THE PREDICT-OBSERVE-EXPLAIN INSTRUCTION COUPLED WITH
REFLECTIVE JOURNAL WRITING FOR TEACHING
ELECTRICITY AND MAGNETISM:

A QUASI-EXPERIMENTAL STUDY WITH GRADE 10 STUDENTS

by
Erhan AKKILIK
B.S., Secondary School Science and Mathematics Education, Teaching Physics,
Middle East Technical University, 2009

Submitted to the Institute for Graduate Studies in
Science and Engineering in partial fulfillment of
the requirements for the degree of

Master of Science

Graduate Program in Secondary School Science and Mathematics Education
Bogazici University

2016



ACKNOWLEDGEMENTS

I would first like to thank my thesis advisor, Assoc. Prof. Emine ADADAN. The
door to Assoc. Prof. ADADAN office was always open whenever | ran into a trouble spot
or had a question about my research or writing. Her unending patience, insightful and
caring criticism has kept me on track from the start and until the completion of this thesis.
She consistently allowed this paper to be my own work, but steered me in the right
direction whenever she thought I needed it.

I would also like to acknowledge Prof. Filiz KABAPINAR who is the second reader
of this thesis, and | am gratefully indebted to her for her very valuable comments on this
thesis.

I would also like to thank Prof. Aysenur YONTAR TOGROL who accepted to be in
my thesis committee. She has been a source of enthusiasm for me in the course of
conducting this research.

I am also grateful to Assist. Prof. Olga Gkioka, whose encouragement and cheerful
counsel has been very helpful and enabled to complete this thesis. Particularly, the books
which she suggested was very beneficial for me to gain sound knowledge about students’

prior knowledge related to science.

| wish to especially thank to Assist. Prof. Sevil AKAYGUN who gave the “Seminar”
lesson to us. She invited many valuable researchers to share their studies with us and
inspired me to take a decision on the subject of this thesis.

Finally, 1 must express my very profound gratitude to my dear wife, Ayse, for
providing me with unfailing support and continuous encouragement throughout my years
of study and through the process of researching and writing this thesis. | am grateful to my
mother-in-law, who lived with us, to help us to take our sweet baby. | am also grateful to
my lovely baby, Rana, whose laugh and smile was a powerful motivator for me whenever |

felt embarrassing in the course of writing.



ABSTRACT

THE PREDICT-OBSERVE-EXPLAIN INSTRUCTION COUPLED
WITH REFLECTIVE JOURNAL WRITING FOR TEACHING
ELECTRICITY AND MAGNETISM: A QUASI-EXPERIMENTAL
STUDY WITH GRADE 10 STUDENTS

The main purpose of this quasi-experimental study was to explore the effectiveness
of “Predict-Observe-Explain instruction coupled with Reflective Journal Writing” (POE-
RJW) over POE instruction or Traditional Instruction (TI) in terms of improving Grade 10
students’ conceptual understandings of electricity and magnetism. The subsequent goal of
the study was to investigate the effectiveness of the POE-RJW instruction over the POE
instruction and the TI in terms of increasing students’ motivation to learning physics. A
total of 135 male Grade 10 students from a high school located in Istanbul were involved
in the study. The two of pre-existing classes of the school were randomly assigned as the
POE-RJW group, including 39 students; three classes were randomly assigned as the POE
group, including 59 students, and the two of them were assigned as the TI group, including
37 students. Three essential data sources were used in the current study: (1) Electricity and
Magnetism Conceptual Test (EMCT), which comprised of 20 two-tier questions to assess
students’ conceptual understandings of electricity and magnetism. (2) Physics Motivation
Questionnaire (PMQ) which included 22 Likert-type items to assess students’ motivation
to learning physics, and (3) Journal Writing Survey (JWS) to identify the opinions and
perceptions of students regarding the act of journal writing. Both EMCT and PMQ were
administered before and after a ten-week instruction in three different groups. Quantitative
analysis was conducted for EMCT and PMQ. Before the instructions all three groups
showed similar conceptual understanding about the concepts of electricity and magnetism,
and motivation towards learning physics. After the instructions, the POE-RJW group
outperformed the POE and the TI group in terms of understanding the concepts of
electricity and magnetism, and motivation to learning physics. The findings of the study
showed that “Predict-Observe-Explain instruction coupled with Reflective Journal
Writing” (POE-RJW) can be used to promote students' conceptual understanding in

science and also to increase their motivation towards learning physics.



OZET

10. SINIF ELEKTRIK VE MANYETIZMA KAVRAMLARININ
OGRETIMINDE YANSITICI OGRENME GUNLUGU iLE
BIRLESTIRiILMIiS TAHMIN ET-GOZLE-ACIKLA (TGA-FOG)
YONTEMI: YARI-DENEYSEL BiR CALISMA

Bu ¢aligmanin amaci, “Yansitict Ogrenme Giinliigii ile birlestirilmis Tahmin Et-Gozle-
Acikla yonteminin” (TGA-YOG) kullanildigi &grenme ortamlarmin  sadece TGA
yonteminin ve sadece Diiz Anlatim (DA) yonteminin kullanildigi 6grenme ortamlarina
gore 10. sinif 6grencilerinin elektrik ve manyetizma konularini kavramsal anlamalarina ve
fizik dersine karsi motivasyonlarina olan etkisini incelemektir. Calismada kontrol gruplu
Ontest-sontest yari-deneysel arastirma modeli kullanilmistir. Calisma, yatili bir erkek
lisesinin halihazirdaki 17 sinifindan rastgele segilen 7 sinifi dahil edilerek gergeklestirilmis
olup, 2 siifta sadece DA yontemi (39 6grenci), 3 sinifta sadece TGA yontemi (59 6grenci)
kullanilirken, diger 2 simifta da TGA-FOG yontemi (37 6grenci) kullanilmistir. Veri
toplama araci olarak li¢ ayr1 Olgek kullanilmistir. Bunlardan birincisi, 6grencilerin
kavramsal anlamalarini 6lgmek amaciyla hazirlanan iki asamali 20 sorudan olusan
“Elektrik ve Manyetizma Kavram Testi” (EM-KT) iken; ikincisi 6grencilerin fizik dersine
karst motivasyonlarini tespit etmek amaciyla uygulanan “Fizik Motivasyon Anketi”
(FMA) dir. Ugiincii veri toplama araci olarak ise dgrencilerin dgrenme giinliigii yazma
siireglerine yonelik deneyimlerini tespit etmek amaciyla “Ogrenme Giinliigii Yazim
Anketi” kullanilmistir. Calismanin sonucunda TGA-FOG ydnteminin uygulandigi grubun
hem elektrik ve manyetizma kavramlarini anlamalart hem de fizik dersine karsi
motivasyonlar1 bakimindan diger iki gruba gore daha {istiin performans gosterdikleri tespit
edilmistir. Calismanin sonuglari, “fizik 6grenme giinliigii ile birlestirilmis tahmin et-gozle-
acikla” (TGA-FOG) yonteminin 10. Sinif dgrencilerinin elektrik ve manyetizma konularin
kavramsal anlamalarina ve fizik dersine karsi motivasyonlarimin artmasma yardimci

oldugunu ortaya ¢ikarmistir.
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1. INTRODUCTION

“The most important single factor influencing learning is what the learner already

knows; ascertain this and teach him accordingly” (Ausubel, 1968, p.iv).

The statement of Ausubel in the above quotation is now one of the widespread
agreements within the science education community. Children’s already-existing ideas or
alternative conceptions have a huge effect on science learning. Just as a doctor cannot
prescribe an effective remedy without a suitable diagnosis, science teachers cannot decide
how to begin modifying students’ alternative conceptions towards more scientifically
acceptable ones. A vast body of research has been conducted on student learning in
science, and these studies frequently focused on students' pre-existing knowledge of
science concepts and how these preconceptions have an impact on how and what they learn
(Asghar and Libarkin, 2010; Driver, Guesne and Tiberghien, 1985; Osborne and Freyberg,
1985; Stavy and Tirosh, 2000). Studies of students’ conceptions suggest that their pre-
conceptions may not be compatible with the scientific knowledge taught in the school and
also these preconceptions can be very resistant to change (Driver, 1985). Therefore,
learning entails re-organization of present knowledge structures, that is, conceptual
change.

The two terms, learning and understanding, can be generally used as synonyms in
everyday language. However, these terms are not the same as the viewpoint of the
educational psychology and science education. While learning can be defined as acquiring
knowledge, understanding refers to applying this knowledge to new situations (Norton-
Meier et al., 2008). If a connection is to be constituted between learning and
understanding, simply learning can be categorized into two categories: learning for
memorization and learning for understanding (Goodrum, 2004). In this respect, National
Science Education Standards took the attention to this difference and specified the
fundamental aim of science education as having ‘“students learn scientific knowledge with
understanding” (p.21). Therefore, meaningful science learning requires learning for
understanding, that is, conceptual understanding instead of learning for memorization.

Conceptual understanding refers to the ability of students to use knowledge, apply it to the



relevant problems and to make associations between related concepts (Stevens et al.,
2010).

The importance of conceptual change and conceptual understanding in science
teaching and learning steered the ways of research in these terms as a final outcome of
science teaching. To this end, during the last two decades, research on writing to learn in
science gained much attention. Many research studies have been conducted to explore
whether writing has an effect on learning in science, particularly enhancing conceptual
understanding or promoting conceptual change (e.g., Fellows, 1994; Gunel et al., 2009;
Hand and Prain, 2002; Kalman, 2001; Keys, 1999; Mason and Boscolo, 2000, Rivard and
Straw, 2000, Tynjild, 1998). Although a vast majority of these studies suggest that writing
activities in science classrooms can have a positive impact on students’ science learning,
now there is evidence that not all writing activities promotes conceptual learning in science
(Bangert-Drowns et al., 2004; Gunel et al., 2009; Langer and Applebee, 1987). A key
finding was that the efficacy of writing depends on the type of processing throughout
writing (Galbraith, 2015). The most significant feature of writing activities that promote
conceptual understanding is its potential to trigger cognitive and metacognitive processes
or strategies in the leaners’ mind and to make learners use these learning strategies through
the act of writing (Boscolo and Mason, 2001; Mason and Boscolo, 2001; McCrindle and
Christensen, 1995; Wallace et al., 2004). Therefore, such writing types that address these
learning strategies are likely to increase conceptual understanding in science (Alagarmot
and Chanquoy, 2001; Berthold et al., 2007). Although there exist many writing tasks or
types, learning journals proved to be better impacts over other writing types such as
writing a summary (Cantrell et al., 2000), writing a scientific report (McCrindle and
Christensen, 1995) or short-answer topic tests. Contrary to other writing tasks, learning
journals can be more prone to induce cognitive and metacognitive learning strategies

through the act of writing (Hiibner et al., 2010).

If science learning is viewed as a process of replacing alternative conceptions with
scientific understandings and conceptual understandings, activities in which students
challenge with their alternative conceptions have to be designed. In this context, many
constructivist learning/teaching strategies taking into account of students’ conceptions

were proposed to facilitate conceptual change and conceptual learning in science (e.g.,



Cosgrove and Osborne, 1985; Driver and Oldham, 1986; Glasson, 1993; Smith, 1991;
Treagust and Duit, 2008; Vosniadou et al., 2001). Learning through inquiry has been a
significant feature of learning in science and inquiry-based learning in science education
gained a considerable importance in recent years (Gallagher, 2007). Within the context of
inquiry-based learning, specifically “Predict-Observe-Explain” (POE) model has been one
of the important learning/teaching strategies in science education. Therefore, several
studies has been conducted to provide conceptual change and conceptual understanding in
various science topics, particularly physics topics (Kearney, 2004; Liew and Treagust,
1998; Tao and Gunstone, 1999; Zacharia et al., 2008).

In addition to employing writing as a learning tool for fostering students' conceptual
understanding, writing can also be used to assist inquiry learning in science. It can also be
an effective instrument to “extend and support the overall inquiry process regarding the
nature of science and science concepts rather than as a product of grading purposes”
(Rowell, 1997, p.38). In this context, for example, Keys et al. (1999) investigated the
Science Writing Heuristics (SWH) to guide students in writing about investigations in
laboratory activities and many researchers used the SWH as a tool implementing that
writing can be used as a learning instrument that aids the inquiry learning (Akkus et al.,
2007; Gunel et al., 2010; Hand et al., 2004; Hohenshell and Hand, 2006; Rudd et al.,
2001).

The topic of Electricity and Magnetism was chosen for the current study. The
purpose of selecting this topic lies in its being a notoriously difficult topic for students at
all age levels, secondary students as well. (Reiner et al., 2000; Sengupta and Wilensky,
2009; Shipstone, 1985). There exist many basic concepts and associations between these
concepts. Therefore, students may experience difficulties in differentiating between these
basic concepts such as charge, current, electricity, voltage, and magnetic field. Moreover,
several research studies showed that students may have numerous alternative conceptions
about electricity and magnetism (e.g., Bilal and Erol, 2009; Borges and Gilbert, 1999;
Cepni and Keles, 2005; Maloney et al., 2001; Tasker and Osborne, 1985), and they are
very persistent to change through traditional instruction and often remain unchanged or can
be affected in an unexpected ways by science teaching. In this study, “reflective learning

journals” from between several writing to learn types and “Predict Observe and Explain”



(POE) learning/teaching inquiry model have been selected for the purpose of facilitating

conceptual change and conceptual understanding of Electricity and Magnetism topic.

1.1. Purpose of the Study

The main purpose of this quasi-experimental study was to explore the effectiveness
of “Predict-Observe-Explain instruction coupled with Reflective Journal Writing” (POE-
RJW instruction) over POE instruction or traditional instruction (TI) in terms of improving
Grade 10 students’ conceptual understandings of electricity and magnetism. The following
goal of the study was to investigate the effectiveness of the POE-RJW instruction over on
POE instruction and traditional instruction in terms of increasing students’ motivation to

learning physics.

1.2. Research Questions

The following research questions guided this research:

(i) How does the conceptual understanding of electricity and magnetism differ from
pre to posttest for the three groups of Grade 10 students who engaged in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

(if) Are there any differences among the three groups of Grade 10 students in terms
of their understandings of electricity and magnetism before and after engaging in

POE-RJW Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their understandings of electricity and magnetism before engaging in
POE-RJW Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their understandings of electricity and magnetism after engaging in

POE-RJW Instruction, POE Instruction, or Traditional Instruction?



(iii) How does the conceptual understanding of the associated concepts of electricity
and magnetism change from pre to posttest for the three groups of Grade 10 students

who engaged in POE-RJW Instruction, POE Instruction, or Traditional Instruction?

(iv) How does the motivation to learning physics differ from pre to posttest for the
three groups of Grade 10 students who engaged in POE-RJW Instruction, POE

Instruction, or Traditional Instruction?

(v) Are there any differences among the three groups of Grade 10 students in terms
of their motivation to learning physics before and after engaging in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their motivation to learning physics before engaging in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their motivation to learning physics after engaging in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

1.3. Significance of the Study

Research on writing to learn has suggested that writing does not automatically
enhance learning (Bangert-Drowns et al., 2004; Klein, 1999). In addition, the potential of
writing for enhancing science learning have been a controversial issue among scholars
within the last two decades. Thus, there is a need to elaborate what kind of writing might
foster learning in science. In this context, many studies have been conducted to reveal
whether and how the act of writing promotes science learning (e.g., Fellows, 1994; Mason
and Boscolo, 2000; Rivard and Straw, 2000). Many of these studies focused on the impact
of writing concerning its potential to increase students' conceptual understanding.
Moreover, to identify the impact of writing on conceptual understanding, some studies
investigated the impact of writing to different audiences such as teachers, younger

students, older students, peers, and parents (Chen et al., 2013; Hand et al., 2007; Gunel et



al., 2009). In addition, various writing types such as letters, journals and reports were used
in different studies to recognize their implications on enhancing science conceptual
understanding. Several studies also associated writing with appropriate cognitive and
metacognitive strategies in order to enhance students’ conceptual understandings, and they
pointed out that writing promotes learning if beneficial cognitive and metacognitive
strategies are activated by the writing task (e.g., Hiibler et al., 2010; Glogger et al., 2012;
McCrindle and Christensen, 1995; Schmidt et al., 2012; Wischle et al., 2015). It can be
inferred from the literature that numerous and a wide range of studies have been conducted
related to writing to learn in science learning or science conceptual understanding.
However, very few studies have been focused on the types of constructivist classroom
activities or specific teaching strategies which integrate inquiry based teaching/learning
strategies into writing to learn tasks (Bullock, 2007). From this perspective, present study
is remarkably significant that it combined a specific teaching/learning strategy (POE
strategy) into a specific writing to learn task-reflective learning journals. Therefore a
constructivist instruction method ‘“Predict-Observe-Explain instruction coupled with

Reflective Journal Writing” was developed.

One of the reasons that make the current study significant lies in the selected
participants. Grade 10 students were selected as the participants of the present study.
Although numerous studies related to writing to learn in science included various
participants from different levels such as elementary school students (e.g., Atila et al.,
2010; Chen et al., 2013; Mason, 2001; Mason and Boscolo, 2000; Rivard and Straw,
2000), undergraduate students (e.g., Dianovsky and Wink, 2012; Gunel et al., 2009;
McCrindle and Christensen, 1995; Tynjala, 1998) as well as teachers (e.g., Hand and Prain,
2002), few of them selected secondary school students as participants (e.g., Gunel et al.,
2009). Besides, in the context of writing to learn studies in science, there exist few studies
using especially learning journals as a learning tool in the level of secondary school
students (e.g., Schmidt et al., 2012). Therefore, this study will contribute to the related
literature on writing to learn in science in terms of its selected participants, secondary

school students.

In addition to the contribution of the current study in relation to the uniqueness of the

participants within the framework of writing to learn studies in science, it is a unique study



for physics education. This study can be a useful model in which both learning journals
and POE tasks have been combined with each other, providing an instructional strategy to
increase the conceptual understanding of secondary school students on the topic of

electricity and magnetism.

Furthermore, over the past two decades, researchers studying writing to learn
including journal writing mainly focused on students’ academic achievement, conceptual
understanding or conceptual change in science or mathematics (e.g., Glogger et al., 2012).
In other words, scholars have been more concerned with students’ science learning than
how to increase their interest towards science and science lessons. However, few studies
concentrated on the impact of journal writing to the motivation of participants towards
learning science topics (e.g., Schmidt et al., 2012; Wischle et al., 2015). The current study
showed the potential of writing learning journals beyond facilitating science learning.
Along with this study, the influence of writing learning journals on motivation to learning

in science, particularly in physics, was explored.



2. LITERATURE REVIEW

This chapter is intended to provide an overview about the related literature, from
which this study takes its roots. The first section includes a brief overview about
constructivist views of learning, namely individual and social constructivism. Subsequent
sections discuss the following issues respectively: conceptual understanding in science,
conceptual change learning in science education, students’ conceptions of electricity and
magnetism, the predict-observe-explain (POE) strategy, and theoretical grounds of writing

to learn and its practice in the classroom.

2.1. Constructivism

Many teachers frequently use the phrase ‘Do you understand?’ in their classrooms,
and in response to this question, students would reply ‘Yes, I do’ or sometimes ‘No, I
don’t’. Yet, what do teachers mean when they ask students if they “understand”? Or, when
students say that they “understand”, what do they really mean? If we want our students to
“understand” the topics in a particular discipline, we have to reach an agreement on the
definition of “understanding”. In other words, we have to understand understanding.
However, making the definition of “understanding” has been a controversial issue for

philosophers, educators and scientists for centuries (Gallagher, 2007; Liew, 2010).

Constructivism is both a psychological theory (a theory of learning) and a
philosophical theory (a theory of knowledge) (Matthews, 2015). It describes, on the one
hand, “knowing”, and on the other hand, how one “comes to know” (Fosnot, 2005).
Constructivism postulates that understanding or the personal knowledge is the result of
numerous connections that learners make during the integration of new information with
their prior knowledge (Driver et al., 1994). In the same manner, based on constructivist
view of learning, Ross et al. (2010) stated that “by ‘learning’ we mean ‘understanding’ or
taking the ownership of ideas, so they can be used and become part of our mental make-
up” (p.57). Therefore, learning or understanding can be seen as a self-regulatory process of
tackling with the contradiction between existing models in the mind and discrepant new
insight (Fosnot, 2005).



Based on constructivist view of learning, the role of the learner is considered to be a
constructor of knowledge. Therefore, learning is “not the result of teaching; rather it is the
result of what students do with the new information they are presented with” (Sewell,
2002, p.24). In the same way, Jenkins (2000) indicated that “knowledge cannot be ‘given’
or handed over and received in the same way as a parent might give a child a book, a toy or
a tool” (p. 601). Thus, knowledge cannot be transferred from one individual to another
individual in any mode (Michael and Modell, 2003). In this respect, it can be inferred that
knowledge is actively constructed by the learner, and the learner (rather than the teacher) is
responsible for the learning that occurs. Indeed, understanding and interpretation of new
experiences depend on the pre-existing knowledge the learner has.

There are two major views in constructivism. The first one is the individual
constructivist view that students actively construct their ways of knowing by means of
their personal experiences. The second is the social constructivist view that focuses on the

social and cultural aspects of knowing and learning rather than individual features.

2.1.1. Individual Constructivism

Jean Piaget established the foundations of individual constructivist view nearly 70
years ago (Glasersfeld, 2005). Piaget (1937) stated that “Intelligence organizes the world
by organizing itself” (p.311). He mainly focused on the cognitive structure of individuals
while constructing knowledge. He developed a cognitive theory which explains how the
learner interacts with new information. The cognitive theory posits that learners try to
reach a balance between the environmental information and their prior knowledge (Piaget,
1970). Hence, equilibration was identified as a dynamic process of self-regulated behavior
balancing two intrinsic behaviors, assimilation and accommodation. If new information fits
into the existing knowledge without any conflict, then the new information is integrated
into the prior knowledge, whereby assimilation occurs. However, if new information is not
in congruent with the existing knowledge, then disequilibrium occurs. To overcome this
disequilibrium, learners should modify or change their current knowledge with the new
one in order to better understand the environment and the incoming information. This type

of creation of new knowledge is nhamed by Piaget as accommodation. In this framework,
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teachers have to find ways of revealing students’ prior ideas and design their instructions in

a way to provide students conceptual contradictions (Tytler, 2002).

Fosnot and Perry (2005) stated that “we cannot understand an individual’s cognitive
structure without observing it interacting in a context, within a culture” (p.28). In this
manner, the role of social and cultural effects in the learning process has gained much
attention by numerous scholars. The next section will cover the social constructivist view

of learning.

2.1.2. Social Constructivism

Humans are social beings, and so we do not act alone. Based on Vygotsky’s work,
social constructivist view of learning asserts that knowledge is produced through social
interaction. While Piaget sought to study the role of contradiction and equilibration in
learning, Vygotsky sought to study the dialogue. Hence, the main focus of Vygotsky’s
work has been associated with the role of social interaction, language, and culture on

learning.

Vygotsky (1978) specified that scientific understanding is constructed by means of
interaction between students in shared tasks. In harmony with the notions of Vygotsky,
Driver et al. (1994) claimed that “knowledge and understandings, including scientific
understandings, are constructed when individuals engage socially in talk and activity about

shared problems or tasks” (p.7).

In addition, Vygotsky (1978) used the term “zone of proximal development” to
clarify the distance that students can achieve beyond their current level. His definition of

the term follows:

“the distance between the actual developmental level as determined by independent
problem solving and the level of potential development as determined through
problem solving under adult guidance or in collaboration with more capable peers”
(Vygotsky, 1978, p.86).
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This zone of proximal development can change from student to student, and it
portrays the capacity of the learner to understand the logic of the scientific concepts.
However, school tasks, most of which solely focuses on the students' individual problem
solving skills, are usually inadequate in meeting the capabilities of learners (Julyan and
Duckworth, 2005). Instead, much more attention has to be given on the accomplishment

levels of students with the assistance of knowledgeable others (Fosnot and Perry, 2005).

In conclusion, individual and social constructivist views of learning have common
principles in terms of their assertions (Cobb, 2005). Firstly, learning is not seen as the
transmission of truths; instead, learners actively built up their knowledge. Secondly, social
interactions between and among individuals in a variety of communities are inevitable for
constructing knowledge. However, social constructivist view emphasizes more attention on
this issue than the individual constructivism. Moreover, both of them focused on the
cognition and language which brings coherency to an individual’s insights and a

community’s knowledge base (Staver, 1998).

The next section will describe the nature of conceptual understanding which is

derived from the constructivist view of learning.

2.2. Conceptual Understanding in Science

A significant purpose of science education is to increase learners’ conceptual
understanding instead of equipping them with excessive factual knowledge. In other
words, meaningful science learning requires conceptual understanding instead of rote
memorization (Adadan et al., 2010). Alao and Guthrie (1999) characterized conceptual
understanding as the amalgamation of breadth and depth. While breadth is associated with
“the extent that knowledge is distributed and represents the major sectors of a specific
domain”, depth is related to “the knowledge of scientific principles that describes the

relationships among concepts” (p.244).

Alao and Guthrie (1999) asserted that both prior knowledge of students and their
interest in the relevant concepts enhance the acquisition of conceptual understanding.

Additionally, use of higher level learning strategies, such as monitoring of comprehension,
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connection between the ideas, and elaboration of ideas, is found to be a powerful predictor

of conceptual understanding (Entwistle and Ramsden, 1983).

According to Stevens et al. (2010), conceptual understanding refers to the potential
of students to use knowledge, apply it to the relevant contexts, and make connections
among the related ideas. They stated that students may have various pieces of knowledge,
but it is difficult for them to use these separate knowledge pieces due to its
compartmentalized structure. However, experts’ knowledge structures are well linked and
assembled with each other whereby conceptual understanding occurs. Students can
develop their conceptual understanding by means of connecting isolated concepts within

and through domains (see Figure 2.1.).
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Figure 2.1. lllustration of the development of conceptual understanding. Each shape shows
a different construct. (A) represents the multi-dimensional development of knowledge and
(B) illustrates the process of integration and organization of knowledge structures.
(Stevens et al., 2010, p. 689)

Conceptual understanding is a product of mental processes established by the learner
and can be supported by the teachers (Gavalcante et al., 1997). Teachers can only provide
support and opportunities for students to constitute connections between their isolated
ideas. McDermott (1984) states that “if the development of conceptual understanding is
primary goal, then instruction must reflect this priority” (p. 32). In this context, conceptual

tasks can be embedded in lessons, in homework assignments, and in laboratory reports and
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particularly in examinations. In the same manner, Yadav et al. (2014) asserted that open-
ended assessments that measure conceptual understanding are more likely to have an

impact on students’ conceptual learning rather than the fact-based assessments.

The next section will summarize the relevant literature regarding conceptual change

learning.

2.3. Conceptual Change Learning in Science Education

Students’ minds are not blank slates when they come to school. On the contrary, they
come to school with previously acquired knowledge. Yet, their pre-existing knowledge is
often inconsistent with the scientific knowledge covered in science classes. In this respect,
classroom learning has a need of re-organization of preconceptions and existing knowledge
into a new form (Driver, 1989). Such type of re-organization is often defined as

“conceptual change” (Smith, 1991).

The pioneering notions regarding the conceptual change have been essentially put
forward by Posner et al. (1982), and they proposed the best known conceptual change
model in science education. Posner et al. (1982) claimed that learning is a rational activity
which can be seen as a process of conceptual change. They concentrated on two similar
terms, assimilation and accommodation, which are in harmony with Piaget’s terms.
Although Piaget did not mention the term “conceptual change”, they used assimilation and
accommodation to clarify conceptual change. Posner et al. stated that students use their
existing ideas to cope with the incoming new information, which is called as assimilation,
whereby the first phase of the conceptual change occurs. They defined accommodation as a
radical phase of conceptual change, in which the old idea/concept is replaced or
reorganized. In their model, they predominantly focused on accommodation for a complete

conceptual change.

Posner et al. (1982) claimed that for a thorough conceptual change, two substantial
elements have to be clarified explicitly: the conditions of accommodation and the features
of conceptual ecology. Concerning the conditions of accommodation, they offered four

conditions under which accommodation is likely to happen. First of all, there should be
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dissatisfaction with existing conceptions. Students should realize that they cannot
overcome a problem by the help of their existing concepts due to their insufficient
capacity. Secondly, new conception must be intelligible. Students should manage to
comprehend the new concept adequately and be able to describe it by using their own
words. In addition, a new concept should be plausible, such that a new concept should be
indispensably logical and have the potential to solve the problems generated by its
predecessors. The final condition is that a new concept should provide a fruitful research
program whereby new areas of inquiry can be developed (Posner et al., 1982). After the
fulfillment of these four conditions, the first component of conceptual change, conditions
of accommodation, can be achieved. A second element which has an impact on conceptual
change is conceptual ecology. Learners’ conceptual ecology consists of their conceptions
and ideas embedded in their epistemological belief. At this point, conceptual ecology steps
in and governs the process of major conceptual changes. Important elements of conceptual
ecology are as follows: Anomalies, analogies and metaphors, epistemological

commitments, metaphysical beliefs and concepts, and other knowledge.

Most of the models offered to explain conceptual change have focused on the role of
cognitive conflict, firstly introduced by Piaget, as a main condition for conceptual change.
If new information is not in agreement with existing knowledge, this inconsistency results
in a cognitive conflict (Piaget, 1970). Based on this claim, several theoretical and empirical
studies drew attention to numerous aspects of this process, and many strategies have been
proposed so as to promote conceptual change (Mason and Boscolo, 2000).

2.4. Students’ Conceptions of Electricity and Magnetism

Over the last 30 years, physics education research has revealed that students already
have alternative conceptions even before they start to learn the concepts in electricity and
magnetism (Maloney et al., 2001). Moreover, it is realized that even after being taught,
students have not changed these alternative conceptions with the scientific ones. In other
words, such conceptions often persist even they are not in congruent with the experimental

results or the explanation of the teacher (Driver et al., 1985).
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Many of the common alternative conceptions in relation to electricity and magnetism
were identified by several researchers in numerous studies (e.g., Driver et al., 1985;
Maloney et al., 2001; Osborne and Freyberg, 1985). Some of the significant conceptions
drawn from the literature were summarized in the following paragraphs. The following
paragraphs will deal with only some of the most important alternative conceptions of

electricity and magnetism held by students relevant with the aims of this thesis.

The earliest research studies about students’ conceptions regarding simple electric
circuits were conducted by Osborne and his colleagues (Osborne 1983, Tasker and
Osborne, 1985), and three main alternative conceptions were detected. The first one is the
unipolar model that a single wire is sufficient to light a bulb, and the return wire is
unnecessary. The second conception specifies clashing currents model in which current
flows to the bulb from both terminals of the battery. The third one, the current consumed
model, suggests that current is ‘used up’ by the resistor or bulb, and so there will be less
current in the wire returning to the battery. According to the research of Osborne and his
colleagues, the third alternative conception was held by almost an half of both Grade 8 and
Grade 9 students.

Students can have misconceptions about charge distribution on insulators and
conductors. Maloney et al. (2001) investigated that many students believed that electric
charges were distributed over both the inner and outer surface of a conducting metal
sphere. They also found that students also had a confusion to differentiate the charge
distribution on a conductor and an insulator. Students also seemed to believe that larger
objects exert larger forces than the smaller ones (Maloney et al., 2001). In their study, Bilal
and Erol (2009) detected some alternative conceptions of students regarding charges and
electric field, such as:

e The body having a larger charge exerts bigger force,
e Any charged particle independent of the charge polarity moves in the direction of
the electric field,

e Particles moving in the opposite direction of the field always slow down (p.197).
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Students believe that electricity, current, voltage, or energy is stored in the battery
and flows to the load where it is consumed. In other words, students think that battery is a
unipolar ‘giver’ of electricity (Driver, 2010). In addition, battery is seen as a supplier of
constant current in a closed current rather than providing a constant voltage or potential
difference (Cohen et al., 1983).

Concerning the concept of electric current, students have different alternative
conceptions. For example, students can use current as synonymous with electricity and
electrical energy (Driver, 2010). In a serial circuit, students were intended to believe that
the current on the larger resistor is lower than the current on the other resistors (Bilal and
Erol, 2009).

In relation to the alternative conceptions regarding magnetism, Shipstone (1985)
found that students linked magnetism with gravity and drew the magnetic force towards
the earth. Moreover, students can consider that poles exist only at the end of magnets.
They can also think that big magnets are magnetically stronger than the small ones (Driver,
2010). Bar and Zinn (1989) stated that many students consider that a conducting (air)
medium is required for a magnet to attract, repel, or magnetize. According to the study of

Barrow (1987), students were not aware of the magnetic effect of an electric current.

2.5. Predict-Observe-Explain (POE) Strategy

As stated previously, constructivist view of learning is based on the idea that learners
construct their own knowledge with respect to what they already know (Nola, 1997).
Therefore, eliciting students’ preconceptions is a central issue for a constructivist teaching
approach (Kearney et al., 2001). In addition, social interactions play a critical role in
learners’ knowledge construction (Matthews, 1993). In this respect, White and Gunstone
(1992) developed the predict-observe-explain (POE) strategy for revealing students’
predictions and their reasons behind those predictions about specific tasks whereby their
pre-instructional ideas can be revealed. Additionally, POE strategy promotes groups
discussions in which learners can refine their understandings. Moreover, POE is a powerful
strategy in which cognitive conflict can be easily initiated. In accordance with the

conceptual change model (Posner et al., 1982), POE tasks reveal students’ existing non-
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scientific ideas in its prediction step and assist them to replace them with the scientifically
acceptable knowledge. In general, POE strategy can be used to find out learners’ initial
ideas, provide educators with information about learners’ thinking, create discussion
environment in the classroom, and motivate learners to explore the concepts and generate
investigations (Tlala, 2011, p.15). So, in terms of science teaching method, POE strategy
can be considered within the context of the second level inquiry in which students
investigate a teacher-presented question through a prescribed procedure (Eick et al., 2005).
In harmony with the requirements of second level inquiry, in POE tasks students are asked
to predict the outcome of a demonstration and teachers provide a particular structure for
what they record and how they manipulate the data. Then, based on the collected data,

students can formulate their explanations for the question previously asked.

Furtak (2009) stated that one of the most significant features of POE strategy is
students' excitement factor (p. 90). Along with the representation of a demonstration that
will be observed, students’ interests and attention can be gained. After performing the
demonstration, students can shout loudly “yes” if their predictions are correct. In contrast,
if they fail in their predictions, they can be shocked and surprised. Therefore, POE tasks
can assist students to recognize their existing explanations and force them to collect

evidence to improve their inadequate understandings (Furtak, 2009).

POE strategy comprises of three basic steps: predict, observe, and explain.

e Predict: On the phase of prediction, learners are asked to state their predictions
about an experiment or a demonstration. They have to write down their predictions on their
worksheets or notebooks. According to Liew (2010), for an efficient POE implementation,
teachers have to insist on written responses and do not let students express their notions
verbally to anyone while making predictions. Hence, students can be required to make
their predictions individually. However, in harmony with social constructivist view of
learning, when students engage in this process in small groups, they can have a chance to
articulate and clarify their individual thoughts and can reflect critically on their own and
others’ ideas (Kearney, 2004). As a result, based on the context of the classroom and the
instructors’ choice, learners have to write down their either final group predictions or

individual predictions and also specify the reasons for their predictions. Thus, students
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should be given sufficient time to write their predictions and reasoning. Then, students can
share their predictions in front of the class or their ideas can be written on the board so that

whole class can see (Furtak, 2009).

e Observation: In the observation phase, if it is a teacher-led POE task, teacher can
carry out the experiment, and students just observe what happens. However, if groups have
the opportunity to conduct the experiment, they can also perform the experiment and
observe the results. While observing the demonstration, students are also asked to record
their observations on paper. For the sake of clear observations, experiments can be

conducted repeatedly.

e Explain: In the explain phase, students are required to write their explanations on
paper related to the conducted experiment. Indeed, they are “asked to reconcile any
discrepancy between their prediction and the observations in the experiment” (Zacharia et
al., 2008, p.1025). Enough time have to be provided to students to revise their
explanations. Teachers have to engage in the whole class discussion to assist students in
the processing of their new observations, which may empower their conceptual

understanding of the explanation of the phenomenon (Keeley, 2008).

The next section will provide a theoretical information about ‘writing to learn’ by

giving reference to its pioneering theorists.
2.6. Writing to Learn
Within the last 40 years, there has been increasing attention on the central role of
writing as a learning tool and several scholars proposed different theories or models related
to the role of writing in learning.
2.6.1. Britton’s Theory on Writing to Learn
One of the pioneering language scholars, Britton (1970), claimed that speech,

thinking, and writing are strongly interrelated to each other. He closely associated the

writings of young students with speech, which is the medium for learning. He used a
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special term, expressive, which is a form of informal writing produced by the learners as a
result of their incomplete ideas in the writers’ minds. For example, both the writings of
immature writers and early drafts of experienced writers can be thought within the context
of expressive writing because the language in these texts are similar to the ones used in
everyday speech. Since expressive writing is an influential instrument in which concepts
can be associated with language, it has come to be known as writing to learn (Keys, 1999).
Keys (1999) posited that “in recent years, expressive writing has been portrayed as an
activity that helps students make connections, think deeply, and facilitate conceptual
change” (p.117). In this vein, not only language but subject area teachers also paid
attention to informal writing as a vehicle for students to explore and question subject
matter content (Wallace et al., 2004).

2.6.2. Emig’s Model: Writing as a mode of Learning

Another popular language scholar throughout 1970s, Janet Emig (1977) accepted
writing as a unique form of learning in contrast to reading or listening. In her famous
article entitled “Writing as a mode of Learning,” she expressed that “writing represents a
unique mode of learning-not merely valuable, not merely special, but unique” (p.122). She
stated that writing entails a coordination of eye, brain, and hand activity whereby both left
and right sides of the brain can fully function simultaneously. She pointed out that writing
IS a process in which three categories of cognitive activity involves: (1) the enactive
learning, which is, learning by doing; (2) iconic learning, which is, drawing images; (3)
symbolic learning, which is representing ideas as verbal symbols or restatement in words.
She indicated that “in enactive learning, the hand predominates; in iconic, the eye; and in
symbolic, the brain” (p.124). She specified that writing must be detailed and compact,
whereby it provides a reformulation of thoughts. In conclusion, Emig’s article was one of
the first efforts undertaking the writing as a learning tool and along with her study of
writing as a mode of learning, the emphasis of cognitive approach on writing to learn

gained much more emphasis (Boscolo et al., 2007).
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2.6.3. Writing as a Problem Solving Process

Flower and Hayes (1980) introduced the concept of writing as a problem-solving,
cognitive process to clarify how writing might promote learning. They indicated that
“because people only solve the problems they give themselves, the act of representing the
problem has a dramatic impact on performance” and “even though a teacher gives 20
students the same assignment, the writers themselves create the problem they solve”
(pp. 22-23). Accordingly, they associated writing with a rhetorical problem and defined it
as “an elaborate construction which the writer creates in the act of composing” (p.22). In
this framework, they offered a model of the rhetorical problem consisting of two major
units: the rhetorical situation and the writer’s own goals. While the rhetorical situation
includes audience and assignment, the writer’s own goals comprise of four basic set of
goals the writer himself creates such as reader, person or self, meaning, and text (Flower
and Hayes, 1980). They asserted that the main difference between good and poor writers
lies in the number of aspects of these whole rhetorical problems they essentially consider.

In summary, Flower and Hayes proposed a model that emphasized a rhetorical
problem with its two units and specifically the more a writer pays attention to both
specified units of the total rhetorical problem and their sub-goals, the more he or she will

be an expert in writing. One needs to manage all of these demands to be a good writer.

2.6.4. Cognitive Process Theory for Writing

In 1981, Flower and Hayes proposed a cognitive process theory that was based on

four key points:

() The process of writing is best understood as a set of distinctive thinking processes,

which writers orchestrate or organize during the act of composing.

(if) These processes have a hierarchical, highly embedded organization in which any
given process can be embedded within any other.
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(iii) The act of composing itself is a goal-directed thinking process, guided by the

writer's own growing network of goals.

(iv) Writers create their own goals in two key ways: by generating both high-level
goals and supporting sub-goals which embody the writer's developing sense of
purpose, and then, at times, by changing major goals or even establishing entirely

new ones based on what has been learned in the act of writing (p.366).

The writing model proposed by Flower and Hayes (1981) essentially included three
main components: (1) the task environment, (2) the writer’s long term memory, and (3) the
writing process. First, the task environment was regarded as something outside of the
individual and included rhetorical problem or assignment and the growing text itself.
Second, the writer’s long term memory was viewed as a place in which writer stores both
knowledge of the topic and various personal plans including audience and writing. Third,
the writing processes, which can be predominantly associated with the cognitive activity,
handle three crucial processes used in the course of writing (see Figure 2.2). These are
planning, translating, and reviewing, all of which are under the control of the writer. These
three processes are at the hearth of the act of writing and also involve specific sub-
processes. Planning has to do with generating ideas, including retrieving related
information from long term memory. In addition to generating ideas, planning involves
organizing which has an impact on making connection between thoughts, structuring ideas,
and forming new concepts whereby the writer can make meaning. Planning also includes
goal setting which involves the writer generating procedural and substantive goals in order
to succeed in writing task. Translating is “the process of putting ideas into visible
language” (p.373). Translation goes beyond only consideration of rhetorical elements, and
it also involves global aims of transforming content into linear expression. Reviewing
includes evaluating and revising (see Figure 2.2.). Throughout writing, writers monitor the

movements between these different phases of the process.

Flower and Hayes (1981) offered a remarkable writing model associated with
cognitive process that focused on goal-directed and hierarchical process in which both
writing process and content goals are taken into consideration. In the course of writing, the

writer was to equilibrate the goals of the task with the content knowledge to be presented,
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and the text that was being created. The noteworthy implication of their notions can be

regarded as writing is a valuable learning tool in which cognitive processes activate.
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Figure 2.2. Structure of the writing model. (Flower and Hayes, 1981)

2.6.5. Knowledge-Telling and Knowledge-Transforming Model

Students tend to learn better and effectively, when they are provided an opportunity
(e.g., writing tasks) to analyze, represent or manipulate their understanding in a new form
(Prain and Hand, 1996). In this context, Bereiter and Scardamalia (1987) identified two
distinct models of the writing process: (1) Knowledge-telling model, and (2) Knowledge-
transforming model. Knowledge telling model requires writers to use their readily existing
knowledge and can be viewed as a recall process. It involves simply writing down ideas or
factual knowledge stored in the writer’s mind. As an example of this type of text
generation, Bereiter and Scardamalia specified a quote of a 12-year-old boy student as

follows:

“I have a whole bunch of ideas and write down until my supply of ideas is exhausted.
Then I might try to think of more ideas up to the point when you can’t get any more
ideas that are worth putting down on paper and then I would end it” (p.9).

Bereiter and Scardamalia (1987) stated that “Learning is thought to add not only

new elements to memory but also new connections, and it is the richness and structure of
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these connections that would seem” (p.187) and therefore “the knowledge-telling strategy
is educationally faulty because it specifically avoids the forming of connections between
previously separated knowledge sites” (p.187). In other words, since knowledge-telling
model is based on pre-existing connections between content elements and readily available
discourse knowledge, it does not promote the generation of new knowledge. However,
Bereiter and Scardamalia listed many school practices within the context of knowledge-
telling model which is applicable for routine writing tasks such as testing a subject covered
in the course, giving long pages of homework including excessive amount of knowledge
on a single topic and reviewing by identifying superordinate categories of particular items
necessary on the examination (p.188). It can be deduced that this type of writing does not

promote learning since it does not make any changes in the existing knowledge.

While knowledge-telling model mainly focuses on writing down the past knowledge
and thoughts stored in the writer’s mind, knowledge-transforming model involves
reprocessing of knowledge by which writer’s thoughts can change and develop through
composing process itself. Similar to the notions of Flower and Hayes (1981), this model
can be seen as a problem solving activity, but unlike Flower and Hayes, Bereiter and
Scardamalia (1987) put more emphasis on content knowledge and rhetorical knowledge.
Although knowledge-telling is still a part of this model, writers are not simply transferring
their existing thoughts and knowledge into paper. Instead, the thoughts of the writers
develop and come into existence through the writing process itself. The small pieces of
information or “driblets” gradually become fully developed thoughts by means of many
rethinking and restating processes. As an example, in the book Writers at Work, the

composing process of Aldous Huxley is described as follows:

“Generally, | write everything many times over. All my thoughts are second
thoughts. And | correct each page a great deal, or rewrite it several times as | go
along...Things come to me in driblets, and when the driblets come I have to work
hard to make them into something coherent” (as cited in Bereiter and Scardamalia,
1987).

According to Bereiter and Scardamalia (1987), each writer has to concentrate on the
dimensions of the writing task by setting goals and sub-goals so as to complete writing. In
other words, writers have to cope with both content knowledge related to the topic and

discourse knowledge required to achieve the writing task. Each of these knowledge
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components forms a whole “problem space”. These knowledge types have associated with
a content problem space and rhetorical problem space, respectively (see Figure 2.3). While
content space deals with problems of belief and knowledge (“what do I mean?”), rhetorical
space handles problems of achieving goals of the composition, that is, how to best
represent writer’s belief and knowledge in relation to the appropriate language for the
intended audience (“How do I say what I mean?”’).The interaction within and between
these problem spaces result in transformation of knowledge. Knowledge transforming
process involves a cycling between two distinct problems spaces. Until the text or the
writer’s latest understanding is finally composed, this cycling process occurs many times
through the act of writing. Contrary to knowledge-telling model, knowledge transforming

model is more usual for expert writers than for novices.
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Figure 2.3. Structure of the knowledge-transforming model.
(Bereiter and Scardamalia, 1987)

The knowledge transforming model promotes both writing expertise and subject-
matter understanding at the same time (Bereiter and Scardamalia, 1987). Contrary to the

writers who employed the knowledge-telling model, writers engaging in the knowledge-
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transforming model of writing, they increased their knowledge acquisition due to the

interaction between content process and discourse process.

Although many differences exist between the cognitive models discussed above,
there are also definite similarities between them. Particularly, the two models proposed by
Flower and Hayes (1980, 1981) and Bereiter and Scardamalia (1987) have concentrated
primarily on explaining cognitive processes in the development of writing competence and
handled writing as a problem solving task. Effective writing is regarded as “a matter of
finding the right solution to rhetorical problem, and identified writing expertise with the
possession of a set of sophisticated problem solving strategies” (Galbraith, 1999, p.2).
Moreover, all models of writing to learn, more or less, mention two distinct but interacting
elements of content knowledge and rhetorical knowledge, which entails the

accommodation of these two knowledge bases.

The considerations in this section about writing indicate that writing can be a tool for
learning. Then, in terms of science education, an important question can be probed. What
can be the role of writing in science education? In this vein, some important questions can
be asked: Does writing foster science understanding? How can writing assist learning in
science? What is the relationship between writing and learning in science? What types of
writing activities support science learning? If these leading questions cannot be answered
satisfactorily, then writing to learn interventions in the science education field might be
worthless.

2.6.6. Writing to Learn in Science Education

The idea that learners could generate new science knowledge by means of writing
was suggested in the early 1970s (Wallace et al., 2004). Since then, many researchers
focused on writing in the context of science learning. According to Wallace et al. writing
enhances science learning even though there is an inevitable impact of many contextual
factors in science learning settings. In their book, they asserted that “writing is one mode
of “doing science”, just as hands-on laboratory work, internet research, reading, or oral

discourse constitute other ways of doing science” (p.2).
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Based on Bereiter and Scardamalia’s (1987) knowledge-transforming model, Keys
(1999) explained science learning in association with writing tasks and clarified how
writing enhances the production of new scientific knowledge. Keys (1999) stated that “the
dynamic relationship between the content space and the rhetorical space in the knowledge-
transforming model illuminates why writing is such a critical part of science learning”
(p.120). According to Keys (1999), within the framework of scientific inquiry, the content
space includes “prior knowledge” and “new data”. In order to make the data, which can be
considered in the content problem space, meaningful, a writer should engage in the
rhetorical problem space. As a result of the dynamic interaction between these two
knowledge bases, new scientific knowledge is produced (see Figure 2.4). Thus, what
makes the production of new scientific knowledge lies on the interaction of content
problem space and rhetorical problem space. Content problem space involves “identifying
relevant data”, “determining meaning of data”, constructing inferences,” and “developing
conceptual knowledge structures” to make the data meaningful in relation to the
investigation problem. On the other hand, rhetorical problem space deals with “making
language choices”, ‘“communicating meaning of data”, “constructing canons of
arguments”, and “developing knowledge of scientific genre and nature of science (p.121).
When writers write for an audience, they try to make arrangements for appropriate
language and formulate syntax choice for written text. Therefore, these language choices
and regulations provide “direct connections between data as evidence and knowledge

claims in the form of meaningful inferences” (Keys, 1999, p.120).
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Figure 2.4. Modified structure of Bereiter and Scardamalia’s (1987)
knowledge-transforming model. (Keys, 1999, p.121)

Prain and Hand (1996) discussed the types of writing tasks enabling students to learn
about science and to exhibit scientific understanding. They handled writing activity from
the view of both modernist and postmodernist constructivist perspectives. As a result,
based on research findings grounded in constructivism, they proposed a model for writing
for learning in science (see Figure 2.5). The model consists of five crucial basic elements,
namely topic, types of writing, writing purposes, audience, and method of text production.
Topic refers to the instructional concept which writing task handles. Types of writing
indicate the kinds of writing tasks such as journals, letters, reports, concept maps, and
narratives. Writing purposes contain diverse range of purposes including hypothesizing,
exploring, clarifying, revising, etc. According to Prain and Hand, these different purposes
can be used by teachers so as to increase the conceptual understanding of students and to
make the students compare their pre-existing ideas with new concepts. The success of a

teacher, who wants to use writing activities, depends on his/her skills to make these
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purposes explicit for the learners. In short, the more these purposes are engaged in writing
tasks, the more conceptual understanding can be extended. The fourth element in the
model is audience, which refers to the reader or recipient of the written text produced by
the learners. The audience can be peers, younger students, parents, teachers, etc. Finally,
method of text production deals with the processes of physical production of the text.
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Figure 2.5. Model for writing to learn in science. (Prain and Hand, 1996)

Writing in science classrooms has simply focused on the outcome of the writing with
the audience being the teacher for evaluative purposes (Gunel et al., 2009). In addition,
science teachers predominantly used traditional writing activities such as note taking and
short answers to questions (Hand and Prain, 2004). For instance, in a recent study, Oztiirk
and Gunel (2015) found out that most of the science teachers used writing activities in their
classrooms as a note taking tool, and they had a misconception that the “dictation” method
in which students copy what the teacher said was a beneficial activity to enhance science

learning.

In contrast to the use of writing in association with evaluative and traditional
purposes, after 1990s the role of writing in science education has been pointed out in
numerous studies in order to clarify the positive impact of writing on science learning. For
example, Fellows (1994) examined the sixth grade students’ explanations whether and to
what extent they have become more scientific throughout a unit on matter, and he found

that the more explanations the students wrote, the more conceptual gains were identified.
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Similarly, Rivard and Straw (2000) examined the effect of talk and writing on
learning science concepts in an exploratory study, which represented a qualified evidence
for writing to foster conceptual change. Forty-three eight grade students were randomly
assigned to four groups containing three treatment groups, and one control group. The
treatment groups were ‘talk only-group’ which involved in peer discussion, ‘writing-only
group’ which engaged in individual writing tasks, and ‘talk and writing group’ which were
asked to discuss the problems before writing individually. The results showed that ‘talk
and writing group’ performed significantly better than all the other groups on delayed
posttests of both simple and integrated science knowledge. The ‘talk-only’ group
outperformed the control group on simple knowledge. Although ‘writing-only group’ did
not outperform the control group on simple and integrated knowledge, the authors
concluded that writing was essential for the retention of science knowledge and also useful

for consolidating and integrating knowledge.

Although it is not universally accepted, recent studies have shown that there is an
influential relationship between writing and science conceptual understanding. For
example, Mason and Boscolo (2000) examined the conceptual understandings of
elementary students in a unit on photosynthesis. Thirty-six Grade 4 students were divided
into two groups. The experimental group engaged in writing for learning activities such as
commenting on, reasoning, reflecting upon ideas, and synthesizing what one has learned,
whereas the control group involved in the same teaching activities except writing tasks.
The results showed that experimental group students reached a more scientific conceptual

understanding on the related concepts.

In a mixed method design study, Hand et al. (2007) investigated the influence of
writing letter to a younger audience on students’ conceptual understanding in chemistry on
stoichiometry. They found that the writing group performed significantly better on
conceptual questions than the control group who completed the traditional activities,
including chapter summary and end-of-chapter problems. In addition, the students in the
treatment group specified that the writing activity provided strong support for them to

understand the concepts addressed in the class.
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Gunel et al. (2009) investigated the impact of writing-to-learn on conceptual
understandings of Grade 9/10 students’ understanding of biology topics. They explored the
value of writing to different audiences. There were four different types of audiences in the
study including teacher, younger students, peers, and parents. Firstly, the study provided
strong evidence that writing promotes conceptual understanding. Secondly, the researchers
found that the groups writing for peers or younger students performed significantly better

than the other two groups on conceptual understanding of two biology topics.

In a recent experimental study, Chen et al. (2013) investigated the conceptual
understandings of Grade 4 students on the topic of force and motion. While students in
treatment group were required to write three letters to older peers (Grade 11 students)
through an 8-week teaching unit about force and motion, the control group was exposed to
the same pedagogical practices with treatment group, except letter writing. In the two year
project, the researchers found that the experimental group performed significantly better

than the control group in terms of understanding the concepts of force and motion.

In summary, these studies indicate that writing can be used as an effective tool for

science learning or conceptual change in contrast to its traditional and evaluative purposes.

In the light of the literature regarding the writing-to-learn issues in science education,
some inferences can be presented to clarify what kind of writing assignments can assist
learning and provide development of expertise in science learning. In this sense, Tynjila
(1998) indicated five essential properties indispensable for a writing task in promoting
learning. First, writing tasks should be designed in a form of knowledge-transforming
process (Bereiter and Scardamalia, 1987) instead of knowledge-telling activities so that
they can produce active knowledge construction. Second, the tasks should make students
confront with their pre-existing knowledge related to the topic they are studying; therefore,
they can reflect on their thoughts with regard to the new knowledge. Third, the tasks
should provide students an opportunity for reflecting on their own experiences. Fourth, the
writing tasks should engage students in the application of theories into practical situations.
Fifth, they should present students opportunities in which they can specify their conceptual
understanding and construct their own meanings. Although various writing types can

satisfy these five basic principles for writing to learn in science, in this study, learning
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journals were utilized for this purpose. Dianovsky and Wink (2012) noted “the process of
writing journals helps with the process of understanding between ideas, knowledge
transformation, and construction of new meaning” (p.546). In this regard, reflective
learning journals can be a useful learning tool as long as the properties stated above
embedded in them properly.

The following section will present a discussion about the reflective learning journals
and provide relevant literature review including empirical research evidences regarding

understanding of science concepts.

2.6.7. Reflective Learning Journals

There is no universally accepted definition of the term, reflective learning journal.
For example, Thorpe (2004) defined reflective learning journals as “written documents that
students create as they think about various concepts, events, or interactions over a period of

time for the purposes of gaining insights into self-awareness and learning ” (p.328).

Langer (2002) specified three types of learning journals those can be produced in
different formats. The first one is unstructured journals which provide students to create
their individual format. Students are left freely to write whatever they like about the
content, and to design the structure independently. In other words, the format of the
unstructured journals is similar to the diaries. Contrary to the unstructured learning
journals, the second type of learning journals are structured journals. They include some
particular constraints through which students can be engaged in particular thought
activities, and they have to follow a template guiding them what to write. Moreover,
structured journals are also beneficial for teachers by which they can capture ideas,
understandings and reflections of the students on a particular topic. The third type of
learning journals is dialogue journals. They are a kind of face-to-face written
communication tool between two or more writers (Langer, 2002). Hence, through writing
with any other, writers can not only share and exchange their ideas, but they can also

develop and improve their thoughts (Ersozlii, 2008).
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Learning journals provide a rich opportunity for reflection. In relation to reflection,
“having students write brief journal entries into a science journal or learning log can be a
convenient way for students to reflect on their own learning and for a teacher to monitor all
students’ thinking” (NSTA, 2002, p.110). Carin and Bass (2001) indicated that learning
journals or logs can include observations of a demonstration, individual explanations of an
discrepant phenomenon or personal notes from any events, providing students an
opportunity to reflect their ideas in their own words and explore the subject personally. In
learning journals, students can be asked to write down their experiences, thoughts, and
their understandings on previously covered contents. Many studies showed that students
are generally not aware of what they know or don’t know (Hartman and Glasgow, 2002).
However, well-structured learning logs can assist students to reflect on what they have
learnt or not learned. Throughout writing process, learners constantly plan, monitor, and
reflect on their learning process. Schmidt et al. (2012) stated that learning journals attempt
to express what students found personally interesting and important, and how the new

information interact with previously known ideas relevant to the subject.

Prain and Hand (1996) pointed out that writing for learning in science should go
beyond the traditional records of observations and formal reports. Instead of simply
reporting observations, students should also write down their initial ideas, predictions, and
revision of their thoughts. Along with writing down the learning journals, students not only
compose factual knowledge related to the topic, but “they can also be required to use
cognitive skills such as analyzing, synthesizing, and evaluating to apply the knowledge”
(Liu, 2010, p.126). In this way, journaling can be a powerful tool for students to make
them understand the science content. In this context, predictions, observations, and
explanations can be embedded into reflective science journals so as to promote scientific

understanding and conceptual change.

Some scholars asserted that writing-to-learn depends on complex strategies (e.g.,
Bereiter and Scardamalia, 1987; Flower and Hayes, 1980, 1981), but most students’
writings does not include appropriate strategies by which learning occurs. For example, in
a quantitative study, Klein (2000) examined the explanations of 36 Grade 4, 6, and 8
students after their participation to science experiments related to buoyancy and balance.

After students made explanations about the experiments, they were required to write
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journal-style notes just after think-aloud training task. The results showed that only a small
portion of students improved their explanations and learning by means of writing. The
reason of why other students did not improve their understanding was associated with their
unawareness of the learning strategies, particularly, cognitive strategies (Wallace, 2004).
Therefore, a reflective learning journal, which is a type of writing to learn tool, needs to be
amended to engage students in proper learning strategies. Then, what can be these learning

strategies?

2.6.7.1. Cognitive and Metacognitive Learning Strategies. Several learning strategies are

available in the literature. Specifically, they can be broadly categorized as cognitive and
metacognitive learning strategies (Weinstein and Mayer, 1986; Glogger et al., 2012).
McCrindle and Christensen (1995) asserted that both cognitive and metacognitive
strategies strongly have an impact on the learning process. Cognitive strategies comprise
three basic strategies. The first one, rehearsal strategies refers to the repetition of the
knowledge directly without making any changes in its form. “Oral repetition, underlining,
copying and making selective verbatim” (p.170), can be considered as various examples of
rehearsal strategies. The second one is organization strategies which includes the
reorganization of the information to be learned to make it more meaningful. “Grouping,
sorting, categorizing, development of hierarchies and constructing networks” (p.170) are
the examples of organization. The last one is elaboration strategies which provide
connections between ones’ pre-existing knowledge and the new information. The examples
of elaboration strategies can be stated as “using mental images, paraphrasing text, creating
analogies, generative note taking and self-questioning” (p.171). According to McCrindle
and Christensen (1995), the most effective cognitive strategy to enhance meaningful
learning is elaboration strategies because of the fact that they engage the learner into much
more mental activity and effort requiring the integration of pre-existing and new
knowledge. In other words, elaboration strategies help the learner create connections
between existing knowledge and new information (Mayer, 1984). As a result, all of the
cognitive learning strategies have a direct contribution to knowledge acquisition and
learning (Glogger et al., 2012).

Metacognitive strategies also have a strong impact on promoting learning. They

assist in the selection, execution, monitoring, and control of cognitive strategies
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(McCrindle and Christensen, 1995). Indeed, they “control and regulate cognitive
strategies” (Berthold et al., 2007, p.566) and also initiate the cognitive strategies. Hence,
when students are encouraged to use cognitive and metacognitive learning strategies in

learning journals, journal writing substantially enhances content learning.

Since journal writing is relatively open-ended, journals offer students opportunities
to use various writing and learning strategies through the act of writing (Klein, 2000). For
instance, in an experimental study, McCrindle and Christensen (1995) investigated the
learning of forty first-year students in a biology course. The students in the experimental
group received a blank book titled “Learning Journal” and they were required to record
their reflections on the content addressed in the lab sessions within five weeks. However,
the students in the control group were asked to write scientific reports through the same
time period with the experimental group. Both groups were instructed how to write their
related tasks. The researchers found that learning journal group demonstrated more
integrated science knowledge and also used more metacognitive and sophisticated
cognitive strategies. Moreover, learning journal group significantly outperformed the

scientific report group on the final exam.

2.6.7.2. Prompts in Learning Journals. Wallace (2004) specified that learners need to be

taught how to use cognitive and metacognitive strategies during writing in order to
maximize the impact of writing on learning. Thus, “prompts” can be used as Strategy
activators to overcome production deficiencies and to facilitate journal writing (King,
1992). Prompts can be defined as the hints or questions which can engage the writers or
learners into organization, elaboration, reflection, and comprehension during writing
process (Berthold et al., 2007). If journal prompts are provided to students, they are not
allowed to write freely whatever they want in relation to the particular topic. By using
such prompts, students are directed to consider how to organize the content, how to make
connections with their prior knowledge, how to reflect on their understanding and develop
useful strategies to cope with understanding (Galbraith, 2015). In this way, journal writing

in science education can be an effective task to increase students’ learning.

Cognitive and metacognitive prompts can be viewed as important predictors of the

learning effects of writing journals (Bangert-Drowns et al., 2004). Therefore, in several
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studies, learners were required to write journals in which various appropriate prompts
included (e.g., Berthold et al., 2007; Glogger et al., 2012; Hiibner et al., 2010; Schmidt et
al., 2012). For instance, in a recent quasi-experimental study, Waischle et al. (2015)
examined the effects of journal writing after biology lessons in terms of comprehension,
interest, and critical reflection. In their first study, they have structured the journals with
two categorized prompts: cognitive prompts and metacognitive prompts. Cognitive
prompts, which are associated with organization and elaboration respectively, included two
questions: (1) “How can you structure and summarize the content in a meaningful way?”
and (2) “Which examples can you think of that illustrate, confirm or conflict with the
learning contents?” (p.47). In addition to the cognitive prompts, two metacognitive
prompts related with monitoring and planning of remedial strategies were asked as: (1)
“Which main points do you now understand, and which haven’t you understood” and (2)
“What possibilities do you have to overcome your comprehension problems?” (p.47). The
results showed that journal writing group showed better scores in comprehension, interest,
and critical reflection than the control group who completed traditional homework

assignments such as summarizing, concept mapping, and answering predefined questions.

In summary, reflective learning journals are such a kind of promising writing tools
that enable learning in science. In particular, the journals presenting the writers appropriate
prompts such as cognitive and metacognitive prompts are crucial for enhancing learning.
In comparison to other writing tasks such as writing summary writing, prompted journal

writing can be a useful tool for enhancing science learning and comprehension.
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3. METHODOLOGY

The main purpose of this quasi-experimental study was to explore the effectiveness
of Predict-Observe-Explain instruction coupled with “Reflective Journal Writing” (POE-
RJW instruction) over POE instruction or Traditional Instruction (TI) in terms of
improving Grade 10 students’ conceptual understandings of electricity and magnetism. The
subsequent goal of the study was to investigate the effectiveness of the POE-RJW
instruction on students’ motivation to learning physics compared to the POE instruction

and Traditional instruction. The following research questions guided this research:

(i) How does the conceptual understanding of electricity and magnetism differ from
pre to posttest for the three groups of Grade 10 students who engaged in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

(if) Are there any differences among the three groups of Grade 10 students in terms
of their understandings of electricity and magnetism before and after engaging in

POE-RJW Instruction, POE Instruction, or Traditional Instruction?

e Are there any difference among the three groups of Grade 10 students in
terms of their understandings of electricity and magnetism before engaging in
POE-RJW Instruction, POE Instruction, or Traditional Instruction?

e Are there any difference among the three groups of Grade 10 students in
terms of their understandings of electricity and magnetism after engaging in

POE-RJW Instruction, POE Instruction, or Traditional Instruction?

(iii) How does the conceptual understanding of the associated concepts of electricity
and magnetism change from pre to posttest for the three groups of Grade 10 students

who engaged in POE-RJW Instruction, POE Instruction, or Traditional Instruction?
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(iv) How does the motivation to learning physics differ from pre to posttest for the
three groups of Grade 10 students who engaged in POE-RJW Instruction, POE

Instruction, or Traditional Instruction?

(v) Are there any differences among the three groups of Grade 10 students in terms
of their motivation to learning physics before and after engaging in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their motivation to learning physics before engaging in POE-RJW
Instruction, POE Instruction, or Traditional Instruction?

e Are there any differences among the three groups of Grade 10 students in
terms of their motivation to learning physics after engaging in POE-RJW

Instruction, POE Instruction, or Traditional Instruction?

3.1. Research Design

This study was a quasi-experimental control group design with pre and posttest
(Cook and Campbell, 1979). Although quasi-experimental studies include control and
experimental group(s), the use of random assignment is not employed due to the
inappropriate setting conditions (Creswell, 2012). In the current study, two of the pre-
existing Grade 10 classes of the school were designated as experimental group 1 (POE-
RIJW group), the other three classes of the school were randomly designated as
experimental group 2 (POE group), and the other two classes were designated as control

group (Traditional Instruction group). The design of the study is shown in Table 3.1.

Table 3.1. Design of the study.

Group C;b;;):es Pretest | Intervention Posttest
POE-RIJW 2 0 X4 0
POE 3 0 Xa 0
T 2 0 X3 0

Note: X;: POE-RJW instruction; X,: POE instruction; Xs. Traditional Instruction
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3.2. Participants of the Study

The sample included a total of 145 male Grade 10 students, with an age range of 15-
16, from one of all-boys boarding high schools located in Istanbul. In this school there
were 17 pre-existing Grade 10 classes, and seven of them were randomly selected for the
study. The two of them were randomly assigned as the POE-RJW group including 39 male
students; three classes were randomly assigned as the POE group including 59 male
students, and the two of them were assigned as the TI group including 39 male students as
well. Two students from the POE-RJW group, which was comprised of 42 students
initially, were dropped out of the study due to missing data. Table 3.2 demonstrates the

demographics of the groups.

Table 3.2. Demographics of the groups.

Group N Grade Age
POE-RJW 40 males 10 15-16
POE 66 males 10 15-16
TI 39 males 10 15-16

While both the POE-RJW and the POE group instructions were implemented by the
teacher/researcher, traditional instruction was implemented by another physics teacher with
10-year experience, who also held the doctor of philosophy degree in physics education.
The backgrounds of both teachers were summarized in Table 3.3. In order to provide
consistency between two teachers in terms of the topics covered in their classes, they had a
meeting at the beginning of each week about 15 minutes.

Table 3.3. Background of the teachers.

Teacher/Researcher Teacher
Instruction Type POE-RJW POE Traditional
Major Degree Physics Education Physics Education
Academic Degree M.S. Ph.D.
Year of Experience 4 10
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3.3. The Framework of the Instructions

This section includes the description of three types of instructions employed in the
study on the subject of electricity and magnetism, respectively: Predict-Observe-Explain
instruction coupled with reflective learning journal writing (POE-RJW) instruction,
Predict-Observe-Explain (POE) instruction, and Traditional Instruction (TI) as well. All of
the instructions were performed throughout the same 10 weeks. Additionally, the 8
instructional objectives were selected from Turkish National Curriculum (MEB-TTKB,
2013) for Grade 10 Physics, and these same 8 objectives were addressed in all three
instruction groups. The only difference between these three groups was the type of

instructions.

3.3.1. Predict-Observe-Explain Instruction Coupled with Reflective Journal Writing
(POE-RJW Instruction)

3.3.1.1. Predict-Observe-Explain (POE) Strategy. The Predict-Observe-Explain (POE)
strategy was firstly proposed by White and Gunstone (1992). It has been widely used to

reveal various aspects of students’ understanding of science. POE tasks are used
effectively as a mixture of writing and discussion (Furtak, 2009). In POE tasks, students
are firstly introduced to an experiment, a scientific event or a demonstration which will be
performed. Then, based on their existing conceptions, they are asked to predict what will
happen together with reasons for their predictions. Secondly, students observe, when the
teacher or students themselves carry out the experiment, and record their observations.
Thirdly, students are given opportunity to specify whether their prediction is accurate or
inaccurate, and they are asked to explain the discrepancies between their predictions and

observations if there is any discrepancy.

In a ten-week period, the POE-RJW participants involved in the fourteen different
POE tasks (see Table 3.4. for a detailed description of the tasks) related to the concepts of
electricity and magnetism. All the POE activities were designed by the researcher. While
designing these POE tasks, especially events that have unexpected outcomes were planned
to create a cognitive dissonance. Two of the 14 POE tasks (Task 8 and Task 14) were

performed by utilizing the laboratory equipment. According to Tao and Gunstone (1999),
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computer-supported POE tasks can also be used in order to make demonstration
experiments more concrete and observable. In doing so, the other 12 POE tasks were
completed by utilizing the computer-based simulation experiments for the sake of clear
observation of the phenomenon. Such simulation experiments were projected on the smart
board to be observed by all students at the same time. The simulation experiments were
chosen from the “PhET Interactive Online Simulations” which are supported and designed

by Colorado University. A sample snapshot can be seen in Figure 3.1.

Each week (including two 40-minute lessons), students completed one or two POE
tasks. Among the 14 POE tasks, eight of them directly started with POE demonstrations.
At the beginning of each lesson, students were told that an experiment (or a demonstration
or a simulation experiment) would be conducted, and they were asked what would happen
during the experiment. Next, they stated their reasons for their predictions. After the
experiment(s) were conducted, students individually wrote down their observations and
explanations based on their understandings. The other six POE tasks were performed in an
appropriate time of the lesson just after introduction of some basic concepts and lecturing
on relevant factual knowledge. There exist many studies in which students were provided
activity sheets by the teacher (e.g., Kearney et al. 2001, Liew and Treagust, 1998).
However, in the current study, students were not provided any teacher-prepared activity
sheets, instead, they wrote down their predictions, observations and explanations on their

notebooks by using “Predict”, “Observe”, and “Explain” headings.

The POE tasks were started with the teacher/researcher’s introduction and
demonstration of a computer-based simulation experiment on the smart board, or an
experiment involving laboratory equipment. According to Liew (2010), for an efficient
POE implementation, teachers have to insist on written responses and do not let the
students express their ideas verbally to their classmates while making predictions. The
reason behind this notion is the possibility that some students can change their predictions
because of hearing what other students say. Although students worked in groups of 4, they
were asked to write down their predictions on their notebooks individually under the title
of “Prediction” in their notebooks together with the reasons in their minds. The questions

guided their predictions were as follows:
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e Predict what will happen...?
e Write down your prediction(s) into your notebook.

e State and explain the reason(s) for your prediction(s).

|£| Balleons and Static Electricity (1.16) ==
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lgnore Initial Balloon Charge
("1 Show charge differences

Figure 3.1. Balloons and static electricity, simulation experiment
(Colorado University, 2014)

Just after the students recorded their predictions, they were allowed to share their
predictions with their friends within the groups. Then, the teacher/researcher randomly
selected two or three groups to share their predictions and explain their reasoning in front

of the whole class.

Two or three of the students among the volunteers were randomly selected by the
teacher in order to perform the experiment with the equipment (or computer-based
simulation demonstration). The task was carried out two or three times in total so as to
ensure that all of the students observed what happened in a detailed manner. If the task was
performed by using a computer-based simulation, students, who were on the board,
manipulated the variables in the simulation experiment based on the other students'

instructions and the guidance of the instructor. As in the prediction part, students again
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were asked to independently write down their observations based on the experiment
performed. This is because even if they observe the same experiment or phenomenon, each
student may observe different things depending on their different beliefs or conceptions
(Liu, 2010). That is to say, when students make observations, ‘believing is seeing’ can be
more appropriate than the more usual ‘seeing is believing’ (Driver, 1985). Hence, students
were asked to record and wrote down their individual observations and possible reasons of
the outcome of the phenomenon. The questions guided their observations and explanations

were as follows:

e What happened...?
e Write down your observations.

o State and explain the reason(s) for your observations.

Then, each group in the class shared their explanations to the class, and a whole-class
discussion was held considering the explanations provided by each group. In line with
social constructivist theory, whole class discussions and rich conversations occurred
among the students accompanied by the guidance of the instructor. In the course of the
discussions, in general, many new questions were produced by the students regarding the
experiment, and they were written on the board to be explored through the discussions.
These unexplored questions were answered and eliminated one by one, by manipulating

the variables in the animation along with collection of evidence.

Finally, students were requested to make comparison between their predictions and
observations. They were asked for their reasoning and how their ideas have changed after
their observations and the discussions. They were provided sufficient time for revisiting
and revising their explanations. The questions guided the comparison between their

predictions and observations were as follows:

e Compare your observation with your prediction.
e Are they in harmony with each other or not?

o Explain with your reason(s).
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In line with the suggestions of Liew (2010), throughout the POE tasks, the following

issues were taken into account by the instructor for an effective POE task administration:

e |t was ensured that students clearly understood the POE tasks.

e Students individually wrote down their responses and were not allowed to share
their ideas in the prediction and observation steps until they wrote down their
responses.

e Students' notebooks were checked out during the instruction to make sure that
they wrote their responses.

e Students were encouraged to share their ideas even if such ideas were in
agreement with others or not.

e It was ensured that all students’ ideas were in value and respected.

At the end of POE tasks, the students reached the most plausible and reasonable
explanations of the phenomenon. However, they were curious about whether their
explanations were in congruent with the scientific explanation of the phenomenon.
Therefore, the teacher shared the scientific explanations of the events that were performed
in the class with the students whether their final explanations were in harmony with the
scientific ones or not. In most of the POE task, with the help of group discussions, the
evidence collected, and the teacher’s guidance, students developed and reached acceptable
explanations by themselves in agreement with the scientific explanations of the

phenomenon.
Table 3.4. describes the 14 POE tasks and related concepts as well as the
instructional strategies conducted throughout the lessons. All of the prepared slides used

throughout POE lessons can be seen in Appendix A.

3.3.1.2. Reflective Journal Writing. Reflective learning journals (sometimes used as

reflective learning logs) refer to the written documents that students create as they consider
on several concepts, events, or interactions over a period of time for the purposes of
gaining insights into self-awareness and learning (Thorpe, 2004). Bangert-Drowns et al.
(2004) claimed that writing enhances learning by providing useful cognitive and

metacognitive strategies of self-regulated learning. In comparison to other writing tasks
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is about to rub his feet to
the carpet and also he is
about to touch his hand to
a metal doorknob

the man when he rubs his feet on
the carpet?

2. What happens if the man touches
to the doorknob?

Lesson | Task# Task Name Concept(s) Description Prediction Question(s) Instructional Strategy
1 1 Sweater and Electric There is an electrically What do you think will happen to Predicting the result of the simulation experiment and
Balloon Charges neutral balloon and a the balloon if we slowly bring the observing the phenomenon
& sweater in the simulation sweater and a balloon close to one | Explaining it with respect to the observations
Electric experiment and one can another just after they are rubbed Allowing students to ask several further questions to be
Force rub the balloon to the fixed | with each other? explored in the context of the simulation experiment
sweater. Discussing the explanation of such further questions
Inviting students to compare their explanations of the
phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook
Explaining how an electrostatic painting machine
works
2 2 Balloon and Electric There is an electrically What do you think will happen to Predicting the result of the simulation experiment and
Wall Force neutral balloon, a sweater | the balloon if we slowly bring itto | observing the phenomenon
and a wall in the the wall just after it is rubbed with Explaining it with respect to the observations
simulation experiment. the sweater? Inviting students to compare their explanations of the
One can rub the balloon to phenomenon and the further questions with the
the fixed sweater and bring scientifically accepted explanations provided by the
the balloon closer to the teacher/or textbook
wall. Explaining how a stretch film works
3 3 John Travolta | Conductors | A man (John Travolta) in 1. What do you think about the Predicting the result of the simulation experiment
&Insulators | the simulation experiment | charge distribution on the body of and observing the phenomenon

Explaining it with respect to the observations

Asking several questions to be explored in the
context of the simulation experiment

Discussing the student questions

Inviting students to compare their explanations of the
phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook

Explaining how thunder and lightning occurs
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change the variables such
as its resistivity, length and
cross-sectional area to see
how they affect the wire’s
resistance

the wire and its resistance?

2. What do you think about the
relationship between the wire’s
cross-sectional area and its
resistance?

Lesson | Task# | Task Name Concept(s) | Description Prediction Question(s) Instructional Strategy
4 4 Electric Force | Electric There are two opposite 1. What do you think about the Teacher providing factual knowledge about the charge
Force point charges on the relationship between the amount of | on a single electron and a proton by using the
simulation experiment. charge(s) and electric force? “Coulomb” unit
The amount of charges and | 2. What do you think about the Predicting the result of the simulation experiment
the distances between them | relationship between the distance of | and observing the phenomenon
can be manipulated by the | two charges and the electric force? | Explaining the phenomenon with respect to
user. The quantity and the | 3. What happens if we change the observations
direction of the electric medium with a change (e.g., air to Inviting students to compare their explanations of the
force can be automatically | water)? phenomenon and the further questions with the
calculated by the scientifically accepted explanations provided by the
computer. teacher/or textbook
5 Electric Field | Electric A uniformly charged Predict and draw the electric field Predicting the result of the simulation experiment
Field hollow metal sphere is lines at the inner and outer part of and observing the phenomenon
represented in simulation. | the uniformly charged hollow Explaining the phenomenon with respect to the
One can work on it to conductor sphere. observations
show the electric field Inviting students to compare their explanations of the
lines. phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook
Explaining how a Faraday Cage works
Watching video about Faraday cage
5 6 Resistance of | Electric There is a wire in the 1. What do you think about the Teacher providing factual knowledge about
a Wire Resistance simulation. One can relationship between the length of electric current, resistance and potential

difference

Discussing the water-circuit analogy

Predicting the result of the simulation experiment
and observing the phenomenon

Explaining the phenomenon with respect to the
observations

Explaining what types of wires should be used to carry
out the electricity to distant places and to explain the
reasons

Explain what types of wires should be used to in the
light bulbs, hair dryers and heater including wires
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Lesson | Task# | Task Name Concept(s) Description Prediction Question(s) Instructional Strategy
5 7 Ohm’ Law Ohm’ Law A light bulb (resistance) is | 1. What do you think about the Predicting the result of the simulation experiment
connected to a battery ina | relationship between potential and observing the phenomenon
closed circuit in the difference and current in the Collecting data by changing the variables in the
simulation experiment. circuit? simulation experiment
One can change the 2. What do you think about the Explaining the phenomenon with respect to the
voltage of the battery, and | relationship between the potential gathered data and observations
the value of the current can | difference and the resistance of the | Inviting students to compare their explanations of the
be measured by an bulb in the circuit? phenomenon and the further questions with the
ammeter. Besides, along 3. What do you think about the scientifically accepted explanations provided by the
with the change in the relationship between the resistance | teacher/or textbook
voltage, the brightness of of the bulb and the current in the Solving problems related to Ohm’s Law
the bulb can be recognized | circuit?
easily. 4. What do you think about the
relationship between the current
flowing in the circuit and the
brightness of the light bulb?
6 8 Rheostat Rheostat A circuit was designed If the cursor of the rheostat moves Introduction of the rheostat and its components such as

with the laboratory
equipment. One power
supply, one rheostat, one
light bulb, and one
voltmeter connected across
the terminals of the light
bulb were connected to
each other to create a
closed circuit. One can
move the cursor of rheostat
to see the changes in the
circuit

on the direction of the arrow
(specified in the experiment);

1. How does the magnitude of the
current flowing in the circuit
change?

2. What happens to the brightness
of a light bulb?

terminals, sliding contact and coil of wire

Predicting the result of the experiment and observing
the phenomenon

Collecting experimental data by moving the cursor on
the rheostat

Explaining the phenomenon with respect to the
gathered data and observations

Inviting students to compare their explanations of the
phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook

Explaining how a dimmer switch works
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included one battery, one
open switch, one ammeter
and two different light
bulbs connected in
parallel. One can close the
switch to make the circuit
closed and take readings
by using ammeter and
voltmeter.

second resistor and in the battery
2. Compare the magnitude of the
voltage with the ends of first
resistor, second resistor and the
battery

3. What is the relationship between
the resistance of the first bulb,
second bulb and equivalent
resistance?

4. How does the brightness of the
first and second light bulb change if
one more bulb is connected to the
circuit in parallel?

Lesson | Task# | Task Name Concept(s) | Description Prediction Question(s) Instructional Strategy
7 9 Series Resistors in | There exists an open If the switch is closed, Predicting the result of the simulation experiment
Connected Series circuit in the simulation 1. Compare the magnitudes of the and observing the phenomenon
Resistors experiment. One battery, currents on the first resistor, on the | Collecting data by changing the variables in the
(Bulbs) one open-switch, one second resistor and in the battery simulation experiment
ammeter and two different | 2. Compare the magnitude of the Explaining the phenomenon with respect to the
light bulbs are connected voltage between the ends of the first | gathered data and observations
in series. One can close the | resistor, the second resistor and the | Inviting students to compare their explanations of the
switch to make the circuit | battery. phenomenon and the further questions with the
closed and take readings 3. What is the relationship between | scientifically accepted explanations provided by the
by using ammeter and the resistance of the first bulb, the teacher/or textbook
voltmeter second bulb and the equivalent Explaining what type of connection is used in
resistance? household electric circuits
4. How does the brightness of the Discussing the sprinkles on water hose and series
first and the second light bulb connected resistors analogy
change, if one more bulb is Solving problems related to the series connected
connected to the circuit in series? resistors
8 10 Parallel Resistors in | There exists an open If the switch is closed, Predicting and discussing on the short circuit shown in
Connected Parallel circuit in the simulation 1. Compare the magnitudes of the the simulation experiment
Resistors experiment. The circuit currents at the first resistor, at Predicting the result of the simulation experiment and

observing the phenomenon

Collecting data by changing the variables in the
simulation experiment

Explaining the phenomenon with respect to the
gathered data and observations

Comparing the explanation of the phenomenon with
the scientific explanations (resistors in parallel)
Transferring their knowledge to explain what type of
connection is used in household electric circuits
Discussing on the school sports hall and parallel
connected resistors analogy

Solving problems related to parallel connected resistors
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the simulation experiment.

One can connect another
battery in parallel to take
measurements with an

ammeter and a voltmeter

the voltage of the first battery, the
second one and the total voltage in
the circuit?

2. Compare the magnitudes of the
currents passing through the two
batteries?

3. How does the brightness of the
light bulb change?

4. How does the duration of battery
exhaustion change?

Lesson | Task# | Task Name Concept(s) | Description Prediction Question(s) Instructional Strategy
9 11 Series Batteries in | There exists a closed If one more battery is connected to | Predicting the result of the simulation experiment and
Connected Series circuit, including one the circuit in series, observing the phenomenon
Batteries battery and a light bulb in 1. What is the relationship between | Collecting data by changing the variables in the
the simulation experiment. | the voltage of the first battery, the simulation experiment
One can connect another second one and the total voltage in Explaining the phenomenon with respect to the
battery in series to take the circuit? gathered data and observations
measurements with an 2. Compare the magnitudes of the Inviting students to compare their explanations of the
ammeter and a voltmeter currents passing through the two phenomenon and the further questions with the
batteries? scientifically accepted explanations provided by the
3. How does the brightness of the teacher/or textbook
light bulb change? Solving problems related to series connected batteries
4. How does the duration of battery
exhaustion change?
12 Parallel Batteries in There exist a closed If one more battery is connected to | Predicting the result of the simulation experiment and
Connected Parallel circuit, including one the circuit in parallel, observing the phenomenon
Batteries battery and a light bulb in 1. What is the relationship between | Collecting data by changing the variables in the

simulation experiment

Explaining the phenomenon with respect to the
gathered data and observations

Inviting students to compare their explanations of the
phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook

Watching video related to the invention of the batteries
Solving problems related to parallel connected batteries
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Lesson | Task# | Task Name Concept(s) | Description Prediction Question(s) Instructional Strategy
10 13 The Electric An open-circuit is created | Compare the brightness of each Predicting the result of the simulation experiment and
Brightness of | Power with three identical bulbs identical lamps observing the phenomenon
Bulbs in the simulation Collecting data by changing the variables in the
experiment. Two of them simulation experiment
is connected in series and Explaining the phenomenon with respect to the
one is connected in parallel gathered data and observations
to them. Then, a potential Inviting students to compare their explanations of the
difference is applied to the phenomenon and the further questions with the
set of resistors. One can scientifically accepted explanations provided by the
make close the switch to teacher/or textbook
make the circuit closed and
to observe the brightness
of the bulbs.
14 Relationship Magnetic A circuit is designed by 1. What is the relationship between | Predicting the result of the designed laboratory
between Field of a with the laboratory the current flowing through the experiment and observing the phenomenon
Current and Current equipment. The circuit wire and the amount of movement Collecting data by changing the variables in the
Magnetic Carrying consists of one power of the compass needle? simulation experiment
Field Wire supply, one copper coil, 2. How does the distance between Explaining the phenomenon with respect to the

one rheostat and one
ammeter in series
connection. One can
change the voltage or the
resistance in the circuit.

compass and wire affect the amount
of movement of the compass
needle?

3. What happens to the amount of
movement of the compass needle, if
another material different than the
air is inserted between compass and
wire?

gathered data and observations

Inviting students to compare their explanations of the
phenomenon and the further questions with the
scientifically accepted explanations provided by the
teacher/or textbook
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such as writing a summary and a scientific report, learning journals can clearly provide
creative cognitive and metacognitive strategies. Thus, in the current study, a structured
reflective learning journal template with five prompts was designed to promote students'

cognitive and metacognitive processes.

According to Hiibner, Niickles, and Renkl (2010), high school students need
additional support throughout writing learning journals with prompts. Since the participant
students had a lack of experience in journal writing, they were instructed in 30 minutes of
time by the teacher, and they were told that writing learning journals would help them
document and empower their understandings related to the electricity and magnetism
concepts. At the same time, they were given two pages of “Physics Reflective Journal
Writing Guidelines” (see Appendix B) regarding how to write a reflective learning journal.
This guidelines document included a brief description about the definition of reflective

learning journal and its contributions, what and how to write the journals as well.

According to Liu (2010), a scoring rubric can be identified by the teacher in order to
evaluate student journals. In this manner, journals can clarify both common and individual
concerns and deficiencies among students so that appropriate interventions in the next
lesson can be conducted by the teacher. Yet, reading the journals of each student can be
very time consuming for teachers but “they have tremendous value for teachers and
students” (McIntosh and Draper, 2001, p. 554). Therefore, a grading rubric was included in
the guideline (see Appendix B).

In writing assignments, learning is likely to occur when they were pre-structured by
prompts directing important cognitive and metacognitive learning strategies (Berthold,
Niickles, and Renkl, 2007). In this context, to facilitate journal writing, the reflective
learning journal template included one prior knowledge prompt, one cognitive prompt
stimulating elaboration as well as three metacognitive prompts stimulating monitoring
strategies. The reflective journal prompts provided in the current study are included in

Table 3.5. Examples from students’ journals can be seen in Appendix C.

Each prompt in the journal template served different purposes for both students and

the teacher. Along with the first prompt, students were expected to write down their initial
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ideas which they had learnt in previous courses or developed through their prior
experiences related to the subject of the week. That is to say, before instruction, they were
engaged in a confrontation with their prior learning related to the content and concept of
the week. From the teacher’s point of view, drawing out students’ pre-knowledge related to
the concepts provided him to realize what and to what extent they were familiar with the

topic.

The second prompt which is a monitoring prompt within the framework of
metacognition, is the most significant prompt in the journal. Metacognition includes what
one has learned. Therefore, students were required to write what they have learned
throughout the lesson and to reflect on their understanding. Especially, they were asked to
write scientific explanations and cause-effect relationships related to the concepts based on
their understandings. Moreover, this prompt provided valuable feedback to the teacher to
realize how students deepened their ideas over the course of instruction, how well students
were aware of their learning, what concepts were misunderstood by the students, and
which concepts have to be revisited in the next class hour. In short, the teacher gained an

insight into what students learnt in the lesson.

The third prompt was a cognitive prompt intended to foster elaboration strategy.
Students were asked to compose what was interesting for them in the lesson of the week
and to provide their reasons. Based on the compositions of students in reply to this prompt,
the teacher had a chance to realize why and what type of activities stimulated students’

interest in the content of the lesson.

The fourth prompt was a metacognitive prompt including monitoring. Students were
required to write what they used to think about a concept or a phenomenon, but what they
learned just after the instruction. Along with this prompt, students had an opportunity to
self-assess and reflect on their existing knowledge and how it has changed or evolved from
their pre-existing thoughts. In this context, POE tasks were very effective for them to
easily write down to the fourth prompt. They were asked to write down their predictions
and their previously held ideas related to the POE task presented in the class. Besides, they

were required to write down the scientific explanation of the phenomenon by providing
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reasons and evidences from the observations and explanations held in the POE activity

during the class.

Table 3.5. Prompts used in the reflective learning journals.

Condition Prompt # | Prompts
Prior knowledge 1 What would you know about the topic before you
prompt attend to today’s lesson?
. What have you learnt today? Explain in details (with
Metacognitive Lo .
2 scientific explanations and the answers of why and
prompt .
how questions)
N B . 9 r)
Cognitive prompt 3 What was interesting for you in today’s lesson?

Explain your reasoning.

What was confusing for you? Explain your reasoning.

Metacognitive (Your ideas at the beginning of the instruction and
prompt your changed ideas close to the scientific one after

instruction)

Metacognitive Which issues/concepts haven’t you understood in class
prompt today?

The fifth and the last prompt was also a metacognitive prompt serving a purpose of
monitoring. The students were asked to write which points they did not understand,
whether they had still questions in their minds or not and what type of questions were still
confusing for them. Thus, the ideas offered for this prompt provided the teacher to notice
which parts of the lesson was not well-understood and need extra guidance and support in

the next lesson.

Students need guidance in journal writing (Hartman and Glasgow, 2002). In order to
make students in the journal writing group confident and prepared in journal writing, they
were asked to write a couple of trial journals before they were taught the electricity and
magnetism unit. Therefore, they were asked to write their trial journals in association with
Buoyancy which is the previous topic from electricity and magnetism unit in the

curriculum.

Although learning journal is one of the writing assignment types, generally to be
applied as a follow-up course-work activity (Hiibner, Niickles, and Renkl, 2010), there is
no one correct method to use learning logs (Hartman and Glasgow, 2002). Hence, in this

study, the students were required to write their journals after the end of the class, at any
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time in the day of the lesson. They had to submit their final journals one day after the
lesson. That is to say, journals were given as a homework which was to be submitted for
the next day as a deadline. The students were asked to submit two trial journals throughout
the two weeks trial journal writing period, one per week, so that they experienced what and

how to write their learning journals.

Feedbacks from a teacher on a single writing assignment can assist students to learn
about the nature of the journals (Hartman and Glasgow, 2002). Therefore, feedbacks given
by the teacher including various written comments on the journals throughout the weeks of
trial journal writings helped the students improve their writing skills and realize the

expectations of journal writing.

Journals were assessed and graded by the teacher based on the rubric provided in the
guidelines. McAdams (2013) asserted that writing is a skill, and to improve this skill,
feedback plays a significant role. Providing feedback is a powerful strategy so as to
enhance student learning. Butler and Nisan (1986) found that students who received
comments on their written work scored significantly higher from the performance task than
the other group who did not take feedback. While providing feedbacks to the students, it is
highly significant to give students information about how they did and how they can do
better next time (Furtak, 2009). However, simply putting smiley faces, writing “nice work”
or grading at the top of page is not effective strategy in terms of feedback. Instead,
informative feedback has to be provided in which feedback concentrates on “what
specifically the student did well, point out where the student may have made errors or
demonstrated incomplete thinking, or discuss how the student could improve” (Froschauer
and Bigelow, 2012, p.114). In this respect, the teacher not only graded the journals but also
provided appropriate written feedbacks to each student in the journal writing group.

The feedback of the teacher on students’ journals contained different types of
comments such as reminding the students to fit their answers to the expected content of the
prompt, corrections on the wrong usage of some scientific terms, demanding for much
more reflection about their thoughts in association with the concepts covered in the class
and particularly asking for the reasons of their thoughts. In agreement with Piaget (1978),

understanding science concepts entails to understand cause—effect relationships (Hong,
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et al., 2014). Gunel et al., (2009) pointed out that when students are asked to write to a
teacher, they generally wrote explicitly by sharing big ideas and expect the teacher to be
able to understand them. To overcome this problem, feedback of teacher played a critical
role. Therefore, when students wrote didactic information related to concepts or they
repeated facts presented during the lesson in their journals, the teacher wrote down such
comments like “why do you think so?” or “you have to specify the cause-effect

relationship”. Examples of some feedbacks can be seen in Appendix D.

Some other feedback statements provided by the teacher were as follows:

e It is nice! You have supported your ideas with evidence from the simulation
experiment.

e Your explanation was very clear and included several supporting reasons.

e Instead of just writing the formula, you have to clarify what the formula tells us.

e [ don’t understand what you mean in this sentence/paragraph. Could you clarify
it?

e So good! Your ideas are very creative and your writing is unique.

e You have to reflect more ideas from the content of the lesson.

¢ You have to associate your ideas with the concepts addressed in the class.

The teacher never corrected the nonscientific explanations of students with the
correct ones; instead, underlined the nonscientific explanations of students and commented

on those types of sentences by jotting down such comments:

e You have to revise your statements.
e You can read the relevant part in your book about this idea.
e You have to share and discuss this opinion with your friends and revise your

Statements.

Along with such comments above; the teacher avoided the didactic transmission of
scientific explanations and knowledge to the students. Moreover, spelling, punctuation and
grammar which are several conventions of writing were not taken into account for grading

and were not corrected by the teacher. That is to say, these types of mistakes were
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disregarded because corrections of such types of mistakes could spend hours trying to edit
student work. More importantly, plenty of corrections related to grammar and spelling
could discourage students from writing (Froschauer and Bigelow, 2012).

Each week, one or two concepts of electricity and magnetism were addressed in the
class. Thus, the students in the journal writing group were required to write one journal per
week. Thus, a total of 10 journals were written during the ten-week instruction. The list of
journal topics can be seen in Table 3.6. The length of the journals was not limited with any

numbers of words or pages.

Table 3.6. List of journal topics through 10 weeks instruction.

Week# | Physics Concept Week# | Physics Concept

1 Electric charges 6 Rheostat

2 Conductors 7 Resistors in series

3 Insulators 8 Resistors in parallel
Electric force Batteries in series

4 Electric field 9 Batteries in parallel
Electric resistance Electric power

> Ohm’s law 10 Magnetic field of a Current

According to Baker (2003), a learning log or a journal can be examined every week
or every other week. Hence, just after the students submitted their written journals, they
were evaluated by the teacher in a week, and the evaluated and graded journals were
returned to the students before the next class hour which is approximately one week later.
Although it was occasionally very time consuming for the teacher to assess and provide
written feedback to each journal, based on the research evidence (e.g., Butler and Nisan,
1986), it was an effective way to motivate students and help them learn. Each journal was

graded over 20 points according to the rubric in the guideline (see Appendix B).

3.3.2. Predict-Observe-Explain (POE) Instruction

The second experimental group involved in only Predict-Observe-Explain (POE)
instruction. All the POE activities were designed by the researcher, and they were entirely
the same activities conducted for the POE-RJW group. So, such activities were
administered in the same way to POE group as applied in POE-RJW group. Different from
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the POE-RJW, the POE instruction did not include journal writing. Therefore, all the
instructional pedagogies were completely the same with the POE-RJW instruction, except

journal writing.
3.3.3. Traditional Instruction (TI)

While the students in the treatment groups carried out the POE-RJW instruction and
the POE instruction respectively, the control group received the Traditional Instruction (TI)

comprising lecturing, questioning, and solving drill-and-practice problems.

3.3.3.1. Lecturing. The driving force of the lessons was teacher explanations, and students

were in listening position. They listened to the teacher and were not given permission to
write anything while the teacher was speaking and writing on the board. Just after the
teacher had finished writing and talking, they copied the notes written on the whiteboard
into their notebooks. The students followed the MEB resource book, and they got this book
ready throughout the lessons (Aydogdu and Dedeoglu, 2014).

3.3.3.2. Demonstrating Experiments. In the TI group, students were involved in the

teacher designed demonstration experiments in order to understand scientific principles
covered in the lesson. One of the demonstration experiments can be seen in Figure 3.2. The
experiments were mostly carried out by the teacher instead of students’ active
participation. Therefore, they observed the teacher-conducted experiments passively. They
had a chance to ask questions related to the experiments, and the teacher replied their

questions.

3.3.3.3. Questioning. At the beginning of the lessons, students were asked several warm-
up questions, and they verbally replied to the topic-related questions. Such questions were
usually taken from the Grade 10 MEB physics book (see Figure 3.3). The purpose of these
questions was to understand students’ pre-knowledge associated with the related topic.
Thus, there was a class environment in which students communicate with the T1 teacher.
Moreover, at the end of each lesson, the Tl teacher usually summarized the concepts
addressed in the class by asking questions to the students. Thus, the students were required

to participate in summarizing the related concepts with their own words.
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3.3.3.4. Solving Drill-and-Practice Problems. After teaching the relevant concepts, the
numeric problems were solved on the board. The problems were selected both from the

Grade 10 MEB textbook and from different sources including problems related to the

topic. After a problem was written on the board, the students were given time to solve the
problem on their notebooks. Generally the TI teacher solved the first or second problem on

the board to show the students how to solve the problem. The other problems were solved
by different students on the board.
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Figure 3.2. Grade 10 MEB textbook, charging by induction experiment.
(Egitim Bilisim Ag1, 2014)
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3.4. Data Collection and Recording Procedures

Several data sources were used in the current study. All of these data sources were in
written form. These written data sources included Electricity and Magnetism Conceptual
Test (EMCT), Physics Motivation Questionnaire (PMQ), Journal Writing Survey (JWS)

and field notes.

I & ARASTIRALIM, HAZIRLANALIM

1. Elektriksel akim, akim siddeti, potansiyel farki ve direng ne demektir?

2. Bir metal iletkenin direnci nelere baghdir?

3. Elektroliz nedir? Elekirik akimi ile elektroliz arasinda nasil bir iligki vardir?

4. Katl, sivi, gaz ve plazmalarda elekirik akimini olugturan yiikler hep eksi midir?

Yukaridaki sorularin cevaplarini arastirarak konuya hazirlikh gelelim.

Figure 3.3. Grade 10 MEB textbook, the preparation questions for the concepts
related to electricity. (Egitim Bilisim Agi, 2014)

Both Electricity and Magnetism Conceptual Test (EMCT) and Physics Motivation
Questionnaire (PMQ) were administered in the fall of 2014-2015 academic year before and
after a ten-week instruction for three different groups. While they were administered as a
pretest one week before the instruction, they were administered as a posttest one week after
the instruction. The EMCT test took 80 minutes to complete, whereas the PMQ took 15

minutes.

In addition to posttests, the journal writing group (POE-RJW) was asked to fill the
JWS.

3.4.1. Electricity and Magnetism Conceptual Test (EMCT)

The questions of EMCT were adapted from the several instruments published in
different articles that included conceptual understanding questions related to electricity and
magnetism. Such instruments included: Conceptual Survey in Electricity and Magnetism
(CSEM developed by Maloney et al., 2001), Electrostatic Conceptual Test (Cirkinoglu-
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Sekercioglu, 2011), Electric Conceptual Test (Karakuyu and Tiiysiiz, 2011), Elektrik ve
Manyetizma Kavram Testi (Demirci and Cirkinoglu, 2004) and Basit Elektrik Devreleri
Basar1 Testi (Sen and Eryilmaz, 2011). However, some of the questions in these sources

were modified based on the purpose of this study.

EMCT was prepared by the researcher as a two-tier test to measure students’
conceptual understandings of electricity and magnetism. Two-tiered tests are written
assessments that both ask students for an answer to a problem, and also require students to
explain the reasoning behind their answer. In two-tier tests, while the first tier can include
an ordinary multiple choice question, the second tier contains a set of reasons for the given
answer in the first tier (Pesman, 2005). Two-tier instruments have been used by many
science educators to identify students’ alternative conceptions (Treagust, 1988; Tan et al.,
2002). Additionally, by this way, the correct answers given by chance to the multiple

choice questions were addressed.

In the Grade 10 physics curriculum of Turkey, there existed 13 different objectives in
relation to electricity and magnetism unit. The content of EMCT items consisted of 8
objectives, but each objective was assessed more than once throughout the test to check if
students were offering consistent responses regardless of the context of the test questions.

The objectives included in the test and the corresponding items are shown in Appendix E.

EMCT questions were categorized into nine associated concepts that they cover in
the context of electricity and magnetism. These six associated concept categories were (1)
Conductors, (2) Insulators, (3) Coulomb Force, (4) Electric Field, (5) Electric Circuit, (6)
Electric Current, (7) Electrical Resistance, (8) Electric Potential Difference and (9)
Magnetic Field. The EMCT questions which were assigned into these categories were

shown in Table 3.7 (see Appendix F for the details of the associated concepts).

3.4.1.1. Validity and Reliability Analysis of EMCT. To test the content and face validity

of the EMCT, two physics teachers, two science education professors, one of whom
specialized in physics education, and a graduate student in science education took part in
the panel of experts. Moreover, two Turkish language teachers examined the questions in

terms of linguistic aspects such as word selection, readability, punctuation and grammar.
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Based on the opinions of the experts in the panel, some items were revised and reworded
whereas some dropped out from the test. Thus, the pilot test consisted of 23 two-tier
questions about electricity and magnetism. Along with a pilot test implementation to 82
Grade 11 students, three of the questions were dropped out from the test due to insufficient
fulfillment of criteria in terms of item analysis. While two of these three questions had
difficulty index (p-value) 0.06, one of them had a discrimination index below zero. Hence,
the final version of EMCT comprised of 20 two-tier questions related to the relevant
concepts in the unit. Whereas the average p-value for the total of questions included in
EMCT was 0.49, the average discrimination index for the whole EMCT was 0.34. The
final draft of EMCT test is available in Appendix G.

Table 3.7. Associated concepts and relevant EMCT questions.

# Associated Concept Related Question

1 | Conductors Q1

2 | Insulators Q2

3 | Coulomb Force Q3 and Q4

4 | Electric Field Q5

5 | Electric Circuit Q6 and Q10

6 | Electric Current Q7,Q11, Q12, Q13, Q19 and Q20
7 | Electrical Resistance Q8

8 | Electric Potential Difference Q9, Q14 and Q15

9 | Magnetic Field Q16, Q17 and Q18

Reliability indicates the consistency and the stability of the scores obtained from the
instruments used in a research (Fraenkel and Wallen, 2006). An aim of a good research is
to have measures that are reliable (Creswell, 2012). Therefore, researchers have to pay
attention to the reliability issues in their research. The reliability analysis of the EMCT was
performed with the data obtained from the actual study. Cronbach’s alpha was calculated
so as to check the internal consistency of the EMCT that indicates the average correlation
among all of the items which forms the scale (Pallant, 2010). Reliability analysis was
performed for only the first tier of EMCT which was a multiple choice question.
Cronbach’s alpha value was found to be 0.611 for the posttest scores. Therefore, the alpha
value was found to be acceptable, because the alpha value suggested to be equal or higher
than 0.6 (Akbulut, 2010).
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Electricity and Magnetism Conceptual Test (EMCT) was scored by the
teacher/researcher for data collection primarily. However, for the sake of inter-rater
reliability, another physics teacher from the same school who did not teach any of the three
groups was requested to score the data. To this end, 10 participants’ papers were selected
from each of the three groups and so, totally 30 papers were given to him to score. Since
there were 30 papers, each including 20 items, the scores of 600 items were compared for
both instructors. After the scored data, the scores of both instructors were compared with
each other by calculating Cohen’s Kappa () which is an index of inter-rater reliability
measuring the level of agreement between two scores (Wood, 2007). Cohen’s k was run to
determine if there was an agreement between teacher/researcher and the other physics
teacher in scoring the post EMCT. According to Wood (2007), there is a general agreement
that Kappa should be at least .60 or .70. So it can be inferred that there was a substantial

agreement between the two teachers’ scores, k =.732, p <.0005.

3.4.2. Physics Motivation Questionnaire (PMQ)

Physics Motivation Questionnaire was utilized to assess students’ motivation to
learning physics. The questionnaire was originally developed by Glynn et al. (2007) and
Glynn et al. (2009). It was translated and adapted to Turkish as Chemistry Motivation
Questionnaire (KMA) by ilhan et al. (2012). In this study, this Turkish version was
modified to Physics Motivation Questionnaire (PMQ) by replacing the word “chemistry”
to “physics”. Thus, all the items remained the same except the word "chemistry" that

changed to physics.

PMQ included 22 Likert-type items (see Appendix H). PMQ was conducted before
and after the instruction. In terms of reliability, the reliability analysis was conducted for
both pre and posttests. The items 4, 5, 10 and 13 which are negatively worded, were
reversed before checking the reliability. The Cronbach alpha value was calculated to be

0.84 for the pretest, and it was found to be 0.89 in the posttest.
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3.4.3. Journal Writing Survey (JWS)

One week after the POE-RJW instruction, students in the POE-RJW group were
provided two pages of Journal Writing Survey (JWS) including three open ended questions
to be answered. The aim of this survey was to understand the opinions and perceptions of
students regarding the act of journal writing. So, students were given one week of time to
submit the survey so that they can deeply think and reflect their thoughts thoroughly. The
JWS is available in Appendix I.

3.4.4. Field Notes

Field notes are the notes researchers take in the field (Fraenkel and Wallen, 2006). In
the current study, field notes were taken just after the lessons so as to remember and
describe the incidents happened throughout the instruction, when needed. The researcher
wrote the activities carried out in the class, method of instructions, types of assignments,
learning materials, the POE tasks, some remarkable discussions and responses of students,
creative ideas and questions probed by the students. Moreover, the challenging topics and
unexpected events during the POE instruction (if occurred) were included in the field

notes.

3.5. Data Analysis

The two major means of data collection in the current study included the EMCT and
the PMQ instruments. Quantitative analysis was conducted on both of the tests. The
additional data source was Journal Writing Survey (JWS), and it is used for supporting the

findings of the study.

3.5.1. Coding of Electricity and Magnetism Conceptual Test

To analyze the data, Statistical Program for the Social Sciences (SPSS), version 18.0
was used. The students’ responses to the first tier of the items in Electricity and Magnetism
Conceptual Test (EMCT) constituted the raw data. The first tier of the items in EMCT
included multiple choice questions. These questions included three to five choices. In
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coding of raw data, a numeric point of 1 was given to the Choice A, a numeric point of 2
was given to the Choice B, a numeric point of 3 was given to the Choice C, a numeric
point of 4 was given to the Choice D, and lastly a numeric point of 5 was given to the
Choice E. For the second tier of the items, which asked for the reasoning given in the first
tier, an answer key was developed. The raw data was recorded by assigning a numeric
point 2 to the answers which were thoroughly correct; a numeric point 1 was assigned to
the answers which were partially correct, and a numeric point 0 to the answers which were

wrong or non-scientific.

Based on the given points for the first and second tier of items, five conditions
occurred to calculate the total points for the items. Firstly, when both the first and second
tier of the item was correct, a total point of 3 was assigned. Secondly, when the first tier
was correct and the second one was partially correct, then a total point of 2 was assigned.
Thirdly, in the case that the first tier was correct but the second one was wrong, then a total
point of 1 was assigned. Fourthly, the case where the first tier was incorrect and the second
one was correct, a numeric point 2 was assigned. Finally, the case in which both the first
and the second tier was incorrect, a numeric point of 0 was assigned (see Table 3.8). Since
EMCT comprised of 20 items, maximum total score was 60.

Table 3.8. Coding criteria for the items in EMCT.

Assessment Criteria | Point | Assessment Criteria Point Total Point
(first-tier) (second-tier)
Correct answer Correct answer

Correct answer Partially correct

Correct answer

Wrong answer Correct answer

O N | N W

2
1
Wrong answer 0
2
0

o| o r| k,r| K,

Wrong answer Wrong Answer

3.5.2. Coding of Physics Motivation Questionnaire

Data was coded and analyzed by using SPSS Statistics version 18.0. There were 22
items in the PMQ. All the items were required to be responded on a five-point Likert-type

scale of temporal frequency ranging from 1 (never) to 5 (always) where 5=always,
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4=usually, 3=sometimes 2=rarely and 1=never. The items 4, 5, 10 and 13 which are related
to the anxiety were reverse scored while coding the data. Therefore, the PMQ maximum
total score was 110 and the minimum was 22. While higher scores on the PMQ indicated

the high motivation, lower scores referred to the low motivation.

3.5.3. Statistical Analyses of Data

The first research question intended to investigate whether an improvement occurred
or not in the students’ conceptual understanding of electricity and magnetism in each group
from pre to posttest. In pretest/posttest quasi-experimental designs, or when the samples
are the matched pairs, a paired sample t-test is used (Pallant, 2010).Therefore, the first
research question was analyzed by using a paired sample t-test. The following null

hypothesis was tested by using the paired-sample t-test procedures:

(1) There is no statistically significant mean difference in each group of students’
conceptual understandings of electricity and magnetism before and after the
instructions of POE-RJW, POE, and TI.

The research question 2(a), tested whether there is any difference or not between the
three groups of students in terms of understanding the electricity and magnetism concepts
before the instruction. Similarly, the research question 2(b), intended to identify whether
there is a difference or not between the three groups in terms of understanding the
electricity and magnetism concepts after the instruction. The one-way analysis of variance
(ANOVA) is used to identify whether there are any significant differences between the
means of three or more independent groups (Hinkle et al., 2003). Therefore, the following
two null hypotheses were tested by using the ANOVA procedures for the research
questions 2(a) and 2(b) respectively:

(if) There is no statistically significant mean difference between the three groups of
Grade 10 students’ pretest scores in terms of understanding the electricity and
magnetism concepts before engaging in POE-RJW Instruction, POE Instruction, or
TI.
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(iif) There is no statistically significant mean difference between the three groups of
Grade 10 students’ posttest scores in terms of understandings the electricity and

magnetism concepts after engaging in POE-RJW Instruction, POE Instruction, or TI.

The third research question aimed to investigate whether an improvement occurred
or not in the students’ conceptual understanding of the associated concepts of electricity
and magnetism from pre to posttest for the three groups of Grade 10 students who engaged
in POE-RJW Instruction, POE Instruction, or TIl. The percentages and frequencies of the
answers of questions e associated with particular concepts in the pre and post-EMCT were
calculated in order to detect the progression on the understandings of the students.

The fourth research question investigated whether a progression occurred or not in
each group of students’ motivation to learning physics from pretest to posttest. Thus, the
fourth null hypothesis was tested by using the paired samples t-test:

(iv) There is no statistically significant mean difference in each group of Grade 10

students’ motivation to learning physics before and after the instructions of POE-

RJW, POE, and TI.

The research questions 5(a) and 5(b) aimed to test whether there was any difference
or not between the three groups of students’ motivation to learn physics before and after
engaging in the instructions of POE-RJW, POE, and TI. The following two null hypotheses
were tested using the ANOVA procedures:

(v) There is no statistically significant mean difference between the three groups of
Grade 10 students’ pretest scores in terms of motivation to learning physics before

engaging in POE-RJW Instruction, POE Instruction, or TI.

(vi) There is no statistically significant mean difference between the three groups of
Grade 10 students’ posttest scores in terms motivation to learning physics after

engaging in POE-RJW Instruction, POE Instruction, or TI.
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3.6. Validity Issues

A significant consideration in planning and conducting a quasi-experimental research
is the likelihood of threats to validity (Fraenkel and Wallen, 2006). Creswell (2012)
reported the two types of threats that may generate uncertainty to make inferences from the
results of the study which are internal and external validity threats. Internal threats are the
most severe threats because they can compromise an otherwise good experiment (Creswell,
2012). Therefore, probable internal threats have to be taken into account and controlled by

the researchers.

e History: Time passes between the beginning of the intervention and the end. In
addition, there might be extraneous events between the pre and posttest that affect the
dependent variable (Gay, Mills, and Airasian, 2006). In the current study, any unexpected
events that influence the students’ understanding of the electricity and magnetism concepts
and their motivation to learning physics did not occur. In addition, the tests were

administered to all three groups in the same week.

e Maturation: The results of a study can be affected due to the change or growth of
participants such as becoming more experienced, older, and knowledgeable throughout the
time period from pre to posttest (Creswell, 2012). In the current study, all the students in
the three instructional groups were at the same grade level, and the time period of each

instruction was the same for each group. Thus, maturation was not considered as a threat.

o Selection: Selection is a validity threat which refers to the selection of participants
for the different groups in the study (Creswell, 2012). For example, participants of one
group may be brighter than the ones in the other groups. To overcome this issue, subjects
can be selected by random sampling. However, the participants of the current study were
selected with regard to convenient sampling. Thus, a one-way analysis of variance
(ANOVA) test was conducted on students’ pretest scores, and it was investigated that there
was no statistically significant difference between the three groups in terms of

understanding the electricity and magnetism.
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e Mortality: There may be likelihood to “lose” some of the participants throughout a
study even they are selected carefully (Fraenkel and Wallen, 2006). For example, some of
them may be ill or participate in other activities during the study whereby mortality threat
occurs. There were a total of 145 students took the pretest at the beginning of the study. In
the posttest, there were again a total of 145 students. However, 135 students’ test scores
were used in the analysis. The reason is that 10 of the students did not take either the pre or
the post-EMCT or the post-PMQ.

e Testing: Participants who were pretested at the beginning of an intervention may
become aware of what may be about to take place or remember the answers for later
testing (Fraenkel and Wallen, 2006). In the current study, students did not know whether
they were going to take the same test as a posttest or not. Therefore, they did not attempt to
memorize the questions. Students were not allowed to take the exam sheets with them.
Moreover, the pretest questions and answers were not discussed in the class after the
administration of the pretest. Since the time period between pre and posttest was 10 weeks,
which is a long period of time to remember the questions, testing threat was eliminated. In
addition, during this time period, students were not only concentrated on the physics

lessons but they also focused on the other lessons.

¢ Instrumentation: If the instruments used in the pretest and posttest to measure the
dependent variables were different, instrumentation threat to the internal validity of a study
occurs (Fraenkel and Wallen, 2006). In the present study, the pretest and posttest items

were completely the same as each other, whereby instrumentation threat was eliminated.
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4. RESULTS

In this section, the findings were organized around the research questions. All of the
research questions, except research question 3, involved the statistical analysis of the data
within and across the groups, exploring students’ conceptual understanding of the
electricity and magnetism concepts in science. Thus, to answer the research question 3, the
change in students’ understanding of nine associated concepts of the electricity and
magnetism from pre to post instruction is outlined by using the frequency and percentages

together with the relevant tables and exemplary excerpts.

4.1. Findings Related to the Research Question 1

e Research Question 1: How does the conceptual understanding of electricity and
magnetism differ from pre to posttest for the three groups of Grade 10 students who
engaged in POE-RJW Instruction, POE Instruction, or TI1?

e Null Hypothesis 1: There is no statistically significant mean difference in each
group of students’ conceptual understandings of electricity and magnetism before

and after the instructions of POE-RJW, POE, and TI.

Students’ conceptual understanding of electricity and magnetism was measured
through the instrument named as “Electricity and Magnetism Conceptual Test” (EMCT).
The maximum score that can be taken from EMCT was “60” and the lowest score was “0”.
The data from EMCT were coded and analyzed, and the scores of the three groups of
students, namely POE-RJW group, POE group, and TI group, were identified. Then, a
paired sample t-test was conducted to test whether there was any significant difference or
not between the pre and post-EMCT scores of each group in terms of understanding the

electricity and magnetism concepts after the interventions.

4.1.1. Comparison of the Pre and Post-EMCT Scores for the POE-RJW Group

The mean scores of the students, who engaged in POE-RJW instruction, on the pre

and posttest are demonstrated in Table 4.1. The mean score of the POE-RJW group on pre-
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EMCT was found to be M=12.92 (SD=4.20), while the mean of the post-EMCT scores was
found to be M=29.25 (SD=9.80). As it can be easily realized, the post-EMCT scores of the
POE-RJW group were higher than their scores in pre-EMCT. The highest score of the pre-
EMCT was 25, and the lowest one was 6. On the other hand, the highest score of the post-

EMCT was 51, and the lowest one was 12.

Table 4.1. The mean of the pre and post-EMCT scores of the POE-RJW group.

Mean N | Std. Deviation | Highest Score | Lowest Score
Pre-EMCT | 12.92 39 4.20 25 6
Post-EMCT | 29.25 39 9.80 51 12

Results from the paired sample t-test (see Table 4.2) showed that there was a
statistically significant difference in EMCT mean scores of the POE-RJW group students
from the pre-EMCT (M = 12.92, SD = 4.20) to the post-EMCT (M = 29.925, SD = 9.80),
t (38) = - 9.76, p<0.05. The mean difference in pre and post-EMCT scores was 16.33 with
a 95% confidence interval ranging from -19.71 to -12.94. Since the calculated p value
(t (38) = - 9.76, p<0.05) was lower than the critical p value of 0.05; the null hypothesis was

rejected.

Table 4.2. Results from the paired sample t-test on the pre-post EMCT mean scores of the
POE-RJW group.

Mean | Std. Deviation t df | Sig.(2-tailed)

-16.33 10.45 -9,76 | 38 .000

Pre-EMCT
Post-EMCT

4.1.2. Comparison of the Pre and Post-EMCT Scores for the POE Group

In the context of the first research question, secondly, the POE group students’
conceptual understandings of electricity and magnetism was examined. The mean scores of
the POE group on the pre and posttest are demonstrated in Table 4.3. The mean score of
the POE students on pre-EMCT was found to be M=12.15 (SD=4.29), whereas the mean of
their post-EMCT scores was found to be M=21.00 (SD=7.41). That is, the post-EMCT
scores of the POE group were higher than their scores in the pre-EMCT. While the highest
score of the POE group on pre-EMCT was 26, the lowest one was 5. For the same group,

the highest score was 46 on the post-EMCT, the lowest one was 8.
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Table 4.3. The mean of the pre and post-EMCT scores of the POE group.

Mean N Std. Deviation | Highest Score | Lowest Score
Pre-EMCT 12.15 59 4.29 26 5
Post-EMCT 21.00 59 7.41 46 8

In order to detect whether there was a statistically significant difference in the mean
scores of the pre and post-EMCT or not, paired sample t-test was used. On the basis of the
output of the paired sample t-test in SPSS (see Table 4.4), it can be inferred that there was
a statistically significant difference in EMCT scores of the POE group from the pre-EMCT
(M =12.15, SD = 4.29) to the post-EMCT (M = 21.00, SD = 7.41), t (58) = - 9.78, p<0.05.
The mean difference in EMCT scores was 8.85 with a 95% confidence interval ranging
from -10.65 to -7.03. Since the calculated p value (t (s8) = - 9.78, p<0.05) was lower than
the critical p value of 0.05; the null hypothesis was rejected.

Table 4.4. Results of the paired sample t-test on the pre-post EMCT mean scores of the

POE group.
Mean | Std. Deviation t df | Sig.(2-tailed)
Pre-EMCT
PostEMCT | &8 6.94 -9,78 | 58 .000

4.1.3. Comparison of the Pre and Post-EMCT Scores for the TI Group

The mean scores of the T1 group students on the pre and posttest are demonstrated in
Table 4.5. The mean of the TI students’ scores on pre-EMCT was found to be M=11.29
(SD=3.58), whereas the mean of their post-EMCT scores was found to be M=19.48
(SD=6.46). It can be recognized that the post-EMCT scores of the students in Tl group
were higher than their scores in the pre-EMCT. While the highest score of the TI students
on the pre-EMCT was 19, the lowest one was 2. For the same group, on the post-EMCT,

the highest score was 35, the lowest one was 5.

Table 4.5. The mean of the pre and post-EMCT scores of the TI group.

Mean N Std. Deviation | Highest Score | Lowest Score
Pre-EMCT 11.29 37 3.58 19 2
Post-EMCT 19.48 37 6.46 35 5
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In order to determine whether there was a statistically significant difference in the
mean scores of pre and post-EMCT or not, paired sample t-test was used. On the basis of
the output of the paired sample t-test in SPSS (see Table 4.6), it can be concluded that
there was a statistically significant difference in EMCT scores of the TI students from pre-
EMCT (M = 11.46, SD = 3.57) to post-EMCT (M = 19.38, SD = 6.43), t (38) = - 6.54,
p<0.05. The mean difference in EMCT scores was 7.92 with a 95% confidence interval
ranging from -10.15 to -6.22. Since the calculated p value (t 36) = - 8.45, p<0.05) was lower

than the critical p value of 0.05; the null hypothesis was rejected.

Table 4.6. Results of the paired sample t-test on the pre-post EMCT mean scores of the Tl
group students.

Mean | Std. Deviation t df | Sig.(2-tailed)

-8.18 5.89 -845 | 36 .000

Pre-EMCT
Post-EMCT

Based on the analysis of the data for the first research question, the results indicated
that all three groups of students, who engaged in three different types of instruction,
improved their conceptual understanding of electricity and magnetism from pre to posttest.
However, these results do not provide information about the magnitude of the
interventional effect. Therefore, an effect size was calculated for each instructional group.
One of the most commonly used effect size statistics for paired samples t-test is to
calculate and interpret eta squared (Pallant, 2010). As shown in Table 4.7, the POE-RJW
instruction effect size is 0.69; POE instruction effect size is 0.53, and Traditional
instruction effect size is 0.52 as well. Cohen (1988) divided effect size values into three
categories which are (1) values <.06 as small effect, (2) values in the range between 0.06
and 0.13 as moderate effect and (3) values >.14 as large effect. Based on the Cohen’s
guidelines to interpret the values, it can be concluded that there was a large effect for each

type of instruction, with a substantial difference between the pre and post-EMCT scores.

Table 4.7. Effect sizes of the interventions on EMCT for the paired sample t-test.

POE-RJW POE TI
Eta squared .69 .53 .52




4.2. Findings Related to the Research Questions 2(a) and 2(b)

4.2.1. Comparison of the Pre-EMCT Scores between Three Instructional Groups
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e Research Question 2(a): Are there any difference among the three groups of Grade

10 students in terms of their understandings of electricity and magnetism before

engaging in POE-RJW Instruction, POE Instruction, or TI?

e Null Hypothesis 2(a): There is no statistically significant mean difference between

the three groups of Grade 10 students’ pretest scores in terms of understanding the

electricity and magnetism concepts before engaging in POE-RJW Instruction, POE

Instruction, or TI.

A one-way ANOVA was conducted to determine if the understanding of the electricity

and magnetism concepts (pre-EMCT scores) was different across the three groups who

engaged in POE-RJW Instruction, POE Instruction, or Traditional Instruction. Participants

were divided into three groups with respect to their instruction types: POE-RJW (n=39),

POE (n=59) and TI (n=37). The assumption of homogeneity of variances was met for the

pre-EMCT data as assessed by Levene’s test of homogeneity of variances (p = .709) (see

Table 4.8). That is, all groups have the similar variance.

Table 4.8. Test of homogeneity of variances for the pre-EMCT scores.

Levene’s Statistic

dfl

df2

Sig.

344

2

132

.709

The pre-EMCT score increased from the T1 group (M=11.29, SD=3.58) to the POE
group (M=12.15, SD=4.29), to the POE-RJW group (M=12.92, SD=4.20); but the

differences between these instructional

F (2, 132) = 1.505, p=0.226 (see Table 4.9).

groups were not statistically significant,

Table 4.9. One-Way ANOVA results for the pre-EMCT scores.

Sum of Squares df Mean Square F Sig.
Between Groups 50.200 2 25.100
Within Groups 2202.126 132 16.683 1.505 226
Total 2252.326 134
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The group means were not statistically different (p > .05); therefore, we could not

reject the null hypothesis.

4.2.2. Comparison of the Post-EMCT Scores between Three Instructional Groups

e Research Question 2(b): Are there any difference among the three groups of Grade
10 students in terms of their understandings of electricity and magnetism after
engaging in POE-RJW Instruction, POE Instruction, or TI?

e Null Hypothesis 2(b): There is no statistically significant mean difference between
the three groups of Grade 10 students’ posttest scores in terms of understandings
the electricity and magnetism concepts after engaging in POE-RJW Instruction,
POE Instruction, or TI.

Similar to the data analysis of the pre-EMCT scores, for post-EMCT scores, a one-
way ANOVA was conducted if the understanding of the electricity and magnetism
concepts (post-EMCT scores) was different across the three groups who engaged in POE-
RJW Instruction, POE Instruction, or TI. Again, participants were divided into three
groups according to their instruction types: POE-RJW (n=39), POE (n=59), and
Traditional instruction (n=37). The assumption of homogeneity of variance was met for the
post EMCT data as assessed by Levene’s test of homogeneity of variances (p = 0.102) (see
Table 4.10).

Table 4.10. Test of homogeneity of variances for the post-EMCT scores.

Levene’s Statistic dfl df2 Sig.
2.328 2 132 102

Based on the analysis of the post-EMCT data, it was found that there was a
statistically significant difference across the post-EMCT mean scores of the three
instructional groups, F (2,132) = 17.552, p=0.000 (see Table 4.11). The effect size,
calculated using eta squared, was 0.210 that shows a large effect. Post Hoc comparisons
using the Tukey HSD test indicated that the mean score for POE-RJW instruction group
(M=29.25, SD=9.80) was significantly different from both POE group (M=21.00,
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SD=7.41) and Traditional instruction group (M=19.48, SD= 6.46). The POE group
(M=21.00, SD=7.41) did not differ significantly from TI group (M=19.48, SD= 6.46).

Table 4.11. One-Way ANOVA results for the post-EMCT scores.

Sum of Squares df Mean Square F Sig.
Between Groups 2219.202 2 1109.601
Within Groups 8344.679 132 63.217 17.552 .000
Total 10563.881 134

Since the means across the groups were statistically significant different (p < .05),

therefore, we rejected the null hypothesis and accepted the alternative hypothesis.

4.3. Findings Related to the Research Question 3

e Research Question 3: How does the conceptual understanding of the associated
concepts of electricity and magnetism change from pre to posttest for the three
groups of Grade 10 students who engaged in POE-RJW Instruction, POE

Instruction, or T1?

The third research question aimed to explore whether an improvement occurred or
not in the students’ conceptual understanding of the associated concepts of electricity and
magnetism from pre to posttest for the three groups of Grade 10 students who engaged in
POE-RJW Instruction, POE Instruction, or Tl. To this end, the EMCT questions were
divided into nine associated concepts in relation to electricity and magnetism. These nine
associated concepts were (1) conductors, (2) insulators, (3) coulomb force, (4) electric
field, (5) electric circuit, (6) electric current, (7) electrical resistance, (8) electric potential
difference, and (9) magnetic field. The EMCT questions which were assigned into these

categories were shown in Table 3.7 in the previous chapter.

The frequency and percentage values were calculated for each question both for the
pre-EMCT and the post-EMCT for the three groups of Grade 10 students who engaged in
POE-RJW Instruction, POE Instruction, or Traditional Instruction. In the following

subsections, percentages and frequencies of the answers of questions associated with
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particular concepts in the pre and post-EMCT were given in order to take a closer look at

the change in students’ conceptual understanding of electricity and the magnetism.

Students’ responses to each question in the EMCT on the pre and posttest were
coded as zero “0” point, one “1” point, two “2” points and three “3” points based on the
criteria in Table 3.8. Zero “0” point showed no understanding regarding the concept. One
“1” point indicated that only the first tier of the question was correct, showing that the
correct choice was marked for the multiple choice part but the second tier was not
explained scientifically. Two “2” points represented that the second tier was explained
scientifically with partially correct reasoning along with the correct answer to the first tier.
Therefore, “2” points demonstrated a partial conceptual understanding of the concept
assessed by the relevant question. The students who gave a wrong answer to the first tier
along with a correct scientific explanation could also get two “2” points as well. However,
there was only one student fitting into this case in the post-EMCT. Therefore, it was
disregarded. Furthermore, three “3” points indicated a complete conceptual understanding
displaying that the first tier was correctly marked beside the complete scientific

explanation provided to the second tier.

4.3.1. Concept 1: Conductors

In Table 4.12, the frequencies and percentages of the three groups of students’ scores
for question 1 (Q1) can be seen. This question aimed to assess the understanding of
“conductors” concept (see Appendix G). Before instruction, the number of the POE-RJW
students who got “0” point from this question was 27 from among 39 students (69%). After
the POE-RJW instruction, the number of these students decreased to 10 (26 %) showing
that 17 of them (43 %) shifted toward more scientific understandings, obtaining at least “1”’
point. On the other hand, the frequency of the students who increased their scores from “0”
to “17, “0” to “2” or “0” to “3” points in the POE and the TI groups was 14 (24 %) and 4
(10 %) respectively. In addition, it is remarkable that the percentage of the POE-RJW
students who got at least “1” point on post-EMCT was 75%, but it was 51% and 41% for
POE and TI groups, respectively. Moreover, neither the POE students nor the TI students
could get “3” points in this question. In other words, there existed no student who

demonstrated a complete conceptual understanding about “conductors” concept from the
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POE or the TI group. On the other hand, in the post-EMCT, there existed one POE-RJW
student who obtained “3” point in this question showing that he correctly answered both
the multiple choice tier and also explained his reasoning scientifically in the second tier
regarding “conductors” concept. The following excerpt represents the understanding of the

student selected randomly from POE-RJW group on the post-EMCT:

“b- John Travolta deneyinde oldugu gibi iletken bir cisme yiik gecerse yiikler iletken
cismin en u¢ noktalarina dagiliyordu. Burda cisim kiire oldugu ve her noktanin
merkeze uzakligr ayni oldugu i¢in kiirenin dis yiizeyine esit olarak dagilir. - As in
John Travolta experiment, if a conductor is charged, the charges moves to the surface
of the object. Here, the object is sphere on which every point is at equal distance to
the center of the sphere. So the charges are distributed evenly over the outer surface
of the sphere.”

Table 4.12. Frequencies and percentages of the questions related to concept 1 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT
FF’S\'/EV' POE TI E?\'/E\; POE TI
Conceptl | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f % f % f % f % f % f %

27 | 69 | 43 | 73 26 70 | 10 | 26 | 29 | 49 | 22 60
8 | 21 |16 | 27 11 30 | 19 | 49 | 22 | 37 14 38
4 10 | O 0 0 0 9 | 23] 8 | 14 1 3
0 0 0 0 0 0 1 3 0 0 0 0

Conductors | Q1

WIN (- |O

Before the instructions, a large number of students in the pre-EMCT selected the
choice C in the POE (27 %) and the TI (46%) groups. Similarly, a substantial number of
students in the post-EMCT from these two groups kept selecting the same choice (POE:
26% and TI: 39%) which can be seen as an alternative conception that the charges were
distributed over both the inner and outer surface of the sphere. Explanations to the second
tier of Q1 that revealed alternative conceptions of students after the instructions were as

follows:

“c- Dokundurma esnasinda kiire negatif yiiklendigi i¢in ve herhangi bir kutuplagma
olmadigi i¢in yiikler kiirenin her yerine esit bir sekilde dagilir.- Since the sphere is
charged negatively at the moment of touching, and since there was no polarization,
the charges are evenly distributed over every point of the sphere.” (POE_student)

“ c- ...yiikler kiirenin i¢ ve dis yiizeyine esit oranda dagilir- ... charges were evenly
distributed over both the inner and outer surface of the sphere.” (POE_student)
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“c- Kiirenin i¢i bos oldugundan yiikler kiirenin i¢ ve dis ylizeyine esit oranda dagilir.-
Since the sphere is hollow, charges were evenly distributed over both the inner and
outer surface of the sphere.”(TI_student)

4.3.2. Concept 2: Insulators

In EMCT, the question 2 (Q2) intended to identify the understandings of students
concerning the concept of “insulators” (see Appendix G). From the pre to post-EMCT, the
number of students who got “0” point in the pre-EMCT decreased for POE-RJW (80 % to
41 %) and POE (86 % to 41 %) group as well. On the other hand, the number of students in
the TI group who got “0” point increased from pre-instruction (73 %) to post-instruction
(81%) unexpectedly (see Table 4.13). Besides, 10% of the POE-RJW students and 2 % of
the POE students scored “3” points, respectively in the post-EMCT, showing that they
demonstrated a complete conceptual understanding about the “insulators” concept.

However, there was no student getting “3” points for this question among the TI students.

Here are two randomly selected students’ scientific explanations taken from the

second tier of their answers for both the POE-RJW group and the POE group as well.

“a- I. dogrudur ¢iinkii balonu kazaga siirtme deneyinde yalitkan cismin sadece
strtlinen kisminda kalir yiikler. II. yanhstir ¢linkii yine aym1 deneyde balon
yalitkandir fakat yiiklenebilir. III. yanlistir ¢linkii yiizey yiikleri sifir demek notr
cisim demektir ve bu daima sifir degildir, degisebilir. — I. is correct because the
charges on an insulated material stay on the rubbed surface as in the experiment of
rubbing balloon to the sweater. II. is incorrect because again in the same experiment
the balloon is insulator but it can be charged. Ill. is incorrect because zero surface
charges means the material is insulator, and this is not always zero, it depends.”
(POE-RJW_student)

“a- Yalitkan bir maddenin yapisindan dolay1 yiiklerin ge¢isi saglanamaz bu ylizden
yiiklenemez, serbestce hareket edemez. Madde yalitkan olabilir ama ylizeyi
yiiklenebilir. Camin kazaga siirtiindiigiinde yiiklendigi gibi.- Because of the structure
of an insulator the charges does not move from place to place, they can not be
charged, the charges do not move freely. A substance can be an insulator but the
surface of it can be charged. As in the example of rubbing a glass with a sweater.”
(POE_student)
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Table 4.13. Frequencies and percentages of the questions related to concept 2 for the three
instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT

PR?\I/EV POE TI PR?\'/EV POE TI

Concept2 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f % | f | % f % | f % | f % f %

0| 31|80 |51 | 86 27 73 | 16 | 41 | 24 | 41 30 81

Insulators 02 1| 6 15 | 7 | 12 5 141 9 | 23 | 19 | 32 3 8
2| 2 5 1 2 5 14 | 10 | 26 | 15 | 25 4 11

3|0 0 0 0 0 0 4 |10 | 1 2 0 0

On the pre-EMCT, a considerable amount of students selected choice E (POE-RJW:
23%, POE: 34%, TI: 30%) for this question. Likewise, on the post-EMCT, a substantial
number of students also selected the choice E from all the three groups (POE-RJW: 26 %,
POE: 29%, TI: 49 %). Choice E states that an insulator cannot be charged and also the total
surface charge is always zero. However, insulators can also be charged and the excess
charge will remain at the initial location of charging. In addition, the particles of the
insulator do not permit the free flow of electrons whereby the total surface charge may be
different than zero. It appears that students had confusion about understanding the charge
distribution on insulators and the properties of insulators as well. Explanations written by
the students in the second tier of Q2 can be considered as alternative conceptions about

insulators. Followings are the examples:

“e- Yalitkan bir madde yiiklenirse iletken olur. Yani iletir. Bu yiizden yiiklenemez.
Yalitkan bir maddenin iizerindeki yiikler sifir olmasaydi madde yine iletken olurdu.
Bu yiizden daima sifirdir.-If an insulator is charged, it becomes conductor. That is, it
conducts. So it is not charged. If the charges on a substance were not zero, again the
substance would have been a conductor. So, it is always zero.”(TI_student)

“e- Hepsi dogrudur c¢linkii; yalitkan bir madde {izerinde yiikler hareket edemez. Yiik
aligverisi olmaz. Higbir sekilde degisiklik olmaz.-All of them are correct, because the
charges cannot move on an insulator. No charge transfer exists. There exist no
changes in any way.”(POE _student)

4.3.3. Concept 3: Coulomb Force

Students’ understandings of the “coulomb force” concept were assessed by the
question 3 (Q3) and question 4 (Q4) together (see Appendix G). From the pre to post-
EMCT, the percentage of students scoring “0” point for Q3 decreased both for POE-RJW
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(44% to 13%) and for the TI group (35% to 5 %) (see Table 4.14). However, interestingly
there was no decrease in the ratio of students in POE group scoring “0” points (20 %
remained the same from the pre to post-EMCT). It is also noteworthy that the percentage
of students who scored “3” points was high and almost the same for the three groups of
students (POE-RJW: 62%, POE: 66% and TI: 60%, respectively). In relation to Q4, the
number of students who scored “0” point in the pre-EMCT was 49 (83%). Interestingly,
similar to the findings of Q3, the number of students scoring “0” remained nearly the same
in the post-EMCT (80%) only for POE group. On the other hand, the number of students
scoring “0” in the post-EMCT decreased for both POE-RJW group (87% to 67%) and Tl
group (83% to 73%). When the three groups of students were taken into consideration for
Q4 in the post-EMCT, all of them demonstrated a low level of conceptual understanding in
a way that the number of students scoring “0” was noticeably very high for all of them
(POE-RJW: 67%, POE: 80% and TI: 73%, respectively).

Table 4.14. Frequencies and percentages of the questions related to concept 3 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT

E?&,‘ POE TI ES’&,‘ POE TI

Concept3 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f 1% | f]% | f | % | f|%|f] %] f ]| %

017 | 44 |12 | 20 | 13 | 35 | 5 | 13 |12 | 20 | 2 5

o[ 1[4 102848 [ 18 [ 49 [ 7 [18 |6 0] 7 [ 19
B oTs5 139 [15] 1] 3 |38 2] 3] 6| 16
Cg“'omb 3013 |33 |10 | 17 | 5 | 14 | 24 | 62 | 39| 66 | 22 | 60
orce 0] 34|87 |40 |83 | 35 | 9 | 26 | 67 |47 ] 80 | 27 | 73
e il a6 a0 2 5 [1[sal7 s u
2[00 1|2 ] 0] 0o o o] o] 2 5

3/ 1|3 | 3|5 ] 0| 0 |123]8 | 14| 4 | 11

0 65 52 65 40 50 39
Total 1 10 29 27 10 9 15
(Average) 2 6 9 1 4 2 11
3 18 11 7 46 40 35

In addition to the frequency and percentage values of Q3 and Q4 one by one, the
average percentage values of Q3 and Q4 was calculated so as to identify students’
understandings about the “coulomb force” concept (see Table 4.14). On the post-EMCT,
the number of students scoring either “0” or “3” was very high for all the three groups
(40% and 46% for POE-RJW, 50% and 40% for POE, and 39% and 35% for TI,

respectively), whereas the number of students scoring “1” or “2” was very low across the
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instructional groups (14%, 11%, 26%, respectively). The three groups of demonstrated
either no understanding or complete conceptual understanding about the “coulomb force”

concept.

When the responses to this question were considered, some of students’ alternative
conceptions were revealed. On the pre-EMCT, a large number of students selected choice
D (POE-RJW: 57%, POE: 37%, and TI. 31%). After the instructions, they overly kept
selecting the choice D (POE-RJW: 49%, POE: 46%, and TI: 32%). They thought that the
magnitude of the force on +4Q charge was four times bigger than the magnitude of the

force on +Q charge.

The following excerpt shows the alternative conception about the Coulomb force

assessed by Q4 after instruction:

“+Q yliikiiniin degeri +4Q dan dortte bir oraninda kii¢lik oldugu i¢in +Q nun +4Q ya
uygulayacagi kuvvet de dortte birine iner.-Since the value of +Q charge was 1/4 of
+4Q charge, the force of the +Q exerting on the +4Q will be four times smaller than
the force of +4Q exerting on the +4Q.”(T1_student)

The following excerpt is an example of scientific explanation given by a POE-RJW
student for Q4:

“Iki cisim de yiikleri ne olursa olsun birbilerine ayn1 kuvveti uygularlar. Yiikiin
degeri 4 katina ¢iktig i¢in 4F olur.- Whatever the magnitude of their charges was,
they exert the same force to each other. Since the magnitude of charge increased up
to four times, the force will be equal to 4F.” (POE-RJW_student)

4.3.4. Concept 4: Electric Field

The “electric field” concept was assessed by the question 5 (Q5) in EMCT (see
Appendix G). As can be seen in Table 4.15, the percentage of students who got “0” point
showing no understanding about this concept in the pre-EMCT was very high for all three
groups (POE-RJW: 77%, POE: 85% and TI: 89% respectively). Following the instructions,
the percentage of students who scored ‘“2” points (showing partial conceptual
understanding) was higher for the POE-RJW group (33%) compared to the percentage of
students in the POE (2%) and the T1 (3%) group.
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Table 4.15. Frequencies and percentages of the questions related to concept 4 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT

FF’S\'/EV' POE TI FF’SSV' POE T

Concept4 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f 1% | f | % f % | f | % | f | % | f %
Electri 030 |77 | 50| 8 | 33 |89 | 18 | 46 | 43| 73 | 32 | 87
Feicekrj'c o5 L] 82915 3 8 | 7 |18 | 15| 25 | 4 11
2 1 [ 3|0 o0 1 3 133 | 1| 2 1 3
3/ 0] 0] 0] 0 0 0]lo o0 o] 0] o 0

Additionally, there was no student in any of the three groups who got “3” points for
this question assessing the “electric field” concept. Furthermore, when cross tabulation was
performed for this question on the pre-EMCT, the percentages of choice A marked by the
students were very high for all the three groups (POE-RJW: 65%, POE: 68% and TI:
72%). Similarly the choice A was also selected primarily by the students on the post-
EMCT (POE-RJW: 40%, POE: 57% and TI: 75%). Therefore, the explanations written to
this choice were considered as an alternative conception of students regarding the concept
of “electric field”. The following excerpts represent how some students thought
unscientifically about the electric field at the center of the sphere. The students specified
that:

“a- Yuk sagdan getirildigi i¢in merkezdeki yiikii zit yonde itecektir- Since the charge
is brought up from the right side; it will repulse the charges at the center to the left
side” (POE _student)

“a- Art1 yuikli kiireye art1 yilik yaklastirirsak iter birbirini. Bu yiizdende sag taraftan
yaklastirdigimiz igin sol tarafa dogru itecektir.- If positive charge is brought up near
the sphere they repel each other. Since, we brought up from the right side, they will
repel to the left side.” (POE_student)

4.3.5. Concept 5: Electric Circuit

The “electric circuit” concept was assessed by the combination of question 6 (Q6)
and question 10 (Q10) in EMCT (see Appendix G). For Q6, the number of students who
scored “0” point showing no understanding in the pre-EMCT was 7 (18%), 16 (27%), and
5 (14%) for the POE-RJW, POE, and TI groups, respectively (see Table 4.16). Following

the instructions, the number of students who still held no understanding was very few for
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all the groups (3%, 3% and 5%, respectively). In other words, the students in all the groups
improved their understanding about making an analogy between electric circuit and the
water pipe system in the buildings. Yet, the number of the POE-RJW students who scored
“3” points in Q6 (28%) was greater than the number of the POE (5%), and the TI students
(3%).

Table 4.16. Frequencies and percentages of the questions related to concept 5 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT
IDR?\I/EV POE TI FI;?\I/EV POE TI
Concept5 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f % | f % f % | f % | f | % f %
0 7 18 | 16 27 5 14 1 3 2 3 2 5
Q6 1] 19 | 49 | 28 48 23 | 62| 9 23 | 21| 36 19 51
. 2| 13 | 33 | 13 22 8 22 | 18 | 46 | 33 | 56 15 41
'é'frcctg:f 3/ 00 2| 3 | 1 | 3|11]28[3]5] 1 3
0| 23 | 59 | 40 68 21 57 | 10 | 26 | 20 | 34 4 11
010 1] 11 | 28 | 16 27 14 38 9 23 | 25 | 42 24 65
2 1 3 0 0 0 0 5 13 3 5 0 0
3 4 10 3 5 2 5 15 | 39 | 11 | 19 9 24
0 38 47 35 14 19 8
Total 1 38 37 50 23 39 58
(Average) 2 18 11 11 30 31 20
3 5 4 4 33 12 14

Q10 was asked to detect students’ understandings about the parallel connected
circuits involving one battery and two light bulbs (see Appendix G). As shown in Table
4.16, the number of students scoring “0” point decreased in all of the three groups (POE-
RJW: 59% to 26%, POE: 68% to 34%, and TI: 57% to 11%). The percentage of students
exhibiting complete conceptual understanding was higher for the POE-RJW group (39%)
compared to the POE (19%) and TI (24%) groups. When students' answers to Q10 were
taken into account, the percentage of students selecting the choice C on the pre-EMCT was
very high for all the three groups (POE-RJW: 58%, POE: 44% and TI: 43%). In choice C,
the circuit in figure A was not considered as a parallel connected circuit including two
parallel bulbs and one battery. Therefore, students' explanations to the second tier of Q6
can be thought as alternative conceptions of students concerning electric circuits. Some

alternative conceptions excerpted from students’ answers were as follows:

“c- C’dir ¢ilinkii bir adet anahtara ve iki adet lambaya sahiptir. C seklini saga
dondiirdiigiimiizde lambalarin paralel oldugunu goriiriiz-The answer is C because it
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has two bulbs and one switch. If the shape C is rotated to the right side, we will see
that the lambs are parallel.” (POE-RJW_student)

“c-...Paralel olmas1 ayni hizada degil de iist {iste olmas1 gibidir.- ...Parallel means
not being in the same line instead being one on the top of the other.” (POE-
RJW _student)

“c-Tek paralel devre C devresidir.- C is the only parallel connected circuit.”
(POE_student)

To identify students’ understanding of the “electric circuit” concept, the average of
percentage values for Q6 and Q10 were calculated. As can be seen in Table 4.16, the
number of students who scored “0” decreased for all the groups after instructions. (POE-
RJW: 38% to 14%, POE: 47% to 19%, and TI: 35% to 8%). That is to say, all of the
groups showed a fair improvement in terms of understanding the “electric circuit” from the
pre to post-EMCT. However, the percentage of students who showed at least partial
conceptual understanding on the post-EMCT was higher for POE-RJW (63%) group than
the POE (43%) and TI (34%) groups.

4.3.6. Concept 6: Electric Current

In EMCT, “electric current” concept was assessed by the combination of six
questions: question 7 (Q7), question 11 (Q11), question 12 (Q12), questions 13 (Q13),
question 19 (Q19), and question 20 (Q20) as well. As shown in Table 4.17, the number of
students scoring “0” point from Q7 on the pre-EMCT conceivably decreased for all three
groups after the interventions (POE-RJW: 59% to 21%, POE: 51% to 27%, and TI: 62% to
57%). A noticeable percentage of the TI students (57%) seemed to be confused about how

a rheostat changes the current and the brightness of bulbs in an electric circuit.

Q11 was asked to identify students’ understandings about the magnitude of electric
current flowing through a series connected circuit (see Appendix G). As can be seen in
Table 14.7, although the number of students scoring “0” point from the POE-RJW and the
POE groups decreased from the pre to post-EMCT (POE-RJW: 77% to 44%, POE" 70% to
61%, respectively), this number increased for the TI group (57% to 81%).
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Table 4.17. Frequencies and percentages of the questions related to concept 6 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT
PR?\I/EV POE TI ';?\'/EV POE TI
Concept6 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f % | f | % f % f % | f % f %
0| 23 ]59]|30| 51 23 62 8 | 21 | 16 | 27 21 57
Q7 1|13 |33 |19 | 32 11 30 24 | 62 | 25 | 42 13 35
2] 3 8 | 10 | 17 3 8 6 15 | 16 | 27 3 8
3|10 0 0 0 0 0 1 3 2 3 0 0
0|30 |77 |41 | 70 21 57 17 | 44 | 36 | 61 30 81
011 1] 7 18 | 13 | 22 13 35 1 3 8 | 14 2 5
21 0 0 2 3 3 8 0 0 3 5 0 0
3] 2 5 3 5 0 0 21 | 54 | 12 | 20 5 14
0| 24 | 62 | 44 | 75 28 76 7 18 | 22 | 37 8 22
012 1] 12 | 31| 11 | 19 6 16 5 13 | 21 | 36 14 38
2| 3 8 4 7 3 8 16 | 41 | 8 | 14 10 27
Electric 310 0 0 0 0 0 11 |1 28 | 8 | 14 5 14
Current 0|31 |80 |42 | 71 22 60 18 | 46 | 32 | 54 8 22
013 1] 3 8 | 13 | 22 10 27 4 | 10 | 13 | 22 12 32
2| 3 8 3 5 5 14 3 8 4 7 7 19
3| 2 5 1 2 0 0 14 | 36 | 10 | 17 10 27
0| 16 | 41 | 17 | 29 23 62 7 18 | 8 | 14 12 32
019 1|19 | 49 | 39 | 66 10 27 10 | 26 | 34 | 58 | 20 54
2 2 5 3 5 4 11 11 | 28 | 12 | 20 4 11
3| 2 5 0 0 0 0 11 |1 28 | 5 9 1 3
0|29 | 74|50 | 86 | 33 89 23 | 59 | 43| 73 | 21 57
Q20 1| 4 10 | 7 | 12 3 8 4 | 10 | 11 | 19 3 8
2| 2 5 0 0 0 0 1 3 0 0 0 0
3| 4 10 | 2 3 1 3 11 | 28 | 5 9 13 35
0 65 63 68 34 44 45
Total 1 25 29 24 21 32 29
(Average) 2 6 6 8 16 12 11
3 4 2 0 29 12 15

The number of students selecting choice C for Q11 was very high for all the groups
before and after the instructions (POE-RJW: 77% and 39%, POE: 62% and 58%, TI: 51%
and 76%). Choice C states that the magnitude of the current flowing through a circuit
including one series connected bulb to a battery is equal to the one when one more bulb is
connected in series. However, doubling of the total resistance serves to halve the current in
the circuit. Therefore, the explanations given to the second tier of Q11 can be thought as
alternative conceptions in relation to “electric current” concept in a series connected
circuit. The following excerpts represent students’ various alternative conceptions in

relation to this concept on the post-EMCT:
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“c-Seri bagh devrelerde I=I;=Il, oldugu igin her ikisinde de esittir.-Since in series
connected circuits the equation I=l;=I, is true, both of the currents were
equal.”(TI student)

“c-Aymdir, ¢iinkii o noktaya gelene kadar hicbir direngle karsilasmaz.-They are the
same, because up to that point, current encounters no resistance.” (T1_student)

“c-Her ikisinde de esittir. Cilinkii 1 noktasinda akim bir direngle karsilagmamastir.-
Both are equal, because current does not encounter any resistance at point 1.”
(T1_student)

“c- ‘1’ noktasindan 6nce her iki devrede de bir diren¢ olmadigi i¢in akimlar aynidir.-
Since there exist no resistance before point ‘1’ for both of the circuits, the currents
are equal.” (T1_student)

“c-Her iki sekilde esittir. Ciinkii heniiz bir dirence denk gelmemistir.- In both shapes
they are equal because the current meets no resistance yet.” (POE-RJW_student)

Q12 was asked to discover students’ understandings about both the magnitude of
current flowing through a series circuit and also the brightness of the series connected
bulbs (see Appendix G). As can be seen in Table 4.17, a large number of students from all
three groups improved their scores from the pre to post-EMCT. The percentage of the
POE-RJW students exhibiting complete conceptual understanding (28%) on the post-
EMCT was two times higher than the percentage of both POE (14%) and TI groups (14%).
It was also remarkable that the majority of the students (38% of whole students) selected
the choice C on the pre-EMCT, indicating that the current at point 1 is greater than the one
at 2, and the current at point 2 is greater than the one at point 3 (i, > i, > i3) and also bulb
B is brighter. But, the current is everywhere the same within the electric circuit given in
Q12. Therefore, students’ explanations provided for the choice C can be considered as
alternative conceptions of students. Many of them thought that charge becomes used up as
it flows through a circuit or the amount of charge that exits a light bulb is less than the

amount that enters the light bulb. Below are some student excerpts from each group:

“c- Akim direngten sonra azalir. Bu yiizden B ampulu A’dan az parlak yanar.- The
current decreases after resistance. Theefore, the lamp B will be less brighter than A.
(POE-RJW_student)

“c- Akim her noktada dirence ugrar. O yiizden giderek azalir...-The currents

encounters with resistance at every point. Therefore, it gradually decreases...”
(POE_student)
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“c- iy > Iz > i3 olmasi lazim. Ampullerden gegen akim azalir...- it should be iy > i, >
i3. The current flowing through the bulbs decreases...” (T1_student)

Q13 was another current flow question. Yet, at this time, students were required to
rank the currents at different points of parallel connected bulbs in a circuit (see Appendix
G). From the pre to post-EMCT, the number of students who incorrectly responded to both
tiers in Q13 diminished for all three groups (POE-RJW: 80% to 46%, POE: 71% to 54%,
TI: 60% to 22%). However, the number for both POE-EJW (46%) and POE (54%) groups
were still high, demonstrating that the students in these groups had no understanding about
the concept in the post-EMCT. On the other hand, the number of students scoring “3” point
was greater on the POE-RJW group (36%) compared to the POE (17%) and TI (27%)
group on the post-EMCT. The students dominantly selected choice E in Q13 both on the
pre-EMCT and also on the post-EMCT (POE-RJW: 26% and 41%, POE: 16% and 40%,
TI: 18% and 11%, respectively). In this framework, the explanations written to the second
tier of this question can be considered as alternative conceptions of students.
Predominantly, the alternative conception that “the current is everywhere, and it is the
same in parallel connected circuits”, can be seen in students’ explanations from all three

groups on the pre-EMCT as in the following excerpts:

“e- Paralel baglamada herhalde her yerde akim esit oluyordu.- In parallel connection,
presumably, the current was the same everywhere.” (POE-RJW _student)

“e- Cikan akim her yere esit dagilir.-The current is distributed everywhere the same.”
(POE_student)

“e- Akim paralel diizeneklerde esit geger. The current flows equally in parallel

circuits (T1_student)

Similar to the explanations on the pre-EMCT, on the post-EMCT, many students
held onto their alternative conceptions about the distribution of current in a parallel circuit

as can be seen in the following excerpts:

“e- Paralel bagli devrelerde akim esit dagilir. Boylece akim hepsinde ayn1 hesaplanir-
In parallel connected circuits, the current is distributed uniformly. So, the current is
calculated as the same in all of them.” (POE-RJW _student)

“e- Akim bir azalmaya ugramaz, esittir-The current does not diminish, it is
equal.”(POE _student)



87

“e- Akim aymdir, degismez.-The current is the same, it does not change.”
(T1_student)

Q19 intended to detect students’ conceptions about how the brightness of bulbs
differs in a parallel connected circuit. Although the students in all three groups improved
their understandings from the pre to post-EMCT, the percentage of the POE-RJW students
(28%) who showed complete conceptual understanding was greater than the POE (9%)
and TI group (3%).

The last question assessing ‘“electric current” concept was Q20 which provided
insights into students’ understandings of the electric current passing through the series
connected resistors. The number of students who scored “0” point in this question was very
high for all three groups on the pre-EMCT (POE-RJW: 74% POE: 85%, and TI. 89%).
Similarly, after the instructions, the number of students exhibiting no understanding was
also high on the post-EMCT (POE-RJW: 59% POE: 73%, and TI: 57%). The incorrect
choice marked by the students was the choice B with a high ratio both on the pre and post-
EMCT (POE-RJW: 44% and 21%, POE: 40%, and 46%, TI. 52% and 28%, respectively).
Choice B states that the magnitude of the current on each series connected bulb is inversely
proportional to the magnitude of their resistance. Although this idea is true in terms of
Ohm’ law (the greater the resistance, the less the current), it was not applicable for the
series connected bulbs. In this context, the students' explanations to the second tier of this

question can be seen in the following excerpts.

“b-Direnci az olana, akim daha ¢ok gider.- The current goes much more to the one
which has less resistance.(POE-RJW _student)

“b-Direnci kii¢iik olanin akimi daha fazla olur.- The less resistance one has, the more
current it has.”(POE-RJW_student)

“b- Akim direnci az olan yerden daha fazla geger.-The current passes through much
more from the low resistance.” (POE _student)

“b-Direng kiigiikse, akim fazla gecer- If the resistance is low, more current passes
through.” (POE _student)

“b-Akimlar direnglerle ters orantili oldugu igin siralamalar bu sekilde olur.-Since
there is a inverse proportion between the currents and resistors, the ranking will be
like that.”(TI_student)



88

“b-Diren¢ artarsa akim azalir.- |If the resistance increases, the current
decreases.”(TI student)

In order to recognize students’ understanding of the “electric current” concept as a
whole in EMCT, the average of percentage values for the set of Q7, Q11, Q12, Q13, Q19,
and Q20 were calculated. As shown in Table 4.17, there was an improvement in terms of
understanding the “electric current” concept. When the percentages of three groups were
taken into account, the percentage of students showing complete understanding on the
post-EMCT was greater in the POE-RJW (29%) group compared to the POE (12%) and TI
(15%) group.

4.3.7. Concept 7: Electrical Resistance

Question 8 (Q8) in EMCT addressed the variables affecting the electrical resistance.
On the pre-EMCT, high percentage of students in all the three groups scored “0” (POE-
RIW: 82%, POE: 85% and TI: 92% respectively) in this question showing no
understanding about the “electrical resistance” concept (see Table 4.18). After the
instructions, the percentage of students scoring “0” point decreased nearly in the same ratio
(about 30 %) for the students in POE-RJW (82% to 51%) and POE (85 % to 51%) group.
However, the decrease in percentage ratio was about 20% for the T1 group. Although a few
number of students among from both the POE-RJW (5%) and the POE (12%) group scored

“3” points in Q7, there was no student getting “3” points in this question in the TI group.

Table 4.18. Frequencies and percentages of the questions related to concept 7 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT

;CJ)\EV' POE TI ;?\',5\; POE TI

Concept7 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f 1% | f|% | f | % | f|%]| f]| % | f %
Electrical 0328 | 50| 8 | 3 | 92 | 20 | 51 | 30| 51 | 27 | 73
Re:fstgﬁie o | L[ 41071121 3 |12 |31 |18 31 | 10 | 27
211 3 1] 2 | 1 3 | 5 |13] 4] 7 | 0 0
3/ 25 |12 | 1 3 | 2|5 |7 12] o 0

On the pre-EMCT, a considerable number of students from all the groups selected
choice E (POE-RJW: 58%, POE: 63% and TI. 68%), which states that immediately after
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the switch is opened, the resistance goes to zero. The resistance of the bulb is affected by
three variables including the total length of the wire, cross-sectional area of the wire and
the material that a wire is made of. But, all of these variables remained same in the wire of
the bulb when switch is opened, indicating that the resistance also remains same, not goes
to zero. Similarly the number of students selecting this choice was also large on the post-
EMCT for all the three groups (POE-RJW: 37%, POE: 40% and TI: 73%). In other words,
the majority of the students perceived the resistance as a direct function of both current and
potential difference. For that reason, the explanations given to the second tier of Q8 can be
considered as alternative conceptions. The students in all three groups wrote similar
explanations regarding the change in the electrical resistance:

“e- Akim kesileceginden sifirlanir.- Since the current will be cut off, the resistance
goes to zero.”(TI_student)

“e- Anahtar kapaliyken akim olmadig1 i¢in lambanin etkin bir direnci yoktur. Ancak
anahtar agildiktan sonra otomatik olarak direng ortaya ¢ikar.- Since there is no
current when the switch is closed, the bulb does not have an active resistance. But,
just after the switch is opened, the resistance automatically appears.”(POE _student)

“e- Devreden akim gegmeyecegi i¢in lamba bir direng uygulamaz.- Since there is no
current flow in the circuit, the bulb does not apply a resistance.” (POE-RJW_student)

4.3.8. Concept 8: Electric Potential Difference

On the EMCT, “electric potential difference” was assessed by the questions
comprising question 9 (Q9), question 14 (Q14), and question 15 (Q15). Q9 involved the
potential difference between the two terminals of a battery; requiring students consider
how it is affected when one more resistor connected to the circuit (see Appendix G). On
the pre-EMCT, the number of students scoring “0” in Q9 was very high for all three groups
(POE-RJW: 62%, POE: 70 % and TI. 78%). Expectedly, these numbers exhibiting no
understanding decreased after the instructions (POE-RJW: 36%, POE: 59 % and TI: 27%)).
The percentage of the POE-RJW students scoring “3” points (33%) in Q9 was greater than
the POE (12%) and the T1 (24%) groups. The number of students selecting choice B totally
was 66 (50% of whole students) on the pre-EMCT. Similarly, choice B was again the most
selected choice by the students (30% of all students) on the post-EMCT. Therefore, it can

be inferred that the explanations composed to the second tier of Q9 can be assumed as
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alternative conceptions. Here are some excerpts from the post-EMCT revealing alternative

conceptions:

“b- Normalde sekil I’de bir lamba kullanirken, sekil II’de iki lamba kullanacagindan
pilin potansiyel farki azalacaktir.- Normally, while one bulb use up the voltage in
figure I; in figure Il two bulbs will use up the potential difference indicating that it
will decrease.”(POE _student)

“b-Azalir ¢inkii diren¢ artar.- It decreases because the resistance
increases.”(POE_student)

“b- Ciinkii devreden gegen direng artar bu yiizden potansiyel fark azalir.-Since the
resistance in the circuit increases, the potential difference decreases.” (POE_student)

“b-...yeni bir direncin gelmesi...potansiyel fark sadece pil daha fazla harcama yapig1
icin azalir.-... one more connected resistor...potential difference decrease because
only the battery will consume much more.”(POE-RJW_student)

Q14 also assessed students’ understanding of “potential difference”. They were
asked to rank the potential difference between two different points in three different
connected circuits (see Appendix G). Although none of the students in all of the groups
scored “3” points in pre-EMCT, it was remarkable that the number of students showing
complete understanding was greater for the POE-RJW (31%) compared with the POE
(12%) and the TI (3%) groups on the post-EMCT. The most selected choice on the pre-
EMCT was choice E (POE-RJW: 41%, POE: 39%, and TI: 50% = 42% of all students) that
revealed some alternative conceptions. On the post-EMCT, the most selected incorrect
choice was again choice E (28 % of whole students). It seemed that the explanations given
to the second tier of Q14 included some alternative conceptions. Below are the students’
responses that show the alternative conceptions about potential difference between any two

different points in circuits after the instructions:

“e- Devre II ve III’te 2 pile 2 lamba diisiiyor o ylizden.-“In circuit II and III, there
are two bulbs per two batteries so.”(POE _student)

“e- II. ve III. devrelerde 2 iireteg, 2 lamba oldugundan birbirlerine esittir (potansiyel
fark). I’in ise daha azdir.- In the circuits Il and 111, since there are two batteries and
two light bulbs they are equal (potential difference). However, I is lesser.” (POE-
RJW _student)
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The last question assessing the “electric potential difference” was Q15; requiring
students’ understandings about determining the equivalent voltage across the components
of the given circuits (see Appendix G). As can be seen in Table 4.19, the students in all of
the three groups showed a progression in understanding this concept. But at the post-
EMCT, in terms of scoring “3” points, the percentage of POE-RJW students (31%) was
greater than the POE (20%) and the TI (3%) students. Examination of cross-tabulation
between the groups and this question on the pre-EMCT revealed that 29 of 135 (22%)
students selected the choice A. This led to the inference that students’ explanations to the
second tier of Q15 can be thought as alternative conceptions. Here are two sample excerpts

from students’ explanations on the post-EMCT:

“a-I’ de iki iiretecin yonii ayni, II de bir iirete¢ var, III’te tlireteclerin yonii birbirine
zit. Bu ylizden I>II>III. — In circuit I, the direction of the batteries are equal. In 11
there exists one battery. In the circuit 11, the directions of batteries are opposite to
each other. So, I>II>111.” (POE _student)

“a- I’de pil fazla direng az. II’de pil ve direng birbirleriyle dengede. III’te paralel
bagl piller vardir.- In |, there exists more batteries, the resistance is low. In I, the
battery and resistors are in equilibrium. In 111, there exist parallel connected batteries.
In 1, Vigta= 2V; in I, Vo= V; in 1, Vigra= V/2.”(TL student)

To identify students’ understanding of the “electric potential difference” concept in
EMCT, the average of percentage values for Q9, Q14 and Q15 were calculated. As can be
seen in Table 4.19, all of the three groups improved their understandings in relation to the
concept. When the students who scored at least two points on average in this concept were
examined, the percentage of POE-RJW (49%) students were much greater than the
POE(27%) and TI (24%) groups.
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Table 4.19. Frequencies and percentages of the questions related to concept 8 for the three

instruction groups in the pre and post-EMCT.

Pre-EMCT Post-EMCT
FI;?\I/EV POE TI PR?\'/EV POE TI
Concept 8 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f |l % | f | % f % f |l % | f| % f %
0|24 | 62|41 | 70 | 29 78 14 | 36 | 35| 59 | 10 27
Q9 1| 9 | 23 |15]| 25 6 16 7 118 |14 | 24 | 18 49
2| 2 5 0 0 0 0 5 | 13 | 3 5 0 0
3] 4 ]10] 3 5 2 5 13 |33 | 7 | 12 9 24
Electric 0] 33 |8 |43 | 73 | 26 70 19 | 49 | 32 | 54 | 14 38
Potential Q (1] 5 | 13|10 | 17 9 24 4 | 10 |15 | 25 | 15 41
Difference 14 (2] 1 3 6 | 10 2 5 4 | 10 | 5 9 7 19
3]0 0 0 0 0 0 12 | 31 | 7 | 12 1 3
0| 17 | 44 | 21 | 36 14 38 4 | 10 | 18 | 31 9 24
Q [1] 10| 26 | 27 | 46 15 41 12 | 31 | 16 | 27 19 51
15 (2| 12 | 31 | 11 | 19 8 22 11 | 28 | 13 | 22 8 22
310 0 0 0 0 0 12 | 31 |12 | 20 1 3
0 63 59 62 32 48 30
Total 1 21 29 27 20 25 47
(Average) 2 13 10 9 17 12 14
3 3 2 2 32 15 10

4.3.9. Concept 9: Magnetic Field

The ninth concept aimed to be assessed in EMCT was “magnetic field” and it was
assessed by the combination of the questions 16 (Q16), 17 (Q17) and 18 (Q18). Q16 was
asked to identify the understandings of students about the direction of the magnetic field
produced by a bar magnet around it (see Appendix G). As can be seen in Table 4.20, based
on the results of the pre-EMCT, a large number of students from the POE-RJW, the POE
and the TI groups scored “0” for Q6 showing no understanding regarding the “magnetic
field” concept (74%, 51% and 70% respectively). In other words, a noticeable percentage
of students seemed to be confused about how the direction of magnetic field vector is
drawn around the bar magnet. Although they were not expected to have high level of
understanding about this concept on the pre-EMCT, the number of students having no
understanding on the pre-EMCT was supposed to decrease on the post-EMCT. However,
the number of students getting “0” point interestingly increased from the pre to the post-
EMCT for the POE (51% to 68%) and the TI (70% to 87%) groups. Exclusively, the
number of students getting “0” point on the pre-EMCT showed a substantial decrease for
the POE-RJW group after instruction (74% to 21%).
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Table 4.20. Frequencies and percentages of the questions related to concept 9 for three of

the instruction groups in pre and post EMCT.

Pre-EMCT Post-EMCT
PR?\I/EV POE TI I;?\'/EV POE TI
Concept9 | Q# (n=39) (n=59) (n=37) (n=39) (n=59) (n=37)
f 1% | f | % f % fl% | f| % f %
0|29 | 74|30 | 51 | 26 70 8 | 21 |40 | 68 | 32 87
Q |1] 9 |23 |29 | 49 11 30 10 | 26 | 13 | 22 5 14
16 2] O 0 0 0 0 0 13 133 | 5 9 0 0
3| 1 3 0 0 0 0 8 |21 ] 1 2 0 0
0] 1 3 1 2 2 5 0 0 0 0 1 3
Magnetic Q [1] 2 5 7 | 12 6 16 6 | 15 | 5 9 5 14
Field 17 | 2] 2 5 |12 | 20 4 11 2 5 5 9 4 11
313418713966 | 25 68 | 31 |80 |49 | 83 | 27 73
0| 20 | 51 | 19 | 32 10 27 4 |10 | 7 | 12 12 32
Q 1|12 |31 |24 | 41 | 21 57 8 | 21 | 22 | 37 12 32
18 | 2| 7 |18 | 15| 25 5 14 | 23 | 59 | 19 | 32 9 24
3|10 0 1 2 1 3 4 | 10 | 11 | 19 4 11
0 43 28 34 10 27 41
Total 1 20 34 34 21 23 20
(Average) 2 8 15 8 32 16 12
3 30 23 23 37 34 28

On the pre-EMCT, for Q16, the majority of students in all the groups considered that
the direction of the magnetic field vector would be same on each of the points entering to
the two different poles (Choice C was marked by 44% of POE-RJW, 30% of POE and 49
% of the TI students). After the instructions, likewise, choice C was the most selected
choice for the POE (48%) and the TI (64%) group students. Therefore, explanations
written to the second tier of choice C can be interpreted as alternative conceptions about
the “magnetic field” concept. The following excerpt from the students’ explanations in the

second tier represents examples of these alternative conceptions:

“c- Zit kutuplarin tersi istikamette olacagi i¢in ¢ yonii dogru yondiir.- Since the
opposite pole will be on the different direction, ¢ will be the correct
direction.”(POE _student)

“c- Simetrik olmalidir.-It would be symmetrical.”(TI_student)

“c- Diger taraf a ise, zit kutbu da ¢ gosterir.-If the other side is a, ¢ shows the
opposite pole.” (T1_student)

Q17 investigated the attraction and repulsion forces between the opposite poles of a

bar magnet. It is notable that Q17 had the best pre and post-EMCT correct answer
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percentages for all the three groups. As can be seen in Table 4.20, the number of students
displaying complete conceptual understanding on the post-EMCT for this question was
very high (POE-RJW: 80%, POE: 83 % and TI: 73 %).

From the pre to the post-EMCT, while the percentage of students who scored “0”
point at Q18 reduced for the POE-RJW ( 51% to 10%) and the POE (32% to 12%) groups,
it surprisingly increased for the TI group (27% to 32%). In addition, the percentage of
students getting at least “1” point on the post-EMCT was nearly the same for as the POE-
RJW (90%) and the POE (88%) groups but was different for the T (68%) group.

In addition to the percentage values of Q16, Q18 and Q18 separately, the average
percentage of these set of questions were calculated so as to realize students’
understandings about “magnetic field” concept. On the post-EMCT, 10% of POE-RJW
students, 27% of the POE students and 41% of the TI students scored “0” point showing
that they had no understanding pertaining to “magnetic field” concept. It was evident that a

high percentage of the TI students displayed no understanding (41%).

4.4. Findings Related to the Research Question 4

e Research Question 4: How does the motivation to learning physics differ from pre
to posttest for the three groups of Grade 10 students who engaged in POE-RJW
Instruction, POE Instruction, or TI?

e Null Hypothesis 4: There is no statistically significant mean difference in each
group of Grade 10 students’ motivation to learning physics before and after the

instructions of POE-RJW, POE, and TI.

Students’ motivation to learning physics was measured through the instrument
named as “Physics Motivation Questionnaire” (PMQ). The PMQ included 22 Likert-type
items ranging from 1 (never) to 5 (always). Four of the items were reversed. Therefore, the
maximum score that can be taken from PMQ was 110 and the lowest score was 22. The
data from the PMQ was coded and analyzed. For the statistical analysis, a paired sample

t-test was conducted on each group of students' PMQ scores to evaluate the impact of the
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three different instructions, namely POE-RJW instruction, POE instruction, and Traditional

instruction, on students’ scores on the PMQ.

4.4.1. Comparison of the Pre and Post-PMQ Scores of the POE-RJW Group

The pre and the posttest mean scores of the students who engaged in the POE-RJW
instruction are demonstrated in Table 4.21. The mean of the POE-RJW group students’
scores on the pre-PMQ was found to be M=66.56 (SD=12.40), while the mean of their
post-PMQ was found to be M=82.43 (SD=11.37). As it can be easily realized, the post-
PMQ scores of the POE-RJW group students were higher than their scores on the pre-
PMQ. The highest score of the pre-PMQ was 87, and the lowest one was 45. On the other
hand, the highest score of the post-PMQ was 102, and the lowest one was 59.

Table 4.21. The mean of the pre and the post-PMQ scores of the POE-RJW group.

Mean N | Std. Deviation | Highest Score | Lowest Score
Pre-PMQ 66.56 39 12.40 87 45
Post-PMQ 82.43 39 11.37 102 59

To identify whether there was a statistically significant difference in the mean scores
of the pre and post-PMQ for the POE-RJW group students, a paired sample t-test was used.
Based on the paired sample t-test results (see Table 4.22), it can be concluded that there
was a statistically significant difference in the PMQ scores of the POE-RJW group
students from the pre-PMQ (M=66.56, SD=12.40) to the post-PMQ (M=82.43,
SD= 11.37), t (38) = - 4.82, p<0.05. The mean difference in the PMQ scores was 16.33 with
a 95% confidence interval ranging from -22.52 to -9.21. Since the calculated p value
(t 38) = -4.82, p<0.05) was lower than the critical p value of 0.05; the null hypothesis was
rejected for the POE-RJW group.

Table 4.22. Results of the paired sample t-test on the pre-post PMQ mean scores of the
POE-RJW group.

Mean | Std. Deviation t df | Sig.(2-tailed)

-15.87 20.53 -4.82 38 .000

Pre-PMQ
Post-PMQ
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4.4.2. Comparison of the Pre and Post-PMQ Scores of the POE Group

The pre and the posttest mean scores of the students who engaged in POE instruction
are demonstrated in Table 4.23. The mean of the POE students’ scores on the pre-PMQ
was found to be M=71.47 (SD=11.58), while the mean of their post-PMQ was found to be
M=71.42 (SD=14.21). As it can be clearly realized, the post-PMQ scores of the students in
the POE group were very close to the scores in the pre-PMQ. The highest score of the pre-
PMQ was 101, and the lowest one was 47. On the other hand, the highest score of the post-
PMQ was 99, and the lowest one was 37.

Table 4.23. The mean of the pre and post-PMQ scores of the POE group.

Mean N | Std. Deviation | Highest Score | Lowest Score
Pre-PMQ 71.47 39 11.58 101 47
Post-PMQ 71.42 39 14.21 99 37

Based on the paired sample t-test results (see Table 4.24), it can be concluded that
there was not a statistically significant difference in the PMQ scores of the POE group
students from the pre-PMQ (M=71.47, SD=11.58) to the post-PMQ (M =71.42,
SD =14.21), t (568) = .20, p<0.05). The mean difference in the PMQ scores was 0.05 with a
95% confidence interval ranging from -5.07 to 5.17. Since the calculated p value
(t (s8) = 0.20) was not lower than the critical p value of 0.05; the null hypothesis was not
rejected for the POE group.

Table 4.24. Results of the paired sample t-test on the pre-post PMQ mean scores of the

POE group.
Mean | Std. Deviation t df | Sig.(2-tailed)
Pre-PMQ
Post-PMQ .50 19.65 .20 58 .984

4.4.3. Comparison of the Pre and Post-PMQ Scores of the T1 Group

The mean scores of the TI group students on the pre and the posttest are
demonstrated in Table 4.25. The mean of the TI group students’ scores on the pre-PMQ
was found to be M=72.78 (SD=12.08), while the mean of their post-PMQ was found to be
M=72.45 (SD=14.45). That is, the post-PMQ scores of the Tl group students were very
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close to the scores in the pre-PMQ. The highest score of the pre-PMQ was 95, and the
lowest one was 33. Similarly, the highest score of the post-PMQ was 95, and the lowest

one was 36.

Table 4.25. The mean of the pre and post-PMQ scores of the TI group.

Mean N | Std. Deviation | Highest Score | Lowest Score
Pre-PMQ 72.78 39 12.08 95 33
Post-PMQ 72.45 39 14.45 95 36

Based on the paired sample t-test results (see Table 4.26), it can be concluded that
there was not a statistically significant difference in the PMQ scores of the Tl group
students from the pre-PMQ (M=72.78, SD=12.08) to the post-PMQ (M=72.45,
SD=14.45), t 36) = .113, p<0.05). The mean difference in the pre-post PMQ scores was
0.32 with a 95% confidence interval ranging from -5.47 to 6.12. Since the calculated p
value (t 36) = 0.113) was not lower than the critical p value of 0.05; the null hypothesis was

not rejected for the TI group.

Table 4.26. Results of the paired sample t-test on the pre-post PMQ mean scores of the Tl

group.
Mean | Std. Deviation t df | Sig.(2-tailed)

Pre-PMQ

Post-PMQ .32 17.83 113 36 910

p<0.05

The results showed that only the POE-RJW group students’ motivation to learning
physics increased from the pre to the posttest. However, this result does not provide
information about the magnitude of the instruction effect. Thus, an effect size was
calculated for each group by obtaining eta squared value. As shown in Table 4.27, the
effect size for the POE-RJW instruction is 0.38; the effect size for the POE instruction and
the Traditional instruction is 0.00. Cohen (1988) divided effect size values into three
categories which are (1) values <.06 as small effect, (2) values in the range between 0.06
and 0.13 as moderate effect and (3) values >.14 as large effect. Based on the Cohen’s
guidelines to interpret the values, it can be concluded that the POE-RJW instruction
produced a large effect on students’ motivation to learning physics. However, the eta
squared statistic indicated a small effect size for the POE (.00) and the T1 (.00).
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Table 4.27. Effect size of the interventions on the PMQ scores for the paired sample t-test.

POE-RJW

POE

Tl

Eta squared

.38

.00

.00

4.5. Findings Related to the Research Question 5(a) and 5(b)

4.5.1. Comparison of the Pre-PMQ Scores between Three Instruction Groups

e Research Question 5(a): Are there any difference among the three groups of Grade

10 students in terms of their motivation to learning physics before engaging in
POE-RJW Instruction, POE Instruction, or TI?

e Null Hypothesis 5(a): There is no statistically significant mean difference between

the three groups of Grade 10 students’ pretest scores in terms of motivation to

learning physics before engaging in POE-RJW Instruction, POE Instruction, or TI.

A one-way ANOVA was conducted to determine if the motivation to learning

physics (pre-PMQ scores) was different across the three groups who engaged in POE-RJW

Instruction, POE Instruction, or TI. Participants were divided into three groups with
respect to their instruction types: POE-RJW (n=39), POE (n=59) and Traditional

instruction (n=37). The assumption of homogeneity of variances was met as it was

assessed by Levene's test of homogeneity of variances (p = .369) (see Table 4.28).

Table 4.28. Test of homogeneity of variances for the pre-PMQ scores.

Levene’s Statistic

dfl

df2

Sig.

1.025

2

132

.369

The pre-PMQ score decreased from the Tl group (M=72.78, SD=12.08) to the POE
group (M=71.47, SD=11.58), to the POE-RJW group (M=66.56, SD=12.40), respectively,
but the differences between these instruction groups was not statistically significant, F
(2,132) = 2.978, p=.054 (see Table 4.29).



Table 4.29. One-Way ANOVA results for the pre-PMQ scores.

Sum of Squares df Mean Square F Sig.
Between Groups 852.198 2 426.099
Within Groups 18888.572 132 1143.095 2.978 .054
Total 19740.770 134

99

Since the mean scores across the three groups were not statistically different

(p > 0.05), we could not reject the null hypothesis.

4.5.2. Comparison of the Post-PMQ Scores between Three Instruction Groups

e Research Question 5(b): Are there any difference among the three groups of Grade

10 students in terms of their motivation to learning physics after engaging in POE-

RJW Instruction, POE Instruction, or TI?

e Null Hypothesis 5(b): There is no statistically significant mean difference between

the three groups of Grade 10 students’ posttest scores in terms motivation to

learning physics after engaging in POE-RJW Instruction, POE Instruction, or TI.

For the analysis of the post-PMQ scores, a one-way ANOVA was also conducted. As

can be seen in Table 4.30, the assumption of homogeneity of variances was met, as it was

assessed by Levene's test of homogeneity of variances (p = 0.306).

Table 4.30. Test of homogeneity of variances for the post-PMQ scores.

Levene’s Statistic

dfl

df2

Sig.

1.195

2

132

.306

There was a statistically significant difference at the 0.05 level of significance in the
post-PMQ scores for the three instruction groups, F (2,132) = 8.600 (see Table 4.31). The
effect size, calculated using eta squared, was 0.115 which shows a medium effect. Post

Hoc comparisons using the Tukey HSD test indicated that the mean score for the POE-
RJW group (M=82.43, SD=11.37) was significantly different from both the POE group
(M=71.42, SD=14.21) and the TI group (M=72.45, SD=14.45). The POE group (M=71.42,
SD=14.21) did not differ significantly from the TI group (M=72.45, SD= 14.45) in terms

of their motivation to learning physics.



Table 4.31. One-Way ANOVA table for the post-EMCT scores.

Sum of Squares df Mean Square F Sig.
Between Groups 3148.148 2 1574.074
Within Groups 24161.186 132 183.039 8.600 .000
Total 27309.333 134

(p<

100

Because the mean scores of PMQ across the groups were statistically different

.05), we rejected the null hypothesis and accepted the alternative hypothesis.
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5. DISCUSSION AND CONCLUSION

There were two main purposes of the current study. The first one was to investigate
the effectiveness of “Predict-Observe-Explain instruction coupled with Reflective Journal
Writing” (POE-RJW instruction) over both “POE instruction” and “Traditional
instruction” (TI) in terms of improving Grade 10 students’ conceptual understanding of
electricity and magnetism. The second one was to investigate the effectiveness of the POE-
RJW instruction over the POE instruction and the TI in terms of increasing students’
motivation to learning physics. To reach these two essential goals, a quasi-experimental
control group design with a pre and posttest was conducted including three groups of
students who engaged in three types of instructions: POE-RJW, POE, and TI. This section
presents the conclusions and the related interpretations of the results in relation to the
research questions. Then, recommendations and implications for further research will be

discussed.

Conclusion 1: From pre to post-instruction, the POE-RJW, the POE, and the TI
group students’ conceptual understanding of electricity and magnetism improved but the
students in the POE-RJW group demonstrated a much more progression in terms of
understanding the concepts of electricity and magnetism compared to the POE and the Tl

group.

The three different groups of students participated in a 10-week period of instruction
including two hours of lessons per week. Thus, in total, they involved in 20 hours-lessons
on electricity and magnetism unit. The electricity and magnetism conceptual test (EMCT)
was administered to the three groups before and after the interventions. While the mean
score of pre-EMCT for the POE-RJW instruction group was 12.92, the post-EMCT one
was 29.25. On the other hand, the mean score of the POE group on the pre and post-EMCT
was 12.15 and 21.00, respectively. The means of the TI group was 11.29 and 19.48 on the
pre and post-EMCT. Paired sample t-test was conducted to identify the progression on
conceptual understanding of each group. When the effect sizes of the three types of
instructions were calculated, the eta squared value of the POE-RJW group (0.69) was
found to be higher than the eta squared value of the POE (0.52) and the TI (0.52) group.
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Therefore, it can be inferred that the POE-RJW instruction had a substantial effect on
students’ conceptions of electricity and magnetism (t=9.76, p<0.05) when compared to the
POE and the TI. The extensive improvement of conceptual understanding of the POE-RJW
group compared to the other two groups might be due to its having the combination of two
instructional approaches in the context of constructivist view of learning: POE instruction

and journal writing.

In relation to POE instruction, several studies in the literature aimed to investigate
the effectiveness of POE on students’ science conceptual understandings or the conceptual
change learning in science (Crouch et al., 2004; Searle and Gunstone, 1990; Yavuz and
Celik, 2013; Tao and Gunstone, 1999; Zacharia, 2005; Zacharia et al., 2008). Yet, whether
POE instruction has a positive impact on conceptual understanding or on the conceptual
change learning is still a controversial issue. Costu et al. (2009) designed a PDEODE
(Predict-Discuss-Explain-Observe-Discuss-Explain) instruction, which is a modified
version of POE strategy, on the basis of students’ alternative conceptions to promote
conceptual change. Findings from this particular study suggested that POE strategy
assisted the 52 freshmen in a primary science education department to achieve a better
conceptual understanding in the evaporation concept and promoted conceptual change.
However, different from the present study, there was no control group to compare the

effectiveness of PDEODE instruction with any other instructional strategy in their study.

Besides the POE learning/teaching model, in the current study, the POE tasks
integrated with computer-based simulations or virtual manipulatives might also have a
positive impact on the effectiveness of the POE-RJW instruction in terms of fostering
students’ conceptual understanding of electricity and magnetism. The 12 of 14 POE
activities performed in the context of the POE-RJW instruction were supported by
computer-based simulations, and such an addition might have also contributed to the
conceptual understanding of the POE-RJW students. This interpretation is in line with the
results of Zacharia (2005) who suggested that combining POE model with the computer
simulations was an effective strategy in terms of improving students’ conceptual
understanding. In addition, there existed several studies which aimed to explore the
effectiveness of computer simulations in fostering conceptual change (e.g., Zietsman and
Hewson, 1986; White and Horwitz, 1988; McDermott, 1990; Gorsky and Finegold, 1992).
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For example, Zacharia et al. (2008) found that students using physical manipulatives and
virtual manipulatives together in the context of POE experiments showed more scientific
conceptual understandings than the students using only physical manipulatives in their
experiments. The difference between these two groups' understandings of the concepts was
attributed to the use of virtual manipulatives. Similarly, Finkelstein et al. (2005)
emphasized the importance of computer simulations. They compared the two groups of
students, those who used computer simulations and those who used real laboratory
equipment, in terms of their conceptual understandings of heat and temperature. Results
indicated that students who used computer simulations performed significantly better than
the students in real equipment group on the measure of conceptual understanding test.
Similar to the current study, Finkelstein et al. also used the computer simulations from the
PhET (The Physics Education Technology) Website of Colorado University. These
simulations probably provided students such an engaging learning environment in which
they can freely manipulate the variables, collect data, rerun the experiment, reflect on their
ideas, and share their ideas with their friends and the teacher. As previous studies
suggested, in the current study, computer simulations used throughout the POE-RJW
instruction might be one of the important element in fostering students’ mastery of

concepts concerning the electricity and magnetism.

In addition to the contribution of POE instruction, the effectiveness of POE-RJW
instruction on conceptual understanding can be associated with the use of journal writing
as a significant tool integrated in POE strategy. Neither students in the POE group nor
students in the TI group wrote physics learning journals, but students in the POE-RJW
group wrote down at least 10 physics learning journals. Perhaps, the POE-RJW group
students' progression toward more scientific understandings of electricity and magnetism
compared to the POE and the TI group might be due to the use of learning journals. Many
research studies have long been interested in whether writing learning journals (logs)
increase science conceptual understanding or not (Dianovsky and Wink; 2012; Kalman,
2011; Klein 2000; Mason and Boscolo, 2000). Although some studies (e.g., McCrindle
and Christensen,1995) showed that journal writing enhances conceptual growth and
promotes conceptual change, Klein’s (2000) study indicated that only a small portion of
students who engaged in journal writing activity improved their learning (10 of 36 students

for buoyancy concept and 5 of the 36 students for balancing concept). Wallace (2004)
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explained the reason of conceptual growth for only a few students in Klein’s study with
students’ unawareness about two important learning strategies: cognitive and
metacognitive learning strategies. In addition, Wallace claimed that learners have to be
taught how and when to use these strategies so as to foster learning. In a similar vein,
Galbraith (2015) asserted that, writing activity has to engage the students in a mental
process in which both cognitive and metacognitive mechanisms have to be activated
through the act of writing. In this context, many researchers did not ask students to write
freely; instead they prepared structured journals in which various appropriate prompts were
provided to induce cognitive and metacognitive strategies in the course of writing (e.g.,
Berthold et al., 2007; Glogger et al., 2012; Hiibner et al., 2010; Schmidt et al., 2012).
Consistent with the findings of the current study, in their meta-analysis Bangert-Drowns et
al. (2004) investigated the use of metacognitive prompts in writing to learn activities, and
they found that engaging students in reflections on their pre-knowledge, understanding
their conceptual difficulties and learning processes were the best predictors that enhance
effect size (the extent of academic performance progression) on fostering learning
compared to the writing activities without such prompts. In addition, in one of their
longitudinal study, Wischle (2015) found that students who were required to write
prompted journals (including cognitive and metacognitive prompts) outperformed the
students who completed other homework assignments in terms of improving
comprehension on biology concepts. In the light of these findings, it can be inferred that
the efficacy of learning journals depends on its potential to trigger such mechanisms in the
learners’ minds throughout the act of writing so that it promotes deep conceptual
understanding. As a result, based on the evidence emerging from these studies, the current
study also presents a powerful evidence that journal writing in science, particularly
prompted journal writing, which includes cognitive and metacognitive prompts, can
enhance students’ conceptual understanding in science and it can be used as a beneficial
tool to promote conceptual change. The following excerpts from the “Journal Writing
Survey” (JWS) provided some evidence:

“Glinlik yazarak fizik kavram ve konularmi daha kolay ve kalici bir sekilde
ogrendim- By means of journal writing, | learnt the physics subjects and concepts
easily and in an unforgettable manner.”

“Fizik glnliigli sayesinde fizikte isledigimiz konular1 ve kavramlari normal derse
gore cok daha rahat anliyorum. Ve anlamadigim yerleri ... arkadaglarimla
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tartisabiliyorum. - By means of physics journals, | understand the concepts and
subjects easier than a normal lesson. And the points which | did not understand ... |
can discuss with my friends.”

“Giinliikleri dersten sonra tekrar seklinde yazdigimizdan dolay1 ...fizik konu ve
kavramlarin1 daha iyi 6greniyoruz.-Since we wrote the journals after the lesson as a
review process, we learn the physics concepts and subjects better.”

Furthermore, different from the POE and the TI groups, written feedbacks given to
the students’ journals by the teacher might have also contributed to the effectiveness of the
POE-RJW instruction and empower the impact of journal writing on students’
understanding. Although the meta-analysis of Bangert-Drowns et al. (2004) surprisingly
suggested that the feedbacks given to the students on their writing did not exhibit
significant relationship with the effect size for writing to learn, in the study of Butler and
Nisan (1986), they found that students who were provided informative feedbacks on their
written work scored significantly higher on the performance task than the students who did
not receive feedback. Therefore, the provision of feedback throughout the POE-RJW
instruction might have a positive impact on students’ learning. To support this idea, some

excerpts from JWS written by the students in the POE-RJW group can be stated as follows:

“...Gunligl yazdiktan sonra kontrol edilmis bir sekilde elime aliyordum ve bu da
konuyu daha iyi anlamami sagliyordu.- After writing the journal, |1 was taking the
checked form of it and this provided me to better understand ...”

“...Dontit geldiginde yanlis anladigimiz yerleri arkadaslarimizla tartisarak dogrusunu
ogrendik.- when feedback was provided, we learnt the points which we
misunderstood by means of discussing with our friends.”

“...geri doniit alip hatali oldugumuz konulara tekrar calisip yaziyoruz.- By taking
feedback and by studying the subjects which we had wrong ideas, we study again
and write one more.”

Moreover, the notes which were taken by the POE-RJW students throughout the
lessons might have promoted better learning and also better retention of the concepts
addressed in the class. Actually, this assumption is consistent with the findings of several
studies, asserting that taking notes during class contributes to the retention of knowledge
by triggering cognitive operations in the note-takers’ mind (e.g., Piolat, 2007; Piolat et al.,
2003). Note taking can be considered as taking notes so as to compile a written record of

information students will use later, not copying the writings on the board directly or
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transferring what the teacher says (Piolat, 2007). For instance, some students specified in
their JWS that they started to take notes throughout the lessons so as to use these notes

while writing their journals. Some excerpts from the POE-RJW group students follow:

“Fizik giinliikleri sayesinde dersi derste anlamaya daha ¢ok 6nem verdim. Konuyu
daha dikkatli dinleyerek, not almami1 bu sayede aksam giinliigii yazarken bu notlar
araciligiyla giinliigii daha kolay yazdim- Along with writing physics journals, | paid
more attention to understand the topics in the lesson. By listening the lesson more
carefully, 1 took notes, thus by means of these notes | wrote down more easily to the
journal.”

“...Ayrica derste notlar da tutuyordum...-Also I was taking notes in the lesson.”

“...derste not tuttugumuz hem de dersten sonra o notlar1 diizenleyerek giinlilk
yazdigim igin dersin konular1 kalic1 olarak aklimda kaliyor- Since we took notes and
also | wrote the journal by organizing these notes, the topics of the lessons was much
more long lasting in my mind.”

The effectiveness of the POE-RJW instruction might also be associated with the
theoretical framework. As specified in the second chapter, the current study takes its roots
from constructivist view of learning. The POE-RJW instruction was specifically designed
by receiving inspiration from the constructivist view of learning in which understanding
can be seen as a self-regulatory process of struggling with the conflict between pre-existing
conceptions and discrepant new insight (Fosnot, 2005). Understanding can also be seen as
the potential of the learners to use the knowledge and make connections between the
related ideas (Entwistle and Ramsden, 1983; Stevens et al., 2010). In this framework, the
POE-RJW instruction was designed to promote students' conceptual understanding of
electricity and magnetism. Besides, the students’ learning was examined from the
viewpoint of conceptual understanding and conceptual change (Driver, 1989; Smith 1991).
Based on the several theoretical views of writing to learn discussed in the second chapter,
the current study suggested that writing can be seen as a mode of learning (Emig, 1977)
whereby cognitive processes are activated in the learners’ mind (Flower and Hayes, 1981).
The effectiveness of POE-RJW instruction might have also been associated with engaging
students in such writing to learn activity proposed by these theories. Additionally, in line
with the Keys’ (1999) explanations about science learning in association with the
knowledge-transforming model of Bereiter and Scardamalia (1987), it proved to be

successful in the current research to engage students in their content space (including prior
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knowledge, new data and inferences), which was achieved by structured journals. The
opportunity for rhetorical space (selecting appropriate language) also provided students
freedom for selecting the suitable language they wanted to use and by asking them to write
with their own words in their journals. In relation to this consideration some sample

excerpts from the students’ JWS follow:

“Derste 6grendigimiz konulart kendi ciimlelerimizle, kendi anladigimiz sekilde
giinliige yazdigimizda, hem bu konular tekrar etmis oluyoruz hem de konuyu kendi
yorumumuzla yazdigimiz i¢in daha iyi unutulmayacak sekilde 6grenmis oluyoruz.-
When we wrote the journals with our own sentences based on how we understood;
we can go over the subjects and also we can learn the subjects in an unforgettable
manner since we wrote them by using our own interpretations.”

“...kendi yazdiklarimi (benim i¢in kendi dilimden yazdiklarim daha o6gretici ve
anlasilirdir) dersten sonra daha iyi kavradim. I comprehended my own writings
(according to me the writings in which | use my own words and understandings were
more instructive and understandable) better following the instruction.”

“...kendi ctimlelerimizle yazmamiz akilda kaliciligi artiriyor.- writing with our own

sentences can be remembered easily.”

As a result, in line with several models and theories proposed in the literature, this
study showed that writing can enhance students' learning (Britton, 1970; Emig, 1977;
Flower and Hayes, 1980, 1981; Bereiter and Scardamalia, 1987), particularly their science
conceptual understanding (Prain and Hand, 1996; Keys, 1999).

Conclusion 2(a): Before the intervention, the students in the three different types of
instruction groups (POE-RJW, POE and TI) showed similar but insufficient conceptual
understanding about the electricity and magnetism concepts in a way that they possessed
predominantly nonscientific ideas regarding the different concepts of electricity and

magnetism.

Students in all three groups started the instructions with similar but low level of
scientific understandings of electricity and magnetism; however they dominantly
demonstrated nonscientific understandings of the topic. When the pre-EMCT scores of the
three groups were taken into account, it was seen that these scores were very low but very
close to each other. The mean scores for the three groups, (1) POE-RJW, (2) POE and (3)

TI, were 12.92, 12.15, and 11.29, respectively. The maximum score that could be taken
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from the pre-EMCT was 60. Therefore, the mean scores of these three groups indicated
that they all had inadequate conceptual understandings regarding the electricity and
magnetism concepts. Within the context of this very low level of conceptual
understanding, a huge number of alternative conceptions were identified in their answers to
the second tier of the pre-EMCT in which they explained their reasons for their choice in
the first tier. Although these students studied the basic electricity and magnetism concepts
throughout their middle school years, their alternative conceptions remained the same,
exhibiting insufficient conceptual understandings of electricity and magnetism. As
previous studies suggested, even after being taught in school, students keep on their
nonscientific conceptions (Vosniadou, 1994; Lee and Law, 2001) since they are very
robust to change (Driver, 1985). In relation to these alternative conceptions, several
research studies have been conducted within the last 30 years, and they addressed that
these alternative conceptions were independent from grade level and academic success
(Bornes and Gilbert, 1999, Fredette and Locheard, 1980; Osborne and Freyberg, 1985)
across different countries with different educational programs (Shipstone et al., 1988; Tsai
et al., 2007; Liégeois and Mullet, 2002). In particular, Tsai et al. (2007) investigated the
high school students’ conceptual understanding in electric circuits by using a two-tier
diagnostic instrument. The results of the nationwide survey, which was applied to 7,145
Taiwanese students in Grades 8 and 9, and 2,857 students in Grade 11, showed that these
students held many alternative conceptions concerning electricity concepts including
“consumption of current”, “current and energy in the circuit”, and “voltage in series and
parallel circuits” those of which are similar to the concepts assessed in EMCT. Therefore,
taking all these literature findings into account, it can be concluded that the insufficient
conceptual understanding of the Grade 10 students about electricity and magnetism
concepts in the pre-EMCT shows a congruency with the past research findings. In other
words, the results of the similar studies in the literature are consistent with the findings of

the current study.

Conclusion 2(b.1): After the instructions, the students in the POE and the TI groups
showed similar conceptual understanding about the electricity and magnetism but the POE-
RJW students showed more scientific conceptual understandings about the electricity and

magnetism concepts compared to the POE and the TI students.
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The conceptual understandings of all the three groups were similar based on the pre-
EMCT results. According to the results from the ANOVA test conducted for the post-
EMCT, the mean score for the POE-RJW instruction group (M=29.25, SD=9.80) was
significantly different from both the POE group (M=21.00, SD=7.41) and the TI group
(M=19.48, SD= 6.46). This result clearly indicated that the POE-RJW instruction was
more effective than the POE and the TI in terms of increasing students’ conceptual
understanding about the electricity and magnetism. The reasons what makes the POE-RJW
instruction better than POE and TI may be similar as discussed for Conclusion 1.
Specifically, what makes the POE-RJW instruction better than the POE can be seen as the
journal writing approach in which students involved in a writing to learn assignment that

foster conceptual understanding.

Conclusion 2(b.2): After the instruction, the POE and the TI group students
demonstrated similar conceptual understanding about the electricity and magnetism
concepts. These students demonstrated similar progression from the pre to the post-EMCT

in terms of understanding the concepts of electricity and magnetism.

On the pre-EMCT, the mean scores of the POE and the TI groups were 12.15 and
11.29, respectively. That is to say, before the interventions, the students in both groups
showed similar but a lack of conceptual understanding on the pre-EMCT. On the post-
EMCT, while the mean score of POE group was 21, the mean score of Tl group was 19.48.
Although the mean score of the POE group was greater than the TI group, they statistically
displayed similar level of conceptual understanding at the end of the instructions based on
the ANOVA results. That is to say, the students engaged in the POE instruction could not
perform better than the students in the T1 group on the measures of EMCT. It is interesting
to note that the POE students’ conceptual growth was not statistically significant than the
the TI students. Actually, this finding was not an expected outcome of the current study
since it contradicts with the findings of the study conducted by Yavuz and Celik (2013).
They found that the students in the POE group outperformed the students who involved in
the traditional instruction in terms of learning the concept of gases. Additionally, consistent
with their study, Akgiin et al., (2013) compared the POE instruction with traditional
instruction, and they suggested that the students in the POE groups gained better

conceptual understandings than the TI group. However, the finding of the current study
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revealed that the POE instruction is not superior to the TI in terms of fostering students’
conceptual understanding. Comparing the findings of the present study with the
considerations of Haysom and Bowen (2010), there is no guarantee that a POE instruction
would strongly promote conceptual understanding or conceptual change. Instead, they
suggested that POE can be a valuable starting point to trigger the conceptual change
process. For instance, Tao and Gunstone (1999) designed a computer-supported instruction
including 46 POE task as a means to explore the students’ process of conceptual change.
Grade 10 students worked in pairs together and conducted POE tasks on computer along
with the worksheets they were provided with. The findings showed that few students (6 of
14) demonstrated substantial conceptual change. Similarly, many studies addressed that
cognitive conflict instructional strategies, one of which is POE strategy, may not always
strongly promote conceptual change or conceptual understanding since the alternative
conceptions held by students are very robust to change (e.g., Limon, 2001; Lee and Law,
2001; Searle and Gunstone, 1990). Taking all these studies into account, effectiveness of
POE on conceptual change and its superiority over the TI in terms of increasing conceptual
understanding necessitates a further research. The results of the present study showed that
the POE instruction alone may not be more effective than the TI in terms of improving
students' conceptual understanding.

Another reason for the ineffectiveness of the POE instruction over the T1 might stem
from not offering POE activity sheets for students to write down during the POE tasks.
Instead, students wrote the questions and their answers in their notebooks. As Haysom and
Bowen (2010) and also Liew (2010) suggested, the students have to be provided a teacher-
prepared worksheets in order to increase student engagement where the POE strategy
would be more effective for learning. However, in the current study, since there was no
activity sheets for students. Thus, perhaps, students might have only verbalized their
responses instead of writing them down in their notebooks. Besides, the teacher did not
check the students one by one whether they wrote down the POE questions and answers in

their notebooks, due to the time limitation.

Conclusion 3: From the pre to the posttest, the conceptual understandings of the
associated concepts of electricity and magnetism mostly showed a better progression for
the POE-RJW group than the POE and the TI.
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The frequency and percentage values were calculated for each of the associated nine
concepts both for the pre-EMCT and the post-EMCT one by one for the three groups of
Grade 10 students who engaged in the POE-RJW instruction, POE instruction, or TI. A
student’s success on a conventional multiple choice test may not be effective to detect his
or her conceptual understanding, even s/he gets high scores. Accordingly, Adadan and
Savasci (2012) specified that science teachers should use such assessment tools like two-
tier multiple choice tests instead of traditional multiple choice tests so as to identify
students’ conceptual understanding. In line with their suggestions, in the current study, the
two-tier EMCT was used to recognize the students’ conceptual growth. To do this, the
explanations written to the second tier of the questions provided plenty of information in
relation to students’ comprehension about the associated concepts. In this framework,
rather than the percentage of students who got 1 point (indicating the correctness of the
first-tier), the percentage of students who got “2” points (indicating partial conceptual
understanding) or who got “3” points (indicating complete conceptual understanding), for
each associated concept was much more valuable for the aims of the current study.
Therefore, the sum of percentage values of “2” and “3” points was calculated (from the
tables presented in the previous chapter) for each group in order to identify understandings
of the associated concepts. The sums are labeled as CUP, which means conceptual
understanding percentage. To identify the conceptual progression for each concept, the
gains (difference of the CUP values) from the pre to the post-EMCT was found (see Table
5.1).

Students' understandings of nine associated concepts of electricity and magnetism
were assessed by EMCT. When understandings of nine concepts were examined for each
group in terms of the increase in CUP values from the pre to the posttest, in two of them
(Concept 1: conductors and Concept 7: electrical resistance) all three groups showed no
considerable progression. For the Concept 3 (Coulomb force), only the TI group showed a
considerable progression. For the remaining six concepts, namely insulators, electric field,
electric circuit, electric current, potential difference and magnetism, the POE-RJW

students, compared to the POE and the TI students, exhibited a substantial progression.



Table 5.1. The sum of conceptual understanding percentage values for each group on the

pre and the post-EMCT.

Pre Post . Pre Post ) Pre Post .
% % Gain % % Gain % % Gain
C1: Conductors C2: Insulators C3: Coulomb force
POE-RJW 10 26 16 5 36 31 24 50 26
POE 0 14 14 2 27 27 20 42 22
TI 0 3 3 14 11 -3 8 46 38
C4: Electric Field C5: Electric Circuit C6: Electric Current
POE-RIW 3 33 30 23 63 40 10 45 35
POE 0 2 2 15 43 28 8 24 16
TI 0 3 3 15 34 19 8 26 18
C7: Electrical Resistance | C8: Potential Difference | C9: Magnetic Field
POE-RIW 8 18 10 16 49 33 38 69 31
POE 4 19 15 12 27 15 38 50 12
TI 6 0 -6 11 24 13 31 40 9

The first concept assessed by EMCT was “conductors”, and all three groups showed
no substantial progression for this particular concept. The CUP value of the POE-RJW
group for this concept was “10%” on the pre-EMCT, whereas it was “26%” on the post-
EMCT. The CUP value was calculated as “0%” and “14%” for the POE group, and for the
TI group, it was “0%” and “3%” on the pre and the post-EMCT, respectively. Although the
conceptual progressions (gains) of the POE-RJW (16%) and the POE (14%) groups were
better than the T1 group (3%), there was no considerable progression on understanding the
concept of conductors for the three groups. It can be deduced that all the three instructions
failed to improve students’ understanding in conductors. This can be due to the students’
pre-conceptions which are very difficult to change about this concept. Comparing the
findings of this study to the findings of Maloney et al. (2001), there was no difference in
the finding that many students confused about how charges are distributed on conductors.
They also found a similar gain (24%) from the pre to the posttest in relation to the concept
of conductors. Although students in both the POE-RJW and the POE groups engaged in
the POE activity (Task 3) about the distribution of charges on a human body (see Table

3.4), they still had confusion on understanding this concept.
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The other associated concept showing no definite progression for all three groups
was “electrical resistance”. The CUP value of the POE-RJW group for this concept
increased from 8% to 18% from the pre to the posttest. However, the similar values for the
POE group were %4 and 19%, and for the TI they were 6% to 0%. It was found that there
was no substantial increase in the CUP values of both the POE RIJW group (10%) and the
POE group (15%). Interestingly, the CUP value decreased for the TI group. Based on the
results, it can be concluded that none of the instructions was successful to improve the
understanding in “electrical resistance” concept. This can be due to the insufficient time
shared by the teacher to the POE task in relation to this concept. In addition to the concept
of “electrical resistance”, the concept of “Ohm’s law” was also addressed in the same
lesson (see Table 3.4). Most probably, the teacher hurried up to teach both concepts in the
same lesson. Thus, students might have not properly engaged in the POE task, which was

directly related to the electric resistance concept.

It is noteworthy that the comprehension in the “coulomb force” concept, the TI group
students showed a considerable progression. Although the POE-RJW and the POE groups
improved their understanding on this concept (gains of 26% and 22%, respectively), the
progression of the TI was greater in terms of understanding the concept of “coulomb
force”. The reason behind this can be explained by such a learning environment of the TI
in which students were required to solve so many numeric problems about the Coulomb
force. Because the question assessing this concept (Q3) could be solved by using
mathematical formulations, it was probable that students in the TI group solved this
problem by using such equations. On the other hand, students in the POE-RJW group and
the POE group did not solve so many problems about this concept throughout the

instructions.

Based on the evidence emerging from the findings, the POE-RJW group showed a
fairly strong improvement for the remaining six concepts The gains of these six concepts
were as follows: (1) Concept 2 (Insulators): 31%, (2) Concept 4 (Electric field): 30%, (3)
Concept 5 (Electric Circuit): 30%, (4) Concept 6 (Electric current): 40%, (5) Concept 8
(Potential Difference): 33 % and (6) Concept 9 (Magnetic field): 31% (see Table 5.1). All
of the gains for these associated concepts were higher than 30 percent, indicating a

substantial progression in students’ understanding of such concepts. The reason that caused
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this difference might be related to the journal writing activity by which students improved
their conceptual understanding. This finding is in line with the findings of several studies
(e.g., Mason and Boscolo, 2000; McCrindle and Christensen, 1995).

Conclusion 4: From the pre to the post-instruction, while the POE and the TI group
students demonstrated no increase in their motivation to learning physics, the POE-RJW

students showed a substantial increase in their motivation to learning physics.

All of the groups began the instructions with similar level of motivation to learning
physics as analyzed statistically for the pre-PMQ scores. The maximum score that could be
taken from the PMQ was 110. The mean score of the POE group on the pre-PMQ and the
post-PMQ was 71.47 and 71.42, respectively, whereas the mean score of the Tl group on
the pre and the post-PMQ was 72.78 and 72.45, respectively. From the pre to the posttest,
based on the results obtained from the paired sample t-test, neither the POE nor the TI
group showed progression in their motivation to learning physics. On the other hand, the
mean scores of the POE-RJW group on the pre and the post-EMCT was 66.56 and 82.43,
respectively, exhibiting that there was a statistically significant difference in the mean
scores. In other words, the present finding suggests that the POE-RJW instruction can be
used to increase students’ motivation to learning physics. The reason why the POE-RJW
was effective to increase students’ motivation towards learning physics might be due to the
amalgamation of POE instruction and journal writing, each of which has discussed in
several studies whether they have a positive impact on students’ motivation to learning

physics or not.

Previous studies in relation to the POE instruction have indicated a sound increase in
students’ motivation and attitude towards science (Kirikkaya and Vurkaya, 2011; Koseoglu
et al., 2002; Palmer, 1995). Therefore, the POE instruction might have played a critical
role in increasing the POE-RJW students’ motivation to learning physics in the present

study. Here are some sample excerpts from JWS to support this claim:

“Oncelikle tahmin yaparken yaptifimiz tahminler ve sordugumuz sorular bize
konuyu daha ilgi ¢ekici hale getiriyor.- First of all, while predicting, the predictions
and the questions that we asked make the subject more interesting.”
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(13

. once konu hakkinda tahminlerde bulunduk ve ilgi g¢ekici oldu.-...firstly we
predicted about the subjects and this was interesting.”

Another reason for the increase in motivation might have been related to the learning
journals which students wrote down throughout the POE-RJW instruction. Since one of the
important way of increasing students’ learning motivation is to make them recognize the
relevance of a topic (Pintrich, 2004), learning journals can be a promising writing to learn
tool for students whereby they can reflect their ideas regarding a topic in a free manner.
This interpretation, and also conclusion, aligns well with the past research on journal
writing in science education (Cardak, 2010; Schmidt et al., 2012, Waschle et al., 2015).
Although Niickles et al. (2010) found that students’ motivation for writing the learning
journal decreased over a longer period of time, Schmidt et al. (2012) found that journal
writing is a useful strategy to enhance students’ motivation to learn. In a similar vein, the
journals used in the POE-RJW instruction might have contributed to increase in students’
motivation to learn. The following excerpt from Journal Writings Survey can be seen as an
evidence to support this idea:

“Ogrenme giinliikleri sayesinde derse olan ilgimiz artti ¢iinkii...- By means of
learning journals, our interest increased towards the lesson...”

In addition to the possible positive effects of POE instruction and journal writing on
students’ motivation, feedbacks given to the students’ learning journals might have also
contributed to enhance students’ motivation. Several studies showed that continuous and
regular feedback to students’ performance can have a positive influence on intrinsic
motivation (e.g., Butler and Nisan, 1986, Deci, 1971) and motivation towards learning
physics as well (e.g., Changeiywo et al., 2010). An informative feedback, which focuses
on what students did well, where they showed incomplete understanding and how they can
improve their learning, allows students acquire satisfaction in completing the assignments
fruitfully (Deci, 1971, Froschauer and Bigelow, 2012). In the present study, the teacher not
only graded the journals but also provided appropriate written feedback to each student in
the POE-RJW group. In harmony with the findings of the previous studies, the feedbacks
given to the POE-RJW students in the current study might have improved students’

motivation to learning physics.



116

As a summary for Conclusion 4, the current study is an example where students
benefit from the opportunity to write about their learning in the context of a POE
instruction in a physics class. Besides, this study was the first study which combined the
POE instruction and journal writing in a physics class on electricity and magnetism
concepts. Consistent with the study of Changeiywo et al. (2010), teaching methods in
which students engage actively can enhance the motivation of secondary school students.
Therefore, the present study presented that the POE-RJW instruction is a useful method to

increase students’ motivation to learning physics.

Conclusion 5(a): Before the instruction, the students in the POE-RJW, the POE and
the T1 groups showed similar level of motivation to learning physics in a way that they all

had nearly high level of motivation to learning physics.

The pre-PMQ mean scores of the POE-RJW, the POE and the TI groups were 66.56,
71.47 and 72.78 respectively and there was no significant difference between these three
groups in terms of motivation to learning physics. Over 110 points, these means indicated
that the students in all three groups had nearly high level of motivation to learning physics.
The assessment criterion for being “high” was based on the study of Ilhan, Yildirim and
Yilmaz (2012) from which the PMQ was adapted in the present study. In their study, they
specified that while the points between 44 and 65 shows middle motivation level, the
points between 66 and 87 indicates high level of motivation towards learning. Actually, the
finding of the current study in relation to high motivation was not an expected outcome.
There exist several studies addressing that students’ motivation towards learning physics is
very low and the number of students motivated to follow physics courses is decreasing
dramatically (e.g., Baumer, Schmitz, Sang, and Roeder, 1987; Changeiywo et al., 2010;
Fisher and Horstendahl, 1997), particularly in secondary schools (Osborne et al., 2003;
Schumm and Bogner, 2016). For example, in a recent study, Schumm and Bogner (2016)
found that tenth grade students’ self-determination, which is an essential aspect of
motivation, were very low. Different from this study, although the mean scores of the three
groups in the current study are very close to the upper limit of medium motivation level,
the findings of the current study exhibited that Grade 10 students’ motivation towards
learning physics can be considered as high. Although it seemed to be high, the students’

motivation towards physics might be on the verge of decreasing.
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Conclusion 5(b.1): After the instruction, the POE and the TI group demonstrated a
similar level of motivation to learning physics, but the POE-RJW group showed a better
progression in their level of motivation to learning to physics compared to the POE and the

TI group.

Although there was no significant mean differences between the three groups of
Grade 10 students’ pretest scores in terms of their motivation to learning physics before
instruction, ANOVA results for the post-PMQ indicated that the mean score for the POE-
RIJW group (M=82.43, SD=11.37) was significantly different from the POE group
(M=71.42, SD=14.21) and the TI group (M=72.45, SD= 14.45). The reasons what makes
the POE-RJW group better than the POE and the TI group in relation to motivation
towards physics may have been the similar reasons discussed for Conclusion 4. What
appears interesting in the context of Conclusion 5(b.1) is that while the POE students
showed lower motivation in comparison to the POE-RJW students, their motivation level
was similar to the T1 students. This finding shows that solely POE instruction may not be
sufficient to make students’ motivation higher than the motivation of the TI students;
instead journal writing has to be coupled with POE instruction in order to overcome this
problem.

Conclusion 5(b.2): After the instruction, the POE and the TI group students
demonstrated similar level of motivation to learning physics and also from pre to post-
PMQ students in the two different groups demonstrated similar progression in terms of

motivation to learning physics.

Based on the ANOVA results for the post-PMQ, the POE group (M=71.42,
SD=14.21) did not differ significantly from the TI group (M=72.45, SD= 14.45) in terms
of their motivation to learning physics. Actually, this result was not an expected outcome
for the current study. Previous studies comparing the POE instruction and traditional
instruction have indicated that the POE instruction is better than traditional instruction in
terms of increasing students’ motivation level (Kirikkaya and Vurkaya, 2011; Koseoglu et
al., 2002; Misir and Saka, 2011; Palmer, 1995). Motivation towards science learning is
mainly dependent on the quality and type of instruction (Krapp and Prenzel, 2011).

Contrary to the traditional teaching strategies in which students almost passive in class, the
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POE instruction provides students more engaging learning environment in which they
actively take place in several processes such as predicting, observing, sharing their ideas
with their friends. However, findings of the present study showed that, the POE instruction
and traditional instruction are similar to each other in terms of increasing students’
motivation level. This finding is in line with the findings of Akgiin et al. (2013) that they
also did not find significant difference between the POE and traditional instruction with
regard to increase in students’ attitudes towards science which is a related motivational

concept (Krapp and Prenzel, 2011, p. 30).

In summary, all these conclusions confirm the idea that “Predict-Observe-Explain
instruction coupled with Reflective Journal Writing” (POE-RJW instruction) can be a
fruitful constructivist method to foster conceptual understanding in science, particularly in

physics, and also contribute to increase in motivation to learning to physics.

5.1. Limitations

Despite the encouraging findings of the current study, there are also some
limitations. The first limitation was the use of convenience sampling, which is a type of
nonrandom sampling. Since the design of this study was quasi-experimental, it did not
include the use of random assignment. In this study, 7 pre-existing classes were selected
randomly among 17 Grade 10 classes. However, rather than assigning participants
randomly, selecting whole classes to the experimental groups (POE-RJW and POE) and
control group (TI), results in limitations. In spite of the fact that the differences between
the groups were controlled by using the results of ANOVA on the pre-tests, it is also
probable that other uncontrolled extraneous variables had an effect on the outcome.
Therefore, this study might be replicated by such experimental designs in which

participants are selected randomly.

Another limitation of the present study can be the deficiency of interviews as a data
collection method. In addition to the subject-completed instruments such as EMCT, PMQ
and JWS; interviews, by which students are required to clarify and expand their answers

that are particularly significant, could be used to identify students’ conceptual
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understanding, motivations towards learning and thoughts about their experiences on

journal writing.

5.2. Recommendations for Further Research and Implications

Although the present study provided many important educational insights, it also
generated a number of questions that remain unanswered. (1) What can be the impact of
learning journals without any prompts on students’ conceptual understanding in POE
instruction-classes? In this study, physics learning journal included cognitive and
metacognitive prompts and also, the POE-RJW instruction combined the prompted journal
writing with POE tasks that students’ conceptual understanding increased. Future studies
may examine if learning journals which do not include such prompts (or unstructured
journal having solely blank pages) might have an impact on students’ conceptual growth in
science. (2) Rather than the rhetorical space, the prompts used in the learning journals
concentrated on the content space. For instance, the prompts such as “What have you
learnt today? Explain in details (with scientific explanations and the answers of why and
how questions)” and “Which issues/concepts haven’t you understood in class today?”
were used in the current study. Yet, the journals did not include prompts such as “How can
you organize the content for a reader (different from the teacher)?” According to the
knowledge-transforming writing model of Bereiter and Scardamalia (1987), learning
throughout writing depends on the dynamic relationship between content and rhetorical
space. In this context, a goal of future research would be to use such learning journals in
which the prompts focusing on the rhetorical space placed in the journals in order to
identify the growth of science conceptual understanding. In addition, the same prompts can
still exist in the journals but students can be asked to write the journals, rather than to the
teacher, to the different audiences such as younger students, peers, or parents. (3) Another
significant question refers to the use of learning journals not only with POE instruction, but
combining it with several constructivist instructional strategies. In this framework, future
research can focus on the combination of such strategies (for example, 5E model) with
learning journals so as to detect whether the amalgamation of learning journal with
different teaching strategies enhance conceptual understanding or not. (4) Finally, another
goal of future research would be to recognize the impact of learning journals in traditional-

instruction classes. In the current study, learning journals was used along with POE
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instruction. However, in future studies, traditional instruction and traditional instruction
coupled with journal writing can be compared in terms of their effects on students’

conceptual understanding in science and motivation to learning.

The results of the present study suggest significant implications. Wallace et al.
(2004) specified the necessity of future research on more advanced research questions of
the impact of the instructional tasks on writing to learn, rather than the question of whether
writing promotes science learning. Keys (1999) suggested for a similar further research
which answers the question of “What types of classroom activities may be developed to
support integrated inquiry and science writing” (p.128). In this study, the POE tasks were
used as a classroom activity to support science writing that enhanced learning. Therefore,

the current study presented promising findings to these questions.

Another implication can be stated for the teaching in science, particularly in physics.
Wallace, Hand and Prain (2004) specified that “links between writing and specific types of
learning have not been well understood” (p.5). This study was the first one in which
students’ conceptual understanding was increased by means of combining the POE
instruction with reflective learning journals in a physics instruction on the topic of
electricity and magnetism. In this context, the findings of the current study indicated that
writing is able to promote conceptual understanding. Therefore, science teachers should
consider the use of such writing types to enable students to learn science concepts better. In
addition, the contribution of the POE-RJW instruction was encouraging to increase
students’ motivation to learning physics. Therefore, science teachers can use such
instructional strategies in which POE and journal writings are combined to increase
motivation towards physics lessons. As a result, the findings of the current study indicated
that writing may promote science conceptual understanding and increase motivation

towards physics.

Finally, the EMCT instrument in its present form is a useful tool for teachers and
researchers to assess students’ conceptual understanding and to reveal students’ alternative

conceptions in relation to electricity and magnetism concepts.
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APPENDIX A: POE AND POE-RJW INSTRUCTION LESSON SLIDES

LESSON 1:

TASK 1: Sweater and Balloon

Concept(s): Electric Charges and Electric Force

Time: 80 minutes

Unite 2:
Elektrik ve Manyetizma

— b

- e

| ]
| TR 5
Konu 1: Elektrik Yiikleri

(Java) Deney gozlemleriniziyaziniz ve
nedeniniaciklayiniz

Slide 1

Slide 4

p—

~—Etkinlik 1: Kazak ve

Tahmin et

Acikla
(izah et)

Gozlem ve tahminlerinizi kargilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle agiklayiniz

Slide 2

Slide 5

=

— /
L&
sy

~— Balonu kazaga siirtelim ve biraz
uzaklagtiralim. Acaba ne olur?

Defterinize tahmininizi yaziniz ve nedenini
aciklayiniz.

— ==

Kesfedilecek Sorular?

1. Nbtr bir cisim ne demektir?

2. Elektriklenmeyi saglayan temel parcacik hangisidir?
3. Elektrik yiiklii cisim ne demektir?
4

4. Sirtiinme miktanile elektrikle yilklenme nasil arasinda
nasil bir iliski vardir?

5. Bir cismin elektrik yiikii hangi degerlerde olabilir?
Neden?

6. Elektrik yiikleri korunur mu?

Slide 3

Slide 6

Figure A.1. Slides of lesson 1.



LESSON 1: (cont.)
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_ Efektrostatik Boya Sistemi Nasil Calisir?

ﬁektrostatlk Boya Slstem|

W-w/

* Normal bir sprey tabancasi |Ie yapllan boya isleminde
boyalar tekrar kullanilamadigi igin ziyan olur.

* Bu sistemde ise ziyan olan boya miktari cok ¢ok azdir.
* Boya eksi yuikle, uygulama yiizeyi ise arti yikle yiklenir.
* Boylelikle kolayca yizeye yapisirlar.

Slide 7

Slide 10

— T

,.-/
Acaba Bilim insanlari nasil agiklamiglar?

1. Elektriklenmeyi saglayan temel parcacik elektrondur.
2. Elektronlar, cisimler arasinda alinip verilebilic N&tr bir  ©¢

cisim elektron alirsa negatif, verirse pozitif yiiklenir. < _§ L}r
Atomun cekirdegindeki pozitif yiikler (protonlar) ]
hareket etmez, bir cisimden digerine gecmez. )

3. Elektronun yiikil bélinemez ve en kigik yiktir. Bu ‘

nedenle bir cismin ylki elektronun yikiiniin tam katlan
olabilir, kesirli katlan olamaz. Bu 6zellige yiklerin
tanecikli yapisi denir.

Slide 8

e —

4. Dogada iki cins elektrik yuki vardir. Elektronun yitkii
eksi, protonun arti isaretlidir.

5. Proton ve elektronun yiik degerleri esittir

6. Notr cisimler disaniya karsi herhangi bir elektriksel etki

gostermez. Yikli cisimler birbirine elektriksel kuvvet

uygular. Bir bagka ifadeyle elektrik yukleri elektriksel

kuvvetin nedenidir.

Elektrik yiiklerinin éinemli dzelliklerinden birisi de

korunumlu olmalandir.

Slide 9

Figure A.1. Slides of lesson 1. (cont.)




LESSON 2:
TASK 2: Balloon and Wall
Concept(s): Electric Force

Time: 80 minutes
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~—Etkinlik 2: Balonve Duvar

Tahmin et

Agikla
(izah et)

L
%
APEAANA)

Qe
3

. ree
COLG
poee

GOzlem ve tahminlerinizi karsilastirin? Ayni mi
yoksa farkli mi?Nedenleriyle aciklayiniz

Slide 1

Slide 4

e — __/
~—Balonu kazaga siirttiikten sonra duvara
yaklastinrsak acaba ne olur?

Defterinize tahmininizi yaziniz ve nedenini
aciklayiniz.

1. Elektrik yikld bir cisim ndtr bir cisme yaklagtinhrsa
ne olur?

2. Cisimleri hangi yollarla elektrik yikleyebiliriz?
3. Sdrtinme ile elektriklenme nedir?

4. Etkiile elektriklenme nasil olur?

5. Dokunma ile elektriklenme nasil olur?

Slide 2

Slide 5

(Java) Deney gozlemleriniziyazinizve
nedeniniaciklayiniz

- Strec filmler saklama kaplarini sikica

sarar? Ama bu nasil oluyor?

Slide 3

Slide 6

Figure A.2. Slides of lesson 2.




LESSON 3:
TASK 3: John Travolta
Concept(s): Conductors and Insulators

Time: 80 minutes
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~—Etkinlik 3?Tpﬁh’Travo1ta“/
7N\

Tahmin et

Acikla
(izah et)

GoOzlem ve tahminlerinizi karsilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle agiklayiniz

Slide 1

Slide 4

—
~—Travolta’nin ayagini yere surtelim? Acaba
ne olur?(Yiik dagilimi nasil olur?)

fif]

Kesfedi Iecei(_ S_orh_lza re

1. lletken nedir?

2. lletkenlerde yiikli parcaciklar nasil dagilir?

3. iletkenin sekli yiiklerin dagilimini nasil etkiler?
4. Yildinm ve simsek nasil olusur?

5. Paratoner nedir?Neden sivriuglu olur?

6. Yalitkan nedir?

Yalitkanlarda yiiklii parcaciklar nasil dagilir?

2. Hem iletken hem de yalitkanlar atomdan olustugu
halde neden yalitkanlar da iletkenler gibi elektrigi

aciklayiniz. iletmezler?
9. Topraklama nedir?
Slide 2 Slide 5

(Java) Deney gozlemleriniziyaziniz ve

nedeniniaciklayiniz

“YiTdirim ve Simsek Nasil Olusur?

KORKU FiLMi KARESI DEGiL
ISTANBUL SILE!

Slide 3

Slide 6

Figure A.3. Slides of lesson 3.




LESSON 4:
TASK 4: Electric Force
Concept(s): Electric Force

Time: 50 minutes

146

Elektrrk ’Yuk Deg—eﬂen

WE'RE
LOS-Th'N 1
O eetRoN? a P{:srrwi

hall &

* Elektriklenmeyi pozitif veya negatif taneciklerin fazlahig
olugturduguna gére, yiik miktaninin 8lgilebilmesi, 8lgme igin
de bir birimin olmasi gerekir. Uluslararasi Birim Sisteminde (SI)
yikiin birimi coulomb (kulom)dur ve C simgesiyle gésterilir.

* Yapilan élgmeler dogadaki en kiigiik elektrik yiikiinin
elektronun yaki oldugunu géstermistir.

® Bu nedenle bir elektronun ylkine temel yik ya da elementer
yiik (ey) denir

* Bir elektronun yikinin degeri 1,6 - 10719 C’tur.

_Ftektrik YOk Degerferi

Cismin Coulomb
# fazlalik elekt t
Cisim azialik elekbondazten cinsinden elektrik yiik
sayisi -
degeri
A 1 x 10F fazlalik elektron -1.6x10%3C
B 1 x 10F fazlalik proton +1.6 x 1073 C
C 2 x 10'° fazlalik elekiron -3.2x10°C
D 3.5 x 10° fazlalk proton +5.6 x 1071 C
E 4.67 x 10'° fazlalik elektron |-7.5 x10° C

Slide 1

Slide 4

__Ftektrik Yok Degerteri

Proton Electron Neutron
“Tm positivet” " naghive
Elektrik yka
Taneclk Semboll
Elemanter ylk (ey) Coulomb (C)
Proton P e +16-10"
Elektron e - -16-10"
Notron n 0 0

L —————————

/

__—Ftkinlik 4: Trktrlksel Kuvvet

Tahmin et

Acikla
(izah et)

Slide 2

Slide 5

__Ftektrik YUk Degerteri

et # fazlalik elektron/proton Sj;?:; ::l:I:r:ttr)ik yitk
e degeri

X 1 adet fazlalik elektron -1.6x10%?C

A 1 x 10% fazlalik elektron ?

B 1 x 105 fazlalk proton 77

c 2 x 10%° fazlalik elektron ???

D 3.5 x 10° fazlalik proton 77

E 4.67 x 10'° fazlalik elektron 7?

__ Sekildeki “(+)

“ve (F—yiiklerin—

rlerine

uyguladiklan ¢ekim kuvveti arasinda nasil bir

iliski vardir?

Electric Force Simulaticn

Distance between lhe charges:d = 100m
Magnitude of the Force:F = 0.30E4 N

a1

[ e

a2

@

Defterinize tahmininizi yaziniz ve

nedenini aciklayiniz.

Slide 3

Slide 6

Figure A.4. Slides of lesson 4.




LESSON 4: (cont.)
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_ Sekildeki (+) ve (-} —yuklerin— rlerine
uyguladiklarn ¢ekim kuvveti arasinda nasil bir
iliski vardir?

Electric Force Simulation

Distance between the charges:d = 1.00m
Magnitude of the Force: F=  0.30E4 N

=3 Q2

| @

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

1 gekildeki (+) yiikli Q1 yikantnyikmikearr ife
i kuvvet) arasinda nasil bir iliski vardir?
2. Sekildeki (-) yiiklii Q2 yiikiiniin yiik miktari ile F (Elektriksel
kuvvet) arasinda nasil bir iliski vardir?
3. Yiikler arasindaki mesafe ile F (Elektriksel kuvvet) arasinda nasil
biriliski vardir?
4. Yiikler arasina konulan bir madde (havadan farkh) ile F

(Elektriksel kuvvet) arasinda nasil bir iliski vardir?
Electric Force Simulation
Ditance batvasn e chargesca = 160m

Magritade of e Force: = 05084 N
ot a2
L o -9

Defterinize tahminlerinizi yaziniz ve
nedenini aciklayiniz.

Slide 7

Slide 10

i

TR, Electric Force Simulation
i\_ Hstance betwesn the charges: d = 1.00 m

= __‘-_.‘._ = lagnitude of the Force: F = 0.90E4 K

kg

a1 oz

Chargs G1 fmc) = 1,00 Charge G2 (mc) =100
o L

b
400 | an0 ese a0

(Java) Deney gozlemleriniziyaziniz ve
nedeniniaciklayiniz

Electric Force Simulation

\), Hstance between Ihe charges: d = 1.00m
lagnitude of the Force: F = 09084 K

a1 -

Chargs GY (mc)= 1,00 Chargs G2 (mc) =100
o £

o
apo |4 3 ano .00

(Java) Deney gdzlemlerinizi yaziniz ve
nedeniniaciklayiniz

Slide 8

Slide 11

Gozlem ve tahminlerinizi karsilastirin? Aynimi
yoksa farkli mi?Nedenleriyle aciklayiniz

Gozlem ve ta{hminlerinizi karsilastirin? Aynimi
yoksa farkli mi?Nedenleriyle aciklayiniz

Slide 9

Slide 12

Figure A.4. Slides of lesson 4. (cont.)




LESSON 4: (cont.)
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o . e B B
~Acaba Biliminsanlarinasil actklamisglar?

Bu sorularin cevabi Fransiz fizikgisi
Charles Augustin Coulomb tarafindan 18.
yiizyilda yapilan deneysel calismalarla
verildi.

Coulomb, elektrik yiiklerinin birbirine
etkisini de kendi adiyla anilan bir yasa
bigiminde stiyle ifade etmistir:

Roi 2.23; Chiarios Acgestin
“Noktasal iki yiikiin birbirine etkisi e
yiiklerin her biriyle dogru, aralarindaki

(¥736-1008)

uzakligin karesiyle ters orantiidir. Ayrica
bu etki aralarindaki ortama da baghdir.

—

Elektrik Alan Vektoru

» Uzayin herhangi bir noktasindaki elektriksel alan vektori,
o noktaya konulan +1 C'luk deneme ylkune etkiyen
elektriksel kuvvet vektérudir.

Slide 13

Slide 16

e i B L i
~Acaba Bilim insanlari nasil aciklamislar?

Bu ifade ile anlatilan sey fizikte Coulomb Yasasi clarak bilinir. Bu yasanin matematiksel ifadesi;

Fok. %
¢ i)
seklindedir, Burada; ;‘, o
F - Newton (M) olarak elektriksel itme ya da gekme kuvvetinin bilykidga, L
q; ve q; - Coulomb (C) olarak noklasal yiklerin degeri,
d : Metre (m) olarak noktasal iki yik arasindaki uzakk, )l
k © ki yoko arasindaki ortamia ilgil bir kat sayidir.

Yukaridaki birimler S1 birim sistemindeki birimlerdir. Buna gre, g, ve g;'nin birimi C, r'nin birmi m

M-

2
olunca Fnin biriminin N olarak gikmasi icin k'nin birimi CT olmak zorundadir. Bogluk igin,

N-m?
Kk=9-10"
c?

oldugu bilinmektedir. Yokler arasindaki ortam degigince K'nin, dolayisiyla elekiriksel kuvvetin blyakia-
ginidn degigecegi agiktir.

P

" Elektriksel Alan

* Moktasal q yikiinden d
kadar uzakhktaki
elektriksel alanin
blyaklugl soyle olur:

g-ka
-

q

. .
'!C ’ qc

Slide 14

Slide 17

PPrertriksel Alam —— e

* Bir elektrik yiiki, cevresinde yiiklli pargaciklara kuvvet uyguladigi
bir bélge yaratic Bu bélge o yiikiin elektriksel kuvvet etkisini
gosterdigi alandir

* Herhangi bir noktada duran +1 C'luk deneme yiikiinii bir
elektriksel kuvvet etkiliyorsa o noktada bir elektrik alani bulundugu
soylenebilin

p — =

Elektriksel Alan

* Elektriksel alan vektéri, +1 C’luk yiike etkiyen kuvvet
vekt6ri olarak tammlandigina gore elektrisel alan
vekt&ranin E” oldugu bir noktada q C'luk yike alan
tarafindan etkiyen kuvvet séyle olur:

— —
* F'nin birimi newton (N),
#» glektrik yiikiiniin birimi coulomb (C) oldugundan,

*» esitligi saglanmasi icin elektriksel alan siddetinin birimi
newton/coulomb (N/C) olmak zorundadir.

Slide 15

Slide 18

Figure A.4. Slides of lesson 4. (cont.)




LESSON 4: (cont.)
TASK 5: Electric Field
Concept(s): Electric Field

Time : 30 minutes

149

GOzlem ve tahminlerinizi karsilagtirin? Ayni mi

in et
M (.Ag;‘klc;) yoksa farkli mi?Nedenleriyle acgiklayiniz
izah e
Slide 19 Slide 22
L L - ,/ Tt ‘/

" (+) yiiklii ici bos iletken bir kiirenin icindeki ve
etrafindaki elektrik alan cizgileri acaba nasil olur?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Peki ama bu nasil oluyor?

Slide 20

Slide 23

(Java) Deney gozlemleriniziyaziniz ve

nedeniniaciklayiniz

_ Acaba Bilim insanlari nasil agiklamislar?

Kapali bir ylizeye sahip olan iletken bir
cisim elektrik alami icerisine
yerlestirildiginde  elektronlar, iletkenin
icerisindeki elektrik alami sifirlanincaya
kadar hareket eder.

2. iletken ylzey sirekli olmak yerine, kafes
seklinde de imal edilebilir.

Resim 2.17: Mchaol Faraday
(1791-1867)

Ote yandan geometrinin kiire olmasi sart
degildir. Kapali herhangi bir yiizey, kafes
gorevini yerine getirir.

Bu durumu ilk fark eden ingiliz Fiziki
Michael Faraday (Maykil Faraday, Resim
2.17), “Faraday Kafesi” (Resim 2.18)
denen bulusunu yapmistir.

Resim 2.18: Faraday kafesi

Slide 21

Slide 24

Figure A.4. Slides of lesson 4. (cont.)




LESSON 5:
TASK 6: Resistance of a Wire

Concept(s): Electric Resistance

Time: 50 minutes

150

" Elektriksel ﬁmwﬂrmv/

 Biri (+) digeri (-) yukla iki cismin
arasinda elektriksel potansiyel
farki veya gerilim vardir.

* Birim hacimdeki elektron sayilari
farkli cisimlerin elektriksel
potansiyelleri farklidir.

* Vile gosterilir ve birimi “volt” tur. N

I__l
Elktron
Su ﬂ’
=S K o
u—t_‘ ot

Dogik
Yoksek basing Algak basing volaj

Slide 4

Potansiyel Fark

* Vana acilirsa su akisi olur
mu? Neden?

* Vana agilirsa su akisi olur
mu? Neden?

PErektrik Akimi

* K ve L iletken cisimler arasinda
potansiyel farki oldugundan iki
cisim iletkenle birlestirilirse
birinden digerine elektron gecisi,
bir baska ifadeyle elektrik akimi

olugur.
* Buna gore, iletkenin herhangi bir
kesitinden birim zamanda gegen Eiokiron
toplam yiilk miktanna akim siddeti e
denir. H
Yiksek Digik
voltaj voltaj

Slide 2

Slide 5

Potansiyel Fark

* Potansiyel fark sivi akisina sebep olur.

_Efektrik Akimi S

Buna gore, iletkenin herhangi bir kesitinden birim zamanda ge-
cen toplam yUk miktanna akim siddeti denir. Akim siddeti i sem-
boli ile gosterilir. Tanima gére

Yuk

Akim siddeti = dir.
Zaman

(yik : q. zaman :t oldugundan

i=% = g=i-t | olur
Bagintidaki q : coulomb ;
t : saniye olmak Uzere akim siddetinin birimi,

coulomb

- = Amper dir.
saniye

Slide 3

Slide 6

Figure A.5. Slides of lesson 5.
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LESSON 5: (cont.)

_Elektrik Akimi S P —

Bir akvaryum su filtre sistemini bir elektrik devresine

Akim siddetinin yon(, (=) kutuptan cikip (+) kutba gelen elektron- benzetecek olursak....
lann hareketine zit yondedir. Yani tretecin (+) kutbundan (-) kut- Ana def-Ba
buna yoneliktir. Akim siddeti ampermetre ile dlclltr. Ampermetre, D
akim siddeti olcllecek devre elemani ile seri baglanir. Su 27777
. 7777
o llerleyen(fkan)su | 7
. KA "\e’ Suyu Tasiyan 77772
" Borular
Fl ‘ ; Su pompasi 7ETI?
w}gﬁ: ';v I:;:::daklsu 29777

= s ‘ Filtre {suyun e

i = akiginadireng) |

i ﬁﬁ Eﬂj/l Su kaybi olmaz 77777

BRI ek
- akamun yond

e —_—— ‘/ . e —

,.‘ﬁ i "
iren
* [letkenlerin akimi olusturan serbest
elektronlarin hareketlerine gosterdigi Analoji-Su Filtreleme Sistemi Hedef-Basit Elektrik Devresi
gugluk veya kolaylik maddelerin
: i o Su Elektrik
gosterdigi direncle ilgilidir. /
*» Elektrik akimina karsi gosterilen / ilerleyen|Akan)Su Elektrik Akimi
zorluga direng denir. . Suyu Tasiyan Borular Elektrik Telkeri
* Direng R ile sembolize edilir ve birimi Supompasi UreteciPil)
« " PR
'ohm” dur ve () ([omega) ile gosterilir. T — —
. R M’v- % Filtre {suyun akizina direng) Direng
—1 V v RESISTOR Su kaybi olmaz Akim Korunur

Slide 8 Slide 11

S — 7&/ e —— — =
~—Akvaryum Filtre Sistemi Analojisi ~—Etkinlik 6: IIefckenTeIin Direnci

Tahmin et Acikla

Electrical Filter .
(izah et)

Slide 9 Slide 12

Figure A.5. Slides of lesson 5. (cont.)
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_ Sekitdeki iletken telindirenciile ——
1.uzunlugu
2.Telin kesitalam
arasinda nasil bir iligki vardir?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Kesfedilecek Sorular?

1. iletken telin boyu ile direnci arasinda nasil bir iligki
vardir?

2. iletken telin kesit alani ile direnci arasinda nasil bir iliski
vardir?

iletken telin tdrindn telin direncine etkisi var nudir?

oW

Telin sicakliginin direncine etkisi nasildir?

Slide 13

Slide 16

= e =
direng= | 1.25 ohm (:: clv:] ;:-:;
r-PL ||
A 1T
p LA

(Java) Deney gozlemleriniziyaziniz ve
nedeniniaciklayiniz

— = 5 T S B—
—Acaba Bilim insanlarinasil agiklamislar?
Metal tellerin direnci; 1 £ |
1. Telin boyu ile dogru orantilidir. j

1L Telin kesitalam ile ters orantihidir.

1. Metalin tiriine baghdr.

Bu nedenle bir metal telindirend matematiksel olarsk
'

A

R=p

esitligiile anlatilabilir

Rdirenc, ohm, (€2}

| telinuzunlugu, (metrejm)

A kesitalan (A=7.r%)(m?)

p (ro) telinyapiidi@ metalin tird ileilgili bir sabit olup adina &z direng
denilmektedir.

Boyu ve kesit alanil birim olan telin direncine dz direng denir.

Oz direnc maddeler icin ayirt edici dzelliktir.

Slide 14

Slide 17

GOzlem ve tahminlerinizi kargilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle agiklayiniz

._‘/ s o
Madde adi | Oz direng (2 - m}
* Oz direncler madde Gamas 16107
turiine bagh oldugu gibi Bakir 17:10°
maddenin sicakligina da Afin R
bashd Tungsten 56:10°*
agliair. Demir 0,710
* Oz direng sicakliga bagh Nikrom 15010
ise maddelerin direnci de Karbon 3.500-10°°
sicakliga bagl demektir. Kot !
L o Porselen 107
* En iyiiletken hangisidir? Sert plastik e
Neden? Tahta 10°- 10"
cam 10— 10"
Table ! Bar macdelern oda sicakidndakd
Az direnglen

Slide 15

Slide 18

Figure A.5. Slides of lesson 5. (cont.)



LESSON 5: (cont.)

153

* Elektrik enerjisinin tasinmasinda hangi telleri kullanmaliyiz? © Elektrik enerjisinin 1siya déniismesini istiyorsak hangi tip
Neden? telleri kullanmaliyiz?
Maddead: | Oz direns @-m) Madde adi | Oz direng (@-m)
(ELai 16-10% GOomos 16-10°
ek "”Z': Bakir 1,7-10°
‘Altin 2.4:1
- Albn 24-10*
e :':'::: Tungsten 5610°
ek A Demir 9.7-10°%
Nikrom 150-10°* Niom 150.10°
Karbon 3.500-10°* 3500.10°
S |:P Kagi 1
Porselen 10°
Sert plastik 10°
Tahta 10°- 10" St 1
10_ 10'% Tahta 10°- 10"
Cam 109 10 — T
Tablo Bramm, oda sscakinhndaks Tablo B:Inaﬂmmm oda sicakidodakl

Slide 19

Slide 20

Figure A.5. Slides of lesson 5. (cont.)

TASK 7: Ohm’s Law
Concept(s): Ohm’s Law

Time: 30 minutes

" exkiniik 7: Ohm Kanun

Tahmin et

Acikla
(izah et)

i, #O :f 18 alfl

(Java) Deney gozlemleriniziyazinizve
nedenini aciklayiniz

Slide 21

Slide 23

e . .
,.semraé& devrede V(potansiyel fark) ile akim arasinda

nasil bir iligki vardir?

2

ik, O qf] 18 6l]}

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Gozlem ve tahminlerinizi karsilagtirn? Aynimi
yoksa farkli mi?Nedenleriyle agiklayiniz

Slide 22

Slide 24

Figure A.5. Slides of lesson 5. (cont.)
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— —

—

Kesfedilecek Sorular?

1. Devredeki potansiyel fark ile akim arasindaki iliski
nasildir?

Devrede potansiyel fark ile direng arasindaki iligki
nasildir?

Devrede akim ile direnc arasindaki iliski nasildir?
Lambanin parlakhg ile akim arasindaki iliski nasildir?

—

Acaba Bilim insanlari nasil aciklamislar?
-
= akim siddetinin birimi amper,

i U
* Direncin birimi “volt/amper” olur. Bu orana ohm
denildigini ve simgesinin Q (omega) oldugunu biliyo“‘

* Gerilimin birimi volt,

Slide 25

_Acaba Bilim insanlari nasil agiklamislar?

® Alman fizik¢i George Simon Ohm (Corg Zimon Om)
(1789-1854) tarafindan kesfedildigi icin fizikte “Ohm
Yasasi” olarak bilinir ve sdyle ifade edilir:

* Sicakhgi sabit kalmak kosuluyla, bir metal iletkenin,
uglarindaki gerilimin, bu iletkenden gegen akim
siddetine oram sabittir.

* Busabit orana oiletkenin direnci denir.

e

Ornek Soru 1:

® Bir ampuliin uglanina 6 voltluk gerilim uygulaninca 3
amper siddetinde akim geciyor.
Bu ampuliin direnci kag ohmdur?

s % B e TS
Acaba Bilim insanlari nasil agiklamiglar?
Buna gore, Ohm Yasasi;

Gerllim —

AKim Siddeli A
seklinde Itade edllir. Bu Ifadeye gore lietkenin direnci; gerilim veya
akim siddetine bagh degildir. Gerilim V, akim siddeti i, direng R sim-

gesl lle gosterlidigine gore Ohm Yasasi'nin simgelerle ifadesl,

\./H @
0\ G

1|r 1| r 1 |[’R\

R AR AR g

ki —
Slide 26 Slide 29

Ornek Soru 2:

* K ve L metal iletkenlerinden
gecen akim siddetinin
uclarindaki gerilime bagh
degisimi grafikteki gibidir.

* Bu iletkenlerin direncleri Ry
ve R_kacar ohmdur?

Slide 30

Slide 27

Figure A.5. Slides of lesson 5. (cont.)
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TASK 8: Rheostat
Concept(s): Rheostat

Time: 80 minutes

155

_ Kademeli ElMAh‘aﬁta?ﬁ?r’I\Bf

Tahmin et Acikla

(izah et)

Slide 4

* Reostalar devredeki degeri degistirilebilir direnglerdir.

| Sekildeki devrede reostanin sirgiisi ok yéniine dogru siriiliirse;
1.devredeki lambadan gecen akim,
2.Lambanin parlaklhigi,
3.Lamba lizerindeki potansiyel fark nasil degisir?

Defterinize tahmininizi yaziniz ve

nedenini aciklayiniz.

Slide 5

Slide 2
’-/e_{_;,» - e — 7/
Reosta
e tep2 sliding contact
Reosta =

I x
1L

Reostanin devrede simgesel
gosterimi

(Java) Deney gozlemleriniziyaziniz ve
nedeniniaciklayiniz

Slide 3

Slide 6

Figure A.6. Slides of lesson 6.
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GoOzlem ve tahminlerinizi karsilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle aciklayiniz

P = 7_‘/
Acaba Bilim insanlari nasil agiklamislar?

DEGISKEN DIRENG (Reosta)

Biriletken telin degi <
rttinp ilir. | iin bu 6zellik yapilan
i di iartinp yarayan reosta (ayarh

direng) denir.

. SURGULY |
LIREOSTAIS

DIRENG ARTARKEN LAMBANIN PARLAKLIGI AZALIR;
DIRENG AZALIRKEN LAMBANIN PARLAKLIGI ARTAR.

Slide 7

Slide 9

“Dimmer Anahtar

2002 o St mrre

move your mouse left to right to adjust lighting

» Evlerimizdeki kademeli elektrik diigmeleri aynen
reostanin devrede yaptigi gorevi yapar.

ﬁne k Soru

* Yandaki sekilde reostamn stirgtisii 2 yoniinde cekilirse
lambanin parlaklig: nasil degisir? Neden?

Slide 10

Slide 8

Figure A.6. Slides of lesson 6. (cont.)



LESSON 7:
TASK 9: Series connected Resistors

Concept(s): Resistors in Series

Time: 80 minutes

9

Tahmin et Acikla

(izah et)

157

=Sekildeki devrede anahtar kapatildiginda ;

3. Devredeki R, R2 ve toplam direng (Rtopiam)
nasil olur?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Slide 1

1. Uretegten [ana koldan) gegen akim (i)
lamba 1 den gegen akim (i1)
lamba 2 den gegen akim (i2)
larin biiyiikleri arasinda nasil bir iliski olur?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Slide 4

i ; e
m“rede anahtar kapatildiginda ;
4. Lamba 1velamba 2'nin yanina hir lamba daha seri
baglarirsa parlakliklan nasil degisir? Neden?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Slide 2

(pilin) gerilimi{V)
lamba 1 ‘in uclan arasi gerilim (V1)

lamba 2 den uglan arasi gerilim (V2)

lerin biiyiikliikleri arasinda nasil bir iligki olur?

Defterinize tahmininizi yaziniz ve

nedenini aciklayiniz.

Slide 5

(Java) Deney gbzlemleriniziyaziniz ve

nedeniniaciklayiniz

Slide 3

Slide 6

Figure A.7. Slides of lesson 7.
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GoOzlem ve tahminlerinizi kargilastirin? Aynimi
yoksa farkli mi?Nedenleriyle aciklayiniz

P ———
Acaba Bilim insanlari nasil agiklamislar?

Sekil 2.17; 8. Seri badh dvenclor b, Es deder direng
2. Seri bagh direnglerin uglarindaki gerilimlerin
toplami, es deger direncin uglarindaki gerilime esittic .

Bu da devrede n tane direng seri baghysa;

"jg
4}

V=Ves=V1+V2+V3+..+Vn

seklinde gosterilir.

Slide 7

Slide 10

" Acaba Evlerimizdeki elekt riﬂfﬁf

seri mi bagh midir? Neden?

¥

= . . '
Acaba Bilim insanlari nasil agiklamislar?

okl 2.17: 8, Sori Dagh droncier
3. Seri bagh direnglerin es degeri (Res), direnclerin toplamina
esittir. Degerleri R1, R2, R3...Rn olan n tane direng seri baghysa
es degeri;

B. Eg aeger drg

Res=Ri+Rz+Rs+ .. +Rn

bagintisi ile bulunur.

Slide 8 Slide 11
e — e : e ——— _/
~—Acaba Bilim insanlari nasilaciklamislar? e
R N b Ornek Soru 1:
K Flag []
» Sekildeki devre 6zdes lambalardan L
s kurulmustur. Devrede KL, LM ve MN
noktalarn arasindaki potansiyel Jip 2
Lom e se farklan sirasiyla Viw Vi ve Vn'dir. i
1. Seri bagh direnglerden aymi akim gecer. * Bu potansiyel farklan kag volttur?

Bu ifade,
izieg=iizizziz=...=in

seklinde gosterilir.

Slide 9

Slide 12

Figure A.7. Slides of lesson 7. (cont.)
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o ——

—

Ornek Soru 2:

» Sekildeki direncleri R1, R2 ve R3s olan ampullerin uclari
arasindaki potansiyel farklaninin V1, ¥z ve Vs degerleri kac

~Hortumdaki Fiskiyeler-Seri Bagli Lambalar

volttur? B
_Rﬁgg _Rﬁjfg N R‘?:FQ Analog: Hortumdaki Fiskiyeler IHEdef: Seri Bagh Lambalar
AW
" 2 Her bir fiskive Her bir lamba
Li 1 Disari piiskiiren su l 2222222222722
Piiskiiren suyun yiiksekigi | 2272722222772
+ -
I I Fiskiyeekleme, 2222222272222
V=30 volt puskirmeyiiksekliginin azalmasi
i | 2222272722272
Slide 13 Slide 15
il B o e —
— ~—Hortumdaki Fiskiye-Seri Bagli Direng
Ornek Soru 3: Analojisi  \(
| WG/
R=3Q Ra PV Y ) ¥
.!A!A' ‘v‘v"
1043 N\
—~ Analog: Hortumdaki Fiskiyeler IHedef: Seri Bagh Lambalar
vV
gl Her bir fiskiye IHerbithmbn
» Sekildeki devre pargasinda voltmetrelerden birisi 8V 2L e |Pal'hymlamba
digeri 12 V gdsterdigine gdre Rz direnci kag Q'dur? Pliskitren suyun yiksekligi llﬂmbﬂml’aﬂﬂd@
Fiskiye ekleme, Lamba ekleme,
puskiirme yiiksekliginin azalmasi Lambalarm parlakhklannm azalmas:
Fiskiyeler su akintismdan yararlk Lambalar elektrik ak d
yararlamr

Slide 14

Slide 16

Figure A.7. Slides of lesson 7. (cont.)




LESSON 8:
TASK 10: Parallel Connected Resistors
Concept(s): Resistors in Parallel

Time: 80 minutes

160

_—'/Fz__— P _-_-_H—§_—_’F

Hatirlatma Sorusu:

» Sekildekielektrik devresinde,
I. Ampermetre, ampulden gecen akim
siddetinidlger
II. Voltmetre, ampulin uglanndaki
gerilimi &lger.

1. Ampulin uclanndaki gerilim
dretecin uglanndaki gerilimden
* biyiktir.

Yargilanndan hangisi ya da hangileri dogrudur?
A)Yalmz | B) Yalmz 1 C} Ive ll
D) Ive llE) Hvelll

/’a__— i Hﬁh_

cikanldiginda ya da bozuldugunda diger 151k kaynaklarinin isi

Blrden cok 151k kaynagi kullanarak; 15ik kaynaklarinin bir tanesj
k
verebilmesi icin nasil bir devre tasarlarsiniz? 2

Slide 1

Slide 4

P~ Acabaneoturr—

» Yukaridaki devrede lambalardan birinin iki ucunu, direnci
dnemsiz bir tel ile birlestirirsek acaba ne olur?

T

| — —
~—Etkinlik lom—gag I

Tahmin et Acikla

(izah et)

Slide 2

Slide 5

* Lambanin tzerinden akimin gegemedigi, akimin diregsiz
yolu tercih ettigi boyle durumlara kisa devre denir

1. 0 en (ana koldan] gecenalam (i)
lamba 1 den gegen akim (i1)
lamba 2 den gegen akim (i2)
larin biiyiikleri arasinda nasil bir iligki olur?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Slide 3

Slide 6

Figure A.8. Slides of lesson 8.
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LESSON 8: (cont.)

2 lve |amba Z’nm yanina bir lamba da a seri
baglanirsa parlakliklari nasil degisir? Neden?

lamba 1 den gegen ak|m (I1)
lamba 2 den gegen akim (i2)
larin bityiikleri arasinda nasil bir iligki olur?

Defterinize tahmininizi yaziniz ve Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz. nedenini aciklayiniz.

Slide 7 Slide 10

ede anahtarkapa
ecin (pilin) gerilimi(V)

lamba 1 ‘in uglar arasi gerilim (V1)

lamba 2 den uglan arasi genllm (VZ)

lerin biiyiikliik iski

fo.c0 A i (Java) Deney gozlemleriniziyaziniz ve
Defterinize tahmininizi yaziniz ve e
S nedeniniaciklayiniz
nedenini acgiklayiniz.

Slide 8 Slide 11

: urede anahtar kapatildigi i
"3. Devredeki R1, Rz ve toplam direng (Rmplam) arasindaki iligki
nasil olur?

Rtopiam

GOzlem ve tahminlerinizi karsilagtirn? Ayni mi
Defterinize tahmininizi yaziniz ve yoksa farkli mi?Nedenleriyle agiklayiniz
nedenini aciklayiniz.
Slide 9 Slide 12

Figure A.8. Slides of lesson 8. (cont.)
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_Acaba evlerimizdeki elektrikli aletler

paralel mi bagh midir? Neden?

__Acaba Bilim insanlari nasil aciklamislar?

4, Paralel bagh ampullerden direnci ¢ok olanin parlakligi %
azdir. 7 4

Ozdes ampullerin direncleri esit oldugundan lizerinden L.T
gecen akim siddeti, dolayisiyla uglarindaki gerilimi gok

olan ampul parlak yanar )‘

Slide 16

=W Ry
I w—
b R
y i
A
=
|

1.Paralel bagh direnglerden gecen akim siddetlerinin ﬁ
toplami ana koldan gecen akim siddetine y

L]
esittir. n tane paralel bagh direng icin akim siddeti; L?

izit+iz+is+..+1in )‘

__Bi.l:deﬁ‘(jEE_l:sl.lé kaynaél k;m’kéynéklarfnfn_ﬁir tanesi

cikanldiginda ya da bozuldugunda diger 151k kaynaklarinin isik
verebilmesi icin nasil bir devre tasarlarsimz? ﬁ.

i

1111
Switch

)

Incandescent
Lamp

Edison'un noflanndan uyaranarak gizlmis ser badlama paralel baglama
tasanrm
* Edison paralel bagh lambalarkapsaminda ilk gosterisini Amerika'da
Menlo Park'taki elektrik santraline 30 lambay paralel baglayarak
gerceklestirdi

* Her hangibir lamba kapatldifinda bir digerinietkilemiyordu.

Slide 14

Slide 17

__Acaba Bilim insanlari nasil aciklamislar?

= R
(A
LTk R |
A
=
At —

-

2. Paralel bagh direncglerin uclar arasindaki gerilimleri

i

esittir. Devrede n tane direng paralel baglysa; L

V=Ves=V1i=V2=Vi=..=Vn )l

“Ornek Soru 1:

i S L e

V (volt)
401- R
301- A R.
201-- L A2 —MA———B
101 AAA
i (amper) Rk

O 1234

* Bir elektrik devresindeki K ve L direnglerinin gerilim-akim
grafigi verilmistir

AB noktalar arasina iki tane Rk, bir tane Rudirenci sekildeki

gibi baglanirsa es deger direng kag O olur?

Slide 15

Slide 18

Figure A.8. Slides of lesson 8. (cont.)
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G?nek Soru 2:

P
"

30 volt

* Sekildeki gibi baglanmis ézdes ampullerin her birinin
direnci 3Q ‘dur. Devrede iile gdsterilen ana koldaki

—~— Okulun 556??5?6@- Paralel Bagli

[ Ogrencileredoluspor salonu

Lambalar Analojisi

Analog: Ogrencilerin salonu bogaltmalan Hedef: Paralel Bagh Lambalar

Tamamen Dolu dreteg|pil)

Tek kapidan gikan G&renciler | Devredekitek lamba

iki kapidan Qikan S&renciler | Devredeki paralelbaghikilamba

Her kapidangkisinayn hizdadir Her lambaninaym Uzerindeki akimve voltaj

ayrmidir

iki kapisiacik salon iki kat daha hiz siirede | Paralel badh ikilambal devrede piliki kat

akim siddeti kag amperdir? bosalir hizl stirede tikenir
Slide 19 Slide 22
o — e V,., - — - 77‘/
~— Okulun Spor Salonu- Paralel Bagli T

Lambalar Analojisi

1.Devre:

1 pil ve 1 lambadan olusur:
Tamamen 63renci dolutekcikis
kapisiolan spor salonuna
benzetilebilin

2.Devre:

1 pil ve 2 lambadan olusur:
Tamamen 6grencidoluikicikis
kapisiolanspor salonuna
benzetilebilir.

Kavrama Sorusu 1:

Bir elektrik devresindeki K ve L noktalan A
arasina R1, Rz ve Rz direngleri sekildeki AM
gibi baglanmigtir. o

Bu direnclerin baglams sekilleri ile ilgili [
olarak asagidakilerden hangisi dogrudur? As

A) Ugii de birhirine paralel baghdir.
B) Ucli de birbirine seri baghdir
C) R1ve Rz seri, Rz onlara parelel baghdir.

D) Rz ve Rz paralel, R1 onlara seri baghdir
E) Rz ve Rs seri, R1ionlara parelel baghdir

Slide 23

—— Okulun Spor Salonu- Paralel Bagl
Lambalar Analojisi

Analog: Ogrencilerin salonu bosaltmalan |Hedef: Aymi voltaji ve akimi paylagan

paralel bagh lambalar
Tamamen Dolu Greteg(pil)

Tamamen dgrencilede doluspor salonu

Tek kapidan cikan 6grenciler | PIPRITRIIRITT

iki kapidancikanogrenciler

Her kapidancikisin aym hizdadir.

Iki kapisi agik salon ikikat daha hizh
sireds bosalir

""’IGQFéma Sorusu 2:

e ———

5R

Sekildeki devrede A1 ampermetresinin gtisterdigi degerin Az
ampermetresinin gosterdigi degere oram kactir?

A)2 B) 3 Q)4 D)5 E)6

Slide 21

Slide 24

Figure A.8. Slides of lesson 8. (cont.)



LESSON 9:
TASK 11: Series Connected Batteries
Concept(s): Batteries in Series

Time: 40 minutes

- Etkinlik 11: mSerl BaglanmaSI

164

GoOzlem ve tahminlerinizi karsilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle agiklayiniz

~Pillerden gecen akimlar 11 ve I2 arasi iligki nasﬂ olur? o
3. Lambanin parlakhigi nasil degisir?
4.Pilin dmrii(tiikenme siiresi) nasil d

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

Slide 4

Y ——’—_-TT'_-___————____._;_._;;'._’M._ E— e
. —Acaba Bilim insanlari nasil agiklamislar?

a b.

K, - L K Fom L

Wy
Vi Wz Vs Vi Va V3

J-m—t KL“-_“-_“-—'L
1. 3 adet pil seri baglanirsa KL noktalan arasindaki es : %%y
deg ilim {Viw);

eger gerilim (Vi) L & 'XG'

VkL=Vi+V2+Vs3

kadar olur.

Slide 2

(Java) Deney gozlemleriniziyaziniz ve

nedeniniaciklayiniz

Slide 5

amiglar?

__Acaba Bilim insanlar nasﬂ_au;l

L

tm—\ L{r—[ —

2. Lambanin direnci R ise devrede dolagan akimin
siddeti (i), Ohm Yasasi'na gore,

VkL=i-R

1s,

g
2]

bagintisi ile hesaplanir.
Seri bagh pillerin her birinden esit miktarda akim geger.

Slide 3

Slide 6

Figure A.9. Slides of lesson 9.
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[ .=
S
. —Acaba Bilim insanlari nasilagiklamiglar?

Wy Vs Vi

L
3. Seri bagh pil sayisi arttikca lambanin uclari arasindaki QQA
potansiyel farki dolayisiyla lambadan gecen akim 1,\/'0
Sonucta seri bagh pil sayisinin artmasi lambanin

siddeti de artar.
parlakhigini artinr. )‘

M
_Acaba Bilim insanlari ag islar?
a. b.

4, Bir Uretecin 8mri ya da tikenme siresi, yapilig anindaki
boyutlanna, yapisini olugturan maddelerin cinsine baghdir. - ”ﬂ
¢ Ozdes tireteglerin yapilar ayni oldugundan, bunlann . ,}V'
tilkenme siresi Gretecten gekilen akim siddetine baghdir G
* Byleyse, piller seri baglandikga pillerden gegen akim
siddeti artar, dolayisiyla émiirleri azahr. J‘

Slide 7

Slide 8

Figure A.9. Slides of lesson 9. (cont.)

TASK 12: Parallel Connected Batteries
Concept(s): Batteries in Parallel

Time: 40 minutes

= = =—

- Etkinlik 12:Ureteclerin Paralel Baglanmasi

Yap

Tahmin et

Acikla
(izah et)

(Java) Deney gozlemleriniziyaziniz ve
nedeniniaciklayiniz

LW N
2. Pillerden ve lambadan gegen ak

3. Lambanin parlakligi nasil degisir?
4.Pilin 6mrii(tiikkenme siiresi) nasil degisir?

lar 11,12 vel ar iligki nasil olur?

Defterinize tahmininizi yaziniz ve
nedenini aciklayiniz.

GoOzlem ve tahminlerinizi karsilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle aciklayiniz

Slide 10

Slide 12

Figure A.9. Slides of lesson 9. (cont.)
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_AcabaBilim insanlarr hasi agkiam‘@ﬁ’

L — — b %
o i/

* Piller (+} kutuplan bir noktada (-} kutuplan ise baska bir noktada
olacak sekilde yapilan baglamaya “paralel bagh piller” denir

* Paralel bagh piller 6zdes olmalidir.

* Uretegler paralel bagh oldugundan uglan arasindaki potansiyel
tarki esitleninceye kadar birinden digerine yiik gecisi olur Bu
durum zamanla pillerin tikenmesine neden olur

_Acaba Bilim insanlari nastl ac;lkiam‘ﬁﬁr

b. R
L K fioiy L

=

TN

=

T

I Vo s =V

3. Direnci R olan lambadan gegen akim siddeti (i), Ohm
Yasasi'na gore, . ﬁ

Yoo ¥ J Lr

Il =—=
esitligi ile hesaplanin
Lambadan gecen akim siddeti degismedigi iginlambanin )‘

R R
parlakhigi degismez.

Slide 13

Slide 16

_AcabaBilim insanlari hasil aglkiarm’g?ﬁ

. . Py
2 b ) L
i i
=
T W= -
=
= 1Waav -
™
A 1= L
1. KL noktalan arasindaki es deger gerilim (Vi), @

VaVie=Vi=V2=Vs

_AcabaBilim insanlari hasil agkiam‘@'ﬁ

X ) v
a bk o L
i i
=
T 1=—v 1t
=
b iz ey L
e
= 1hiy=v -
4. Ozdes treteglerin yapilan ayni oldugundan, bunlarin %

tilkenme siiresi Uretecten cekilen akim siddetine baghdin

Paralel bagh pil sayisi arttikca her pildengegen akim
siddeti azalir, Smiirleri artar.

Slide 14

Slide 17

_AcabaBilim insanlari nasit ac;lkiarm’g,‘lﬁ'

a b @ L
i i
=
“T vt
=
N ]iv,-v L
=
“ [ |=\¢'|n\d L
2. Budurumda lamba lizerinden gegen akim siddeti, %

iziitiz+is =
I‘L"
i1ziz=iz=if3 )‘

esitligiile hesaplanit

Piller dzdes oldugundan;

olur.

Alessandro Volta
(1745-1827)

Luigi Galvani
(1737-1798)

“Hayvan Elektrigi” “Temas Potansiyeli”

Slide 15

Slide 18

Figure A.9. Slides of lesson 9. (cont.)
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/h-

~ Volta Pili

* Potansiyel farkini arttirmak igin yaptigiilk
caligmasinda ginko ve glimig metal ciftlerini
list iiste koyarak bir siitun olusturdu.

* Metaller arasindaki elektriklenmeyi
arttirabilmek igin mikemmel iletken olarak
nitelendirdigi asit ¢dzeltisi ile nemlendirdigi
kagit parcalanini kullanarak bir metal ¢iftini
diger bir metal giftinden ayirdi

Electrolyte °—

i }1 Elemest
Cogper * "

e — 7‘¢/._._-.---"' _—
~ Ornek Soru 2:

S =

! n
Ozdes piller ve R direncleriyle kurulmus devreler-
de pillerin tikenme siresi sirasiyla t;, t; ve t, tir.

Buna gére, bu sireler arasindaki iliski nedir?

A h=t=ty, B) t, <y <y
C) <ty <ty D)t <t<ty
Bl i<ty<ty

Slide 21

Sl R L T

Ozdes direngler ve i¢ direnci nemsenmeyen dzdes treteglerle
kurulmus sekildeki elektrik devrelerinde direnglerden gegen
akim siddetleri i, iz, iz tir
Buna gore, iy, iz, i3 arasindaki iliski nedir?

A) iy <ip <y B) ip<ij=1i4
C) iz <iy<ig D) iy=i;<ig

B iy =iy<i,

Slide 20

Figure A.9. Slides of lesson 9. (cont.)
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LESSON 10:
TASK 13: The Brightness of Bulbs

Concept(s): Electric Power

Time: 40 minutes

-

GoOzlem ve tahminlerinizi karsilagtirin? Ayni mi
yoksa farkli mi?Nedenleriyle aciklayiniz

Tahmin et Acikla
(izah et)

Slide 1 Slide 4

fﬁmzﬁdevrede lambalar 6zdestir. Anahtar kapatilirsa,
lambalarin parlaklik siralamasi nasil olur?

Bilimi

* Lambalarin 1sik siddeti parlakhg: ile agiklanir.

+ Ozdes lambalann pariaklik siral: yapilirken akim veya gerilim incelenir:
1. Akim: Lambalarin parlaklig, izerinden gecen akim siddeti ile dogru orantilidir.
VEYA
2. Gerilim: Lambalarin parlakhigi uclari arasindakigerilim (potansiyel fark) ile dogru
orantilidir.

Defterinize tahmininizi yaziniz ve
nedenini acgiklayiniz.

Slide 2 Slide 5

- — 4

Ornek Soru 1:

+],= -
+':{':|- o = +:7 — 4+
+
| I/ & | @ | T e,
= i¢ direncleri ihmal edilmis, dzdes tireteg ve 8zdes

lambalarla kurulmus devrelerde anahtarlar kapatildiginda
lambalarin 151k siddetleri Ik, I, Im oluyor.

* Buna gére, bu 151k siddetleri arasindaki iligki nedir?

(Java) Deney gézlemleriniziyaziniz ve

nedeniniaciklayiniz
Slide 3 Slide 6

Figure A.10. Slides of lesson 10.
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TASK 13: Relationship between Current and Magnetic Field

Concept(s): Magnetic Field of a Current Carrying Wire

Time: 40 minutes

Konu 3: Miknatislar

Miknatis Nedir?

T ——

* Cevresinde statik{durgun) manyetik
alan olusturan nesne veya
malzemeye miknatis denir.

* Demir, nikel, kobalt gibi maddeleri
cekme dzelligi gosteren miknatislar,
dogal olarak bulunabildikleri gibi
yapay olarak da uretilebilir.

[ ——

» Sonradan etkilesim ile degisik sekillerde olusturulabilen
miknatislara yapay miknatis adi verilir. Dogal miknatisla
uygun kosullar saglanarak etkilestiginde miknatis Gzelligi
kazanirlar.

Slide 7

Slide 10

/_““_______. s — - _%‘/
Etkinlik ile hedeflenen kazanim
10.2.4.1. Miknatislarin manyetik Gzelliklerinin nedenleriniaciklar ve
maddeleri manyetik dzelliklerine gére siniflandirir.
a. Ogrencilerin deneyler yaparak ve simiilasyonlar
kullanarak manyetik alan kavramini aciklamalar
saglanir.
b. Ogrencilerin bir miknatisin manyetik alan kuvvet
cizgilerinin miknatisin farkli noktalarinda nasi  dedistigini
garmeleri saglanir.
10.2.4.2. Miknatislar arasindakiitme ve cekme kuvvetinimanyetik alan
kavramini kullanarak aciklar ve bu kuvvetin bagh oldugu degiskenleri
analiz eder.
a. Miknatislarin itme-cekme kuvvetleriile ilgili matematiksel
islemlere girilmez
b. Ggrenciler miknatislan kullanarak giinliik hayatta
belirledikleri bir probleme céziim dnerisiliretmeleri saglanir.

* NOT: Bu kisim gergek (ders igi) sunuda bulunmamaktadir.

__.‘/"‘

e T L —

er madde miknatisla etkilesir mi?

* Miknatislardan etkilenerek miknatishk &zelligi kazanabilen
maddelere manyetik maddeler denir.

Or: Demir, Nikel, Kobalt

* Bazi maddeler, dogal miknatisla etkilesme yapamaz ve
miknatis dzelligi kazanamaz. Bu durumdaki maddelere
manyetik olmayan maddeler denir.

Or: Paladyum, manganez, Bizmut

Slide 8

Slide 11

=l

Sorular soralim:

* Miknatis nedir?

* Her madde miknatisla etkilesir mi?

§ o

@b
LR

* Miknatisin manyetik alani ne
demektir?

* Miknatis neden ve nasil ceker?

* Miknatislar arasindaki itme-cekme
kuvveti nelere bagh olabilir?

. PPPP027

_Miknatisin manyetik alani ne demektir?

= Bir miknatisin manyetik etkisini gsterdigi bolgeye o
miknatisin manyetik alani denir.
* «Brile gisterilir.

Slide 9

Slide 12

Figure A.10. Slides of lesson 10. (cont.)




LESSON 10: (cont.)

170

e
~Mhknatisin manyetik alani ne demektir?
* Manyetik alani aciklamak icin manyetik alan cizgileri
kullanilhr.

# Elektrik alanda oldugu gibi manyetik alan cizgileri de bir
modeldir.

* Gercekte boyle cizgiler yoktur.

e P e — = :
~Ihknatisin manyetik alani ne demektir?
* Birim yiizeyde dik olarak gecen cizgi sayisi, bu yiizey
iizerindeki bir noktamin manyetik alan siddetinin bir dlgiisi
olarak alinabilir.

» Bir noktadaki manyetik alan; dogrultusu, y&nii ve siddeti
ile belirtilir.

Slide 13

Slide 16

_Miknatisin manyetik alani ne demektir?

* Manyetik alan cizgilerinin yoni, alani olusturan miknatisin N
kutbundan cikip S kutbuna yénelen alan cizgilerinin yéni olur.

* Manyetik alan siddeti; alan cizgilerinin sik oldugu yerde
biiyik, seyrek oldugu yerde daha kigiiktar.

* Manyetik alan cizgilerinin baslangici ve sonu yoktur. Oysa
elektriksel alan cizgileri arti isaretli yuklerden cikip eksi
isaretli yitklerde son bulmaktadir

— R R, —— .
-Mhknatisin manyetik alani ne demektir?
* Cubuk seklinde bir miknatisin tizerine serpilen demir
tozlarinin yogun bir sekilde miknatisin ug kisimlarinda

toplandig gorular.

* Miknatisin gekme 6zelliginin en siddetli oldugu bu
bolgelere miknatisin kutuplari adi verilir.

Slide 14

Slide 17

G : 7“.\- —— —— -
~Whknatisin manyetik alani ne demektir?
* Miknatislarin, miknatishk etkisinin kuvvetli olarak gozlendigi
uclarina kutup denir.
* N kutbu kuzeyi, S kutbu ise glineyi temsil etmektedir.

* Bu gosterim sekli yerin manyetik alani g6z 6niine alinarak
belirlenmistir.

_MkRatisin manyetik alani he demektir?
—

* Cubuk seklinde bir miknatisi ikiye btlersek kutuplarinin durumu sizce ne olur?
¥
i e O .

* Bir miknatisin asla tek bir kutbu olmaz.
* Miknatislar béliindiikge yeni miknatislar olugur.

Slide 15

Slide 18

Figure A.10. Slides of lesson 10. (cont.)
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e —

Manyetik Gecirgenlik

* Bir miknatisin olusturdugu manyetik alan gizgilerinin
sikligi ya da seyrekligi, icinde bulundugu ortama da
baghdir. Bazi ortamlar, manyetik alan cizgilerini

— — .

siklastinrken bazilan seyreklestirir.

* Maddelerin manyetik alan cizgilerini seyreklestirme ya da
siklastirma &zelligine o maddenin manyetik gecirgenligi

“Miknatis neden ceker?

* Resimleri inceleyelim!

denir. : ;
e Zit kutuplar karsi karsiya gelmisse bu kutuplarin
cevresindeki manyetik alan cizgileri, &deta miknatislarin zit
kutuplarini birbirine baglayan bir bag olusturuyor. Bu bag da
sanki zit kutuplarin birbirini gekmesini saglyor.
Slide 19 Slide 22
D e — ~ §‘/
- —

Manyetik Gecirgenlik

* Maddenin manyetik gecirgenliginin boslugun manyetik
gecirgenligine oranina bagil manyetik gecirgenlik denir ve

e ile gosterilir.

® po boslugun, p maddenin gecirgenlik katsayisiise bagil

manyetik gecirgenlik,

bagintisi ile bulunur.

Mhiknatis neden ceker?
® Resimleri inceleyelim!

* Eger miknatislarin ayni kutuplan kargi karsiya gelmisse bu
kutuplarin yakinindaki manyetik alan cizgileri birbirine
degmiyor. Birbirlerine degmemek icin karsi karsiya gelen
kutuplardan birinin kuvvet gizgileri digerininkini itiyor.
Dolayisiyla miknatislar da birbirini iter.

Slide 20

Slide 23

iy

: l\ﬁ@etik Gecirgenlik

* Maddeler bagil manyetik gegirgenliklerine gore g grupta

incelenir.

Maddeler

Paramanyetik
Or: Aliminyum, platin,krom
Farromanyetik
Or: Demir,nikel,kobalt

. 5/ Miknatislararas melakiitme:ggkmﬁe,kuwe(y‘

—_— / v .
nelere bagli olabilir?

* Peki, sizce miknatislarin manyetik alan araciligi ile birbirlerine
uyguladigi bu itme veya cekme kuvvetinin biiyikligi nelere
baghdir?

Slide 21

Slide 24

Figure A.10. Slides of lesson 10. (cont.)



LESSON 10: (cont.)

172

Acaba Bilim insanlari nasil aciklamislar?

Coulomb Kanunu
i [
]

. . i L}
[ R ——
* iki miknatis kutbunun birbirine uyguladigi itme ya da cekme J‘
kuvvetinin blylkliga,

Miknatisin kutuplannin siddetiyle dogru,
2. Aralarindaki uzakhgin karesiyle ters orantilidic

3.Bu etki, kutuplar arasindaki ortamin tiriine de baghdir

(Java) Deney gozlemleriniziyaziniz ve

n-Many

Fi=-F, v F =F?=% nedeniniaciklayiniz
Slide 25
_Etkinlik 14: Akim nyetik Alan Iligkisi

GoOzlem ve tahminlerinizi karsilasgtinn? Ayni mi

Tahmin et
i (_Ag;‘k"fr) yoksa farkli mi?Nedenleriyle aciklayiniz
1Zan €
Slide 26 Slide 29
Sekildeki devrede, - =
- ‘-_-_‘—ﬁ‘—-- p—

1.Telderrgecenakim siddetiile pusutanmnsapma miktari
“2.Tele uzaklik ile pusuladaki sapma miktari
3.Telile pusula arasina bir madde koymamiz ile pusuladaki sapma
miktari
arasindaki iligki nasildir?

Defterinize tahmininiziyaziniz ve nedenini
aciklayiniz.

Kesfedilecek Sorular?

1. Devreden gecen akim ile akim ile manyetik alan siddeti
arasindaki iliski nasildir? Neden?

2. Tele olan uzaklik ile manyetik alan siddeti arasindaki
iliski nasildir? Neden?

3. Araya konulan bir madde manyetik alan siddetini nasil
etkiler?
4. Akimin y&ni degisirse manyetik alan nasil etkilenir?

Slide 27

Slide 30

Figure A.10. Slides of lesson 10. (cont.)
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Acaba Bilim insanlari nasil aciklamislar?

Manyetik alan siddeti
= akim giddeti ile dogru, .
= tele uzakhk ile ters orantilidir. L] LT

= ortamin manyetik gegirgenligine de baghdir

Hb

* Akimin yénii ters doniince manyetik alanin, dolayisiyla
elektromanyetik kuvvetin yiinii de ters diinilyor.

/—FJ-

Ornek Soru 2:

Manyetik alan icinde akim tasiyan bir tele etkiyen
manyetik kuvvetin artmasticin;

1. Manyetik alan siddetinin blyUtiilmesi,

11. Telden gecen akim siddetinin artinlmasi,
111. Telin boyunun kiciltilmesi

islemlerinden hangisi ya da hangileri yapilabilir?

A) Yalniz |

B) lvell C)lvelll
D) llvelll E) I, lve lll

Slide 34

Acaba Bilim insanlari nasil agiklamislar?

* icinden akim gecen tellerin
etrafinda manyetik alan
olusmasina, akimin manyetik
etkisi denir.

* Manyetik ving,

= kapi otomati,

* hoparlor,

* bilgisayar vb. bircok arac

= akimin manyetik etkisinden u-
-

yararlanarak calismaktadir.

[
|
S——

Slide 32

Sekildeki K, L ve M 6zdes miknatislardan olusmus
sistemde K ile M miknatislan sabittir. L miknatisinin
hareketsiz kalmas: i¢in miknatislarin 1, 2, 3, 4 numa-
rall kutuplarn agagidakilerden hangisi olamaz?
(Surtdnmeler dSnemsizdir.)

A 2 3 4.
A S s N s
B) N s N N
c) N N s N
D) N N s s
E) S N s s

77 i = »/‘ ==

Slide 33

Figure A.10. Slides of lesson 10. (cont.)
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APPENDIX B: PHYSICS REFLECTIVE JOURNAL WRITING
GUIDELINES

“YANSITICI FiZiK OGRENME GUNLUGU” YAZIM REHBERI

Yansitic1 Fizik Ogrenme Giinliigii (YaFog) nedir ve Neden kullanmahyim?

Ogrenme giinliigii yazma ve diisinme pratigi saglayan etkin bir materyaldir.
Ogrenme giinliikleri, derslerde 6gretmen tarafindan tahtaya yazilanlar1 pasif bir sekilde
deftere aktarmis oldugunuz ders i¢i notlardan tamamen farkli bir oOzellige sahiptir.
Ogrenme giinliikleri derste sizin ne 6grendiginiz veya 6grenemediginiz iizerinde diisiinerek
smif i¢i kisisel deneyimlerinizi kayit altina almanizi saglar. Boylelikle; sizin
ogrenmelerinize iliskin goriisleriniz dgretmeninize yansitilmis olur. Ogretmeninizin
yazilan gilinliigli okuyup sizlere gerekli geribildirimler vermesi, sizin siire¢ icerisinde

gelisiminizin takip edilmesine olanak saglar.

Ogrenme giinliikleri ayrica ¢ok cesitli katkilar saglar:

e Kendi diisiinceleriniz ile ylizlesmenizi saglar.

e Bilgi ve diisilincelerinizin sentezi i¢in bir platform olusturur.

e Sizle dgretmeniniz arasinda bir ¢esit iletisim ve karsilikli konusma aracidir.

e Derste size ilging gelen ve zorlandiginiz kisimlarin tespit edilmesine imkan
sunar.

e Ogretmeniniz tarafindan diizenli geri doniit almaniz1 saglar.

e Ogrenme diizeyiniz tespit edilerek yapilmasi gerekenler size yazili olarak
bildirilir.

Ne Yazmaliyim?
“Yansitict Fizik Ogrenme Giinliigii” nde toplam 5 adet soruya cevap vermeniz

beklenmektedir. Ik soruya cevap olarak, o giin islenilen konu ile ilgili daha &nceki

bilgilerinizi ve deneyimlerinizi aktarmaniz beklenmektedir.
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Ikinci soruda sizden beklenilen, isledigimiz ders konusu ile ilgili derste ne
anladiysaniz iizerinde diisiinerek ayrintili bir bicimde yazmanizdir. Bu baglamda konu i¢i
kavramlar, smif i¢i tartigmalar, giindelik hayat 6rnekleri, simiilasyon deneyleri, gosteri
deneyleri, laboratuvar  etkinlikleri  {izerinde  diislinerek yazma  igeriginizi
zenginlestirebilirsiniz.

Ucgiincii  soruda, derste size etkileyici ve ilging gelen kisimlar1 yazmaniz
beklenmektedir. Bu kapsamda derste sorulan bir sorunun cevabi, yapilan etkinligin

sonucu, izlediginiz video vb. durumlari diislinebilirsiniz.

Dordiincii soruda, derste size sasirtict gelen kisimlari yazmaniz gerekmektedir.
Sasirtict kapsaminda “Ben oOnceden bunu soyle biliyordum, onceden su sekilde
diisiiniiyordum fakat simdi anladim ki boyleymis” gibi daha 6nceden bildiklerinizle yeni

ogrendikleriniz arasinda g¢eligki oldugunu gosteren yazimda bulunmaniz beklenmektedir.

En son soruda ise isledigimiz ders sonunda anlayamadiginiz veya anlamakta giicliik

¢ektiginiz kisimlar1 agiklamaniz beklenmektedir.
Giinliikleri ne zaman kullanmaliyim?

Doldurmus oldugunuz ve Ogretmeniniz tarafindan geri doniit verilmis biitlin
giinliiklerinizi bir port folyo hazirlayarak her derste yanimizda bulundurmaniz
gerekmektedir.

Nasil Yazmaliyim?

Giinliiklerinizi kendi el yazmiz ile doldurmamiz gerekmektedir. Onemli olan
yazinizin agik, okunakli ve anlasilir olmasidir. Bu sekilde ilerleyen haftalarda tekrar
okumak istediginizde rahatlikla tekrar etme firsatiniz olacaktir.

Ogrenme giinliikleriniz nasil puanlandirilacak?

Yazdiklarmizin  bilimsel olarak dogrulugu veya yanhishigi degerlendirmeye

alinmayacaktir. Ayrica ciimlelerinizi kurarken yapmis oldugunuz dilbilgisi, noktalama,
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biiyiik harf, kii¢iik harf gibi teknik hatalarinizdan da puan kirilmayacaktir. Onemli olan

diisiincelerinizin ayrintili bir sekilde giinliiklere aktarilmasi ve ne sekilde diisiindiigiiniizii

tamamen kendi ciimlelerinizle ifade edebilmenizdir. Ozetle nasil yazdigimizdan ziyade,

nasil digiindligliniiz degerlendirmeye alinacaktir.

Bu kapsamda sizden beklenilenler asagidaki tabloda belirtilmistir.

Yiiksek Yeterli
Diizeyde | Diizeyde | Gelistirilmeli Zayf

(4) @) ) 1)

Giinliiklerin zamaninda yazimi

Acik ve anlasilir yazim

Diisiincelerin yansitilmasi

Dersle ve dersteki kavramlarla

iligkisi

Ozgiin Yazim

Not: Her bir giinlitk 20 puan iizerinden degerlendirilecektir. Toplamda 12 hafta
boyunca giinliik yazmaniz gerekmektedir. Bunlar arasindan en yiiksek puanl 10 tanesi
degerlendirmeye alinacaktir.(20X10=200 puan iizerinden topladiginiz puanlar daha

sonra 100°liik sisteme doniistiiriilecektir.)
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APPENDIX C: EXAMPLES FROM STUDENTS’ JOURNALS

2.Buglinkii derste neler 6grendiniz? Detayli olarak (bilimsel aciklamall,
neden ve nasil sorularinin cevabini icerecek sekilde) agiklayiniz.

Sl et OBtk Sh.... oo
L.l Laldla. EFYD. . G SLEY...... M0 S ...
o qlfm ..................................................................................................

ey /é ee... L1 s T2l LRI .
... KA. ... bij W‘r ae....
L@l ﬁm&m QWHI;...&....Q(M/QM(‘ [a2iy |
Lile..... Rlomasiale..~FShEh.... ..ok RS st |
... b{«‘y B akzm .. Lo, .. alkan .o
LRI DXE...... 2.0k gﬁacjbo/‘ Hadaio
1_9 Llasie....sebekt. e Gk edlDr, ‘}phfal 3.l
ctdlieore. lmasa....... sk cg/. Ll LN
.....c;(ueﬂgk. ....... ot i ekl g /ézv li..e...Copowr
Olkfmbtrl mmén HEBE..... Y f[cr Seentl QF...oler
SRlen.....clahe. e KL, (R UK. ... AR,
Olhd.... (ﬁ@%f M. Awﬁ{‘z% 222K dg. k... ol
»539“1/1 ......... LB, i lala..... aaa[cmmg FAYIPIN|
ebllade....0 (.zﬁ oL kuf g0l VoMol amsndl
... LY. IR F e Ctaap... uelohb.. ) Daragiple.

Figure C.1. Examples from students’ journals
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4.Bugiinkii derste size sasirtia (kafa kangtirici) gelen seyler nelerdi?
Nedenleriyle agiklayiniz.(Onceden farkli olan ama dersten sonra bilimsel yénde

ow

degistirdiginiz du iinceleriniz

B@ﬂkﬁ st AL c:lg e B e QMAU@amn{\
spaes... k.. maocor.. ol 4hm.. @Q\ONL .......
..... be<\xmehm‘J\'\~u= »»5. N \ﬁ-\*
AU 2. AT £ Ahnch..... 0K aloé{.)éu (yay)
Q4. QJ old% B G Y. AL

.ﬂ:‘m[c DI 171 @/;%m{z)? v@/z/ b0
G .. . (70/0 .......... k...

@
.D&V:’ ye«e Do Lala.... Cylmceéﬂ/,%,aw beq/
S FUTC  TRri OE caetl  O8 MM S S s

s —

§<

?‘e"‘?«*l ........... bu selilde  te ... 222 R 70k,
? ...... Secalanis... o sevilde. At By oo i Aeyalac
L AR L et Banlon bin
............. W L m&mb«m cleuce.

Figure C.1. Examples from students’ journals (cont.)

>
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APPENDIX D: EXAMPLES OF FEEDBACKS PROVIDED BY THE

TEACHER

2.Bugiinkii derste neler, 6grendiniz? Detayli olarak (bilimsel aciklamail,

neden ve nasil sorularinin cevabini icerecek sekilde) agiklayiniz,

Leinize...1b...clocak... Balen: Yoaak . basho. altdeki....
Dic... ekkinkkl... basladk... k.. cnce... bk, Yonage sirthordt.
aoba..ne..okd 2 dise. bir..sary,. sordok, Booim. Ohminion x......
by oaogn. . sictirdabben. Senr. Haok bolem. Soker canke
scalrinda.... cleltal. alsvers: olduguodin dakon . bizlemivic.
Boe..:..Bokaw koraa.. satborndlikben. Sonc. akadoki. ...
onokboky. (k.2) yeklec.. birbiclealk. etkilesime. qicdigh..
Lﬂ,,ack’efﬁa)om I‘Q’ 1057 R S K1 ler e 2o . 9ec8s . —
ginden...celon 4ot falony Coly
Solvk... .. Cumeladik. Mesela. Bed
().oke. gitts. de bolonden. benaga gimeck”. bu ¢ovmbin,.
yme&olwsal,mkckméabpra@mrﬁnlqnme
Slekérenln..deha. o0, s elior buoin. selehr Se. maddenio
...Cmﬁoe...Me...dzd@im@iﬁ;gﬁkm,m@ 0
.................................. D e 4
............................... L.\. | hidinesiaerecninasissaiinns

..........................................................................................................

e
o yukle~ ba/ena
gesh i )Bu kiso
mvheklbat orbo—
doskrinle ')0”"5.)

Alestly Faat'q
Sorabilisio]/

....d@ba....;at...Wm.‘;}mﬁ.@(tmmem.mi.km....lllg...ggk...ge;.ui..
...... o 0 S R S

Figure D.1. Examples of feedbacks provided by the teacher.



3.Buglinkii derste sizin icin ilging olan seyler nelerdi? Nedenleriyle agiklayiniz.
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...................

akendoks. Pméon)r gémﬂ 8mun Deddoai. Hendbich po&m-
Jain..cebtronley.. g, gere. daba. ot r,:el;é@ hisaas.
buann...nedony... maddenta, hem...Qnslae. 3. ber db.
..okt ronlaa.. Pfaéﬂ'\iaq olan m ’(W“@éng badl
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doloﬂ prptm’m s&fn{:..@.m..de...dgguzc...ﬁm).a:...lnﬂ
..... TR s \/

4.Buglinkii derste size sagirtict (kafa karistirici) gelen seyler nelerdi?
Nedenleriyle agtklayiniz. (Onceden farkli olan ama dersten sonra bilimsel
dnde degistirdiginiz dii L'mceleriniz).

..... Bon .. Gneden.. yikste...ir.. Sismin,. olobben. ...
probonlora...32hie. Olmdzaim biliproem.. fakot §und‘
thd.lm ki her mchde dg p(b&q WQ}QL&?") .........
3 Wdirﬁ Jodx... prebon..ve, Slekécen Je olsq

--------------

0!; J&:&!ﬂ!&ﬁ?@.’.ﬁmQIQ':!Q‘.‘Q.‘?...KEZ..C .............
X }%L e anlqdam Ri....eloktron. o Cla...o0tan
wsndkn......oela.. Bluse hy_chim Jublu Ai Lg_wu

%dm

Fokan Febrikle
Nedenleifle
ve bilimse/

oG k IM
ol @uﬂt/
olmu} /

Figure D.1. Examples of feedbacks provided by the teacher. (cont.)
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APPENDIX E: ITEM-OBJECTIVE TABLE

soru Kazanmim No Kazanim
No
Elektriklenen iletken ve yalitkanlarda yiiklii par¢aciklarin hareketini ve yiik
1 10213. dagilimlarini karsilastirir.
Elektriklenen iletken ve yalitkanlarda yiiklii par¢aciklarin hareketini ve yiik
2 10.2.13. dagilimlarim karsilastirir.
3 10.2.1.4. Yiiklii cisimler arasindaki etkilesimi agiklar.
4 10.2.1.4. Yiiklii cisimler arasindaki etkilesimi agiklar.
Elektriklenen iletken ve yalitkanlarda yiiklii par¢aciklarin hareketini ve yiik
5 10.2.1.4. dagilimlarini karsilastirir.
6 10.2.2.1. Elektrik akimi, direng ve potansiyel farki kavramlarini agiklar.
7 10.2.3.1. Akim, direng ve potansiyel farki kavramlari aralarindaki iligkiyi analiz eder.
8 10.2.2.1. Elektrik akimi, direng ve potansiyel farki kavramlarini agiklar.
9 10.2.2.1. Elektrik akimi, direng ve potansiyel farki kavramlarini agiklar.
10 10.2.3.1. Akim, direng ve potansiyel farki kavramlar: aralarindaki iliskiyi analiz eder.
11 10.2.3.1. Akim, direng ve potansiyel farki kavramlar aralarindaki iliskiyi analiz eder.
12 10.2.3.1. Akim, direng ve potansiyel farki kavramlari aralarindaki iligkiyi analiz eder.
13 10.2.3.1. Akim, direng ve potansiyel farki kavramlari aralarindaki iligkiyi analiz eder.
14 10.2.3.2. Giinliik hayatta iireteglerin seri ve paralel baglanma gerekgelerini agiklar.
15 10.2.3.2. Giinliik hayatta iireteclerin seri ve paralel baglanma gerekcelerini agiklar.
Miknatislarin manyetik &zelliklerinin nedenlerini agiklar ve maddeleri
16 10.2.4.1. manyetik 6zelliklerine gore siniflandirir.
Miknatislar arasindaki itme ve ¢ekme kuvvetini manyetik alan kavramini
17 10.24.2. kullanarak agiklar ve bu kuvvetin bagli oldugu degiskenleri analiz eder.
Uzerinden akim gecen diiz bir iletkenin olusturdugu manyetik alani etkileyen
18 10.251 degiskenleri analiz eder.
19 10.2.3.1. Akim, direng ve potansiyel farki kavramlari aralarindaki iligkiyi analiz eder.
20 10.2.3.1. Akim, direng ve potansiyel farki kavramlari aralarindaki iligkiyi analiz eder.

Kazanim No Soru Adedi
10.2.1.3
10.2.1.4
10.2.2.1
10.2.3.1
10.2.3.2
10.2.4.1
10.2.4.2

8 10.2.5.1

Toplam

~NO|OIARWIN(F-
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APPENDIX F: EMCT QUESTIONS AND ASSOCIATED CONCEPTS

Question | Master Concept(s) Specific Concept(s)
1 Conductors Distribution of charges on conductors
2 Insulators Distribution of charges on insulators
3 Coulomb Force Relationship between the amount of charge
carried by the particle and Coulomb Force
4 Coulomb Force Relationship between the amount of charge
carried by the particle and Coulomb Force
5 Electric Field Electric field at the center of a charged hollow
metal sphere
6 Electric Circuits The water circuit analogy for electric circuit
7 Electric Current The effect of Rheostat in an electric circuit in
association with Ohm’s law
8 Electrical Resistance Variables affecting electrical resistance
9 Electric Potential Factors affecting the potential difference
Difference
10 Electric Circuits Parallel Connected Resistors
11 Electric Current Electric current in series circuits
12 Electric Current The brightness of identical lamps in association
with the electric current in series circuits
13 Electric Current Electric current in parallel circuits
14 Electric Potential Electric potential difference of the batteries
Difference connected in series and parallel
15 Electric Potential The brightness of identical lamps in association
Difference with the electric potential difference of batteries
connected in series and parallel
16 Magnetic Field Magnetic field lines of a magnet
17 Magnetic Field Attraction and repulsion of magnets
18 Magnetic Field Factors affecting the magnetic field of a current-
carrying wire
19 Electric Current The brightness of identical lamps in association
with  electric current in parallel and series
connected resistors
20 Electric Current Electric current in series circuits
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APPENDIX G: ELECTRICITY AND MAGNETISM CONCEPTUAL
TEST (EMCT)

ELEKTRIiK ve MANYETIZMA KAVRAM TESTi
Sevgili Ogrenciler,

Bu test Elektrik ve Manyetizma {initesi ile ilgili iki asamali 20 sorudan olusan bir kavram
testidir.

Testin sonuclar1 sizlere daha etkin bir fizik dersinin gelistirilmesine katkida
bulunabileceginden 6nem tasimaktadir. Bu testte vereceginiz cevaplar kesinlikle ders notunuzu
etkilemeyecektir. Liitfen tiim sorular1 cevaplamaya ¢alisiniz. Smav siiresi 45 dakikadir. Katiliminiz
icin tesekkiir ederim.

Soru 1: Elinizde i¢i oyuk nétr metal bir kiire oldugunu /_\‘
varsaymiz. Negatif yiikli bir cisim bu kiireye yanda

goriildiigli gibi dokundurulup uzak bir yere ¢ekiliyor. Metal - -
kiire tiizerindeki negatif yik dagilim igin asagida

verilenlerden hangisi dogrudur? Nétr metal Kiire
A) Yiikler dokundurulan noktanin ¢evresinde kalir.

B) Yiikler kiirenin dis yiizeyine esit oranda dagilir.

C) Yiikler kiirenin i¢ ve dis yiizeyine esit oranda dagilir.

D) Dokunma ile kiire yiiklenmemistir.

E) Verilenlerin higbirisi

Cevabinizin nedenini aciklayiniz.

Soru 2: Yalitkan bir cisimle ilgili olarak verilen agagidaki durumlardan hangileri dogrudur?
I. Bir yalitkandaki ytikler serbestce hareket edemez.
I1. Yalitkan bir madde yiliklenemez.
I11. Yalitkan bir madde tizerindeki yiizey yiikleri daima sifirdir.
A) Yalnizl B) Yalmiz II C) I-11 D) H-111 E) I-11-111

Cevabinizin nedenini agiklayiniz.
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Soru 3:

Fd—@ @-» F

Her biri +Q yiikiine sahip iki noktasal cisim aralarinda belli bir uzaklik varken birbirlerine F
siddetinde bir kuvvet uygulamaktadirlar. Bu cisimlerden birisinin yerine net yiikii +4Q olan baska
bir noktasal cisim konuyor.

Bu durumda +Q vyiikiine etki eden kuvvet ne olur?
A) 16F B) 4F C)F D) F/4 E) higbiri
Cevabimizin nedenini agiklayniz.

Fd—@ @-» F

Her biri +Q yiikiine sahip iki noktasal cisim aralarinda belli bir uzaklik varken birbirlerine F
siddetinde bir kuvvet uygulamaktadirlar. Bu cisimlerden birisinin yerine net yiikii +4Q olan baska
bir noktasal cisim konuyor.

Bu durumda +4Q yiikiine etki eden kuvvet ne olur?
A) 16F B) 4F C)F D) F/4 E) higbiri

Cevabinizin nedenini aciklayiniz.
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Soru 5: Yanda, i¢i oyuk ve pozitif (+) yiikler dis
ylizeyine esit oranda dagilmis bir iletken metal kiire
gosterilmistir. Bu kiirenin yakinmna bir +Q yiikii
getiriliyor. +Q yiikiiniin getirilmesi ile kiirenin
merkezindeki elektriksel alanin yonii nasil olur?

A) Sola dogru

B) Saga dogru
C) Yukar1 dogru
D) Asagi dogru
E) Alan sifirdir.

Cevabimizin nedenini agiklayniz.

Soru 6: Yiiksek yapilarda, kent suyunu {iist katlara ¢ikarmak i¢in kullanilan diizenekte:
I. Su pompasi,
Il. Su sayaci,
I11. Basingolcer aygitlari vardir.
Bu diizenek bir elektrik devresine benzetilirse, yukaridaki her bir aygit, elektrik devresindeki

aygitlarm hangisinin yerini tutar?

A) LUretec, II. Direng, III. Voltmetre

B) L.Direng, II. Voltmetre, III. Ampermetre
C) I.Direng, II. Ampermetre, I1I. Voltmetre
D) LUreteg, II. Ampermetre, I1I. Voltmetre
E) LUreteg, II. Ampermetre, III. Direng

Cevabinizin nedenini aciklayiniz.
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Soru 7: Sekildeki devrede reostanin siirgiisii ok yoniinde ¢ekilirse, X ve Y lambalarinin parlaklig

ve i akimi nasil degisir?

X Y iakim
A) Artar Azalir Degismez
B) Degismez Artar Artar
C) Azalir Azalir Azalir
D) Azalir Aurtar Azalir
E) Degismez Azalir Azalir

Cevabinizin nedenini aciklayiniz.

Yanda goriilen devrede anahtar agildiktan hemen sonra, lambanin

Kapal direnci nasil degigir?

anahtar
o A) Artar
B) Azalir

| ' C) Degismez

D) Once azalir, sonra artar

E) Sifirlanir

Cevabinizin nedenini aciklayiniz.
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Soru 9: Sekil I’ de gosterilen elektrik devresine 6zdes bir lamba daha eklenerek Sekil II” deki

elektrik devresi olusturuluyor. Buna gore iiretecin uglart arasindaki potansiyel fark nasil degisir?

w

L
Sekil I Sekil 11
A) Artar
B) Azalir
C) Degismez
D) Once azalir, sonra artar
E) Sifirlanir
Cevabinizin nedenini aciklayiniz.

|

|

|

|

Iy

w
(|
iy

I

"

A B C D

Yukaridaki devreleri inceleyiniz. Bu devrelerden hangisi ya da hangileri bir iirete¢ ve paralel bagh
iki lambadan olusur?

A) A B)B C)C D)AveC E)A,CveD

Cevabinizin nedenini aciklayiniz.
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Sekil I’ de gosterilen bir elektrik devresine, Sekil II’ de gosterildigi gibi dzdes B lambast
ekleniyor. 11. ve 12. sorulart bu bilgiye gire cevaplandiriniz,.

®»

Soru 11: Sekil I ve Sekil I’ deki 1 noktalarindan gegen akimlarinin biiyiikliiklerini karsilastiriniz?

A) Sekil I’ de daha fazladir.
B) Sekil I’ de daha fazladir.
C) Her iki sekilde de esittir.
Cevabinizin nedenini aciklayiniz.

Soru 12: Sekil II’ de 1, 2 ve 3 noktalarindaki akimlarin biiyiikliikleri ile A ve B lambalarinin

parlakligini karsilagtiriniz?

Akim_ Parlakhik
A)ip =i =3 A ve B ampulleri ayn1 parlakliktadir.
B) iz>i>1; B ampulii daha parlaktir.
C)ir>ir>is A ampulii daha parlaktir.
D) i1>0>13 A ve B ampulleri ayn1 parlakliktadir.
E) i1=iy>1i3 B ampulii daha parlaktir.

Cevabinizin nedenini aciklayiniz.
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Soru 13:
1 E 2
3 4

1, 2, 3, 4, 5 ve 6 noktalarindan gecen akimlar1 biiyiikten kiigiige dogru siralaymiz. (Lambalar
Ozdestir.)

A) 5>1>2>3>4>6

B) 5>3>1>4>2>6

C) 5=6>3=4>1=2

D) 5=6>1=2=3=4

E) 1=2=3=4=5=6

Cevabinizin nedenini aciklayiniz.

Soru 14:
A A
-._ -— —-—
B B B
Devre | Devre Il Devre lll

Yukarida verilen devrelerde 06zdes lambalar ve &zdes iiretegler kullanilmustir. Asagidaki
seceneklerden hangisi A-B noktalar arasindaki potansiyel farki dogru olarak gostermektedir?

A) V1<V,<V,

B) V1=V,<V,

C) Vi=V>V;

D) Vi>V,>V,

E) Vi<V,=V,

Cevabimizin nedenini aciklayniz.
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Soru 15:
=/
| —
—— L I
| 1 11

Yukarida verilen devrelerde 6zdes lambalar ve 6zdes iiretegler kullanilmistir. Buna gore LII ve 111
lambalarinin parlaklik siralamasi nasildir?

A) I>11>111
B) lI>I>111
C) lHI>11>1
D) I=11=11l
E) I> 1=l
Cevabinizin nedenini aciklayiniz.
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Soru 16: Asagidaki sekilde bir ¢ubuk miknatis ve miknatisin belirtilen noktada olusturdugu

manyetik alan vektorii gosterilmistir.

Yo

1
X Cubuk miknatis

Miknatisin sol tarafinda yer alan 1 numarali noktada manyetik alanin yonii, yanda belirtilen
yonlerden hangisi olabilir?

d
A)a
o f
C4¢— —Ppa
C)c l
D)d
b

E) Manyetik alan sifirdir.
Cevabimizin nedenini aciklayiniz.

Soru 17:
Miknatis 1 Miknatis 2 Miknatis 3
| | ] |
VS
_?__..-I;""q

Uc¢ miknatis yukaridaki sekilde goriildiigii gibi bir arada tutulmaktadir. Miknatislar serbest
birakildiginda son durumlar asagidakilerden hangisi gibi olabilir?

A) /N £ y _ N£ _J"
L —1 [

=¥ = =
= =1 =
= F =1 =

Cevabinizin nedenini aciklayiniz.
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Soru 18: Bir 6grenci, sekildeki gibi bir devre kurmustur. Devrenin hemen yaninda masanin
iizerinde sekilde goriildiigii gibi bir pusula mevcuttur. Ogrenci
bakar teli pile bagladiginda, pusulanin ibresinde bir miktar sapma
gozlemlemistir. Bu 6grenci asagidakilerden hangisini yaparsa
pusulanin ibresindeki sapma miktari artar?

A) Pusulay1 telden uzaklastirmak

B) Pili ters baglamak

C) Devreye seri bagl bir pil daha eklemek

D) Pusula ile akim tasiyan tel arasina cam koymak

E) Higbiri

Cevabinizin nedenini agiklayiniz.

& &

Sol goz (I) Sag goz (1)

Govde 15181 (1IT)

Yukaridaki devre gosterimi bir oyuncak robotun elektrik devresine aittir. Devrede sol gozde(I), sag
gozde(Il) ve govdede(Ill) olmak iizere li¢ adet 6zdes lamba mevcuttur.

Buna gore lambalarin parlaklik siralamasi nasildir?
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A L>11> 11
B)I=11>1lI
O l=1=11
D)II>1=1l
E) HI>11>1

Cevabinizin nedenini aciklayiniz.

Soru 20:

Asagida gosterilen oyuncak polis arabasinin bir sireni, bir tepe lambasi ve iki tane de far1
mevcuttur. Bu dort devre elemani, devreye seri olarak baglanmustir.

Tepe Lambas1 Sol far Sag far
80 50 50

@@

Buna gore, bu devre elemanlarindan gecen akimlarin biiyiikliik siralamasi nasildir?

A) Tepe lambasi1 akimi > Sol far akimi = Sag far akimi > Siren akimi
B) Siren akimi1 > Sol far akimi = Sag far akimi > Tepe lambasi akimi
C) Siren akimi = Sol far akimi1 = Sag far akimi = Tepe lambasi akimi
D) Sol far akimi = Sag far akimi > Siren akimi > Tepe lambasi akimi

E) Tepe lambasi1 akimi > Sol far akimi = Sag far akimi = Siren akimi

Cevabinizin nedenini aciklayiniz.

SINAV BITMISTIR.
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APPENDIX H: PHYSICS MOTIVATION QUESTIONNAIRE (PMQ)

FiziKk MOTiVASYON ANKETi

Fizik dersleri hakkinda ne diisiindiigiiniizii ve neler hissettiginizi daha iyi anlamak icin asagidaki
ifadeleri “Fizik dersinde oldugunuzu disiinerek” degerlendiriniz. Sizden istenilen bu ifadeleri
okuduktan sonra kendinizi degerlendirmeniz ve sizin i¢in en uygun segenegin karsisina carpi (X)
isareti koymanizdir. Her sorunun karsisinda bulunan; (1) Hi¢ bir zaman (2) Nadiren (3) Bazen (4)
Genellikle ve (5) Her zaman anlamina gelmektedir. Liitfen her ifadeye mutlaka TEK yanit veriniz
ve kesinlikle BOS birakmaymiz. En uygun yanitlari vereceginizi iimit eder, katkilariniz igin

tesekkiir ederim.
1 | Fizik konularini 6grenmekten hoslanirim. 2 | 31415
2 | Ogrendigim Fizik konular1 hedeflerimle iliskilidir. 2 | 31415
3 | Fizik smavlarinda diger 6grencilerden daha basarili olmak isterim. 2 13|45
4 | Fizik sinavlarinin nasil gegecegini diisiinmek beni endigelendirir. 2 3 4 5
5 | Fizik smavi zaman geldiginde kaygilanirim. 2 | 31415
6 | Fizikten yiiksek bir not almak benim i¢in énemlidir. 2 131|415
7 | Fizik konularin1 6grenmek igin yeterince ¢aba sarf ederim. 2 | 31415
Fizigi iyi 6grenmemi saglayacak yollar kullanirim. 2 131|415
9 | Ogrendigim Fizik konularinin bana nasil bir yararmin olacagini 2 131|415
10 Flzlk sulnavlarlnda basarisiz olmaktan endise duyarim. 2 3 4 5
11 | Fizik notumun genel not ortalamami nasil etkileyecegini diistiniiriim. 21 3|14]5
12 | Bence, Fizigi tam anlamiyla 6grenmek yiiksek not almaktan daha énemlidir. 2 131|415
13 | Fizik sinavlarindan nefret ediyorum. 2 1 3|14]5
14 | Ogrendigim Fizik bilgilerini nasil kullanacagimi diisiiniiyorum. 2 | 3|45
15 | Fizik projelerinde ve laboratuar uygulamalarinda basarili olacagim 21 31| 4a]ls5
konusunda kendime giivenirim.
16 | Fizigi 6grenmek bana ilging geliyor. 2 131|415
17 | Fizikte 6grendiklerim yasantimla ilgilidir. 2 | 3145
18 | Fizik dersindeki bilgi ve beceriler konusunda kendimi daha da 213|415
gelistirebilecegime inantyorum.
19 | Ogrendigim Fizik bilgileri giinliik hayatta benim i¢in degerlidir. 2 1 3|14]5
20 | Fizik sinavlar1 ve laboratuar uygulamalarina iyi hazirlanirim. 2 | 3145
21 | Fizik sinavlarinda basarili olacagim konusunda kendime gilivenirim. 2 | 31415
22 | Fizik konularini anlamak bana basari hissi verir. 2 1 3|14]5
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APPENDIX I: JOURNAL WRITING SURWEY (JWS)

“FiZiK OGRENME GUNLUGU” YAZIM ANKETI

1. “Fizik Ogrenme Giinliigii” yazma siireci ile ilgili pozitif deneyimlerinizi ayrmtih

olarak yaziniz.

2.“Fizik Ogrenme Giinliigii” yazmanin Fizik konu ve kavramlarim 6grenmenize olan

katkilarim1 ayrintili olarak yaziniz.
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3.“Fizik Ogrenme Giinliigii” yazmanin (varsa) hosunuza gitmeyen yonleri nelerdir?

Ayrintilh olarak yazimz.





