paper. Underlying the main ideas in a text
Is an example. Basic elaboration strategies are matching a mental image to the learning
task. Complex elaboration strategies include summarizing and paraphrasing or making
connections between the new knowledge and the existing knowledge. The analogy
between the circulation system and the distribution of electricity to a city is an example
for this category. Basic organizational strategies refer to the organization of to be
learned items. Complex organizational strategies refer to making diagrams to show the
relationships. Comprehension monitoring strategies are self-checking to control the
learning task. Affective and motivational strategies are the strategies to overcome the
anxiety.

The PSTs’ learning strategies, metacognitive skills and metacognitive knowledge

they have are investigated for each case in pre-interview. Then the frequency of their
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metacognitive knowledge and metacognitive skill are compared with regard to the

frequency and type of their learning strategies.
1.5. Theoretical Framework

Schraw (1998)’s model was used as a theoretical framework for metacognition. The
model is represented in the Figure 1. According to this model, metacognition has two
components which are knowledge of cognition and regulation of cognition. The
subcomponents of knowledge of cognition and regulation of cognition were explained

above.

METACOGNITION

4 N

Knowledge of Regulation of
Cognition Cognition
Declarative Procedural Planning Monitoring
Knowledge Knowledge
A
Conditional Evaluation
knowledge

Figure 1.1: Schraw (1998) model for metacognition
Source: Kipnis & Hofstein (2007)

Shraw (1998) model was used for this study. The model focuses on both
metacognitive knowledge and metacognitive skills. Kipnis & Hofstein (2007) used this
theory in their study. Metacognitive knowledge was referred to declarative knowledge,
procedural knowledge and conditional knowledge in Kipnis & Hofstein (2007) study. As
similar to their study, metacognitive knowledge term was used in this study. According

to Kipnis & Hofstein (2007) knowledge of cognition is a type of metacognitive



awareness and regulation of cognition components are accepted as regulatory skills.
Therefore in this study, metacognitive skills refer to planning, monitoring and evaluation
skills.

In order to discover the PSTs’ learning strategies, Weinstein and Mayer (1986)
learning categories which was explained above was used. According to Weinstein and
Mayer (1986) learning strategies are critically important to understand students’ learning
process in terms of how they learn, how they encode and how they process the
information. At this point the control of learning strategies requires metacognitive
knowledge and skills. Therefore I also aimed to investigate the PSTs’ learning strategies
beside their metacognitive knowledge and metacognitive skills. The other aim of this
study is to investigate the role of metacognitive prompts in an inquiry based laboratory

course regarding to change of PSTs metacognitive knowledge and metacognitive skills.
1.6 Significance of the study

1. To enhance students’ metacognitive knowledge and metacognitive skills, their
teachers’ metacognitive knowledge and metacognitive skills should be improved.
The importance of teachers’ metacognition is that metacognition supports
meaningful learning and it contributes to academic achievement. However,
metacognitive studies with teachers are scarce in the literature (Duffy et al,
2009). Therefore, | thought that | may contribute knowledge to the literature with
the help of this study.

2. Use of prompts is a way to evoke metacognitive skills. In order to investigate
PSTs’ metacognitive knowledge and metacognitive skills, metacognitive
prompts were embedded in the manual. | chose laboratory course because it is
stated that laboratory activities support metacognitive skills (Duffy et al, 2009).

3. Another significant point is that it was aimed to create a metacognitive learning

environment to evoke PSTs’ metacognition. While creating this environment,
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Thomas (2002)’s criteria for this environment was considered. Metacognitive
learning environment is another issue that was not studied much (Duffy et al.,
2009). Therefore, | investigated whether metacognitive prompts help to create a

metacognitive learning environment
1.7 Research Questions:

1. What were the PSTs’ perceptions about metacognition and metacognitively
learning environment?

2. Was there a statistically significant change in PSTs’ metacognition scores after
the course?

3. Was there a statistically significant change in PSTs learning environment in
terms of supporting the development of metacognition?

4. What kind of learning strategies and metacognitive knowledge and skills did
PSTs have before the course?

5. How did the PSTs’ metacognition change as a result of the course?

6. How did metacognitively embedded prompts help to create a metacognitively
oriented learning environment in the science laboratory course?

7. What were the PSTs thoughts about the laboratory course with metacognitively
embedded prompts?



CHAPTER 2

LITERATURE REVIEW

In this chapter, the background of the this study was explained in detail. Firstly
studies in metacognition, the importance of it in learning environment and teacher

education was presented. Finally, learning strategies were presented respectively.

2.1. METACOGNITION
2.1.1. Elements of metacognition

The studies in metacognition were started by Flavell in the late of 1970s. The first
studies of Flavell were on metamemory. Later, he focused on metacognition and the
term was firstly defined by him. The studies on metacognition include many disciplines
such as psychology, education, special education, zoology (metacognition in animals)
and neuroscience. Every discipline defines metacognition in terms of their own
discipline usage. Therefore, there is an ambiguity in the definition of metacognition.
Another controversial issue in metacognition is the characteristic of it. Some researchers
accept that it includes motivation and affect. On the other hand, some researchers state
that metacognition should be thought in terms of knowledge types and regulation
without affect (Jacops & Paris, 1987).

Although the definition of metacognition is fuzzy, there are some definitions that are
widely used in education. Flavell (1979) defined metacognition as the ability to
planning, monitoring and evaluating one’s own learning. Wilson (1998) defined
metacognition as ‘“Metacognition is the knowledge and awareness one has of their own
thinking processes and strategies and the ability to evaluate and regulate one’s own

thinking processes” (pp.14). Besides, Flavell (1979) stated that metacognition manage
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the cognitive activities and it help one select, monitor and evaluate the cognitive tasks.
Furthermore, it leads one to interpret and make decisions on a certain task. Therefore,
metacognition has a crucial role on problem solving, communication and critical

thinking.

According to Flavell (1979), the components of metacognition are: (1) metacognitive
knowledge, (2) metacognitive experiences, (3) goals (or tasks) and (4) actions or
(strategies). Metacognitive knowledge refers to the beliefs and knowledge that one has
for the cognition and learning. For example, a student’s perception is that s/he is good at
geometry. Another example is that you think that you learn science better when you do
an experiment for the related topic. There are some factors that affect the metacognitive
knowledge. These factors are person, task and strategy (Flavell, 1979). The person
factor concerns the beliefs that one has for the cognition. Besides, the belief about the
individual differences in cognition among people is also related to the person variable.
For example a student’s belief that s/he does not learn something easily while listening
music. Task variable concerns the nature of the task that will be made a cognitive
enterprise on it. For example remembering the structure of a story is easier than
remembering it with the same words. The last variable is strategy that helps us learn and
achieve the goals. For example a child believe that the best way to learn something is to
selecting main points and wrote them with his/her own words. Flavell (1979) pointed out
that metacognitive knowledge includes the interactions among these three variables. For
example, you think that it is better choosing strategy X (differently from your friend and
instead of strategy B) for the English course (instead of mathematics course). In this

example one can see the three variables’ interaction.

Metacognitive experience includes the cognitive or affective experiences that one is
aware of. For example a student suddenly feels that s/he does not understand exactly
what her/his friend told. According to Flavell (1979) metacognitive experience and
metacognitive knowledge are different from each other in terms of the content and

function. Another example for metacognitive experience is that while you are struggling
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with a problem, you suddenly remember that you met a same problem before and
handled with it. Another example for metacognitive experience is that you are writing
your proposal and while reviewing the literature, you suddenly feel that you are far from
your focus topic in your readings that time. Metacognitive experiences help one to revise
the cognition, set new goals and change the old goals or strategies. Therefore, it can be
concluded that metacognitive experiences have an important role on metacognitive
knowledge in terms of revising and controlling it (Flavell, 1979). Flavell’s model can be

summarized like below.

METACOGNITION

N

Metacognitive Knowledge Metacognitive experience

task '_\A

Figure 2.1: Flavell’s model for metacognition

Source: Flavell (1979)

Although Flavell pointed out metacognitive experience as setting goals which refers
to planning, changing the strategies, setting new goals which refer to monitoring, he did
not differentiate regulation of cognition from knowledge of cognition. Later, knowledge
of cognition and regulation of cognition were differentiated. Knowledge of cognition
includes declarative knowledge, procedural knowledge and conditional knowledge
(Brown, 1987; Jacobs & Paris, 1987; Schraw & Moshman, 1995). Declarative
knowledge concerns the knowledge of cognition and learning that one has as a learner.

Declarative knowledge includes facts and definitions and it is the answer to the “what”
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question. For example, “what are learning strategies?” Procedural knowledge is the
knowledge about how to do things. For instance, “How can I integrate inquiry method in
my science lesson?” As understand from the name and the example, it mostly includes
strategies and procedures (Schraw & Moshman, 1995; Hartman, 2001; Schraw, 2001).
There are many strategies for learning. These strategies can be classified as rehearsal,
elaboration and organizational (Weinstein & Mayer, 1986). These strategies will be
explained in the next chapter. In addition to these learning strategies, there are also
strategies for problem solving and with regard to thinking there are also some strategies
like the validation of different situations, making decision according to the evidences,
making inferences from a data and generalizing the decision to the appropriate sample
(Pintrich, 2002). Finally, conditional knowledge refers to the selection of cognitive
actions regarding to the situation. It is the answer to the “why” and “when” questions.
Individuals with high degree of conditional knowledge know when and why to apply a
strategy (Schraw & Moshman, 1995; Hartman, 2000; Schraw, 2001). As an example,
most of the detectives are good at conditional knowledge. Although they know many
strategies to solve an incident, they select the most appropriate one to solve it. It
indicates that they know when and why to apply a strategy (Yildiz & Ergin, 2007).
Furthermore, it shows that conditional knowledge also refers to the use of knowledge
according to the social and cultural situations while selecting a strategy. For example,
teachers’ exam strategies are different in many ways. Some prefers multiple choice tests,
some prefers open ended questions and some prefers mix. If a student studies the exam
and develops strategies according to the teachers’ exam ways, it shows that this student

adapts his/her strategies according to the norms and the cultures (Pintrich, 2002).

Regulation of cognition refers to the control of the learning and cognitive actions.
Regulation of cognition is important since it helps students control the use of resources,
time and strategies (Schraw, 1998). Regulation of cognition consists of planning,
monitoring and evaluation. Planning concerns the allocation of sources, time, setting
goals and the selection of the strategies (as cited in Schraw & Moshman; Pintrich, 2002).
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Monitoring refers to tracking of awareness in learning. This tracking can be self-
checking by asking questions yourself about reading, the material or the strategies.
Monitoring is important regarding checking the understanding (Pintrich, 1999; Pintrich,
2002). Finally, evaluation is revising the learning and setting future objectives. Besides,

it includes re-evaluation of the objectives and the products or conclusions.

2.1.2. Development of metacognitive skills

There are some ways researchers use to promote metacognitive skills. Regulatory
check lists are one of them. It is reported that these check lists even help young students
regulate their knowledge and increase their metacognitive knowledge (Schraw, 1998).
King (1991) used regulatory check lists for problem solving and he found that the
checklists provide students questioning and these students gave more elaborative
knowledge when compared with control group. These students were also more strategic

while solving the problems.

Another tool is metacognitive prompts which evoke the metacognitive skills (Peters,
2007). Students do not force themselves very much to develop their metacognitive skills.
Prompts act like a guidance for students to promote their metacognitive skills (Pintrich,
1999). According to Davis (2003) prompts are metacognitive in their nature and they
help students plan and monitor their learning which enhance their metacognition.
Furthermore, these prompts provide students be aware of their understanding and
learning (Lin & Lehman, 1998).

Lin and Lehman (1999) designed a computer based laboratory course and used
prompts to help pre-service teachers communicate their knowledge, results and discuss
their explanations and reasons. They found that the group which was provided

metacognitive prompts outperformed in problem solving.
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Schwartz, Chase, Chin, Oppezzo, Kwong, Okita, Biswas, Roscoe, Joeng and Wagster
(2009) made a study on interactive metacognition. They used metacognitive prompts via
a teachable agent which was software. This agent asked questions (prompts) related to
the topic and students teach this agent by creating concept maps and explaining the links
among these concepts. Students monitor and evaluate the agent’s learning. According to
Schwartz et al, normally students neither check their learning nor monitor their
progressing. However, when they use this software, students regulate their learning by

monitoring and evaluating the agent’s learning.

Tien, Rickey, and Stacy (1999) investigated the effect of prompts in conceptual
understanding in the chemistry course and they found that the group which was

encouraged by prompts outperformed (as cited in Davis, 2003).

2.1.3. Metacognition in teacher education

Studies on metacognition are on individual learning which is studied most. The other
focus is on teaching which includes learning environment and teacher as a facilitator. It
is known that teacher characteristics are one of the factor influencing student
achievement. Therefore, to increase students’ achievement, research on teacher
education has become critically important. Besides, metacognitive teachers in education
are essential to teach students how to learn (Duffy et al., 2009). However, studies on
metacognition in teacher education are not very much (Duffy et al, 2009; Lin, Schawartz
& Hatano, 2005). Lin et al used “adaptive metacognition” term to refer the adaptation of
teachers to various change in the classrooms. They stated that every classroom has their
own climate and the needs of every student are different from each other. Therefore a
teacher should be metacognitively active to adapt herself/nimself to these different
environment and he/she should be adaptive metacognition to find solution for the
different problems in classrooms in terms of planning, instructional selection, working
with students and classroom management (Lin et al, 2005; Lin, 2001; Duffy et al, 2009;
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Thomas, 2002). Teachers are facilitators who can provide metacognitively learning
environment to students. Thomas 2002 defines metacognitively oriented environment in
terms of students and teachers metacognitively participated in learning. He stated that
“In metacognitively-oriented learning environments, students are asked by their teachers
to be aware of and understand the reasons for the classroom activities. Teachers have
expectations that, in addition to students thinking about the material to be learned, they
will also think about (1) how they learn the material, (2) their difficulties in learning
such subject material, and (3) how they could improve their learning of that material and

so become better learners.”

2.1.4. Metacognition in the inquiry based laboratory

Hofstein and Luneta (2004) described inquiry as “inquiry refers to more authentic
ways in which learners can investigate the natural world, propose ideas, and explain and
justify assertions based upon evidence and, in the process, sense the spirit of science."”
An inquiry based laboratory enables students to plan their experience, make
observations, collect data, make inferences, interpret the results and communicate the
results. Throughout the process they also think on assumptions they made and they need
to think critically to find out the possible explanations. Besides, they have opportunity to
discuss their results, the alternative explanations and assumptions. As a result, inquiry
based laboratory environment is appropriate to provide learners metacognitively
supported learning environment (Kipnis & Hofstein, 2007).

2.2. Learning Strategies

Weinstein, Husman and Dierking (2000) defined learning strategies as “any thoughts,
behaviors, beliefs or emotions that facilitate the acquisition, understanding, or later

transfer of new knowledge and skills” (p.727). Weinstein and Mayer (1986) suggested
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eight categories for learning strategies. These strategies included rehearsal, elaboration,
organizational, monitoring and affective strategies. Learning strategies are critically
important for learners to be able to deal with new knowledge. These strategies help
learners to organize knowledge and to encode knowledge to memory. Weinstein and
Mayer defined each categories. According to them, rehearsal strategies are used for
memorization. Repeating, remembering the order of something or copying a part of task
is examples for this category. Rehearsal strategies may be insufficient for complex tasks.
Elaboration strategies are more complex than rehearsal strategies that include mental
image or constructing relationship among concepts. Organizational strategies refer to the
organization of concepts regarding to a logical base. Construction of a taxonomy is an
example for this strategy. According to the study of Moely, Olson, Hawles and Flavell
(1969) students who were 10 or 11 years old could be able to use this strategy. However
students under 10 years old could not use this strategy. Weinstein and Mayer (1986)
used metacognition term while defining monitoring strategy. They stated that this
strategy includes the learner’s control ability for learning. Affective strategies mention

to motivation, control of anxiety and time management.
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CHAPTER 3

METHOD

3.1. Introduction

The main focus of this thesis was to investigate the change of PSTs’
metacognitive knowledge and metacognitive skills via metacognitive prompts in the
inquiry based laboratory course. The laboratory course was selected for this study since
well designed laboratory courses give students opportunity to enhance their
metacognition and enable students to control of their own learning and to monitor their
study (Kipnis & Hofstein, 2007).

The laboratory course is a must course for elementary science education program
and named as “Laboratory Applications in Science Education”. The covered topics in
the laboratory activities included biology, chemistry, and physics. Each week at least
one laboratory activity is completed. Students are usually complete 10 laboratory
activities during the course. To make the learning environment of this course appropriate
for the metacognitive development, metacognitive prompts were added to the existing

laboratory manuals.
3.2. Participants

The participants were PSTs enrolled in the Laboratory Applications in Science
Education course. The course was offered as a must course in Elementary Science
Education programme. All participants major were elementary science education except
one PST. This participant’s major was elementary mathematics education. There were

22 female and 6 male PSTs. The PSTs worked with their groups during laboratory work.
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All PSTs have the same academic background that all participants have already
taken biology, physics and chemistry lessons which were essential lessons to perform
this laboratory course. It was assumed that all participants’ previous knowledge was

sufficient to perform the activities in the laboratory course.
3.3 Research Design

A mixed method was selected which includes both qualitative research design
and quantitative research design (Yin, 2009). Qualitative research design was selected in
order to explore the change in PSTs’ metacognitive knowledge and skills throughout the
laboratory course. For this purpose their pre-interview and post interview responses
were compared, their laboratory manuals were examined and the researcher’s field notes
were used to understand the effect of metacognitive prompts on developing. In addition,
Baker and Cerro (2000), and Garner (1987) stated that nature of metacognition required
qualitative research method since participants may not understand the items in the
questionnaires and participants may have tendency to forget the metacognitive processes
they have (as cited in Yuruk 2005). Therefore, qualitative method was intended to
understand the effect of metacognitive prompts in the change of PSTs’ metacognition. In
addition, every PST was considered as an analysis of unit and PSTs’ metacognitive

knowledge, skills and learning strategies were compared qualitatively.
3.3.1. Case study

Case study is appropriate for the studies which are looking for an in-depth
understanding in the real life conditions in order to reflect the participants’ perspective
within defined boundaries for a phenomenon (Gall, Gall, & Borg, 2007). According to
Merriam (1998), case study provides researcher make an in depth study within the
natural conditions. This study is looking for in-depth description and change in PSTs’
metacognition as a result of participating in the laboratory course with metacognitively

embedded manuals.
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One of the important points in the case studies is determining the boundaries for
the study. According to Yin (2009) “a study’s questions, its propositions, unit(s) of
analysis, the logic linking the data to the propositions and the criteria for interpreting
the findings” are important to define the boundaries. Firstly, the study’s boundaries were
identified according to these titles. The study’s research questions were identified in the
introduction chapter which were “how” questions. The second boundary is propositions.
Propositions point out the attention that the reader should focus on. In this study, the aim
is to take the readers’ attention to the metacognitive skills, metacognitive knowledge and
the learning strategies PSTs have and the change in their metacognitive knowledge and
skills throughout the laboratory course. The third is unit of analysis which refers to what
the case is. The unit of analysis is each PST in the researcher’s groups. These PSTs were
regarded as primary unit of analysis since the data were collected from each PST and

then the results were compared among them.

A phenomenon has many aspects and the researcher focuses on the specific
aspects related to the research questions (Gall, Gall, & Borg, 2007). In this study the
phenomenon of the study was metacognition and specifically, the change of
metacognitive knowledge and skills throughout the laboratory courses embedded with

metacognitive prompts was investigated
Researchers choose case study specifically for one of the purposes below:

e To produce detailed descriptions of a phenomenon
e To develop possible explanations of it

e To evaluate the phenomenon (Gall, Gall & Borg, 2007).

The first purpose is named as “descriptive”. The researchers aim to describe and
conceptualize a phenomenon. The second purpose is named as explanatory. This type of
case study aims to make an explanation and these explanations referred to patterns and

these patterns classified under two titles. One is relational pattern and the other is causal
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pattern. If a variable has a causal effect on the other variable, it is named as causal
pattern. If this variable has not this causal effect, it is named as relational pattern. The
last purpose is named as evaluation and it includes the researcher’s judgments and the
researcher made detailed description to both strengthen the evaluation and suggest

something for the phenomenon being studied (Gall, Gall & Borg, 2007).

This thesis study was considered as descriptive and explanative. It was
descriptive since the study described the learning strategies, metacognitive knowledge
and metacognitive skills that PSTs had before and after taking the laboratory course.
Meanwhile, it is explanative since it was thought that metacognitive prompts might have
a causal relationship on developing metacognitive knowledge and skills in that
metacognitive prompts might have potential to help PSTs develop their metacognitive

knowledge and skills.

Yin (2009) identified four types of design which is used in case studies. He
classified these designs under single case designs and multiple case designs. Single case
design includes two types of design which are holistic (single unit of analysis) and
embedded (multiple unit of analysis) case designs. The model of embedded multiple

case design is showed in the Figure 3.1.

CONTEXT

Embedded Unit of
Analvsis 1

Embedded Unit of

Analvsic 2

Figure 3.1: Single-case embedded (multiple units of analysis) design (Yin, 2009)
Source: Yin (2009)
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Single case design refers to the only one case in a context, whereas multiple case
designs refers to more than one case in a context. Besides, single case design includes
only one context while multiple case design includes more than one context. The
difference between single case and embedded multiple case design is that embedded

multiple case design refers to more than one embedded unit of analysis.

In this study, single case embedded design was selected. The context was the
laboratory application course with metacognitive prompts. The case was PSTs’
metacognitive knowledge and skills. Lastly, the embedded unit of analysis was 7 PSTs
whose assistants were the researcher. The figure of the research design was showed in
the Figure 3.2.

The laboratory application course with metacognitive prompts

Pre-service Science Teachers’ metacognitive knowledge and
skills

Pres-service

Science Teacher-
Selin

Pres-service
Science Teacher-

Deniz

Pres-service
Science Teacher-
Fla

Pres-service
Science Teacher-
Didem

Pres-service
Science Teacher-
Ada

Pres-service
Science Teacher-
Gamze

Pres-service
Science Teacher-
Buse

Figure 3.2: The research design of the study (seven units of analysis)
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3.3.2 Context of the study

The context for the study was the Laboratory Applications in Science Education
course. The course is a must course for the 3" graders in elementary science education
undergraduate programme. The main objective in this course is to develop PSTs’
science process skills and understanding of nature of science and scientific inquiry by
active engagement in laboratory activities. For the purpose of this study in addition to
this objective, metacognitive prompts were added to the existing laboratory manual in
order to develop PSTs metacognitive knowledge and skills. At the beginning of the
course the PSTs were aware of the main objective but they were not told about the
inclusion of metacognitive prompts into the manuals. At the end of the all lessons, firstly
it was expected that the PSTs gain science process skills that they were able to integrate
them into the elementary science laboratory courses. Secondly, they were aware of the
importance of nature of science knowledge in science education and it was expected
from them to integrate nature of science into their science teaching. Lastly, at the end of
the lesson it was expected that the metacognitive prompts contribute an improvement to

the PSTs’ metacognitive knowledge and skills

The number of PSTs enrolled in this course was 28 and they were divided into
two sections randomly. Each section included 14 PSTs. One section’s of the course was
on Mondays, the other one was on Fridays. There were four groups in each section and
each group composed of three or four group members. Besides, each group had their
own assistant who guided them while they were conducting their experiments
throughout the course. The PSTs and the assistants were assigned to the groups
randomly. The researcher had one group in each section. There were four members in
her Monday group and three members in her Friday group. The role of group assistants
was providing them the materials they require, helping them use time efficiently and
guiding them by asking questions when they had problems. The assistants guided the
PSTs according to the inquiry method. The course was performed according to the
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laboratory manual. There were individual and group parts in the manual. The individual
parts included the prompts for metacognitive knowledge and skills. The group parts also
have metacognitive prompts that aimed to discuss the ideas, compare the models and
ideas they have in the group and reach a decision for the activity.

Ten laboratory activities were conducted throughout the course. The first four
laboratory activities did not contain metacognitive prompts. The manuals with
metacognitive prompts began with the fifth laboratory manual. Totally six laboratory
activities with metacognitive prompts were completed. The completion of each
laboratory activity was taken approximately three hours. The typical process of
laboratory courses is the introduction section taking approximately 15 minutes, the
completion of the manual and experimentation taking approximately 140 minutes and

finally the discussion part being completed in 25 minutes.

At the introduction of the each course, the researcher gave knowledge to the
class about the topic, activity and the nature of science aspect for that day course. Then,
each group worked with their assistants’ and the manual’s guide. At the end of the
activity, a discussion was made in the class. The whole groups participated in the
discussion. These discussions included the ideas for the activity, science process skills
and nature of science aspect. Besides, the design of experiments and the models were
compared to discuss on the differences and limitations of these designs. In the meantime,

the groups’ questions were answered as well.
3.3.3 The Laboratory Manuals

In order to develop the existing laboratory manuals, an expert committee was formed.
One expert in this committee guided the researcher and the other two experts examined
the manuals in terms of facial validity. In the light of the come tee’s suggestion, the

prompts were embedded to the manual.
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PSTs in the course were not informed about the metacognitive object. The prompts

were applied implicitly.
The objectives of metacognitive prompts in the manual were;

e Activating PSTs’ prior knowledge to evoke their metacognitive knowledge and
skills.

e Help PSTs focus on planning, monitoring and evaluating their thinking,
knowledge and performance.

e Being aware of the other group members’ ideas and approach to the tasks (there
questions for individual and group answers).

e Getting multiple perspectives to the tasks by asking their individual ideas.

e To make PSTs rate their confidence relating to processes and products.

e To make PSTs explain the reasoning of their thinking.

e To make PSTs suggest and evaluate alternative interpretations, approaches or
solutions

e To make PSTs transfer their daily life experience into the tasks
All the laboratory manuals were attached at Appendix A.
3.3.3.1. Laboratory 5: Black Box

Black box task had been adapted from Lederman and Abd-El-Khalick’s (2002) study.
This activity was elected since it provides students to develop their models based on
their prior knowledge and it is an appropriate activity for an inquiry based laboratory

activity.
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Table 3.1 Metacognitive prompts used in the manual 5

Laboratory Manual 5: Black Box

Prompts for
metacognitive
knowledge

Prompts for
metacognitive
skills

What can you infer based on your observations about the system
inside the black box? Please write all plausible inferences you can
make.

Explain the reasoning underlying your inference

Explain the basis of your confidence rating

What experiences gave you ideas to help you make sense of your
model?

Where else in your life have you seen models like the one you
designed?

Which observations and inferences make your own model strong
when you compare it with your group’s models?

Which observations and inferences make your own model weak
when you compare it with your group’s model?

How did you decide which model to design as a group

How did each member of your group contribute to the learning
during this lab?

Did any member of your group give you ideas that you did not
think of?

What do you conclude about the value of observation and inference
in the scientific method?

Although you could not observe what is in the black box, you made
inferences and constituted your hypothesis and created your model.
Do you think that scientists make some inferences without
observations and make explanations that are inferential in nature?
Give some examples and support your answer.

Rate your confidence in your inferences on a 5 point scale from Not
At All Confident to Very Confident.

Based on your observations and inferences suggest your own
model that you think explain step by step how the phenomenon (or
demo) works

How certain are you about the accuracy of the model that your
group has drawn based on your group’s inferences?

Draw a diagram, model or a concept map (it depends on your
creativity) which shows what you have done and learned
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There was a black box that the system in it was not seen. Then some water was put in
the box and more water was taken from the box. It was asked to suggest a model which

explains the system in the model. The PSTs firstly suggested their

Individual model and these individual models were not tested. Later, they discussed
their individual models and suggest their group model and tested it. The prompts used in

this manual were showed in Table 3.1.
3.3.3.2. Laboratory 6: Candle

The task had been adapted by Ozdem (2009) from the Pre-service Teacher Guide
prepared by The Council of Higher Education in Turkey (2007). The purpose of this task
was to support density concept via inquiry based activities. PSTs tried to reach evidence

based conclusions and to test them.

In this task, three different liquids which were not known by the PSTs were
given and it was asked them to observe the candles in these liquids. The aim of the task
was to the reasons for floating and sinking of candles. Then the density of candle was
asked to calculate. Metacognitive prompts that the researcher added in this manual were

given in Table 3.2.

Table 3.2 Metacognitive prompts used in the manual 6

Laboratory Manual 6: Candle

Prompts for e What are your inferences related to your observations?
metacognitive e Explain the basis of your confidence rating

knowledge e what you did to solve this unexpected situation

Prompts for e In this step you are expected to design a method to test your
metacognitive inference according to the choice you made in the previous step.
skills o Rate your confidence in your inferences on a 5 point scale from

“Not At All Confident to Very Confident”.
¢ Rate the quality of your method on a5 point scale from poor to
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Table 3.2 continued

o excellent
¢ Did your method work as you had expected? If there were
something unexpected
Prompts for e Design a method to calculate and/or measure the density of the
metacognitive candle you have selected.
skills e Rate the quality of your method on a 5 point scale from poor to
excellent
e Draw a diagram, model or a concept map (it depends on your
creativity) which shows what you have done and learned
throughout the lesson

3.3.3.3 Laboratory 7: Theory & Law

This task was developed by Ozdem (2009). In this task, the PSTs were given
Particle Theory of Matter and the Law of Conservation of Mass to study on. It was asked
them to give evidences for the particle theory of matter. Firstly they give their evidences
individually and suggest a design to test one of their evidences. Secondly, they discussed
their evidences in their groups and select evidence and design an experiment and then
test it as a group. Then, the activity for the law of conservation was performed. In this
activity, it was asked them to design an experiment in a closed system which acts
according to the law of conservation of mass Metacognitive prompts that the researcher

added in this manual were given in Table 3.3.

Table 3.3 Metacognitive prompts used in the manual 7

Laboratory Manual 7: Theory & Law

Prompts for e Explain your own thoughts on the role of theory in science with your
metacognitive own words.
knowledge e Do you think that we really need theories?

e Explain your thoughts on the role of law in science with your own word

28



Table 3.3 (continued)

Prompts for
metacognitive
skills

Do you think that we really need laws?

What do you think about the validity and reliability of theories and
laws?

Explain the basis of your rating.

Is there a difference in your rating between theory and law? If any,
why?

Write at least three evidences, which supports the claim that “Matter is
made up of particles”?

What experiences gave you ideas to help you make sense of your
experiment design?

Ask your group friends what they think on the evidence for particle
theory. Is there a differently answers from yours? If any, do you accept
as an evidence or not, why?

Write your observations/ data to the space provided below

Write your inferences related to your observations to the space
provided below.

Is there a difference in rating? What are your group experiment’s strong
and weak sides when you compare it with your own model?

Rate your trust in theories on 5 point scale.

Rate your trust in laws on 5 point scale.

Design your own experiment to serve as an evidence to your claim
Decide on a claim as a group to serve as an evidence for the particle

theory. Then design an experiment to to test the claim.

Rate your confidence in your individual method to test the claim

Rate your confidence in your group method to test the claim

Design an experiment to collect data to serve as an evidence to the law
of conservation of mass

Draw a model that comes to your mind when law and theory is talked
Draw a diagram, model or a concept map (it depends on your
creativity) which shows what you have done and learned throughout
the lesson
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3.3.3.4. Laboratory 8: Theory-Laden

This task had been adapted by Ozdem (2009) from the book Teaching about

Evolution and the Nature of Science (National Academy of Sciences, 1998).

This task provides PSTs observe differences and similarities in the characteristics
of human and apes DNA. Gorilla and chimpanzee were chosen as ape. The small section
of gene for human hemoglobin protein sequence for human, gorilla and chimpanzee
were given in the manual and it was asked them to hypothesize which state the relation
among these organisms. They showed this relation by drawing morphological tree. Then
they select either Darwin’s theory or Lamark’s theory to support their conclusion. A
researcher who studies on evolution was invited to the class to lead the discussion part
and at the end of the lesson the researcher explains why Darwin’s theory is used instead
of Lamark’s theory. Metacognitive prompts that the researcher added in this manual

were given in Table 3.4.

Table 3.4 Metacognitive prompts used in the manual 8

Laboratory 8: Theory- Laden

Prompts for e Why cannot we call evolution as law?

metacognitive e How do scientists see evolutionary theory as scientific enterprise

knowledge even though they do not see that is happening today or happened in
the past?

e Scientists give some different reasoning for the diversity of life
such as mutation, migration, natural selection, etc. What could be
the reason(s) for these different reasoning? Can you respond to this
question in the light of NOS understanding, please provide
examples to support your ideas?

Prompts for e Draw a model or a concept map which shows your understanding of
metacognitive evolution.
skills e Draw a diagram, model or a concept map (it depends on your

creativity) which shows what you have done and learned
throughout the lesson.
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3.3.3.5. Laboratory 9: Young Experiment

This task had been developed by Ozdem (2009). In this task, PSTs performed
some experiments to observe the structure of light. PSTs constructed models, develop
these models and make explanations via evidences that they get from experiments. They
performed two experiments and one evidence was given. In each experiment and
evidence they developed their models. In the first experiment they construct a model
which shows light travel in straight line. Then, an evidence for photoelectric effect was
given for the particle structure feature of light. Finally, they performed an experiment for

the wave structure of light.

Metacognitive prompts that the researcher added in this manual were given in
Table 3.5.

Table 3.5 Metacognitive prompts used in the manual 9

Laboratory 9: Young Experiment

Prompts for e What can you infer based on your observations about the light?
metacognitive e Explain the reason(s) of your confidence rating.
knowledge e Does this evidence support the light model you draw in the first

part of the experiment? Explain why it supports or why it does not
support your model.

e What can you infer about the light based on your observations in
three experiments?

o If your model has been changed, explain why they change? Can
you respond to this question in the light of NOS understanding?

Prompts for ¢ Rate your confidence in your inferences on a 5 point scale from
metacognitive “Not At All Confident” to “Very Confident”.
skills e Based on your observation(s) and inferences suggest a model to

explain the structure of light.

e Draw a group model which explains the structure of light.

e Rate your group model on a 5 point scale from Not At All
Confident to Very Confident.

e If the evidence does not support your model, modify your group
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Table 3.5 (continued)

model to include this piece of evidence given above.

If every group member agrees on this evidence does not support
your group model, suggest a group model which includes this piece
of evidence.

Draw a diagram, model or a concept map (it depends on your
creativity) which shows the process have done and learned
throughout the lesson

3.3.3.6. Laboratory 10: Creativity in Science

This laboratory is related to understanding the creativity in science via

observations and inferences. An instrument which was unknown by PSTs were given. It

was asked them to drive theories about the function of this instrument and perform an

experiment to show the functionality.

Metacognitive prompts used in this manual were showed in Table 3.6.

Table 3.6 Metacognitive prompts used in the manual 10

Laboratory 10: Creativity in Science

Prompts for o

metacognitive

knowledge o
[ ]
[ ]
[ ]
[ ]

Prompts for o

metacognitive

skills .

What can you infer based on your observations about the function
of the instrument?

Explain the reason(s) of your confidence rating.

As a group, what can you infer based on your observations about
the function of the instrument?

When do scientists need to use creativity?

How is creativity important in science? Can you give an example?
How do you need creativity in your daily life?

Rate your confidence in your inferences on a 5 point scale from
“Not At All Confident” to “Very Confident”.

Rate your confidence in your group inferences on a 5 point scale
from “Not At All Confident” to “Very Confident”.
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Table 3.6 (continued)

e Based on your observation and inferences suggest an experiment to
show the functionality of the instrument you have.

e Draw a diagram, model or a concept map (it depends on your
creativity) which shows the process you have done and learned
throughout the lesson

3.4. Data Collection
3.4.1. Data Collection Procedure

Quantitative data were taken from 28 PSTs. Qualitative data were taken from 7 PSTs

who are in the researcher’s groups.

The PSTs were randomly divided into two sections. First section’s lesson was on
Monday, the second’s was on Friday. Each section includes four groups and each group
consisted of three or four group members. Besides, each group has its own assistant. As
a researcher | had one group in each section and the qualitative data were taken from
these two groups since as a researcher | had opportunity to observe and take notes for
these groups. Totally there were 7 PSTs that | have collected qualitative results from.
These 7 PSTs major were science education and their academic backgrounds were

similar.

All the participants attended the course voluntarily and their permission was
taken for the audio and video records. To make students familiar with the audio and
video records, data collection was started from the 4™ laboratory manual which did not

contain any metacognitive prompts.
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3.4.2. Quantitative Data Collection

Self Awareness scale developed by O’Neil and Abedi (1996) was used as a
metacognitive inventory. Metacognition was measured via four subscales which were
planning, monitoring, cognitive strategy, and awareness. Planning subscale measures
that one must have a goal and a plan to achieve the goal. Self-monitoring subscale
measures that one needs a self-checking mechanism to monitor achievement. Cognitive
strategy subscale measures that one must have a cognitive or affective strategy to
monitor either domain independent or domain dependent intellectual activity. Awareness
subscale measures that the process is conscious to the individual.” There were five items
in each subscale. Totally there were twenty questions in the scale. Alpha reliability was
reported as .91 (N=99) for the undergraduate students. The alpha reliability values for
awareness was .79, for cognitive strategy was .81, for planning was .83; and finally for

self-checking was .75.

To investigate whether a metacognitively learning environment was provided,
Metacognitive orientation scale (MOLES-S) developed by Thomas (2002) was used.
The scale has seven subscales. The alpha reliability for metacognitive demands subscale
was.72, for Student-student discourse was .84, for Student-teacher discourse was .84, for
Student voice was .80 for Distributed control was .87 for Teacher encouragement and

support: was .86 and finally for emotional support was .86.

Thomas (2002) defined these subscales as: “Metacognitive demands: Students
are asked to be aware of how they learn and how they can improve their science
learning. Student-student discourse: Students discuss their science learning processes
with each other. Student- teacher discourse: Students discuss their science learning
processes with their teacher. Student voice: Students feel it is legitimate to question the
teacher’s pedagogical plans and methods. Distributed control: Students collaborate with

the teacher to plan their learning as they develop as autonomous learners. Teacher
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encouragement and support: Students are encouraged by teacher to improve their
science learning processes. Emotional support: Students are cared for emotionally in

relation to their science learning.”

Both questionnaires were conducted in English. The education language is
English in this university. Therefore, PSTs could undertstand and response each items.

3.4.3. Qualitative Data Collection
3.4.3.1. Laboratory manuals

All participants in the course completed the same manuals. However, the
researcher’s groups’ manuals were analyzed for this study. In meantime, laboratory
manuals were used as a metacognitive tool since they include the metacognitive

prompts.
3.4.3.2. Interviews

The PSTs in the researcher’s group were interviewed before and after completing
all manuals with metacognitive prompts. Two of the interview questions (“How
confident do you feel about learning science?”” and “Do you need to think scientifically
in everyday life”’) were taken from Peters (2007)’s dissertation. The rest of the interview
questions were developed by the researcher. There were both common and different
questions in pre and post interviews. There were some different questions in the post
interview since the questions about the PSTs’ thoughts about the manuals were asked.
Due to the restricted time, the pilot study for the interview questions had not been made.
The questions were examined by the researcher’s advisor and co-advisor to understand
how well questions covered the research’s aim. According to her advisor’s and co-
advisor’s comment some change were made. The interview protocol was attached in

Appendix B and Appendix C.
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3.4.3.3. Field notes

According to Yin (2009) taking notes is a useful tool to observe the participants and
these field notes may be used in triangulation of the results. In this study, field notes
were not used in triangulation because the researcher took the notes when extraordinary
things were observed. For example, a PST specially thanked me to support their learning
by asking questions instead of telling the answer directly. Another example is that while
the PSTs handling with the questions in the manual, one of them said her friends with
laughing as a joke that “I think I do not have metacognition to answer the questions”. I

noted these extraordinary situations.

3.5. Data Analysis
3.5.1. Quantitative Data

Paired samples t-test was performed to understand whether there were significant
differences in pre and post tests for subscale of self awareness scale and metacognitive
orientation scale (MOLES-S).

3.5.2. Qualitative Data

Before analyzing the data all interviews were transcribed into word document by

the researcher and each transcription were controlled to check for missing words.

To analyze the qualitative data, two models for metacognition were selected. The
first model is based on Shraw (1998)’s model of metacognition. Second model is
Flavell, Miller, and Miller (2002)’s metacognition model (Kipnis & Hofstein, 2007).
These two models were presented in the introduction chapter. According to these two
models, pre and post interviews were analyzed in order to categorizing each PSTs’

metacognitive knowledge and skills. Then the results of pre and post interviews were
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compared to understand whether there was a change in their metacognitive knowledge
and skills. Kipnis and Hofstein (2007) also used these two models to analyze the
students’ metacognitive skills. While analyzing the results, the study of Kipnis and
Hofstein (2007) guided me. Kipnis and Hofstein (2007) analyzed their data regarding to
the model of Shraw (1998) and Flavell, Miller, and Miller (2002). Besides, in terms of
metacognitive strategies, the codes emerged from the study of Kipnis and Hofstein
(2007) were used.

To analyze the PSTs’ learning strategies, Weinstein and Mayer (1983)’s
categories for learning strategies were used. These strategies were also presented in the
introduction chapter. First of all, the codes for learning strategies were revealed from
pre-interview and then the codes were categorized according to the learning categories
of Weinstein and Mayer (1983). Then, the PSTs metacognitive knowledge and strategies

were compared regarding to their learning strategies.

Case study research provides researcher intensive and holistic description about
the case (Creswell, 2007; Merriam, 2009). Yin (2009) identified four strategies and five
techniques to analyze the case study. These four strategies are; relying on theoretical
propositions, developing a case description, using both qualitative and quantitative data
and examining rival explanations. One can use any of these strategies or can use a
combination of them. Yin (2009) explained the use of each strategy. According to him,
relying on theoretical propositions strategy is mostly used strategy. The theory which
shapes the study helps the researcher lead the case study. The propositions in the theory
shape the data and lead researcher to focus on certain part of data and ignore the rest of
data. In this way, the researcher can reduce data to analyze. While analyzing our data,
Schraw (1998)’s model, Flavell et.al.’s model for metacognition and Weinstein and
Mayer (1983) categories for learning strategies help me focus on the relevant data to
analyze. Developing a case description strategy is less preferable when compared with
the first strategy. This strategy enables the researcher to organize the data by developing
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a descriptive framework. In our study, in light of the frameworks, a descriptive analysis
with frequencies was provided in a table for each case. Lastly, both qualitative and
quantitative data analysis strategies were also used in this current study. Using
quantitative data also provided evidences for triangulation.

According to Miles and Huberman (1994), to analyze the qualitative data, first
step is the reduction of data rationally. Developing summary sheet, emerging codes and
categories and writing memos are example for reducing the data. In our study, the
researcher formed summary sheet for each PSTs to both reduce the data and focus the
relevant data in order to answer the research questions. These summary sheets were
presented in the table format. In these tables, there were four columns at the bottom. One
was for questions, the second was for the PST’s answer in pre-interview, and the third
one was for the PST’s answer in post interview and the last column was for the

researcher’s notes. Table 3.7 showed an example for the summary sheet.

Table 3.7: Summary sheet example

Questions PST’s answer in Pre-  PST’s answer in Post- Notes

Interview Interview

In order to show the PSTs’ metacognitive knowledge, metacognitive skills and learning

types, the sentences which referring them, were showed as a table.
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3.6. Trustworthiness

Creswell and Miller (2000) listed eight strategies which were selected from 29
strategies suggested by Whittemore, Chase and Mandle (2001). According to Creswell
(2007) among these strategies, at least two strategies should be selected to satisfy the
validation of the findings. Prolonged engagement is listed as a one of the strategies to
satisfy the validity issue. It provides the researcher to be familiar with the participants
and the participants can accustom to the researcher. Thus, it becomes easier to collect
data for researcher. In this study, the first 4 laboratory manuals did not include any
prompts. During this time, the researcher and the participants had a chance to know and
understand each other. The next 6 laboratory manuals included the prompts to enhance
the PSTs’ metacognitive knowledge and skills. Meanwhile, the researcher observed the

participants during these ten weeks.

Triangulation is another strategy in this list. According to Denzin (1978), there were four
types of triangulation: (1) data triangulation (2) investigator triangulation (3) theory
triangulation and (4) methodological triangulation. Investigator triangulation refers to
corroborating the results from different investigators. Methodological triangulation
means that the results from different methods verify each other (as cited in Patton,
2002). In this study, both methodological and investigator triangulation were used. In
terms of methodological triangulation, qualitative and quantitative methods were used to
compare the results. The researcher transcribed pre and post interviews and analyzed the
results. Then, investigator triangulation used to confirm the classification of codes and
categories in the study. Investigator triangulation method is also known as peer review
(Lilcoln & Guba, 1985). In this study, a peer who is making research on metacognition
and a well known researcher was asked to code the data. Then the results were compared
and the inconsistent results were discussed. Later, the agreement was provided.
Moreover, the results were reviewed by the researcher’s advisor and co-advisor.

Consequently, this study satisfied the validity issue.
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3.7. Researcher’s Role

Merriam (2009) identified researcher’s role as a primary instrument for data, data
collection and interpretations. My role in this study was collecting data, analyzing and
interpreting them and facilitating groups’ activities. I observed my groups’ members
while they were conducting their experiments. There were some concerns | had before
conducting the research. One of them was that I might not take sincere answers. The
other was that due to the restricted time PSTs might not reflect all of the thoughts they
had during the activities. To overcome these concerns, | followed some strategies.
Firstly, | began to collect data in the 6th week of the course. This provided time for me
to establish friendly relationships with my participants. At the beginning of the semester
some of them hesitated to tell what they were thinking and feeling for the lesson.
However, they considered me as a friend in time and they began to write sincere answers
in the manuals and to discuss the concepts during the lessons. | also told them that
during the course | was going to collect data for my thesis. One day one of my
participants told me that “I felt comfortable during the course and did not hesitate to tell
and write my thought because I knew that you care my thoughts and me.” This close

relationship also enabled PSTs to speak sincerely during the interviews.

In terms of researcher’s bias, as a researcher, | searched the articles, thesis and
dissertations and have a view about metacognition from these literature searches. As a
researcher before conducting this study, | had believed that metacognitive prompts are
useful tool to enhance students’ metacognition. Therefore, besides the metacognitive
prompts, my attitude towards PSTs may encourage them to make more effort on the

manuals.
3.8. Ethical Issues

The permissions for the questionnaires were taken from the authors and these
scales were added Appendix D.
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To protect participants from harm and to ensure their privacy, ethical issue is
important in qualitative studies (Miles & Huberman, 1994). Permission from Ethical
Committee at Middle East Technical University (METU) was taken and all PSTs in the
course were asked for their voluntarily participation in the study. All PSTs were willing
to participate in the study. Besides, they were informed that their names were not
revealed instead pseudonyms were used in the analysis. The prompts in the manual and
the questions in the interviews were not any harmful effect on the subjects. The PSTs in
the researcher’s group were informed that this study was a master thesis study and their
voluntary is important for the manuals and interviews. They all were willingly

participating into the study.
3.9. Assumptions of the Study
The assumptions which were thought were listed below.

e All ethical issues were satisfied. To ensure this, permission from the ethical
committee was taken.

e The PSTs answered the questions in the interviews sincerely. To make them feel
comfortable while answering the questions, pre-interview data were collected
2nd week of the course. In this time they were informed that their privacy is
protected and | tried to sustain a trustful environment in the class.

e The audio recorder did not affect participants’ answers in the interviews. To
make participants accustom to the recorder, it was put in the table in the courses.
In time, they said they got used to the recorder and they did not aware of the
existence of it.

e Prompts in the manual contributed PSTs’ metacognitive development positively.
To ensure this, professional help was taken. A professor in the metacognition
controlled the manual and gave advises to develop the manual in a metacognitive

way.
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3.10. Limitations of the Study
The limitations of this study were listed below.

e Participants’ number taking the course was 28 which is not a sufficient number
for the quantitative data analysis. The number of participants is not sufficient to
satisfy the external validity Issue. The results from this case study may be
generalized to the subjects who have the same features with these participants.
Researchers using case study research give all the circumstances, features of the
participants, materials and the reader may generalize the results to the parallel
situations or subjects (Yin, 2009; Merriam, 2009).

e To reduce the researcher’s biases, the interpretations should have been checked
with the participants. To reduce this limitation, the interpretations were
controlled by the peer review, the researcher’s advisor and co-advisor.

e The instruments were conducted in English. They were not translated in Turkish.
The education language is in English in this university. Therefore, PSTs did not
have difficulty in understanding the items. However, further research can be

conducted to consider this issue.
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CHAPTER 4

RESULTS

The results in this chapter are represented in two sections. First section presents the

quantitative results and the second section presents the qualitative results.

4.1. Quantitative Results

4. 1.1. Research Question 1: What are the PSTs’ perceptions about metacognition and

metacognitively learning environment?

As it was stated in method chapter, PSTs’ metacognition was assessed by using self-

awareness scale and the learning environment was assessed by using MOLES-S scale.

Descriptive results for PSTs pre and post tests for their metacognition and

metacognitively learning environment results were given below. Paired samples t test

was used to compare pre and post test results of self awareness and MOLES-S subscales

for each scale.

Table 4.1: Descriptive Statistics for self awareness subscales

M SD Min Max  Skewness Kurtosis

Pre-awareness 2.95 46 1.80 3.80 -.337 .166

Post-awareness 3.20 .34 2.60 4.00 .328 -.042
Pre- cognitive strategy 3.01 40 2.20 3.80 -.150 -511
Post-cognitive strategy 3.21 .34 2.60 3.80 .346 -1.01
Pre-planning 3.16 37 2.40 3.80 -.145 -.833
Post-planning 3.33 .33 2.60 3.80 -211 -.821
Pre-self checking 3.06 .38 2.20 3.80 -314 .018

Post-self checking 3.17 37 2.60 4.00 415 -.349
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The result of descriptive analysis revealed that the lowest score in the pre test was
awareness subscale of self- awareness. It means that the PSTs were not aware of their
own thinking, their techniques and strategies. Even though the lowest score was
awareness subscale, the maximum increase was measured in this subscale. It may be
concluded that the metacognitive prompts may cause increase in the participants’ self
awareness. However, the highest score in pre test and post test was planning which
suggested PSTs had a goal to achieve something and they had ability to plan their time
and resource in order to be successful.

In general, an increase in the scores of subscale of self awareness scale was observed
after the course. It may be suggested that metacognitive prompts in the laboratory course
may contribute to this increase.

Table 4.2: Descriptive Statistics for Metacognitive orientation scale

M SD Min Max Skewness Kurtosis
Pre-Metacognitive Demands 3.62 g1 2.40 5.00 .363 -51
Post-Metacognitive Demands ~ 4.24 .56 2.40 5.00 -1.37 2.80
Pre-Student-student discourse ~ 3.45 .95 1.80 5.00 .003 -1.04
Post-Student-student discourse  3.92 .89 1.40 5.00 -1.07 1.03
Pre-Student-teacher discourse ~ 3.40 .98 1.00 5.00 -.40 45
Post-Student-teacher discourse  3.04 40 2.20 3.60 -.28 -.70
Pre-Student voice 3.94 .70 2.20 5.00 -.76 A5
Post-Student voice 4.37 .76 1.40 5.00 -2.25 7.48
Pre-Distributed control 2.78 .82 1.20 4.20 -11 -.56
Post-Distributed control 3.08 81 1.40 4.20 -.33 -1.13
Pre-Teacher encouragement 3.91 .78 2.00 5.00 -.60 133
and support
Post-Teacher encouragement  4.28 81 1.25 5.00 -1.93 5.85
and support
Pre-Emotional support 4.18 .68 2.20 5.00 -.90 .99
Post-Emotional support 4.19 1.01 1.25 5.00 -1.56 2.18

Descriptive results of MOLES-S showed a general increase for each subscale of
MOLES-S except for student-teacher discourse subscale. In conclusion, the lowest
score in the post test was observed in the student teacher discourse subscale. On the

other hand; the highest score was observed for student voice subscale of MOLES-S.

45



4.1.2. Research Question2. Was there a statistically significant change in PSTs’

metacognition scores after the course?
Paired Samples t-Test

Before conducting paired samples t-test, the assumptions for each scales were
checked. The assumptions suggested for the checking are: (1) level of measurement, (2)

random sampling, (3) independence of observations, and (4) normality

1. Level of measurement assumption: In order to conduct parametric tests, dependent
variable is required to be measured at interval or ratio level by using continuous scale
(Tabachnick & Fidell, 2001). In the present study, dependent variables are measured by

continuous scale. Therefore; this assumption was satisfied.

2. Random sampling: Parametric approaches assume that the sample is selected
randomly from the population. This present study used convenience sampling, hence this

assumption was violated.

3. Independence of observation: Each of the measurement need to be independent that
individuals must not be influenced from each other. Data were collected by the
researcher and she tried to prevent the interaction among PSTs while they were

providing their responses to the items of the scales.
4. Normality

The difference between the pre and post scores must be distributed normally.
Kolmogorov-Smirnov values were checked for this assumption and the results were
given in Table 4.3. According to the results. Except for self checking subscale all
subscales satisfy this assumption. Skewness and curtosis values were also acceptable for

the normality assumption.
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Table 4.3: Test of normality for self awareness sub scales

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
awareness ,148 28 ,118 ,960 28 342
cognitive strategy ,128 28 ,200 ,946 28 ,155
planning ,152 28 ,095 ,965 28 ,458
self checking ,199 28 ,006 ,878 28 ,004
Table 4.4: Test of normality for MOLES-S sub scales
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

metacognitive demands ,156 28 077 ,960 28 ,353
student student discourse ,129 28 200" ,965 28 453
student teacher discourse ,110 28 200" ,958 28 ,316
student voice ,200 28 ,006 ,956 28 ,282
distributed control 113 28 200" ,980 28 ,852
teacher encouragement ,150 28 ,106 ,962 28 ,385
emotional support ,114 28 200" ,964 28 433

After checking the assumptions, paired samples t-test was conducted to compare the

self awareness and MOLES-S subscale scores and the results were given in Table 4.5.

Table 4.5: Paired samples t-test values for self awareness and MOLES-S sub scales

t p Eta squared
Self Awareness
2.365 .025* A7
cognitive strategy 2.234 .034* .16
2.073 .048* 14
self checking 1.34 191 .06
MOLES-S
Metacognitive  demands 3.84 .001* 35
Student student discourse 2.24 .033* .16
Student teacher discourse 1.89 .69 A2
Student voice 2.144 .041* A5
Distributed contribution 1.83 .168 A1
Teacher encouragement 1.83 .78 A1
Emotional support .185 .855 .012

*significant at .05 level
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Results showed that regarding to self awareness scale there was a statistically
significant difference in PSTs’ awareness, cognitive strategy, and planning. The
estimated eta squared for awareness subscale was .17 indicating a medium effect size.
The estimated eta squared for cognitive strategy subscale was .16 which indicated a
medium effect size and lastly the eta squared for planning subscale was .14 which was a
medium effect size. However; no statistical difference was observed for self-checking
subscale. The prompts in the manual may end up an increasing in PSTs’ awareness,

cognitive strategy, and planning

4.1.3. Research Question 3: Was there a statistically significant change in PSTs

learning environment in terms of supporting the development of metacognition?

When the participants’ responses to the pre and post MOLES-S was compared, it was
observed that statistical differences were obtained in metacognitive demands, student-
student discourse and student voice. Estimated eta squared for metacognitive demand
was .35 representing large effect size. Estimated eta squared for student-student
discourse was .16 indicating medium effect size and finally estimated eta squared for

student voice was .15 representing medium effect size.

Descriptive analysis showed an increase for each MOLES-S scale except student
teacher discourse. However, t-test analysis revealed a statistical difference for

metacognitive demands, student-student discourse and student voice subscales.
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4.2. Qualitative Results

This section presents the qualitative results for each case.

To be able to present qualitative results in an understandable way, the quotation
tables were added into the appendices. The reader should read the frequency result tables
with the related appendix table. In order to being clear, the appendices which should be
followed in result chapter were explained below.

Appendix E presented the tables including each PST’s quotations for the codes
of their learning strategies and the metacognitive components which were revealed from
their learning strategies quotation. There was also a column named “our interpretation”.
This column helped the reader understand how the researcher coded metacognitive
knowledge and skills. For example in Selin case the first learning strategy was rhymes.
The next column was metacognitive knowledge and skill which represented the
metacognition component revealing from the quotation for the learning strategy. In this
example metacognitive component for rhymes was declarative knowledge. It showed
that the PST used her declarative knowledge while she was talking about rhyme
strategy. The last column was our interpretation. This column explained how researcher
coded the component as declarative knowledge.

Appendix F presented the tables including each PSTs’ metacognitive knowledge
and skills revealed from their pre-interview. The frequency tables were created
according to these tables for each case. For example in Appendix F in Selin case, the
reader can see the quotations for metacognitive components revealed from pre-
interview. The frequency table for metacognitive components summarized how much
each component was revealed from the interview. For example in Selin case, declarative
knowledge was revealed 3 times in Table 4.13 and the reader can see the quotations in
Appendix F.

Appendix G presented the tables including each PSTs’ metacognitive knowledge
and skills revealed from post interview. The frequency tables were also constructed
regarding to this appendix as well. At last, Table 4.20 was presented as a summary table
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to show each case’s learning strategies and their metacognitive knowledge and skills
revealed from pre and post interview.

4.2.1 Research Question 4: What kind of learning strategies and metacognitive
knowledge and skills did PSTs have before the course?

While the tables for learning strategies were created, the codes for learning
strategies were investigated and categorized according to the learning categories of
Weinstein and Mayer (1983). For example in Selin case, rewriting, skimming and
repeating to someone codes were revealed and these 3 codes were classified under the
category of complex rehearsal strategy. Table 4.20 showed the frequency of learning
strategy as well. In this case, the frequency for complex rehearsal strategy was 3 for
Selin case. It means that this case reported 3 kinds of learning strategy codes under
complex rehearsal strategy. The reader can look at Appendix E to see the quotations of

the codes for learning strategies.
CASEL: SELIN

Quotations for the codes of learning strategies Selin used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.1 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.
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Table 4.6 Learning strategy codes and categories with metacognitive knowledge and
skills for Selin case

Categories for learning Codes for learning Metacognitive Knowledge and
strategy strategy Skills
Complex Rehearsal strategy Rewriting Procedural knowledge
Skimming Conditional knowledge
Repeating to someone Declarative knowledge
Basic Elaboration strategy Rhymes Declarative knowledge
Basic Organizational Organizing Procedural knowledge
strategy
Comprehension monitoring Self- questioning Conditional knowledge & Evaluation
strategy

In terms of learning strategies, of eight learning strategies, she reported six
learning strategies regarding which were categorized under complex rehearsal, basic
elaboration, basic organizational and comprehension monitoring strategies. According to
Table 4.6, she reported three kinds of learning strategies under complex rehearsal
strategy. As a result, she mostly reported complex rehearsal strategy. A representative
example for complex rehearsal strategy was:

For example, learning theories is our new homework. | hate memorizing, at
least the social subjects. There were summaries, | read them. Then | looked

some theorists like Piaget. | wrote who is Piaget then some steps were arisen.
Then I returned back and wrote them again and revise them.

While she was explaining her learning strategies, it was observed that she used

three types of metacognitive knowledge and evaluation metacognitive skill.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed that she reported three kinds of metacognitive knowledge.
Table 4.20 showed the frequency of metacognitive knowledge and the frequencies of

metacognitive knowledge types were almost the same. It may be concluded that she
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knew when and why to use a strategy. Below, there was a quotation which represented
this idea:
For example if it is biology, organizing knowledge is difficult. For example,
a new chapter takes a lot of time and besides, since it is in English,
perceiving them in your mind takes long time. Therefore, | start with the
summaries which are at the end of the chapter. Some words were written in
bold there; I look the definition of these terms. Then a picture can take my

interest and | read the under the picture. Then | have knowledge for the
related subject.

This quotation indicated that she differentiate the conditions for learning
strategies. If organization of knowledge was difficult for her and she looked for the
keywords and then examined the pictures. She organized her knowledge in biology in

this way. In mean time, she used rhymes strategy to memorize very long things.

In terms of metacognitive skills, according to Table 4.20, except for planning
skill she reported other two skills in pre-interview. As a learner it may be said that she
had an ability to monitor and evaluate her learning. The quotations which represented of
that idea were showed below:

When somebody asks me a question for example related to force. | organize

the knowledge by questions and answers, like what is force, what does it
depends on.

When I tell something to myself, ’'m aware of the sentences. Why is it in
this way, why is it like this? Then | search. When 1 tell the topic myself, |
notice what | do not understand and | turn back and look again.

To sum up, she reported 6 learning strategies. Of these 6 learning strategies 3 of
them were complex rehearsal strategies. It was observed that she reported three kinds of
metacognitive knowledge in the explanation of the learning strategies. When the whole

pre interview was investigated, she reported metacognitive knowledge in her pre
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interview 8 times and in terms of metacognitive skills, she reported monitoring and

evaluation skills.

CASE 2: DENIZ
Quotations for the codes of learning strategies Deniz used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.7 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.

In terms of learning strategies, of eight strategies, she reported three kinds of
learning strategies. According to Table 4.7, these strategies were complex rehearsal,
complex elaboration and affective and motivational strategies.

While she was explaining her learning strategies, it was observed that she mostly
reported procedural knowledge in her strategies. It may be concluded that she know how
to use these learning strategies. But she did not mention conditional knowledge which
referred to why and when to use these learning strategies. A representative quotation for
procedural knowledge in her learning strategy was:

I’'m linking the topic with something in daily life...For example; linking the

function of organelles with people working in a factory who are producing,
delivering, digesting...
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Table 4.7 Summary of learning strategies and metacognitive knowledge & skills for
Deniz case

Categories for learning Codes for learning Metacognitive Knowledge and
strategy strategy Skills
Complex Rehearsal strategy Rewriting Declarative knowledge
Complex Elaboration strategy Analogy Procedural knowledge
Affective and Motivational Motivating herself Procedural knowledge
Strategy

In terms of metacognitive knowledge, according to Table 4.20 she reported
three kinds of metacognitive knowledge in pre-interview. Among metacognitive
knowledge, conditional knowledge was the least reported. It may be concluded that
although she knew what she knew and how to apply her knowledge, she had some

difficulty in when and why to use her knowledge.

In terms of metacognitive skills, she did not mention planning monitoring or
evaluation skills. It may be concluded that she was not planning, monitoring and

evaluating her learning.

CASE 3: ELA
Quotations for the codes of learning strategies that Ela used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.8 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.
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Table 4.8 Summary of learning strategies and metacognitive knowledge & skills for Ela
case

Categories for learning Codes for learning Metacognitive Knowledge and
strategy strategy Skills
Complex Rehearsal Rewriting Procedural Knowledge
strategy Underlining
Skimming Procedural Knowledge
Basic Elaboration strategy  Forming a phrase Procedural Knowledge

In terms of learning strategies, she reported four learning strategies which were
categorized under complex rehearsal strategy and basic elaboration strategy. According
to Table 4.8, Ela mostly used complex rehearsal strategy which includes rewriting,
underlining and skimming strategies. The other strategy she used was basic elaboration
strategy which includes forming a phrase strategy. A representative example for

complex rehearsal strategy was:
If it is biology, I look at the figures which summarize the topic.

While she was explaining her strategies, it was observed that she reported
procedural knowledge. In other words, she explained how she used these strategies. A
representative example for procedural knowledge was:

One of my friends did not understand something in organic chemistry. There
were numbers you know; one is mono three is tre. She did not understand 5

is penta. | made a weird linking. Penta was reminding me penti which was a
sock brand. We wear sock to our foot and it has five fingers. Five is penta.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed that she mostly reported procedural knowledge and she did
not report conditional knowledge in pre-interview. Table 4.20 showed the frequency of
metacognitive knowledge and skills. It may be concluded that she knew how to use her
knowledge but did not aware of when and why to use her knowledge.
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In terms of metacognitive skills, according to table 4.20, she did not declare any
metacognitive skill. It may be suggested that she was not able to plan, monitor and

evaluate her learning.

CASE 4: DIDEM
Quotations for the codes of learning strategies that Didem used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.9 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.

Table 4.9 Summary of learning strategies and metacognitive knowledge & skills for
Didem case

Categories for learning Codes for learning Metacognitive Knowledge and
strategy strategy Skills
Basic Rehearsal strategy Repeating by herself Procedural Knowledge

In terms of learning strategies, according to Table 4.9, she reported one learning
strategy which was basic rehearsal strategy. She declared procedural knowledge while
she was explaining her learning strategy.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed in the Table 4.20 that three types of metacognitive

knowledge were reported once.

In terms of metacognitive skills, when her whole pre-interview was investigated,
according to Table 4.20 she did not report metacognitive skill in her interview which

may indicate that she was not able to plan, monitor and evaluate her learning.

56



CASE 5: ADA
Quotations for the codes of learning strategies that Ada used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.10 showed the codes and categories for learning strategy. Besides, this
table also showed the metacognitive knowledge and skills of her while she was

explaining her learning strategies.

Table 4.10 Summary of learning strategies and metacognitive knowledge & skills for
Ada case

Categories for learning strategy Codes for learning Metacognitive
strategy Knowledge and Skills

Complex Rehearsal strategy Rewriting Declarative Knowledge

Basic Elaboration strategy Mental image Conditional Knowledge

Complex Elaboration strategy Paraphrasing Procedural Knowledge
Linking topics with Procedural Knowledge
examples

Comprehension monitoring Self-questioning Monitoring

strategy

Affective and Motivational Motivational strategy Procedural Knowledge

Strategy

In terms of learning strategies, it was found that she had six learning strategies
which were categorized under complex rehearsal strategy, basic elaboration strategy,
complex elaboration strategy, comprehension monitoring strategy and affective and

motivational strategy. These learning strategies were diverse.

She reported three types of metacognitive knowledge and monitoring skill while
she was explaining her learning strategies. She mostly reported procedural knowledge in

her learning strategies. From this view, it may be concluded that she mostly interested in
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how she used these learning strategies. Representative example for procedural

knowledge was:

I can read then make inference and write my own thoughts. | can write my
own evaluation which is useful for me.

A representative example for conditional knowledge was:

I may not understand a topic sufficiently via reading but learning this via a
video or a visual schema is much easier for me and it would be more
permanent knowledge. Listening the topic from a lecturer or an expert is not
sufficient for me, | should see the process. Visual images are important for
me.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed that she reported three kinds of metacognitive
knowledge. According to Table 4.20, she mostly reported declarative knowledge and
she reported conditional knowledge least. It may be concluded that she knew what
she knew and how she used her knowledge but she had little idea about why and

when to use her knowledge.

In terms of metacognitive skills when her whole pre-interview was investigated,
it was observed that she reported monitoring and planning skill. The quotation
representing monitoring skill was:

When I start a new topic, I’'m questioning how much I connect this topic
with my old learning. The thing I should learn is so much and for example |
learn Y4 percent and I’'m asking myself whether I can make a connection

between the rest and the 4 percent I have learnt and I’'m questioning how
much | can apply my learning sometimes.

Representative quotation for planning skill was:

I’m deciding on the method that I will study with. I think on time when I will
study.”
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It may be concluded for this case that she was able to plan and monitor her learning
but she may not be able to evaluate her learning.

CASE 6: GAMZE

Quotations for the codes of learning strategies that Gamze used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills
revealed from pre interview can be seen in Appendix F.

Table 4.11 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.

Table 4.11 Summary of learning strategies and metacognitive knowledge & skills for
Gamze case

Categories for learning strategy ~ Codes for learning Metacognitive Knowledge and
strategy Skills
Basic elaboration strategy mental image Declarative Knowledge

In terms of learning strategies, she reported only one learning strategy which was
categorized under basic elaboration strategy. While she was explaining her learning
strategy, it was observed that she used declarative knowledge. It may be concluded that
she only gave knowledge about the strategy and did not explain how to use, why and

when to use this learning strategy.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed that she reported declarative knowledge and conditional

knowledge. Representative example for declarative knowledge was:
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For example, | do not write the part of the cell. I write it as a schema. |
mean, the figures are important for me. Maybe | have many figures in my
store of knowledge.

In terms of meatcognitive skills, when her whole pre-interview was investigated, it was
observed that she did not declare any metacognitive skill. It may be concluded that she

was not be able to plan, monitor and evaluate her learning.

CASE 7: BUSE
Quotations for the codes of learning strategies that Buse used were attached in
Appendix E. In addition to this, the quotations for metacognitive knowledge and skills

revealed from pre interview can be seen in Appendix F.

Table 4.12 showed the codes and categories for learning strategy. Besides, this
table showed the metacognitive knowledge and skills of her while she was explaining

her learning strategies.

Table 4.12 Summary of learning strategies and metacognitive knowledge & skills for
Buse case

Categories for learning Codes for learning Metacognitive Knowledge and
strategy strategy Skills
Basic Elaboration strategy Mental Image Procedural Knowledge
Comprehension monitoring  Self- Questioning Procedural Knowledge
strategy strategy
Affective and Motivational Motivating herself Procedural Knowledge
strategy

In Buse case, she reported three learning strategies which were categorized under
basic elaboration strategy, comprehension monitoring strategy and affective and
motivational strategy. While she was explaining her strategies, she used procedural
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knowledge. A representative example for procedural knowledge in the explanation of

learning strategy was:

I learn by asking a lot of questions, | have this learning style. | have lots of
questions. | do not think that these questions are difficult, easy, logical or
illogical. Maybe I'm too boring by asking many questions but I think
sometimes I’m asking good questions. If I have questions related to the new
topic that I could not answer by myself, | cannot learn that topic. First of all,
all the questions | have should be answered.

In this example she reported self questioning strategy and explained how she
used this learning strategy. It may be concluded that while she was explaining her
learning strategy, she explained how to use it but did not mention anything about when

and why to use her learning strategies.

In terms of metacognitive knowledge, when her whole pre-interview was
investigated, it was observed that she reported three types of metacognitive knowledge.
According to Table 4.20, she mostly reported procedural knowledge. A representative

example for procedural knowledge was:

If 1 cannot make a connection with my old knowledge, | try to learn the
second part and try to make connection between two parts. If there is no
connection with my old knowledge, daily life or to be learned things,
learning this knowledge is too difficult.

In terms of metacognitive skills, when her whole pre-interview was investigated, it was
observed that she did not report any metacognitive skill in her pre interview. It may be

concluded that she was not be able to plan, monitor and evaluate her learning.
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To sum up, the results attained from pre interview about metacognitive knowledge,

metacognitive skills and learning strategies of PSTs are summarized below

It was observed that among 7 PSTs, 3 of them reported comprehension
monitoring strategy and from these 3 PSTs, two of them (Selin and Ada)
reported metacognitive skills. Selin and Ada reported more learning strategies
than the other PSTs. The rest of the PSTs did not report any metacognitive skills
in their pre interview. Besides, monitoring skill is reported by only Selin and
Ada.

Ada had more various strategies than the rest. And she was the one who reported
planning skill in the interview. Besides; she reported one monitoring skill.
However, she did not report any evaluation skills.

Selin was the one who reported evaluation skills. She was also one of the PSTs
who reported more learning strategies than the others.

Didem and Gamze reported only one learning strategy and they reported less
learning strategies than the others. They also reported less metacognitive
knowledge than the others and they did not report any metacognitive skills.
Complex organizational strategy was not reported by any of the PSTs. The rest
of the strategies were reported at least one PST. Complex rehearsal strategy was
the most reported strategy, whereas basic rehearsal strategy and basic
organizational strategy was less reported strategies by PSTs.

Declarative knowledge was reported more than the other metacognitive
knowledge. Conditional knowledge reported less than the other metacognitive
knowledge.

Planning and evaluation are the less reported metacognitive skills.

While PSTs were talking about their learning strategies, only Ada and Selin
reported metacognitive skills. Selin reported evaluation skill in comprehension
monitoring strategy and Ada reported monitoring strategy in comprehension
monitoring strategy. Both PSTs reported metacognitive skill in the same learning
strategy. Buse is the other PST who reported comprehension monitoring strategy
but she reported procedural knowledge in this strategy.
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4.2.2 Research Question 5: How did the PSTs’ metacognition change as a result of the
course?

In order to answer this research question, PSTs’ answers to pre and post interview
questions were compared. Differently from pre interview, questions for learning
strategies were not asked in post interview. Additionally, differently from pre interview,
PSTs’ thoughts for the laboratory manual were asked in the post interview. This
question asked since it was wondered that whether they would use metacognitive
knowledge and skills while answering the questions. There were also common questions
in pre interview and post interview like how did they control their learning, how did they
evaluate their learning.

Quotations for PSTs’ metacognitive knowledge and skills revealed from pre-
interview can be seen in Appendix F and the quotations for their metacognitive
knowledge and skills from post interview can be seen in Appendix G. The frequency
tables of metacognitive knowledge and skills were formed for each case according to

Appendix F and Appendix G.

CASEL: SELIN

Table 4.13 showed the frequency of metacognitive knowledge and skills for Selin
case. For example, she reported declarative knowledge 3 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post

interview.

Table 4.13 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Selin case

metacognitive metacognitive metacognitive metacognitive
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knowledge skill knowledge skill
in Pre-interview in Pre- in Post-interview in Post-interview
interview
Declarative Planning Declarative 5 Planning
knowledge knowledge
Procedural Monitoring Procedural 5 Monitoring
Knowledge Knowledge
Conditional Evaluation Conditional 3 Evaluation
Knowledge Knowledge
TOTAL 13



In Selin case, it was found that there was an increase in both metacognitive
knowledge and skills in her post interview.

In terms of metacognitive knowledge, there was an increase in declarative knowledge
and procedural knowledge. There was not a change in conditional knowledge. She
reported conditional knowledge three times in her both pre interview and post interview.
A representative example for declarative knowledge was:

I mostly used flowing charts while | was evaluating my learning in this

course.

In this example she knew what strategy she used to evaluate her learning.

A representative example for procedural knowledge was:

I reorganized my knowledge in this course. Because we used to memorize
the definition but with the help of examples and discussions | learned better
here and reorganized my knowledge in this way. For example | considered
subjectivity as a top concept which includes the other aspects of Nature of
science. | mean subjectivity includes creativity, tentativeness and the other
aspects. | reorganized nature of science aspects in this way. According to
me, Aspects of nature of science referred six or seven branches before but
now | organized other aspects as components of subjectivity.

In this example she told how she reorganized her nature of science knowledge.

A representative example for conditional knowledge was:

Our learning styles are different. | have learned many things from my friends
by discussing and making experiments. Therefore this laboratory course
contributed to my learning.

In this example she gave the reasoning why she found the course useful.

In terms of metacognitive skills, when pre and post interviews were compared, it was
found that the frequency of monitoring and evaluation skills increased in her pre
interview. A representative example revealed from her post interview for monitoring
skill was:

Because we had ideas in our mind and at the beginning we wanted to
conduct the experiment instantly and did not write the procedure. When we
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had mistakes we could not find since there was not a procedure. Then we
learned the importance of procedure and wrote it before the experiment.
Even there was a huge difference between the initial and final procedure, we
had a procedure and when we had mistake we know which step to turn back
and change.

In this quotation there was an on-line awareness for the importance of writing

procedure. Therefore, this quotation was classified as monitoring skill.

She had not reported any evaluation skill in her pre interview, whereas she reported it
In her post interview. A representative example for evaluation skill was:

Science is more understandable now. | used to fear of science, especially in
high school, | hated chemistry, physics and biology. But now, | have been
able to do it. Therefore, it is more understandable and easy for me.

In this quotation there was a judgment for her view to science.

When it comes to planning skill, it was observed that she did not report this skill in her

either pre interview or post interview.

CASE2: DENIZ

Table 4.14 showed the frequency of metacognitive knowledge and skills for Deniz
case. For example, she reported declarative knowledge 2 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post
interview.
Table 4.14 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Deniz case

metacognitive metacognitive metacognitive metacognitive

65

knowledge skill knowledge skill
in Pre-interview in Pre- in Post-interview in Post-interview
interview
Declarative Planning Declarative 4 Planning 1
knowledge knowledge
Procedural Monitoring Procedural 5 Monitoring 10
Knowledge Knowledge
Conditional Evaluating Conditional 3 Evaluation 5
Knowledge Knowledge
TOTAL 12 16



In Deniz case, there was an increase in both metacognitive knowledge and
metacognitive skill as Table 4.14 showed.

In terms of metacognitive knowledge, there was an increase in three categories of
metacognitive knowledge. Three types of metacognitive knowledge were revealed from
her post interview. A representative example for declarative knowledge was:

The most amazing part was the last question which was related to evaluation.
No matter how much grade | lost, the most amazing part was there.
In this example, she stated her propositional knowledge referring to what she thinks as a

learner about one of the question in the manual.

A representative example for procedural knowledge was:

While we were designing the procedure, we were discussing our individual
procedure’s lack points then we formed our group procedure by considering
the discussions.

In this example she stated how they formed their group procedure.

A representative example for conditional knowledge in her post interview was:

My confidence in science has increased in this course because I had not been
active in the laboratory lessons. Even | did not use microscope when | was in
high school. In terms of making experiment, managing these experiments,
this laboratory course contributed me a lot of things. Now I’m thinking that |
can manage better my future laboratory course as a teacher.

She gave her reasons for the increase in her confidence level throughout the current

laboratory course.

In terms of metacognitive skills, she had not mentioned any of metacognitive skill,
whereas she stated three types of metacognitive skills in her post interview. A
representative example for planning was:

We selected our materials, formed our procedure according to the hypothesis
we thought.

She pointed out the selection of materials for the preparation of the experiment.
A representative example for monitoring was:
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Another different thing in this course was individuality. In our other lesson
when we worked as a group, our individual thoughts were not asked. But in
this course we wrote both our individual thought and individual experiment
design and then compared them with group members’. This laboratory
course was more detailed and four hours were not enough.
This quotation indicated monitoring skill since she compared the current laboratory
course and the previous lessons. It was an on-line awareness of her for the different

feature of the current laboratory course.

A representative example for the evaluation skill was:

I think the questions in the manual were designed to make us think on
question more detailed and to take our individual thoughts and comments.
These things leaded us to find something different. For example we were
asked to express our thought on evolution instead of regular questions
including only theoretical knowledge.

She made a judgment about the objective of the manual. She evaluated the laboratory
manual in this quotation.

Differently from other cases, Deniz reported planning skill in her interview.
CASE 3: ELA

Table 4.15 showed the frequency of metacognitive knowledge and skills for Ela case.
For example, she reported declarative knowledge 2 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post
interview.
Table 4.15 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Ela case

metacognitive metacognitive metacognitive metacognitive
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knowledge skill knowledge skill
in Pre-interview in Pre- in Post-interview in Post-interview
interview
Declarative Planning Declarative Planning
knowledge knowledge
Procedural Monitoring Procedural Monitoring
Knowledge Knowledge
Conditional Evaluating Conditional Evaluation
Knowledge Knowledge
TOTAL



In Ela case, it was found that there was an increase in both metacognitive knowledge
and metacognitive skills in her post interview.

In terms of metacognitive knowledge, there was an increase in declarative knowledge
and conditional knowledge. However, there was a decrease in procedural knowledge
according to table 4.15.

A representative example for declarative knowledge was:

Up to now, nobody was interested in what | thought but in this lesson you
have wondered what I think.

She pointed out her knowledge about the lecturer.

A representative example conditional knowledge was:

I adjust myself according to the demand of the lecturer. If s/he wants me to
memorize, | will memorize. If s/he wants me to think, | will think. Or if s/he

wants me to carry out a project, | will do it.

This quotation referred to her allocation of her strategies according to the demand of

the lecturer. Therefore, this quotation referred to conditional knowledge.

In terms of metacognitive skills, there was an increase in her post interview. She had
not reported any metacognitive skill in her pre interview but she reported monitoring and
evaluation skills in her post interview. A representative example for monitoring skill

was:

Questions in the manual required to think on deeply. | mean I tried to explain
how I think. Yes | made a model but how I did and what inspired me. Then |
questioned what | think and how | think.

It was her online awareness during the interview that she engaged in how she thought

and how she made the model during the current laboratory course.

An example for evaluation was:

.. most of the lesson wanted us to memorize everything. But with this
course my thinking ability is getting better and I think on what I’'m thinking
and what I’m not thinking.

She made a judgment for her thinking development in the current course.
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CASE 4: DIDEM

Table 4.16 showed the frequency of metacognitive knowledge and skills for Didem
case. For example, she reported declarative knowledge 1 time in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post

interview.

Table 4.16 Frequency of metacognitive knowledge and skills in pre and post interviews
revealed from Ela case

metacognitive metacognitive

skill

in Pre-interview

metacognitive
knowledge

metacognitive
skill

in Post-interview

knowledge

. . . in Post-interview
in Pre-interview

Declarative 1 Planning 0 Declarative 10 Planning
knowledge knowledge
Procedural Monitoring Procedural 2 Monitoring
Knowledge Knowledge
Conditional Evaluating Conditional 4 Evaluation
Knowledge Knowledge

TOTAL 3 0 16

In Didem case, it was found that there was an increase in both metacognitive

knowledge and metacognitive skills revealed from their post interview.

In terms of metacognitive knowledge, there was an increase in three categories of

metacognitive knowledge. Three types of metacognitive knowledge including

declarative knowledge, procedural knowledge and conditional knowledge more reported

in her post interview. A representative example for declarative knowledge was:

While I was filling the manual, | had to check my pre-knowledge.

That was her knowledge for the task.
A representative example for procedural knowledge was:

In the black box experiment, I remembered an experiment which | made in
our method course. We opened three holes on the bottle and closed them
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with paraffin. When we opened the first hole, water did not flow but when
the second hole was opened, water began to flow and if we filled water
above the second hole, we would take more water than we put. We did it in
the black box activity. Among a lot of individual models, my group decided
to make my model and that made me very happy.

That was her knowledge about how she did her model in an activity being named as

back box activity.
A representative example for conditional knowledge was:

My learning in this laboratory course was more meaningful because we
designed our experiments and made discussions related to the experiments
and our learning. Everybody made different things and we examined them.
Knowledge was more permanent with the help of these things. In terms of
the learning, | prefer being active instead of reading slides in a course.

This quotation addressed the reasons why she thought the current laboratory course

was meaningful for her.

In terms of metacognitive skills, there was an increase in her post interview. She had
not reported any metacognitive skill in her pre interview, while she reported monitoring
and evaluation skills in her post interview. A representative example from her post
interview for monitoring skill was:

Before taking this course, scientific articles did not interest me and | did not

like reading them. However, | have liked reading them now. Even | buy
scientific magazine now and try to improve myself.

That was an on-line awareness of her about the contribution of the current course to
her.

A representative example for evaluation skill was:

I have begun to question both scientific and nonscientific issues. My
viewpoint has been changed.
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CASE 5: ADA

Table 4.17 showed the frequency of metacognitive knowledge and skills for Ada case.
For example, she reported declarative knowledge 4 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post

interview.

Table 4.17 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Ada case

metacognitive metacognitive metacognitive metacognitive

knowledge skill knowledge skill
in Pre-interview in Pre- in Post-interview in Post-interview
interview
Declarative 4 Planning 1 Declarative 7 Planning 0
knowledge knowledge
Procedural Monitoring Procedural 2 Monitoring
Knowledge Knowledge
Conditional Evaluating Conditional 2 Evaluating
Knowledge Knowledge
TOTAL 8 2 11 8

In Ada case, according to Table 4.17, it was found that there was an increase in both

metacognitive knowledge and metacognitive skills revealed from their post interview.

In terms of metacognitive knowledge, there was an increase in declarative knowledge
and conditional knowledge. However she reported less procedural knowledge in her post
interview. She reported procedural knowledge for three times in her pre interview but
she reported it two times in her post interview. A representative example for procedural
knowledge was in her post interview was:

| evaluated my learning in ratings and the diagram models that | draw at the
end of the lesson.

A representative example for conditional knowledge was:

For example if we rate ourselves as 4 or 3 out of 5 but why? Writing the
reasons of this was more effective and | think that part was the most
difficult. Actually, how accurate scientific knowledge is. Therefore, | have
never rated myself as 5. | have always doubt but there were also some
evidences. Due to these reasons, | both evaluate the evidences and consider
the tentativeness feature of science while rating myself, my method or
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models. As a result, I neither rated myself as “not very confident” nor “very
confident”. She gave the reasons why she did not rate herself as 5 out of 5.

In terms metacognitive skills, there was an increase in her monitoring and evaluation
skill while there was a decrease in her planning skill. A representative example for

monitoring skill was:
This course helped me to be aware of the lack points. For example | did not
have knowledge about the theories, I did not know what observation means

or | did not have enough knowledge for evolution theory. In addition, this
course provided me an environment to test my knowledge.

It was an on-line awareness of her she explored during the current course that she had

some lack knowledge.

A representative example for evaluation was:

Questions for concept maps and diagrams were very good. Firstly | did not
designed good things but later I have developed them by thinking on them
deeply and produced different things. | do not think I’m very creative and
these questions are partly related to creativity. For example firstly | used
flowing charts but later | used pictures to express my evaluation. | think
there was a change and improvement in the way of my evaluation type. |
think this evaluation question is a type of summary which reflects what we
learned throughout the lesson and we can evaluate and question ourselves
about our learning. It was an effective method, I think.

She made an evaluation about her answer to last question and concluded that there was

an improvement for her in terms of the way of expressing her learning.

CASE 6: GAMZE

Table 4.18 showed the frequency of metacognitive knowledge and skills for Gamze
case. For example, she reported declarative knowledge 2 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post

interview.
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Table 4.18 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Gamze case

metacognitive metacognitive metacognitive metacognitive

knowledge skill knowledge skill
in Pre-interview in Pre- in Post-interview in Post-interview
interview
Declarative Planning Declarative 9 Planning
knowledge knowledge
Procedural Monitoring Procedural 1 Monitoring
Knowledge Knowledge
Conditional Evaluating Conditional 2 Evaluating
Knowledge Knowledge
TOTAL 3 0 12 3

In Gamze case, there was an increase in both metacognitive knowledge and
metacognitive skill as Table 4.18 showed.

In terms of metacognitive knowledge, there was an increase in three categories of
metacognitive knowledge. Three types of metacognitive knowledge were revealed from
her post interview. A representative example for metacognitive knowledge was:

This course not only gave theoretical knowledge but also gave the
implication of nature of science.

It was her knowledge about the task.

A representative example for procedural knowledge was:

We evaluated ourselves very much in this laboratory course. | was
questioning how much our knowledge was right or wrong and how much
confident | was. Actually there was a fact that if you did not make somebody
something, s/he never did it. Although ratings were forced us, it was a good
way to question our knowledge. It had to be in this way.

In that quotation she gave knowledge of how she evaluated herself in the current

laboratory course.

A representative example to conditional knowledge was:
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In addition to ratings, | had difficulty in the last question which includes
showing our learning on a diagram or concept map. That question required
us to be creative and | thought that I was not enough creative to answer that
question properly. I lost most of grade in that question
She gave her reasoning about why she had difficulty in the last question in the manual.
In terms of metacognitive skills, she had not reported any metacognitive skill in her pre
interview while she reported monitoring skill in her post interview.
A representative example for monitoring skill revealed from her post interview was:

I think the most enjoyable part was discussions because | like talking and
listening other people’s thoughts. I could support my ideas or I could change
my thoughts if my friends refuted me. Thanks to discussions | was aware of
the different thoughts.

CASE 7: BUSE

Table 4.19 showed the frequency of metacognitive knowledge and skills for Buse case.
For example, she reported declarative knowledge 6 times in her pre interview. The
quotations can be read in Appendix F for pre interview and in Appendix G for post

interview.

Table 4.19 Frequency of metacognitive knowledge and skills in pre and post interviews

revealed from Buse case

metacognitive metacognitive metacognitive metacognitive

knowledge skill knowledge skill

in Pre-interview in Pre- in Post-interview in Post-interview
interview

Declarative 6 Planning 0 Declarative 8 Planning 0

knowledge knowledge

Procedural 2 Monitoring 0  Procedural 4 Monitoring 10

Knowledge Knowledge

Conditional 1 Evaluating 0 Conditional 7  Evaluating 5

Knowledge Knowledge

TOTAL 9 0 19 15

In Buse case, it was found that there was an increase in both metacognitive

knowledge and metacognitive skills in her post interview.
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In terms of metacognitive knowledge, there was an increase in the frequency of
declarative knowledge, procedural knowledge and conditional knowledge. A
representative example to declarative knowledge was:

There were questions in the manual aimed to detect our pre knowledge for
the topic and they were also open to discussion. Additionally, they leaded us
to interpret our knowledge.

This quotation was her knowledge for the manual.

A representative example to procedural knowledge was:

Activities and experiments were very useful to control my knowledge. For
example when | was failed in something, | had chance to overcome this
failure. I could make this correction in experiment or in group discussion or
in the middle of the lesson that I asked a question or your questions helped
me overcome my failure. | could both control my knowledge and corrected
the misconceptions in this way.

This quotation showed how she controlled her learning during the current course.

A representative example to conditional knowledge was:

In the course, at the end of the question, both misconceptions could be
detected and our learning could be summarized. The things that | could
include into my concept maps were the permanent knowledge for me.
Therefore, this part was very good to evaluate my own learning.

In terms of metacognitive skills, she had not reported any metacognitive skill in her
pre interview, whereas she covered monitoring and evaluation skills in her post
interview. A representative example to monitoring skill was:

In our other lessons, it was expected from us to write the same things. For
example hypothesis. The lecturer wanted us to write the same hypothesis.
But in this course, it depended on me and there were a lot of alternative
hypothesis | could write. It depended on my creativity and multidimensional
thinking. I had my data and hypothesis and | was free to express my thought.

A representative example to evaluation skill was:

Generally I was unsuccessful in the last question in the manual. Sometimes |
took my feedback late from you. | wish | could have been taken my feedback
in time. Maybe if I did it, | would have been more successful and developed
my concept map and diagram.
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9.

Table 4.20 Summary of the cases’ learning strategies, metacognitive knowledge and skills revealed from pre and post interview

LEARNING
STRATEGIES

TOTAL

METACOGNITIVE
KNOWLEDGE

TOTAL

METACOGNITIVE
SKILLS

TOTAL
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Complex Rehearsal
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As a result, it was observed that there was a general increase in both metacognitive
knowledge and metacognitive skill in almost all cases. It may be said that PSTs’
metacognition improved throughout the course. Metacognitive prompts in the manual
may contribute to this change.

Especially the frequency of monitoring skill increased very much in all cases. Before the
course, only Selin and Ada cases reported monitoring skill in the interview. After the
course instruction, all PSTs reported monitoring skill in the interview. This result
showed that PSTs monitor their learning in the course and they began to aware of their
and their friends thinking. The quotations of post interview also supported this result as
well.

In terms of evaluation skill, only Selin reported this skill in pre-interview. After the
course except for Gamze case, all PSTs reported this skill in post-interview. The last
question in the manual which asked for the evaluation of the course may contribute to

this change.
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4.2.3 Research Question 6: How did metacognitively embedded prompts help to create

a metacognitively oriented learning environment in the science laboratory course?

To be able to answer this research question, the subscale of Thomas (2002)°s scale was
used and PSTs’ interview was analyzed according to this seven subscales. The
researcher looked for whether the PSTs interview covered these subscales. The
examples which met the definition of subscales were given in Table 4.21. The definition
of subscales was given in the table as Thomas (2002) defined.

According to the quantitative result for metacognitive orientation scale (MOLE-S),
There was a statistically significant increase in MOLES-S scores from pre test (M= 3.61,
SD=.60) to post test (M= 4.06, SD=.59), t(27)= 2.82, p<.05 (two tailed) with a medium
effect size. There was a statistically difference in the metacognitive demands, student-
student discourse and student voice subscales. Although there was not a statistically
significant result in the other subscales, the interviews with students showed that this
laboratory course with metacognitively embedded prompts provided student-teacher
discourse, distributed control, teacher encouragement and support and emotional
support. Examples from interviews and field notes were given in Table 4.21 which

showed the thoughts of PSTs about the laboratory course and the manuals.
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6.

Table 4.21 Evidences for providing metacognitively oriented classroom environment from PSTs’ views in the interviews.

MOLES-S sub
dimensions

Metacognitive
Demands

Student- student

discourse

Student- teacher
discourse

The definitions of dimensions

Students are aware of how
they learn and how they can
improve their science
learning. Students think about
their own thanking

Students discuss their science
learning processes with each
other

Students discuss their science
learning processes with their
teacher

The examples from the interviews

Ada: | questioned my pre knowledge a lot in this course. | asked myself did | see
this before, did | know this, how much things do | know about this topic? How
much do | familiar with this? Do | have enough knowledge to make comments,
inference and predictions?

Buse: for example; what did we learn? Or how did Student G learn? And how did
| learn, what did she understand, what did | understand?

Deniz: For example we aim to reach the same thing but everybody in our group
chooses a different way. For example Selin did something with physics, Ela
thought something related with chemistry and Tolga thought totally different
things. You can learn different things from all and combine these thoughts with
yours and make some comments.

Buse: For example sometimes | thought three or more hypothesis or sometimes |
could write only one hypothesis then when we come to the group study, my group
friends could say different hypothesis, | said wow!!! It is very interesting
hypothesis, why did not I think like this. Then we decided on our group
hypothesis. There was a good communication among us.

Ela: During the activities we asked you that these are true? And you said that why
do you think it is true? Actually you guided us, therefore, even if we were true,
we thought on every detail and asked ourselves and we wondered if we missed
something. You made contributions and this is nice.

Deniz: We asked you whether we are true and we explained our thoughts. You
told us that perceive your friends. This is really different.
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Table 4.21 (continued)

Student voice

Distributed control

Teacher
encouragement and
support

Emotional support

Students can question the
teacher’s pedagogical plans
and methods. They can
decide on how to learn the
lesson.

Students collaborate with the
teacher to plan their learning.

Students are encouraged by
the teacher to improve their
science learning process.

Students are cared for
emotionally and their ideas
are respected

Ela: The application of this lesson is different. We made the experiment and
see ourselves. We design the experiment individually and thought on it and
we decided everything step by step and you have the chance to make
mistakes and if we made mistakes, we turn back to correct it.

Deniz: The procedure was determined by us. The materials were chosen by us.
We asked you whether we are true and you said that perceived your friends. It is
totally different. The individualism is very much in here differently from other
courses. In other courses we did and found what they wanted. ... We both design
individual and group experiment and compared them with other group members
and then decided on the group model. There were lots of steps differently from
other courses.

Ada: Teacher, thanks for your support in this lesson, we could not draw the gene
tree without your questions that leaded us.

Ela: You really made me feel valuable because you did not neglect any idea of us
even if it was not logical. Therefore | feel comfortable enough to express my
opinions.




According to the interview with PSTs, it can be concluded that metacognitively learning
environment was provided throughout the course. When the paired samples t-test of
MOLE-s was examined it was also found that statistical significant difference was found
in metacognitive demands, student-student discourse and student voice subcomponents.
Except for student-teacher discourse, other components’ scores increased as well. The
reason why student-teacher discourse decreased may be the effect of inquiry based

learning environment.

4.2.4 Research Question 7: What were the PSTs thoughts about the laboratory course
with metacognitively embedded prompts?

The aim of asking this question was to provide the reader a detailed view about the
learning environment. In addition to this aim, PSTs thought about the course was
important as they participants of this current study.

The most common thought of them was that the question for the explanation of their
rating was difficult for them. Representative quotation supporting this idea was:

Deniz: | could rate myself but initially | had problems in the explanation of
the ratings and I lost some grades in this part.

Although all PSTs thought that explanation of the rating was difficult, except for one
case (Didem) they stated that this explanation was useful for them since this question
leaded them question their knowledge and confidence level. Representative quotation for
this idea was:

Ada: The rating part helped me understand how much valid what | thought. I
had some idea but what the basis were for these idea and how much
confident | was. This question helped me criticize my knowledge and most
of the time | was uncertain about my rating. 1 had some difficulty in that
part.

Most of the PSTs stated that due to the current laboratory course, they questioned
everything more detailed. Representative quotations for thus idea were:

Buse: | have been questioning my observations more detailed. For example
my viewpoint to the standing water on the road has been changed. One day |
was walking with a friend and saw standing water on our way and | stopped
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and observed it. It was foamy and | began to thinking on why it was foamy.
My friend forced me to go on our way and | reminded our lesson in the
laboratory and talked about it to my friend.

Ada: | think the content of the laboratory manual leaded me to question. It
was not me to force myself thinking, questioning. | did not do these things
by myself. If I could do this, | had done it in my previous laboratory lessons.

of the PSTs were aware one of our aim was their individual thought.

Representative quotation for this idea was:

Selin: | think you examined the progress as well. | mean you were looking
for what we had thought individually, what we thought as a group, what we
discussed and then what we decided on, whether we changed our idea or
how we convinced the others.

All PSTs were aware of the different thoughts of their group friends and most of the

PSTs

were:

In

good

were pleased with the individual questions. Representative quotations for this idea

Didem: If you ask whether these individual questions were useful, yes they
were useful for me. | forced myself to think and design something and |
think that my individual thoughts have been developed.

Buse: Communication in the lesson was very good. | really thought
sometimes that | was perfect. | told myself that I made all observations,
collected my data and made a perfect hypothesis. But then one of my group
friend thought a better thing and | was surprised. | thought at that moment
that how she thought this. Thinking firstly individually and as a group was
very good.

terms of evaluation of their own learning question, all PSTs thought that it was a

question to summarize their learning and detect the misconceptions. Representative

quotations for this idea were:

Didem: The last question in the manual contributed us to develop our
creativity. | think the objective of that question was that. Besides, it provided
us to revise and show what we learned with a summary.

Gamze: Questions for concept maps and diagrams were very good. Firstly |
did not designed good things but later | have developed them by thinking on

82



them deeply and produced different things. | do not think I’m very creative
and these questions are partly related to creativity. For example firstly I used
flowing charts but later | used pictures to express my evaluation. | think
there was a change and improvement in the way of my evaluation type. |
think this evaluation question is a type of summary which reflects what we
learned throughout the lesson and we can evaluate and question ourselves
about our learning. It was an effective method, I think.

Deniz case stated that she integrated “drawing a diagram or a concept map for learning”
question into her lesson plans. The quotation revealed from her interview that:

The question that asked for drawing a diagram or concept map for our
learning had not been asked in my previous lessons but | integrated this
question to my lesson plans. For example as a quiz question | asked what
they learned while making the experiment and | wanted them to show their
learning on a diagram.

In addition to this integration Deniz also began to use this technique in her lesson as a
method to study. The representative quotation was:

I used concept map in physiology lesson to organize my knowledge. | took a
big paper and | organized the assays or the paragraphs in the book as
colorful diagram and hang it on my wardrobe. | keep knowledge in my mind
in this way for this lesson.

However other participants did not report this situation.

All PSTs stated that their self confidence was increased in this course. Representative
quotations for this idea were:

Deniz: My confidence in science has increased in this course because | had
not been active in the laboratory lessons. Even | did not use microscope
when | was in high school. In terms of making experiment, managing these
experiments, this laboratory course contributed me a lot of things. Now I’'m
thinking that | can manage better my future laboratory course as a teacher.

Ela: Taking this course is useful for me in terms of both being a qualified
teacher and changing my confidence level from negative to positive.
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CHAPTER 5

DISCUSSION

In this chapter, discussion of results, implications and recommendations for further

research were presented.
5.1 Discussion of results

This chapter is divided into three main titles. These titles are Pre service science
teachers’ (PSTs’) learning strategies and their characteristics of metacognition, change
of PSTs’ metacognition as a result of the course and learning environment of the

laboratory course with metacognitive prompts.
5.1.1 PSTs’ Learning Strategies and Their Characteristics of Metacognition

According to Hofer, Yu and Pintrich (1998) college students have already formed
their learning strategies to regulate their learning. They also use these learning strategies
to deal with new knowledge. In this study, PSTs’ learning strategies were wondered and

investigated in pre-interview.

According to the results, it was found that Basic Elaboration strategy such as forming
mental image and forming phrase was the most reported learning strategy. Of seven
PSTs, five of them reported this learning strategy. According to Weinstein and Mayer
(1983), basic elaboration strategy helps learners to construct the associations via mental
image or forming phrases among several items. Elaboration strategy helps learners to
build the connection between old and new knowledge. It may be concluded that PSTs
who reported this strategy were able to construct relationships between their old and new
knowledge.
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Basic rehearsal strategy was reported by only one PST (Didem case). According to
Weinstein and Mayer (1983) basic rehearsal strategy is the most common strategy used
by learners. However the result of this study showed that basic rehearsal strategy was
one of the least used strategies.

Complex organizational strategy such as outlining and constructing a hierarchy was
not reported by any PST. Complex rehearsal strategy is important in terms of building
the connection among new knowledge. Outlining, identifying main ideas in a text or
organizing knowledge are strategies that the learners use while constructing the relations
between new learning tasks (Weinstein & Mayer, 1983). It may be concluded that PSTs
may have a problem in constructing this relations among new learning tasks. This result
is consistent with the study of Shih, Ingebritsen, Pleasants, Flickinger and Georger
(1998) who found that the lowest strategy that college students used was organizational
strategy. The most common strategies these college students used were rehearsal and
elaboration learning strategies. Elaboration and organizational strategies are important
since they enable learners to learn concepts with constructing relationships. Learning
concepts as separate elements is not an effective way (Pressley, Borkowski &Schneider,
1987).

When the cases were compared, it was observed that Selin and Ada reported more
learning strategies than the rest. In addition, metacognitive skills were reported only by
Selin and Ada before the course. The rest of the PSTs did not report any metacognitive
skills. Didem and Gamze reported only one learning strategy and these cases reported
less metacognitive knowledge and did not report any metacognitive skill before the
course. It may be concluded from these results that metacognition and learning strategies
have a relation and the more learning strategies may lead learners use more

metacognitive skills.

5.1.2 Change of PSTs’ Metacognition as a Result of the Course
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Self awareness scale was used as a measurement for metacognition. Descriptive
results of self awareness score revealed a general increase in all sub scale scores. The
increase in awareness, cognitive strategy and planning was found statistically
significant. The effect size was at medium level. Awareness subscale was an indicator of
the self-consciousness of the learning process. Based on these results, it may be

concluded that PSTs became aware of their learning process in the laboratory course.

Cognitive strategy subscale included the cognitive or affective strategy to monitor
learning. PSTs’ learning strategies also investigated before the course application. It was
found that some PSTs had various learning strategies whereas; some had very few
learning strategies. PSTs’ learning strategies after the course were not investigated but a
significant change in cognitive strategy was found. According to Hofer, Yu and Pintrich
(1998) college students have already formed their learning strategies. Therefore, it was
thought that these PSTs have already formed their learning strategies as well. It may be
concluded from the significant change in cognitive strategy subscale that this course also

contributed to the awareness of PSTs’ learning strategies.

Planning subscale includes learners’ plan to achieve goal. There was a significant
increase in PSTs’ planning score as well. It may be concluded that their planning skill
improved in the course. The last sub component was self-checking. An increase was also
found in this subcomponent but this increase was not statistically significant. Self-
checking is the monitoring of learning. Due to the increase in the score of this
component, it may be concluded that PSTs’ monitoring ability was also improved

throughout the course.

It may be concluded from the quantitative data of the study that this course may
contribute to PSTs’ awareness, cognitive strategy, planning and self-checking. O’Neil
and Abedi (1996) who developed the self-awareness scale stated that this scale was
developed to measure metacognition. Due to the increase in all subcomponents, it can be

concluded that this course which included metacognitive prompts developed PSTs’
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metacognition. Literature included the examples for the success of metacognitive
prompts. The study of Mevarech and Fridkin (2006) included prompts for the
development of metacognition, mathematical knowledge and reasoning ability. The
results showed that the experimental group who received these prompts outperformed

the control group.

The results of the qualitative data showed that both metacognitive knowledge and
metacognitive skills of PTSs were improved. In terms of metacognitive knowledge,
conditional knowledge was the less reported metacognitive knowledge type before the
course. However, the increase was the most in conditional knowledge after the course.
Conditional knowledge is an answer to why and when question. This type of
metacognitive knowledge type enable learner to be aware of the reasons for her/his
decisions. Besides of this, conditional knowledge is related to know when to apply
declarative and procedural knowledge. It can be concluded that the manual contributed
to the development of PSTs’ conditional knowledge. Prompts to provoke and to develop
PSTs’ conditional knowledge were embedded to the manual. From the qualitative results
it may be concluded that these prompts worked for the PSTs. The increase in declarative
knowledge and procedural knowledge was also observed. Declarative knowledge is the
learner’s knowledge about herself/himself as a learner. An increase in declarative
knowledge can be a result of those that PSTs began to know more about their strengths,
weaknesses and their thoughts related to science contexts in the course. An increase in
procedural knowledge was observed except for two cases (Ela and Ada). Procedural
knowledge is the knowledge about how to do things step by step. Laboratory
environment with experiments is appropriate to enhance this metacognitive knowledge
type. Laboratory manual also included the prompts to enhance procedural knowledge.
As other 5 PSTs’ reported procedural knowledge increased, it can be concluded that this
course also contributed to the development of this metacognitive type.
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In terms of metacognitive skills, of seven PSTs, only Selin and Ada cases reported
metacognitive skills before the course. Selin reported monitoring and evaluation skills
and Ada reported planning and monitoring skills. The rest did not report any
metacognitive skill.

Planning skill was reported only by Deniz case. The rest of the PSTs did not report
this skill. This result was interesting because quantitative data showed that PSTs’
planning skill was developed. However, of seven PSTs, six of them did not report this
skill in the interview. Laboratory manual also included prompts for planning skill.
Although they developed this skill, they may not aware of it. Therefore, they did not
report it in their post interview. Based on the quantitative data and the PSTs’ responses
to prompts in the manual, it can be concluded that PSTs’ planning skill was also
developed in this study. However, the reasons for why they did not report planning in

their interview can be investigated in detail in future research.

After the course, all PSTs mentioned monitoring skill. From the quantitative data, it
was found that PSTs’ both awareness and self-checking scores increased and the
increase in awareness was found statistically significant. The definition of both two
subscales is matching up with monitoring skill as O’neil and Abedi (1996) defined self-
checking as monitoring of learning and they defined awareness as self-consciousness.
Monitoring skill is the on-line awareness of learning and being aware of the other
people’s learning style and knowledge as well (Pintrich, 1999; Pintrich, 2002; Yiiriik,
2005). As a result of the definitions it can be thought that monitoring skill include these
two components of self-awareness. From this view, quantitative and qualitative data
support each other regarding to the development in monitoring skill. Laboratory manual
also included prompts for monitoring skill and from this result it can be concluded that
these prompts worked for the development of PSTs’ metacognition. Kramarski and
Gutman (2006) used prompts for metacognition in e-learning environment and they
found that students who received prompts to develop metacognition used monitoring
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skill more than the other students who did not received metacognitive prompts.
Introducing prompts for monitoring skill is crucial since it was reported that neither
children nor adult learners monitor their learning (Pressley et al, 1987). Qualitative
results of this study before the course supported this conclusion as well.

In terms of evaluation skill, except for one case (Gamze), six PSTs reported
evaluation skill after the course. Therefore, it can be concluded that PSTs’ evaluation
skill was also developed throughout the course. Davis (2003) suggested that small
groups discussion including collaborative works, peer models provided students promote
their metacognition. Our course also included small groups and the manual included
prompts for individual thought and the discussion of these thought in the group.
According to Davis (2003) this learning environment supported learners’ planning and
evaluation skills. We also found a development in these two skills as well. The last
question in the manual asked for the evaluation of the course by concept map or
diagram. PSTs draw their concept maps or diagram to show their evaluation. Some of
the PSTs preferred to draw figures to show this development as well and PSTs stated in
their interview that their models for evaluation were getting better. They told that when

they compared their first model and last model, they saw an improvement.

In conclusion, it was observed that metacognitive prompts inserted into the manual
contributed to the PSTs’ metacognitive development. PSTs reported in the interviews
that, at the beginning of the course they had difficulty in answering the questions in the
manual. These questions were metacognitive prompts which asked them to monitor their
learning, to evaluate their learning and their reasoning for conditional knowledge.
Besides this, there were also prompts for procedural knowledge and declarative
knowledge but these questions did not force them very much at the lesson. From the pre
interview, it was found that they have already used declarative and procedural
knowledge. However, they had had difficulty in conditional knowledge, planning,

monitoring and evaluation skills. It was obvious from the results that this course helped
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them develop conditional knowledge and metacognitive skills. Lin and Lehman (1998)
designed a computer based laboratory course and used prompts to help pre-service
teachers communicate their knowledge, results and discuss their explanations and
reasons. They found that the group which was provided metacognitive prompts
outperformed the control group. Another example for the study with metacognitive
prompts is the study of Schwartz et al. (2009). They designed software which was a
teachable agent. This agent used metacognitive prompts during the learning. According
to Schwartz et al, normally students neither check their learning nor monitor their
progressing. However, when they use this software, students regulate their learning by

monitoring and evaluating the agent’s learning.

There was an interesting result obtained from the study. It was expected that Selin
and Ada outperformed other PSTs in terms of metacognitive development as these cases
have more learning strategies when compared with other PSTs. However it was found
that PSTs who had less learning strategies caught up with the Selin and Ada in terns of
metacognitive development and their frequencies of metacognitive knowledge and skills
were developed as much as Selin and Ada. Even, some of them reported more
metacognitive knowledge and skills than Selin and Ada. The reason for this result may
be that PSTs who had less learning strategies may be aware of their learning strategies
and they found opportunity in the course to apply these strategies. The second reason
could be that they may develop their learning strategies during the course. According to
the quantitative results, a significant increase was found in the score of cognitive
strategies sub scale. Cognitive strategies referred to the strategies learners had. This
result also supported the second reasoning for this surprising result. However detailed

further study is needed to understand the reasons better.
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5.1.3 Learning Environment of the Laboratory Course with Metacognitive Prompts

To be able to investigate the learning environment in terms of metacognition,
metacognitive orientation scale (MOLES-S) of Thomas (2002) was used. According to
Thomas (2002) the indicators of metacognitively learning environment are summarized
as metacognitive demands, student-student discourse, student-teacher discourse, student
voice, distributed contribution, teacher encouragement and emotional support. It was
found that except for student-teacher discourse, an increase in these indicators was
observed. Besides, PSTs’ interviews included these evidences as well. The decrease in
student teacher discourse may be a result for inquiry based lesson. The course was
designed as inquiry based to support PSTs’ metacognition. It was known that inquiry
based lessons support student-student discourse more than student-teacher discourse
(Hofstein, Navon, Kipnis & Mamlok- Naaman, 2005). In addition, significant increase
in student voice supported that inquiry based environment was provided in this course.
This study also supported that inquiry based lesson with metacognitive prompts is
appropriate to support the development of metacognition in the laboratory course. This
result is consistent with the study of Kipnis and Hofstein (2007) who suggested that
inquiry based laboratory course provided learners an environment that the learners’ had
the opportunity to use their metacognition and thanks to the help of inquiry based
activities they could develop their metacognition as well. Differently from the study of
Kipnis and Hofstein (2007) this study included metacognitive prompts to help student be
aware of their metacognition. Besides, these prompts helped them develop their
metacognition. It can be concluded that inquiry based laboratory course and

metacognitive prompts together supported PSTs’ metacognition development.

As a result of this course, PSTs became aware of their own learning and how they
were learning and improving their knowledge. Furthermore, they were aware of the

different thoughts of their friends while they were discussing their own ideas. This was
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also an important point in metacognition that the learner discovered the different ideas of

other people.

PSTs’ thoughts about the course were also interesting. They were aware of the
different features of this course which differentiate the course from other laboratory
courses they had. One of the common thoughts is that the explanation of their rating
contributed very much to question their knowledge. These explanations helped them be

aware of what they knew and how they knew and where they applied this knowledge.

They also indicated in the interview that they were pleased with the individual
questions in the manual that helped them be aware of their own thinking. Besides the
individual questions, they appreciated the last question which asked the evaluation of the
course. According to the PSTs, although they had difficulty in this question, it provided
them opportunity with thinking on their learning. One of the PSTs told that she started

using this question in her lesson plan as well.

Another striking result was that PSTs reported in the interview that their confidence
in science increased with this course. It may be concluded that metacognitive prompts
helped them be aware of their strengths and weaknesses in their learning. Besides, these
prompts helped them plan, monitor and evaluate their learning as well. While their
metacognitive knowledge and skills were developed with the help of prompts, their self
confidence in science may be reinforced during this process. The study of Kleitman and
Stankov (2007) supported this result that they found a moderate correlation between
metacognition and self confidence. However, more research is needed to support this
result. This study had not been designed to test this result but from the interviews, this

result emerged and a new study can be conducted to test this result.
5.2 Implications and Recommendations for Further Researches

According to the results derived from the study, some implications and

recommendations for further research were suggested under this title. What we found in
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this current study supported the importance of metacognition in the learning
environment. One of the ways to enhance learners’ metacognition is using the
metacognitive prompts in the course. It was found that the prompts used in this current
study worked properly to develop PSTs’ metacognitive knowledge and skills. As
suggested by Kipnis and Hofstein (2007), inquiry based learning environment was
provided to support PSTs’” metacognition. This study suggests that this kind of learning
environment with supporting learners’ metacognition should be used in laboratory
course to be able to support learners’ construction of knowledge. While they were
constructing their knowledge, they should use their metacognition to be aware of what
they are thinking. Furthermore, they should plan, monitor and evaluate their learning to
be a successful learner. Metacognitive prompts are useful tools to control this learning
process. To be able to use these prompts in the classroom, PSTs should know how to use
metacognitive prompts. Therefore, this kind of laboratory course provides them with
opportunity to understand how to use prompts. Besides metacognition, they should have
various learning strategies to be able to help their students. Metacognition enables one to
be aware of her/his learning strategies. Therefore, new learning strategies can be
searched or they can be aware of the weaknesses and strengths of their existing learning

strategies.
In terms of the further researchers, some suggestions were presented as items below.

e This current study is implicitly conducted. An explicit design can be
conducted for further research and the results can be compared with this
study.

e Before conducting the current research, PSTs’ existing learning strategies
were investigated and it was observed that PSTs who had various learning
strategies had more metacognitive knowledge and skills. A study including

both instruction of learning strategies and metacognition can be conducted.
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It was found that PSTs’ self confidence in science increased at the end of the
lesson. A study looking for the relation between self confidence and
metacognition in laboratory course can be conducted to investigate this
relation in detailed.

The qualitative part of this research included only female participants. It was
known in the literature that a gender difference was known in metacognition.
A detailed study for gender difference in laboratory course can be investigated

in the future research.
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LAB 5: BLACK BOX

This lab is focused on observations and inferences of basic science process skills.
5.1. Black Box

Preliminary Information

This laboratory experiment will provide you opportunity to understand that scientific
knowledge includes observations, inferences and predictions.

Materials

None needed

Procedure
1. Carefully examine the Black Box model demonstrated by the instructor.

2. Make observations and make records of your observations (data)
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1.

2.

PLEASE RESPOND INDIVIDUALLY

Record your observations (data). (individually)

a. What can you infer based on your observations about the system inside the black
box? Please write all plausible inferences you can make. (individually)

b. Explain the reasoning underlying your inference. (individually)

c. Rate your confidence in your inferences on a 5 point scale from Not At All Confident

to Very Confident.
Not at all confident Very confident
1 2 3 4 5

d. Explain the basis of your confidence rating (individually)

a. Based on your observations and inferences suggest your own model that you think
explain step by step how the phenomenon (or demo) works.

e  What experiences gave you ideas to help you make sense of your model?

e Where else in your life have you seen models like the one you designed?
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As a group, based on your observations and inferences, decide on your group model
to explain step by step how phenomenon (or demo) works.

Gorup observations:

Group inferences:

Group Predictions:

Group Model:

MATERIALS:

PROCEDURE (include your model here with necessary procedure):

Does your groups’s model support your group’s inference(s)?
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To what extent does your group’s model support your group’s hypothesis?

PLEASE RESPOND INDIVIDUALLY

How certain are you about the accuracy of the model that your group has drawn
based on your group’s inferences? Explain your reasoning. (individually)
Rate your certainty on a scale from 1-5

Not at all certain Very certain

1 2 3 4 5

Which observations and inferences make your own model strong when you compare it
with your group’s models? (individually)

Which observations and inferences make your own model weak when you compare it
with your group’s model? (individually)

How did you decide which model to design as a group?
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Does every member of your group agree on the model? (individually)

How did each member of your group contribute to the learning during this lab?
(individually)

Did any member of your group give you ideas that you did not think of? (individually)

What do you conclude about the value of observation and inference in the scientific
method? (individually)

Although you could not observe what is in the black box, you made inferences and
constituted your hypothesis and created your model. Do you think that scientists
make some inferences without observations and make explanations that are
inferential in nature? Give some examples and support your answer. (individually)

Draw a diagram, model or a concept map (it depends on your creativity) which shows
what you have done and learned throughout the lesson. (individually)
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LAB 6: CANDLE

Introduction:

In this lab you will practice science process skills and try to draw evidence-based
conclusions and test them.

6.1. Candle

Preliminary Information

This laboratory experiment will provide you opportunity to practice science process
skills, draw evidence based conclusions and test your claims.

Materials
Write the materials that you will use in your investigation.

Cake candles in different colors, three kinds of liquids in bottles,...

Procedure

1. You have cake candles in different colors. Have at least 100 mL of each liquid in
separate beakers. Put one candle into each liquid (try each color of liquid and
each color of candle at least once), and observe what happens.

Write your observations to the space provided below.

2. What are your inferences related to your observations? (INDIVIDUALLY)

Rate your confidence in your inferences on a 5 point scale from Not At All Confident
to Very Confident. (INDIVIDUALLY)

Not at all confident Very confident

1 2 3 4 5
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Explain the basis of your confidence rating. (INDIVIDUALLY)

3. Choose one of your observations regarding only one color of a candle. Select the
option(s) that you think support(s) your explanation about how the phenomenon
works.

a. The mass of the candle is larger/smaller with respect to the liquids.

b. The volume of the candle is larger/smaller with respect to the liquids.

c. The temperature of the candle is cooler/warmer with respect to liquids.

d. The temperatures of the liquids are cooler/warmer with respect to the candle.
e. The density of the candle is larger/smaller with respect to the liquids.

f. The densities of the liquids are larger/smaller with respect to the liquids.

g. Other:......

4. |In this step you are expected to design a method to test your inference according
to the choice you made in the previous step.

Write your procedure
Record your data

What is your conclusion(s)? (INDIVIDUALLY)
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Rate the quality of your method on a 5 point scale from poor to excellent

poor
excellent

1 2 3 4 5

Explain the basis of your confidence rating. Did your method work as you had
expected? If there were something unexpected, write please and explain what you
did to solve this unexpected situation. (INDIVIDUALLY)

5. In this step, you are asked to give the (relative) density of the candle. Please
design a method to calculate and/or measure the density of the candle you have
selected. Do not forget to express the numbers in correct number of significant
figures and in correct form of scientific notation when necessary.

Write your procedure

Record your data (to the back of the page

What is your conclusion(s)? (INDIVIDUALLY)
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PLEASE RESPOND INDIVIDUALLY

Rate the quality of your method on a 5 point scale from poor to excellent

poor excellent

1 2 3 4 5

Explain the basis of your confidence rating. Did your method work as you had
expected? If there were something unexpected, write please and explain what you
did to solve this unexpected situation.

Draw a diagram, model or a concept map (it depends on your creativity) which shows
what you have done and learned throughout the lesson
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Name : Date:
Section:

LAB 7: THEORY & LAW

Introduction:

In this lab you will not only test a couple of theory and laws related to the particle
structure of matter but also reconsider your conceptions of theory and law.

PLEASE RESPOND INDIVIDUALLY

Explain your own thoughts on the role of theory in science with your own words.
(INDIVIDUALLY)

Do you think that we really need theories? (INDIVIDUALLY)

Explain your thoughts on the role of law in science with your own words.
(INDIVIDUALLY)

Do you think that we really need laws? (INDIVIDUALLY)

What do you think about the validity and reliability of theories and laws?
(INDIVIDUALLY)

Rate your trust in theories on 5 point scale. (INDIVIDUALLY)
Not at all trust Very trust
1 2 3 4 5
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Explain the basis of your rating.

Rate your trust in laws on 5 point scale. (INDIVIDUALLY)
Not at all trust Very trust
1 2 3 4 5

Explain the basis of your rating.

Is there a difference in your rating between theory and law? If any, why?
(INDIVIDUALLY)

Problem

Write at least three evidences, which supports the claim that “Matter is made up of
particles”? (individually)

a)...
b)....
Q)....

Design your own experiment to serve as an evidence to your claim. (YOU DO NOT
TEST YOUR EXPERIMENT IN THIS STEP)

Materials

Write the materials that you will use in your investigation.

Procedure
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What experiences gave you ideas to help you make sense of your experiment design?
(INDIVIDUALLY)

Ask your group friends what they think on the evidence for particle theory. Is there a
differently answers from yours? If any, do you accept as an evience or not, why?
(INDIVIDUALLY)

GROUP ACTIVITY

Decide on a claim as a group to serve as an evidence for the particle theory. Then
design an experiment to test the claim.

Materials

Write the materials that you will use in your investigation.

Procedure

PLEASE RESPOND INDIVIDUALLY

Write your observations/ data to the space provided below. (INDIVIDUALLY)
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Write your inferences related to your observations to the space provided below.
(INDIVIDUALLY)

Rate your confidence in your individual method to test the claim (INDIVIDUALLY)
Not at all confident Very confident

1 2 3 4 5

Rate your confidence in your group method to test the claim (INDIVIDUALLY)
Not at all confident Very confident
1 2 3 4 5

Is there a difference in rating? What are your group experiment’s strong and weak
sides when you compare it with your own model. (INDIVIDUALLY)

Problem:

Design an experiment to collect data to serve as an evidence to the law of
conservation of mass (Grup activity)

Materials
Write the materials that you will use in your investigation.
(Available ones: vinegar, table salt, locked sandwich bag, electronic balance)

Procedure

Write your observations/ data to the space provided below. (INDIVIDUALLY)
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Write your inferences related to your observations to the space provided below.
(INDIVIDUALLY)

Draw a model that comes to your mind when law and theory is talked
(INDIVIDUALLY)

Draw a diagram, model or a concept map (it depends on your creativity) which shows
what you have done and learned throughout the lesson (INDIVIDUALLY)
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Name : Date:

Section:

LAB 8: THEORY-LADEN

Introduction:

In this lab you will have the opportunity to understand the theory-laden nature of
scientific knowledge. That is, scientists’ theoretical and disciplinary commitments
influence their work. Meanwhile you will practice necessary basic and integrated
science process skills.

Why cannot we call evolution as law? (Individually)

How do scientists see evolutionary theory as scientific enterprise even though they do
not see that is happening today or happened in the past? (Individually)

Scientists give some different reasonings for the diversity of life such as mutation,
migration, natural selaction,etc. What could be the reason(s) for these different
reasonings? Can you respond to this question in the light of NOS understanding,
please provide examples to support your ideas? (Individually)

This activity will give you the opportunity to observe differences and similarities in the
characteristics of humans and apes. The apes discussed in this activity are the
chimpanzee and the gorilla.

National academy of sciences,Teaching about evolution and the nature of science
(pp.84-86). National Academy press: Washington, DC.
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Problem

Find the morphological relationships between gorillas, chimpanzees, and humans.

Working in groups of four “synthesize” strands of DNA according to the following
specifications:

(Each different color of paper clip represents one of the four bases of DNA.)
Materials
Four sets of black, white, green, and red paper clips, each set with 35 paper clips.

Black: adenine (A) Green: guanine (G) White: thymine (T) Red:
cytosine (C)

Procedure

Each student will synthesize one strand of DNA. Thirty-five paper clips of each color
should provide an ample assortment.

Group member 1: Synthesize a strand of DNA that has the following sequence:
A-G-G-C-A-T-A-A-A-C-C-A-A-C-C-G-A-T-T-A

Label this strand “human DNA”, this strand represents a small section of the gene that
codes for human hemoglobin protein.

Group member 2: Synthesize a strand of DNA that has the following sequence:
A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-G-A-T-T-A

Label this strand “chimpanzee DNA”, this strand represents a small section of the
gene that codes for human hemoglobin protein.

Group member 3: Synthesize a strand of DNA that has the following sequence:
A-G-G-C-C-C-C-T-T-C-C-A-A-C-C-A-G-G-C-C

Label this strand “gorilla DNA”, this strand represents a small section of the gene that
codes for human hemoglobin protein.
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Group member 4: Synthesize a strand of DNA that has the following sequence:
A-G-G-C-C-G-G-C-T-C-C-A-A-C-C-A-G-G-C-C

Label this strand “common ancestor DNA”, this strand represents a small section of
the gene that codes for human hemoglobin protein of a common ancestor of the
gorilla, chimpanzee, and human.

Your research study should include;

GROUP ACTIVITY

1. State your group purpose

2. State your group hypothesis to explain how these organisms are related? (Three
hypothesis or two hypothesis according to your theory)

3. Compare the human DNA to the chimpanzee DNA by matching the strands base
by base (paper clip by paper clip). Count the number of bases that are not the
same. Record the data in a table. Repeat the steps with the human DNA and the
gorilla DNA.

Hybridization data for human DNA

Human DNA compared to: Number of matches | Unmatched bases

Chimpanzee DNA

Gorilla DNA
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How do the gorilla DNA and the chimpanzee DNA compare with the human DNA?

Data for common ancestor DNA

Common ancestor DNA compared | Number of matches | Unmatched bases
to:

Human DNA

Chimpanzee DNA

Gorilla DNA

What do these data suggest about the relationship between humans, gorillas, and
chimpanzees?

4. Write your conclusion. Do the data support any of your hypotheses? Why or why
not? (Individually)

Draw a model or a concept map which shows your understanding of evolution.
(Individually)

Draw a diagram, model or a concept map (it depends on your creativity) which shows
what you have done and learned throughout the lesson. (Individually)
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Name : Date:

Section:

LAB 9: YOUNG EXPERIMENT

Introduction:

In this lab you will have the opportunity to understand the tentative nature of
scientific knowledge. That is, scientific knowledge is never absolute or certain. All

” "

kinds of scientific knowledge, including “facts”, “theories” and “laws” are tentative
and subject to change.

Procedure
Use your materials to construct the following experimental set-up into your black box.

Place your cardboards so that the one with three holes will be in the front, the one
with two holes will be in the middle, and the one with a hole will be at the back.

There will be 5 cm between cardboards.

The cardboards will be placed so that the holes are in a straight line.

flashlight

Light the flashlight in front of the cardboard with three holes and record your
observations. (INDIVIDUALLY)
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3. What can you infer based on your observations about the light? (INDIVIDUALLY)

Rate your confidence in your inferences on a 5 point scale from “Not At All Confident”
to “Very Confident”. (INDIVIDUALLY)

Not at all confident Very confident

1 2 3 4 5

Explain the reason(s) of your confidence rating. (INDIVIDUALLY)

4. Based on your observation(s) and inferences suggest a model to explain the structure
of light. (INDIVIDUALLY)

5. Draw a group model which explains the structure of light. (GROUP

ACTIVITY)

Rate your group model on a 5 point scale from Not At All Confident to Very
Confident. (INDIVIDUALLY)
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Not at all confident Very confident
1 2 3 4 5
Explain the basis of your confidence rating. (INDIVIDUALLY)
Evidence

An experimental anomaly was the photoelectric effect, by which light striking metal

surface ejected electrons from the surface, causing an electric current to flow across
an applied voltage.

Review

1. Does this evidence support the light model you draw in the first part of the
experiment? Explain why it supports or why it it does not support your model.
(INDIVIDUALLY)

2. |If the evidence does not support your model, modify your group model to include
this piece of evidence given above. (INDIVIDUALLY)

3. If evey group member aggrees on this evidence does not support your group

model, suggest a group model which includes this piece of evidence. (GROUP

ACTIVITY)

Rate your group model on a 5 point scale from “Not At All Confident” to “Very
Confident”. (INDIVIDUALLY)

Not at all confident Very confident

1 2 3 4 5
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Explain the reason(s) of your confidence rating. (INDIVIDUALLY)

Materials

A cardboard with one slit, a cardboard with two slits, a flashlight, and a black box.
Procedure

Light your flashlight.

Place the cardboard with one slit in front of your flashlight.

Draw the pattern you observe on the side of the black box to the space provided
below (INDIVIDUALLY).

Remove the cardboard with one slit and place the cardboard with two slits in front of
your flashlight.

Draw the pattern you observe on the side of the black box to the space provided
below. (INDIVIDUALLY)

Do your observations support the light model you draw as agroup? Report if they are
consistent with your model, explain why you think they are consistent or not. If you
think they are inconsistent, suggest your model (INDIVIDUALLY).
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7.

10.

Ask your group friend, how they response number6 question. Then, decide as a group
on whether your observations support your group model. If it does not support,

modify your model to include your observations in this experiment (GROUP

ACTIVITY)

What can you infer about the light based on your observations in three experiments?
(Individually)

If your model has been changed, explain why they change? Can you respond to this
question in the light of NOS understanding? (INDIVIDUALLY)

Draw a diagram, model or a concept map (it depends on your creativity) which shows
the process have done and learned throughout the lesson (INDIVIDUALLY)
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Name : Date:

Section:

LAB 10: CREATIVITY IN SCIENCE

Introduction:

In this lab you will have the opportunity to understand the creative and imaginative
nature of scientific knowledge. Scientific knowledge is created from human
imaginations and logical reasoning. This creation is based on observations and
inferences of the natural world.

Preliminary Information

In this lab activity, you will try to discover what a particular instrument is used for.
You will perform drive theories about the function of the instrument you are given
and perform an experiment to show its functionality.

10.2.1. The instrument
Materials

A box of an instrument.

INDIVIDUALLY

Procedure

5. Open the box to see what type of an instrument you have.

6. Carefully observe the instrument for its parts and draw a figure of the instrument
below.
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What can you infer based on your observations about the function of the instrument?
(INDIVIDUALLY)

Rate your confidence in your inferences on a 5 point scale from “Not At All Confident”
to “Very Confident”. (INDIVIDUALLY)

Not at all confident Very confident
1 2 3 4 5

Explain the reason(s) of your confidence rating. (INDIVIDUALLY)

GROUP ACTIVITY

1. As a group, what can you infer based on your observations about the function of
the instrument?

2. Rate your confidence in your group inferences on a 5 point scale from “Not At All
Confident” to “Very Confident”. (INDIVIDUALLY)

Not at all confident Very confident
1 2 3 4 5

Explain the reason(s) of your confidence rating. (INDIVIDUALLY)

10.2.2. Design an experiment

Preliminary Information

Based on your observation and inferences suggest an experiment to show the
functionality of the instrument you have.
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INDIVIDUALLY

Research question:

Hypothesis:

Variables (& operational definitions):

Materials:

Procedure:
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GROUP ACTIVITY

Research question:

Hypothesis:

Variables (& operational definitions):

Materials:

Procedure:

Conclusions:
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When do scientists need to use creativity? (INDIVIDUALLY)

How is creativity important in science? Can you give an example? (INDIVIDUALLY)

How do you need creativity in your daily life? (INDIVIDUALLY

Draw a diagram, model or a concept map (it depends on your creativity) which shows
the process you have done and learned throughout the lesson (INDIVIDUALLY)
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APPENDIX B

Pre- Interview Questions

. yeni bir konuyu 6grenirken nasil bir diisiinme siirecinden gegersin?
. Fen konularin1 6grenirken kendine ne kadar giiveniyorsun?

. Giinliik yasamda bilimsel diisiinmeye ihtiya¢c duyuyor musun?

. Bilgileri aklinda nasil organize ediyorsun?

. Yeni bilgilerle nasil basa ¢ikiyorsun?

. Ogrenme siirecini nasil kontrol ediyorsun?

. Ogrenmelerini nasil degerlendiriyorsun?

. Ogrenme siirecinde basarisiz oldugunda bununla ilgili neler yaparsin?
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APPENDIX C
Post- Interview Questions

1. Laboratuar foylerinin icerigi hakkinda ne diisiiniiyorsun? Daha 6nce bu
tarzda bir foyle karsilagtin m1?

2. Laboratuar dersi, daha 6nce derslerde 6grendiklerine ne yonde katki sagladi?
3. Su an Fen konularii 6grenirken kendine ne kadar giiveniyorsun?

4. Giinliik yasamda bilimsel diisiinmeye ihtiya¢ duyuyor musun?

5. Laboratuvar dersi boyunca bilgileri nasil organize ettin?

6. Laboratuvar dersi boyunca 6grenmelerini nasil kontrol ettin?

7. Laboratuvar dersi boyunca 6grenmelerini nasil degerlendirdin?

8. Ogrenme siirecinde basarisiz oldugunda bununla ilgili neler yaptin?
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APPENDIX D

QUESTIONNAIRES
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APPENDIX E

PSTs’ LEARNING STRATEGIES
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Appendix G

PSTs’ Metacognitive Knowledge and SKkills Revealed from Post Interview
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