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ABSTRACT

CHALLENGES OF PRE-SERVICE PHYSICS TEACHERS IN
ARGUMENT-DRIVEN INQUIRY ACTIVITIES

Demirtas, Dilber
Doctor of Philosophy, Science Education in Mathematics and Science Education

Supervisor: Assoc. Prof. Dr. Omer Faruk Ozdemir
Co-Supervisor: Dr. Ufuk Yildirim

January 2024, 245 pages

This study aimed to investigate challenges faced by pre-service physics teachers
(PPTs) in an online course based on Argument-Driven Inquiry (ADI) as they acted
as learners, planners, and instructors. An undergraduate elective course was
redesigned for this purpose. The course, which is structured into learning,
preparation, and teaching phases, involved four weekly hours during the fall
semester of the 2020-2021 academic year. Analyzing challenges faced by the three
lowest-achieving students in all phases enhanced understanding of PPTs’ struggles
with ADI. The study employed a qualitative approach, utilizing video recordings,
course materials filled by/prepared by the participants, reflection papers, and
interviews for data collection. A meticulous data analysis, following the constant
comparative method, uncovered intricate challenges during the learning,
preparation, and teaching phases of ADI. The findings reveal a number of issues
related to different aspects of ADI, namely claims, empirical and theoretical data,
empirical and theoretical warrant, and empirical rebuttal. Noteworthy is the finding
that these challenges are content-dependent, suggesting that proficiency in one

phase does not guarantee success in others. Implications emphasize the need for a



holistic approach in teacher preparation, ongoing professional development, and
curriculum design, addressing interconnected challenges and acknowledging the
content and/or context dependency of skill development. Depagogical approaches
tailored based on the challenges and specialized guidance are advocated,
emphasizing the unique challenges encountered during the ADI activities The study
contributes valuable insights to science education practices, urging educators and
policymakers to consider the identified challenges for effective ADI

implementation.

Keywords: Argumentation, Inquiry, Argument-Driven Inquiry, Challenges, Pre-

service Physics Teachers
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0z

FiZiKk OGRETMEN ADAYLARININ ARGUMAN ODAKLI SORGULAMA
ETKINLIKLERINDE KARSILASTIKLARI ZORLUKLAR

Demirtas, Dilber
Doktora, Fen Egitimi, Mathematik ve Fen Bilimleri Egitimi
Tez Yéneticisi: Dog. Dr. Omer Faruk Ozdemir
Ortak Tez Yoneticisi: Dr. Ufuk Yildirim

Ocak 2024, 245 sayfa

Bu calismanin amaci, fizik 6gretmen adaylarmin (FOA) ¢evrimigi yiiriitiilen
Argiiman Odakl1 Sorgulama (AOS) odakl1 bir derste 6grenci, gelistirici ve 6gretmen
olduklarinda karsilagtiklart zorluklar1 aragtirmaktir. Bu amagla, se¢meli bir lisans
dersinin igerigi yeniden tasarlanmigtir. Ogrenme, gelistirme ve 6gretim asamalar
seklinde yapilandirilan ders, 2020-2021 akademik yilinin giiz dénemi boyunca
haftalik dort saatten olusmustur. Tim asamalarda en diisiik basariya sahip {i¢
ogrencinin  karsilastign  zorluklarm analiz  edilmesi, FOA’larm AOS ile
miicadelelerinin  anlagilmasini  saglamistir. Calismada nitel bir yaklagim
benimsenmis ve veri toplamak icin video kayitlari, ders materyalleri, yansitma
kagitlar1 ve goriismeler kullanilmistir. Siirekli karsilastirmali yontemi izleyen bir
veri analizi, AOS’1in 6grenme, gelistirme ve Ogretim asamalarindaki karmasik
zorluklar1 ortaya c¢ikarmistir. Bulgular, iddialar, ampirik ve teorik veriler, ampirik
ve teorik gerekceler ve ampirik clirtitme ile ilgili zorluklar da dahil olmak iizere ¢ok
yonlii sorunlar1 ortaya koymaktadir. Bu zorluklarin igerige bagli olmasi dikkat
cekicidir ve bir asamadaki basarinin digerlerinde yeterliligi garanti etmedigini

gostermektedir. Cikarimlar, 6gretmen hazirhigi, siirekli mesleki gelisim ve miifredat

vil



tasariminda, birbiriyle baglantili zorluklar ele alan ve beceri gelisiminin igerige
ve/veya baglama bagimliligin1 kabul eden biitiinsel bir yaklasima duyulan ihtiyaci
vurgulamaktadir. AOS c¢ergevesindeki benzersiz zorluklar vurgulanarak, o6zel
pedagojik yaklagimlar ve 6zel rehberlik savunulmaktadir. Calisma, fen egitimi
uygulamalarina degerli i¢goriiler katmakta, egitimcileri ve politika yapicilart etkili

ADI uygulamasi i¢in belirlenen zorluklar1 dikkate almaya ¢agirmaktadir.

Anahtar Kelimeler: Argiimantasyon, Sorgulama, Argiiman Odakli Sorgulama,

Zorluklar, Fizik Ogretmen Adaylari
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CHAPTER 1

INTRODUCTION

The terms “science” and “scientists” are commonplace in our everyday discourse.
These terminologies hold a distinctive status, not solely within our daily interactions
but also in the academic sphere. The attribution of the label “scientific” to certain
assertions, rationales, or research endeavors is a deliberate act aimed at conveying a
sense of value or a particular form of reliability, as articulated by Chalmers (1999).
However, what attributes contribute to the esteemed regard accorded to science and
its practitioners? It is imperative to scrutinize the underpinnings of the profound
respect accorded to the realms of science and its practitioners. Primarily, it is
important to elucidate the precise definitions of the concepts of “science” and
“scientist”. As evidenced in the foregoing discussion, science represents a repository
of reliable and empirically sound knowledge, while a scientist is an individual who,
through the application of rigorous scientific methodologies, engenders this

knowledge.

Science involves the systematic examination of natural phenomena within the
universe. To comprehend the operations of the universe, scientists engage in
formulating and substantiating claims through the acquisition of data from
observations and experiments. The reciprocal process of critiquing each other’s
assertions is undertaken to either disprove unsubstantiated claims or endorse those
validated. As posited by Felton et al. (2009), the acquisition of scientific knowledge
by scientists is facilitated through the comprehensive application of inquiry and
argumentation as a whole. Inquiry, with historical roots, traced back to the Latin term

“inquerere,” meaning to investigate, ask, and seek, has been an enduring component



of scientific exploration (Online Etymology Dictionary, n. d.). The National Science
Education Standards (National Research Council [NRC], 1996, 2000) define inquiry
as the diverse methodologies scientists employ to pose questions to examine the
natural world and construct rich explanations rooted in evidence. The definition of
argumentation varies among scholars, with some characterizing it as the construction
of scientific knowledge and others depicting it as the initiation of discourse to attain
consensus. For example, while O’Keefe (1982) simplifies argumentation as a
conclusive product derived from premises, Rieke and Sillars (1993) portray it as a
dialogical process influencing individuals’ perspectives through presenting,
supporting, and modifying one’s claims, and criticizing those of others. In essence,

science, inquiry, and argumentation are inextricably intertwined.

Bruner (1960), a foundational figure in the field of science education, underscores
the significance of conceptual learning in science education by portraying the learner
as a scientist. In his articulated perspective, Bruner (1960) contends that a student
engaged in learning physics essentially assumes the role of a physicist, highlighting
the efficacy of aligning educational practices with the behaviors intrinsic to the
scientific discipline. This statement is further echoed in the National Science
Education Standards (NRC, 2000), which assert that students cultivate a profound
comprehension of scientific laws, theories, models, and principles through active
inquiry and emulation of scientific processes, aligning their approach with that of
scientists. The well-known aphorism “Tell me and I forget, show me and I
remember, involve me and I understand” encapsulates the value of learner
participation in tasks as a potent mechanism for meaningful learning. Consequently,
a departure from rote memorization becomes imperative in science education, given
that the discipline transcends a mere repository of laws, theories, and facts,
encompassing the dynamic processes integral to scientific inquiry (Driver et al.,
1994). The pivotal role of learners’ active participation in learning science,
specifically through the processes of inquiry and argumentation, is emphasized.

Following Kuhn’s (2005) recommendations, the implementation of a learning



environment of this nature can be achieved through the integration of inquiry and

argumentation activities as part of classroom instruction.

In the realm of science education, both inquiry and argumentation methodologies
enjoy widespread application, with documented advantages for students (e.g., Bell &
Lin, 2000; Constantinou et al., 2018). In science education, instructional methods
that integrate both inquiry and argumentation include Argument-Driven Inquiry
(ADI) and Argument-Based Inquiry (ABI), as seamlessly demonstrated in the
relevant literature (Hand et al., 2004; Walker et al., 2011). In the context of this
study, ADI was favored due to its structured and systematic approach, where the
inquiry process is intricately aligned with the systematic development and

articulation of arguments.
1.1  Rationale of the Study

Introduced by Walker et al. (2011), ADI serves as an instructional method that places
significant emphasis on argumentation within laboratory-based instructional settings
(Walker & Sampson, 2013a). ADI instructional sessions commence with the
formulation of a research question, guiding students to construct an argument
comprising a claim, evidence, and reasoning as they work toward addressing the
posed inquiry (Grooms et al., 2018; Sampson & Gleim, 2009). The delineated
characteristics of ADI align with the requisites for an innovative science education

approach.

Given the novelty of ADI as a pedagogical approach, there exists limited empirical
research regarding its efficacy within educational settings. Nonetheless, as ADI
inherently incorporates inquiry and argumentation processes, the educational
outcomes associated with ADI encompass those associated with both inquiry-based
and argumentation-based learning methods. Extensive educational research has
demonstrated the advantageous effects of proficiently implementing inquiry and

argumentation within science classrooms.



ADI is crafted with the primary objective of fostering students’ autonomous
development of methodologies for data collection, investigation, and utilization of
data to address research inquiries, as well as proficiency in writing and reflective
practices. Moreover, ADI provides students with opportunities to engage in
argumentation and participate in peer review processes (Walker et al., 2011). The
implementation of ADI in science learning yields notable advancements in students’
argumentation skills (Sampson et al., 2011), writing proficiency (Sampson et al.,
2013), evaluation of peer writings (Walker & Sampson, 2013b), conceptual
understanding (Sampson et al., 2013), and attitudes toward science (Walker et al.,
2012). Students immersed in inquiry activities exhibit enhanced conceptual
understanding (Blanchard et al., 2010), science process skills (Mattheis &
Nakayama, 1988), critical thinking abilities (Constantinou et al., 2018),
communication skills (Shymansky et al., 1983), epistemological understandings
(NRC, 2000), motivations (Cairns & Areepattamannil, 2019), and attitudes toward
science (Gibson & Chase, 2002). By the same token, engagement in argumentation
activities contributes to improvements in conceptual understanding (Berland &
Reiser, 2009), argumentation skills (von Aufschnaiter et al., 2008), critical thinking
abilities (Duschl & Osborne, 2002), communication skills (Osborne et al., 2004b),
epistemological understandings (Bell & Linn, 2000), motivations (Bell & Linn,
2000), and attitudes toward science (Kutluca & Aydin, 2016). Considering these
multifaceted benefits, a learning environment predominantly shaped by ADI
activities is logically anticipated to facilitate robust knowledge construction among

students.

Upon a thorough examination of the pertinent literature, it is evident that a prominent
concern within the domain of science education revolves around the promotion of
inquiry and/or argumentation activities. While a limited group of researchers in
science education the field has made efforts to discern the reasons behind the
infrequent utilization of such activities in learning environments, the prevailing

studies predominantly attribute the non-implementation of these activities to external



barriers. These external barriers encompass the implementation of inaccurate inquiry
levels such as guided inquiry and open inquiry (Kirschner et al., 2006), time
constraints (Newton et al., 1999), resource insufficiency (Edelson et al., 1999), and a
deficit in pedagogical content knowledge (Yoon et al., 2012). In contrast, the internal
challenges associated with teaching with these activities have not undergone a

comprehensive analysis.

Nations are typically classified into developed, developing, and undeveloped
categories. The transition from an industrial to an information society marks a
country’s classification as developed, encompassing widespread societal integration
of this transformation. Achieving this transition is contingent upon advancements in
science and technology. This underscores the significant emphasis that should be
placed on science and science education in Tiirkiye, identified as a developing

country (Aslan, 2019).

In Tiirkiye, curriculum revisions have been implemented since the academic year
2005-2006. Even though the use of student-centered learning approaches is
recommended by the physics curriculum empirical investigations in Tiirkiye indicate
a predominant reliance on traditional teaching methods among teachers in their
classrooms (Aslan, 2019). There is a compelling need to investigate and comprehend
the factors contributing to the limited adoption of student-centered methods,

particularly that of ADI by physics teachers.

Prior to delineating the challenges faced by teachers in the implementation of ADI, it
1s methodologically sound to initially ascertain the challenges encountered by pre-
service teachers (PPTs) and their origins. This strategic approach aims to provide a
comprehensive understanding of how to effectively address these challenges,
particularly considering the identified deficiency in teachers’ pedagogical content
knowledge as a notable external barrier to ADI implementation. Consequently, the

research endeavors to focus on elucidating the challenges experienced by PPTs in



both learning science with ADI and its subsequent implementation, specifically in

scenarios where external barriers have been successfully mitigated.
1.2 Significance of the Study

This study holds significance as it addresses the prevalent issue of underutilizing
inquiry and/or argumentation activities in science education. Specifically, it explores
the internal challenges faced by PPTs during the implementation of ADI in online
settings. Initially, by delving into the challenges experienced by PPTs in various
roles as learners in ADI activities, as integrators of ADI into the Turkish physics
curriculum, and as instructors implementing ADI activities; the research aims to
provide insights that can inform the development of more effective educational
practices, tailored teacher training programs and curriculums. The thorough
examination of challenges encountered by the PPTs who participated in this study is
anticipated to prompt the exploration of strategies aimed at overcoming these
obstacles. This, in turn, is expected to facilitate the development of more effective
learning environments in the field of science education. The focus on internal
challenges adds depth to the scholarly discourse, addressing a specific aspect that has
not been thoroughly explored and enriching the academic community’s
understanding of the complexities involved in implementing innovative teaching

methods.
1.3 Aims of the Study

The main aim of the study is to identify the challenges experienced by PPTs in
various roles as learners in ADI activities, as integrators of ADI into the Turkish

physics curriculum, and as instructors implementing ADI activities.
1.4  Research Questions of the Study

In consideration of the aforementioned purposes of this study, the following research

questions are formulated:



RQ1. What are the challenges of PPTs in physics-oriented ADI activities?

RQI.1

RQI.2

RQI.3

What are the challenges of PPTs acting as learners in ADI activities?

What are the challenges of PPTs integrating ADI into the Turkish

physics curriculum?

What are the challenges of PPTs in acting as teachers implementing

ADI activities?

15 Abbreviations

ADI

METU

MSE

PPT

SPS

TAP

Argument-Driven Inquiry

Middle East Technical University
Mathematics and Science Education
Pre-service Physics Teacher
Science Process Skill

Toulmin Argument Pattern






CHAPTER 2

LITERATURE REVIEW

This research is grounded in three distinct research domains related to science
education and their intersection: Inquiry, argumentation, and ADI. Consequently, the
literature review starts by exploring the theoretical foundations of inquiry,
argumentation, and ADI separately. Subsequently, it delves into the influence of
these three domains on students. Following this, the chapter addresses the challenges
encountered by teachers, pre-service teachers, and students when applying these

approaches in science classrooms.
2.1 Inquiry, Argumentation, and Argument-Driven Inquiry

This section delves into the theoretical underpinnings of inquiry, argumentation, and
ADI in the context of science education. The study draws upon three significant
bodies of research, each contributing unique perspectives to the understanding of

effective teaching and learning methodologies.

2.1.1  Theoretical Underpinnings of Inquiry

The term “inquiry” has a consistent and enduring history as the principal term
employed to characterize effective science teaching and learning. At times, it has
been referred to as “inquiry,” and alternatively as “enquiry,” though both terms have
been used interchangeably (Barrow, 2006). The term’s roots can be traced back to
the 13th century, signifying the act of “seeking information” (Online Etymology
Dictionary, n.d.). In the realm of science education, the term “inquiry” is utilized in

various contexts, leading to challenges in reaching a unanimous definition among



science educators and researchers (Colburn, 2000; Martin-Hauser, 2002). Anderson
(2007, p. 808) underscores the necessity for clarity in using the term, stating, “If
[inquiry] is to continue to be useful, we will have to press for clarity when the word

enters a conversation and not assume we know the intended meaning.” (p. 21).

The term “inquiry” has been employed to denote the process of conducting scientific
investigations and is commonly associated with the term “scientific inquiry” (NRC,
1996). According to the National Science Education Standards, inquiry is defined as
“the diverse ways in which scientists study the natural world and propose
explanations based on evidence derived from their work” (NRC, 1996, p. 23).
Alternatively, Chinn and Malhotra characterize inquiry simply as the investigations
conducted by scientists (2002). These conceptualizations of inquiry not only reveal
the evolving nature of scientific practices but also underscore their autonomy from

the educational system.

The term “inquiry” is widely used in the context of learning and teaching,
manifesting in various forms such as student inquiry, inquiry-based learning, inquiry-
based teaching, inquiry-based approach, discovery-based learning, and research-
based learning (refer to Barman, 2002; Bruner, 1961; Cincera, 2014; Furtak et al.,
2012; Lederman, 2003; Spronken-Smith, 2012). Haury (1993) contends that inquiry
necessitates an inherently curious mindset actively seeking answers, and inquiry-
based teaching involves students in the investigative aspects of science. The National
Science Education Standards (NRC, 1996) define inquiry education as an active
learning approach emphasizing questioning, experimental planning, data gathering,
analysis, and critical thinking. Barman (2002) proposes that educational inquiry
should concentrate on both teaching science process skills, such as observation and
data collection, and on learning strategies contributing to science comprehension
through investigations. Cairns and Areepattamannil (2019) outline three dimensions
of inquiry teaching: (1) teaching of inquiry (imparting science process skills), (2)
teaching about inquiry (educating on how scientists employ inquiry-based methods

to explore the natural world), and (3) teaching through inquiry (instructing concepts
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via inquiry). More recently, the National Science Education Standards (NRC, 2000)

identified five necessary characteristics of inquiry in learning environments:

1. Scientifically oriented questions to stimulate the students’ interest.

2. Evidence collected by learners to enable them to refine their answers to the
scientifically oriented question.

3. Explanations that students form based on their evidence to answer
scientifically oriented questions.

4. Assessment of their explanations; this assessment may involve alternative
explanations that reflect scientific understanding.

5. Communication and justification of suggested explanations.

As per the findings of Jerrim et al. (2022) and Spronken-Smith (2012), science
learning through inquiry has involved fostering students’ indirect acquisition of
scientific knowledge through their investigations. This contrasts with the
conventional approach of directly receiving scientific knowledge from teachers.
Importantly, this method, characterized by a student-centered approach, has been
instrumental in cultivating students as lifelong learners. It has been seen that inquiry-
based learning has the theoretical underpinnings of cognitive constructivism where
the learner actively constructs knowledge through experience (Bruner, 1960; Piaget,

1972).

This study emphasizes inquiry as a fundamental learning method, encompassing
various forms like student inquiry and inquiry-based learning. It promotes an
inherently curious mindset, engaging students in scientific investigation and aligning
with educational standards. The focus on science process skills and the three
dimensions of inquiry teaching underscores its significance. In conclusion, the study
concurs with previous findings, emphasizing inquiry’s transformative role in

fostering scientific knowledge acquisition and cultivating lifelong learners.

In science education, the foundation of inquiry can be traced back to the ideas of

pioneers such as Dewey (1910, as cited in Barrow, 2006) and Bruner (1960). Dewey
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criticized teacher-centric approaches, advocating for inquiry as the primary teaching
method. He believed traditional education placed excessive emphasis on facts and
lacked the reflection of scientific processes. Dewey proposed a method involving
recognizing confusing situations, clarifying problems, formulating temporary
hypotheses, testing and revising them, and working through solutions. In Dewey’s
approach, the teacher played a passive guiding role, offering support and guiding
questions, while students actively engaged in learning. Similarly, Bruner (1960)
introduced a pedagogical guideline aligning with scientific inquiry, emphasizing that
learners should act as scientists for meaningful science learning rather than
memorizing teachers’ information. In his words, “[t]he schoolboy learning physics is
a physicist, and it is easier for him to learn physics behaving like a physicist than

doing something else.”

It’s crucial to highlight that inquiry activities can be designed at various levels. The
National Science Education Standards outlined four distinct levels of inquiry

activities (NRC, 2000; refer to Table 2.1).

Table 2.1. Inquiry Levels and Their Descriptions

Confirmatory The teacher presents students with a question for investigation

Inquiry along with methods of data collection. Students confirm a
principle, law, or fact through an activity where the outcome is
predetermined.

Structured The teacher presents students with a question to investigate

Inquiry and provides methods of data collection. The outcome is

uncertain, and students are accountable for attaining and
interpreting the result.

Guided Inquiry The teacher presents students with a research question, and
students are tasked with choosing or creating their own
methods for data collection. They are responsible for
anticipating and interpreting the unknown outcome.

Open Inquiry Students are tasked with formulating questions related to the
topic, choosing or creating methods for data collection, and
predicting and interpreting the unknown outcome. In essence,
students assume responsibility for every aspect of the inquiry
process.
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2.1.2  Theoretical Underpinnings of Argumentation

Researchers globally have delved into the study of argumentation for numerous
decades, resulting in a substantial body of pertinent research. While some have
employed the terms “argument” and “argumentation” interchangeably, others have
underscored the difference between them (refer to Namdar & Shen, 2016; O’Keefe,
1982; Rieke & Sillars, 1993; Sampson & Clark, 2008; Simon et al., 2006).

Toulmin (1958) introduced an intricate structural model of argumentation in his
seminal work, “The Uses of Argument.” Through the analysis of various arguments,
he delineated how people naturally engage in argumentation. This analysis led to the
formulation of the Toulmin Argument Pattern (TAP), a model that identifies the
essential components of an argument and their interrelationships. Widely adopted by
educators, particularly in the field of science education, TAP has served as a
prevalent template for describing and evaluating students’ arguments in recent years
(refer to Christodoulou & Osborne, 2014; Driver et al., 2000; Erduran et al., 2004;
Jiménez-Aleixandre et al., 2000; Grooms et al., 2016; Sampson & Clark, 2008;
Russell, 1981; von Aufschnaiter et al., 2008).
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TAP comprises six elements: Claim, data, warrant, backing, qualifier, and rebuttal.
Figure 2.1 illustrates the interrelation of these elements within an argument,

accompanied by an example.

Qualifier
Absolutely

Data Claim
Table or graph showingthe relationship Ifthe dis_ta nc&_a betweenthe light source
between the distance ofthe light source from s0 —=> ;_and t_he \I_Iummated surface_ decreases, the
the illuminated surface and the illumination of illumination of the surface increases.
the surface

unless

Warrant Rebuttal

lllumination of the surface was measured by All of the data collection points are very
manipulating only the distance betweenthe close to each other.

light source and the surface.

in account of

Backing
During the experiment, two or more

independent variables are not manipulatedin
orderfor the result to be valid.

Figure 2.1. Toulmin Argument Pattern

The elements are described below:

Claim: Idea that individuals possess, an assertion they present, or a
conclusion they arrive at. This constitutes the principal element of the

pattern.

Data: Information, fact, or process utilized as proof to substantiate the

claim.

Warrant: A bridge linking the data to the claim, elucidating the manner in

which and the reasons why the data supports the claim.

Backing: Justification exposing why the warrant is relevant, reinforcing

both the warrant and, consequently, the claim.

Rebuttal: Statement that contradicts any element of the argument.
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Qualifier: Expression that outlines the limits of the claim, specifying the

situations in which the claim holds true (e.g., mostly, certainly, possibly).

O’Keefe (1982) defines argument as a product consisting of a conclusion derived
from premises. Rieke and Sillars (1993) describe it as the conjunction of a claim with
its grounds, the supporting elements. Simon et al. (2006) characterize argument as a
combination of elements, including claim, data, warrant, and backing. Sampson and
Clark (2008) offer a simple definition as “artifacts students create to articulate and
justify claims or explanations”. Besnard and Hunter (2008) see it as a set comprising
a conclusion (claim) and its supports (assumptions or premises) providing
justification. A simplified Toulmin Argument Pattern (TAP) model, involving claim,
evidence, and reasoning, has gained popularity among researchers and science
educators (Berland & Reiser, 2009; Grooms et al., 2016; McNeill & Krajcik, 2007).
This study utilizes TAP for a detailed analysis of challenges faced by PPTs.

Argumentation has been characterized diversely as the act of forming and/or
expressing arguments in written or verbal form and/or engaging in discussions to
persuade or establish a consensus. Sampson and Clark (2008) define argumentation
as an intricate process where students create artifacts to formulate and support
claims. Similarly, Jiménez-Aleixandre and Erduran (2008) depict argumentation as
the connection between data and claims through the justification and evaluation of

knowledge.

A number of studies have taken a different position and defined argumentation as the
construction of a reckoning. Argumentation has been seen as a dialogical process to
influence people’s minds by providing, supporting, and modifying one’s own claims
and critiquing those of others (Berland & Reiser, 2009, 2011; Duschl & Osborne,
2002; Golanics & Nussbaum, 2008; O’Keefe, 1982; Rieke & Sillars, 1993). Simon et
al. (2006) straightforwardly equate argumentation with the act of arguing. Duschl et
al. (2007, p. 33) articulate argumentation as “a mode of logical discourse whose goal

is to tease out the relationship between ideas and evidence” in their influential book,
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“Taking Science to School: Teaching Science in Grades K-8”. Besnard and Hunter
(2008) and Costello and Mitchell (1995) have described the argumentation process as
the construction, comparison, and evaluation of the arguments by integrating the

construction and discussion processes.

In a more expansive sense, “argumentation is a verbal, social, and rational activity
aimed at formulating a reasoned critique of the acceptability of a standpoint by
presenting a constellation of proposals, justifications, or refutations related to the
proposition expressed in the standpoint” (van Eemeren & Grootendorst, 2004, p.1).
This involves individuals constructing claims, offering justifications, expressing their
viewpoints, and evaluating others’ claims and justifications within the context of
argumentation (Driver et al.,, 2000). Namdar and Shen (2012) suggest that
argumentation can be viewed as a combination of three distinct processes: (1)
linguistic processes involving verbal and written arguments, (2) cognitive processes
involving reasoning during discussions, and (3) social processes involving
interactions among arguers. Duschl and Osborn (2002) have stressed that
argumentation is a critical discourse process in which it has conceptual and epistemic

goals of science.

The researcher’s view aligns with varied definitions of argumentation, encompassing
diverse forms of expressing arguments and engaging in discussions for persuasion or
consensus. Argumentation involves constructing and supporting claims, dialogical
processes, and a rational critique of standpoints through proposals, justifications, and

refutations, with linguistic, cognitive, and social dimensions.

Kuhn (2010) underscores the significance of learners’ argumentation skills as crucial
intellectual abilities. Argumentation is defined as the collective engagement of
numerous individuals in a reasoning process (van Eemeren et al., 1996; Yeh & She,
2010), and it takes place within purposeful dialogues where reasoning is involved

(Walton, 2006).
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Aydeniz et al. (2012) characterize argumentation within educational settings as a
pedagogy aligned with reform, incorporating epistemological elements from
cognitive approaches such as social constructivism. Social constructivism posits that
learning involves the collaborative construction of knowledge through
communicative and social processes (Aldridge et al., 2000; Driver et al., 1994;

Vygotsky, 1978).

2.1.3  Argument-Driven Inquiry

ADI represents an instructional approach integrating inquiry and argumentation
within educational settings (Walker et al., 2011). This method offers a laboratory-
based model that facilitates argumentative discussions within teams and between
different teams (Grooms et al., 2018; Walker et al., 2016). Grooms et al. (2016)
outlined the eight stages of ADI, as presented in Table 2.2.

Table 2.2. ADI stages and their descriptions

ADI Stages Description
Stage 1 The teacher presents the research question, introduces the
Identification of the topic, and guides the investigation. Like other approaches
Task and the such as the Learning Cycle, this stage involves capturing

Research Question

students’ interests, connecting past and current

experiences, and clarifying the objectives of upcoming

activities.
Stage 2 It centers on the creation and examination of data. During
Develop a Method this phase, students collaborate in groups of three or four
and then Collect and | to devise and execute their own approach to address the
Analyze Data research question.
Stage 3 Students formulate a provisional argument, comprising a

Develop a Tentative
Argument

claim (conclusion, explanation, and descriptive statement),
evidence (measurements, observations), and a justification
(an explanation of why the evidence supports the claim) in
response to the research question.
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Table 2.2 (Continued)

Revises and
Submits Report to
the Instructor

Stage 4 Students present their arguments to peers and provide

Argumentation critiques of others’ arguments. Following the session, all

Session groups have a chance to refine their arguments. This stage
aims to teach students the skills of sharing and critiquing.

Stage 5 This involves a teacher-led whole-class discussion where

Explicit and students share their knowledge and discuss crosscutting

Reflective concepts, the nature of science, and scientific inquiry.

Discussion

Stage 6 Individually, students compose an investigation report

Write an containing the aim, method, and argument, promoting

Investigation metacognition through this process.

Report

Stage 7 In this phase, each group conducts blind reviews of

Double Blind multiple reports for feedback, enabling students to

Group Peer Review | develop evaluation skills.

Stage 8 Following the revision prompted by the double-blind

group peer review, students submit their report to the
teacher.

2.2  Student Outcomes of Inquiry, Argumentation, and Argument-Driven

Inquiry

The subsequent pages present findings from relevant studies showcasing the efficacy

of inquiry, argumentation, and ADI, recognized as significant contemporary trends in

science education reform.

2.2.1  Student Outcomes of Inquiry in Science Education

The subsequent sections delve into the impact of inquiry on students’ science

learning, scientific skills, epistemological understanding, affective factors, and the

potential factors contributing to conflicting outcomes in the inquiry literature.
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2.2.1.1  Effect of Inquiry on Students’ Science Learning

Mattheis and Nakayama (1988) found that a laboratory-based inquiry curriculum did
not yield a substantial impact on the science comprehension of middle school
students when compared to those utilizing a traditional text-based curriculum.
Conversely, Klahr and Nigam (2004) established the superiority of direct instruction
over inquiry-based learning in science education, particularly evident in their study
involving elementary school students. The efficacy of inquiry-based learning may
have been compromised, as suggested by Klahr and Nigam (2004), due to the novice
or low-achieving status of the students. Unexpectedly, Borman et al. (2008) reported
a significant decline in the academic achievement of elementary school students
following exposure to inquiry-based learning. Cairns and Areepattamannil (2019)
conducted an analysis using data from the Program for International Student
Assessment 2006 (PISA 2006) to explore the correlation between inquiry-based
science education and the science achievement of high school students. Their
findings indicated a significant negative relationship between the teaching method

and science achievement.

Numerous studies within the inquiry literature have reported either negative or
negligible effects on student science learning. However, a substantial body of
research overwhelmingly demonstrates the positive impact of inquiry-based science
curricula on student learning. Shymansky et al. (1983) conducted a comprehensive
review, summarizing 105 experimental studies on the effects of inquiry-based
science curricula, revealing that students engaged in such curricula exhibited greater
improvements in science learning compared to those in traditional settings. Minner et
al. (2010) synthesized findings from 138 studies between 1984 and 2002,
emphasizing that inquiry-based learning actively engaging K-12 students is more
effective in increasing conceptual understanding than passive methods. In a recent
meta-analysis, Furtak et al.’s (2012) meta-analysis of studies between 1996 and 2006

reinforced the positive effects of guided inquiry learning over traditional instruction.
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Marx et al. (2004) contributed to these evidences through a three-year longitudinal
study, highlighting significant gains in science achievement for urban students in
sixth to eighth grades participating in inquiry-based science lessons. This study
notably dispels the notion that urban students identified as low achievers can thrive
with the careful implementation of an inquiry curriculum. Tuan et al. (2005) affirmed
the positive influence of inquiry instruction, attributing improved science learning to
heightened student motivation. Dean and Kuhn (2007) replicated the small, short-
term study of Klahr and Nigam (2004) by focusing on students of the same age and
similar characteristics as the sample of Klahr and Nigam (2004). Dean and Kuhn
followed the students for 10 weeks, unlike the Klahr and Nigam study. In
conclusion, the researchers invalidated the conclusion that direct instruction is
superior to inquiry-based learning for science learning. Blanchard et al. (2010)
reported significantly higher growth and persistence in science learning among
middle and high school students participating in guided inquiry-based instruction
compared to traditional laboratory-based instruction. Fang et al. (2016) observed
promising effects of inquiry on high school students’ science learning, while
Constantinou et al. (2018) emphasized the enhanced understanding of science
concepts and principles in inquiry learning environments. Summerlee and Murray
(2010) further supported these findings, revealing improved academic performance

and advanced resource utilization among university students engaged in inquiry.

2.2.1.2  Effect of Inquiry on Students’ Scientific Skills

McConney et al. (2014) illustrated that adolescents in high school who were exposed
to increased levels of inquiry-based activities exhibited diminished levels of science
literacy, encompassing skills in scientific processes, as indicated by their analysis of

PISA 2006 science data.

Regarding the positive impacts of inquiry, there is a notably higher prevalence of
favorable outcomes on students’ scientific skills compared to negative effects.

Mattheis and Nakayama (1988) highlighted that middle school students enhanced
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their scientific process skills, such as interpreting data and graphing, through inquiry-
based learning in the Foundational Approaches in Science Teaching (FAST)
program. Fang et al. (2016) observed significant improvement in the experimental
skills of high school students through inquiry-based learning. Shymansky et al.
(1983) reported that students engaged in inquiry outperformed their counterparts in
analytical skills, scientific process skills, and communication skills in comparison to
traditional learning environments.  Constantinou et al. (2018) stressed the
development of inquiry skills, critical thinking, decision-making, problem-solving,
and scientific reasoning within an inquiry context. Cuevas et al. (2005) demonstrated
that inquiry-based learning heightened scientific process skills in elementary school
students, particularly in planning and drawing conclusions. Additionally, Gibson and
Chase (2002) found that inquiry learning enhanced the social skills of middle and

high school students due to the collaborative nature of the approach.

2.2.1.3  Effect of Inquiry on Students’ Epistemological Understanding

In its inherent nature, inquiry contributes to the development of epistemological
understanding, encompassing explanation procedures and causal relations, and
extends to the comprehension of the Nature of Science (NOS). Research on students’
epistemological ideas in science education emerged under the name of NOS research
(Sadler, 2004; Sandoval & Millwood, 2008). NRC (2000) and Abrams et al. (2008)
emphasized that inquiry has achieved learning about inquiry, which is an
understanding of how scientific inquiry has progressed in addition to all other

contributions to students.

Chinn and Malhotra (2002) outlined in their framework that inquiry activities
cultivate students’ awareness of the epistemological evolution of science.
Constantinou et al. (2018) elucidated that inquiry shapes students’ epistemological
understanding by involving them in the various stages of scientific inquiry, including
formulating hypotheses, planning and conducting investigations, analyzing data,

interpreting results, constructing explanations, and engaging in argumentation. The
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researchers emphasized that students immersed in an inquiry environment enhance
their awareness of the nature of science, encompassing scientific reasoning,
communication, and understanding of scientific achievements. Ultimately, drawing
on Furtak et al.’s (2012) meta-analysis, it is affirmed that students achieve superior
learning outcomes through inquiry as they actively engage in the epistemic domain

of inquiry.

2.2.14  Effect of Inquiry on Students’ Affective Factors

In their comprehensive analysis, Shymansky et al. (1983) discovered that exposure to
inquiry-based science curricula led to an enhancement in students’ favorable
attitudes toward science. Investigating the enduring impacts of inquiry-based
education, Gibson and Chase (2002) delved into the Summer Science Exploration
Program (SSEP), a science camp. Their findings revealed that SSEP not only
elevated attitudes toward science and interest in science careers among randomly
selected middle and high school students but also indicated that these positive effects
endured over the years. Tuan et al. (2005) observed heightened motivation toward
science learning among eighth-grade students who engaged in inquiry-based science
education, in contrast to those exposed to traditional instruction. Palmer (2009)
concluded that inquiry serves as an effective learning method for cultivating
situational interest and short-term motivation in ninth-grade students during science

classes.

Highlighting the impact on preschool students, Patrick et al. (2009) demonstrated
that participation in the Scientific Literacy Project (SLP), incorporating scientific
inquiry and literacy activities, significantly increased motivation compared to
traditional science experiences. Spronken-Smith (2012) argued that students can
derive high motivation from intricate, self-relevant questions posed in the context of
inquiry learning. Analyzing PISA 2006 science data, McConney et al. (2014) found
that high school students engaged in extensive inquiry activities exhibited heightened

levels of both engagement in science and interest in learning science. Constantinou et
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al. (2018) underscored the improvement in students’ motivation and positive
attitudes toward science within the framework of inquiry. Additionally, Cairns and
Areepattamannil (2019) substantiated a significant positive correlation between
inquiry-based teaching and dispositions toward science, including self-efficacy,
science motivation, and interest in science learning, based on their analysis using

data from PISA 2006.

2.2.1.5 Possible Reasons for the Conflicting Results in the Inquiry Literature

As evident, discrepancies exist in the findings of studies within the inquiry literature,
and these inconsistencies might be attributed to various potential factors, outlined

below:

1. Numerous factors must be taken into account when introducing inquiry-based
learning in an educational setting. These encompass aspects such as the
content’s nature, time constraints, available materials, students’ abilities, and
their prior knowledge (Abrams et al., 2007).

2. The demand for advanced inquiry skills and knowledge in the inquiry process
has led to cognitive overload, hindering students from comprehending
essential concepts (Kirschner et al., 2006). In their own words, Kirschner et
al. describe this scenario, stating, “The benefit of guidance diminishes only
when learners possess adequate prior knowledge to offer ‘internal’ guidance.”

3. Bell et al. (2005) and Jiang and McComas (2015) explained that the
inconsistency in results was linked to the extent of inquiry application. The
researchers emphasized that diminishing guidance does not automatically
enhance student learning. They suggested viewing the inquiry rubric as a
gradual advancement, cautioning against perceiving open inquiry as an initial
stage. They proposed that students commence at a level aligning with their
knowledge and skills, allowing them to practice inquiry systematically,

progressing through intricate levels with essential scaffolding.
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4. According to Teig et al. (2018), these inconsistencies could be associated
with the analysis of data and the type of measure used for assessing inquiry
learning. For example, assessing the effectiveness of inquiry-based learning
in science education often involves measuring the frequency of inquiry

activities (e.g., Stohr-Hunt, 1996).

2.2.2  Student Outcomes of Argumentation in Science Education

The following sections explore how argumentation influences students’ learning of
science, their scientific skills, their epistemological understandings, and their

affective factors.

2.2.21  Effect of Argumentation on Students’ Science Learning

Argumentation played a pivotal role in the learning process, as highlighted by Kelly
and Chen (1999). Mason (1996, 1998) illustrated that fifth-grade students developed
a profound understanding of new concepts through reasoning and argumentation.
Bell and Lin (2000) noted a transition from procedural to conceptual exploration
among middle school students engaged in argumentation activities, emphasizing its
role in facilitating knowledge integration. Zohar and Nemet’s (2002) experimental
study revealed that junior high school students in the argumentation group exhibited
a more significant increase in achievement compared to the comparison group,
suggesting that argumentative discussions enhanced the integration of prior and new

knowledge.

Andriessen (2006) and Bathgate et al. (2015) separately contended that
argumentation activities contributed to deeper learning by involving reasoning,
elaboration, reflection, and evidence evaluation. von Aufschnaiter et al. (2008)
explored the link between cognitive development and argumentation processes in
junior high school students during science and socio-scientific lessons, finding that
students paid attention to and utilized prior knowledge, leading to improved science

understanding. Venville and Dawson’s (2010) experimental study indicated that high
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school students engaging in argumentation showed enhanced conceptual
understanding. Ogan-Bekiroglu and Aydeniz (2013) reported positive attitudes of
pre-service physics teachers towards argumentation-based learning, emphasizing its
potential for meaningful learning. Bathgate et al. (2015) demonstrated a positive
impact of argumentation on the learning of middle school students engaged in
inquiry science. Kutluca and Aydin’s (2016) findings indicated that pre-service
elementary science teachers believed that argumentation facilitated meaningful
learning. Additionally, Kola (2017) discovered that pre-service physics teachers

achieved deeper learning through dialectical argumentation.

Asterhan and Schwarz (2007) illustrated that undergraduate students exhibited
enhanced learning and sustained these improvements over time. Similarly, as noted
by Nussbaum (2008), argumentation could exert lasting effects in fortifying learning

outcomes.

Baker (1999) suggests that argumentation has the potential to deeply engage students
and serve as a means of refuting misconceptions. Nussbaum and Sinatra (2003)
provided evidence, indicating that undergraduate students, through argumentation,
could facilitate conceptual change. Classroom implementation of argumentation
offered students the chance to validate their existing knowledge and construct new
knowledge through interactions with their peers, aiding in the correction of
misconceptions (Cross et al., 2008). Asterhan and Schwarz (2009) discovered that
heightened epistemic effects resulted in conceptual changes, thereby enhancing
content learning in undergraduate students. Yeh and She (2010) demonstrated that
eighth graders in an online argumentation group outperformed their counterparts who
studied online without argumentation, suggesting that argumentation played a pivotal

role in fostering students’ conceptions and conceptual changes.

In her research, Mason (2001) observed that fourth graders not only progressed
conceptually but also enhanced their metaconceptual awareness by engaging in

argumentative discourse. Jiménez-Aleixandre and Erduran (2008) clarified that the
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construction of knowledge in science is intricately linked to justifying knowledge,
where claims are supported by a logical reasoning path or evidence from diverse
sources. Additionally, they highlighted that when students participated in reasoned
discourse, they were involved in metacognitive processes, specifically reasoning

about their own reasoning.

2.2.2.2  Effect of Argumentation on Students’ Scientific SKills

Bell and Linn (2000) and Kuhn (2010), in separate studies conducted at different
time points, demonstrated that middle school students enhanced their argumentation
skills through exposure to argumentative discourse. High school students, as revealed
by Jiménez-Aleixandre et al. (2000), developed their argumentation skills. In the
initial phases of the intervention, their arguments included conclusions supported by
data and evidence, evolving into more sophisticated forms in later episodes that
incorporated justifications and backings. Kutluca and Aydin (2016) obtained
analogous results in their study involving pre-service elementary science teachers,
where arguments progressed from claim and data to encompass claim, data,
justification, and backing. Zohar and Nemet’s (2002) experimental study with junior
high school students showed that students in the argumentation group produced
higher-quality arguments in the post-test compared to those in the comparison group.
Kuhn and Udell (2003) illustrated that academically at-risk middle school students
exhibited the improved quality of arguments, discourse quality, and the quantity of
reasons used through increased engagement in argumentative discourse activities.
Osborne et al. (2004a) conducted a study to promote argumentation in school science
classrooms, and the results indicated significant development in both teachers’ and
junior high school students’ argumentation quality. Martin and Hand (2009) noted an
augmentation in middle school students’ use of terminology such as claims,
evidence, and evaluation of classmates’ arguments. Venville and Dawson’s (2010)
study demonstrated that high school students learning through argumentation
significantly improved their argument quality and reasoning skills. Grooms et al.

(2014), through an experimental study on undergraduate students, found that those in
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the argument-based instruction group generated notably better arguments than the

comparison group.

Argumentation serves as a vital instrument for cultivating reasoning skills
(Andriessen, 2006; Baker, 2009), critical thinking skills (Bathgate et al., 2015;
Duschl & Osborne, 2002; Nussbaum & Edwards, 2011), and social skills (Osborne et
al., 2004b). According to Nussbaum (2008), students needed to be taught reasoning
skills and this need led to an increased interest in argumentation. Goldstein et al.
(2009) showed that middle school students improved their critical thinking skills by
refuting peers’ arguments with significant counterarguments during a year-long

intervention.

2.2.2.3 Effect of Argumentation on Students’ Epistemological Understanding

The enhancement of epistemic understanding is inherent in argumentation, as
highlighted by Duschl (2008) and Jiménes-Aleixandre & Erduran (2008). This is
particularly significant because argumentation stands as a fundamental epistemic
practice in the field of science, as asserted by Bricker & Bell (2008). Newton et al.
(1999) emphasized that student participation in argumentation activities involves a
meaningful engagement with the epistemological foundations of science. Similarly,
Bell and Linn (2000) observed that involvement in argumentation activities led
students to refine their perceptions of science, recognizing that scientific inquiry
encompasses not only observation and description but also creative and warranting

acts.

Beyond acquiring scientific concepts, students must also develop an understanding of
the epistemology, scientific methods, and socially constructed nature of science, as
noted by Driver et al. (2000). Erduran and Msimanga (2004) asserted that arguments
play a critical role in advancing the discipline’s epistemological knowledge by
facilitating knowledge building and engaging in a dialectical critique process to

warrant the claims of others. Kelly (2007) defined epistemic practices as specific
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ways of proposing, justifying, evaluating, and legitimizing knowledge claims within

a framework.

In Sandoval and Millwood’s (2008) study, students who participated in
argumentation demonstrated an understanding of the norms of argumentation,
leading to a deeper epistemological understanding of science. Ryu and Sandoval
(2012) discovered that elementary students in third and fourth grades experienced
improvements in their epistemic understanding through learning how to use evidence
in constructing their arguments and evaluating others’ arguments. Additionally, these

students exhibited enhanced skills in justification.

2.2.24  Effect of Argumentation on Students’ Affective Factors

Engagement in argumentation has been shown to positively influence students’
attitudes (Kutluca & Aydin, 2016), motivation (Bell & Linn, 2000; Chinn, 2006), and
self-efficacy (Aydeniz & Ozdilek, 2016). Ogan-Bekiroglu and Aydeniz (2013), in
their study involving pre-service physics teachers, reported an increase in
participants’ motivation to teach science. The findings of both Ogan-Bekiroglu and
Aydeniz (2013) and Aydeniz and Ozdilek (2016) demonstrated that incorporating
argumentation-based pedagogy offered diverse learning opportunities for learners
and heightened their interest in participating in science lessons. Consequently,
argumentation positively affected the self-efficacy of pre-service physics teachers in
teaching science. According to Kutluca and Aydin (2016), engagement in socio-
scientific argumentation led to an improvement in the attitudes of pre-service
elementary science teachers towards science education. The researcher of this study
did not find any studies indicating negative or no effects of argumentation on

students.
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2.2.3  Student Outcomes of Argument-Driven Inquiry in Science Education

The upcoming sections delve into the impact of ADI on students’ acquisition of
scientific knowledge, their development of scientific skills, and the influencing

factors on their emotional responses to the learning process.

2.2.3.1  Effect of Argument-Driven Inquiry on Students’ Science Learning

Sampson et al. (2013) conducted a study utilizing ADI to assess the conceptual
understanding of middle and high school students. The study’s findings revealed that
students experienced substantial improvements in conceptual understanding
throughout the intervention. Similarly, Walker et al. (2016) explored the impact of
ADI on the academic performance of college students and discovered that those in
the ADI class exhibited higher achievement compared to their counterparts in the
traditional lab class. This disparity was attributed to the increased opportunities for
students in the ADI class to engage in discussions about fundamental concepts and
integrate them with scientific practices for explaining phenomena and solving
scientific problems. Conversely, Walker et al. (2012) did not observe a noteworthy
enhancement in the conceptual understanding of undergraduate students enrolled in

an ADI class.

2.2.3.2  Effect of Argument-Driven Inquiry on Students’ Scientific Skills

Sampson et al. (2011) explored the impact of a series of laboratory activities
designed with ADI on elementary students’ engagement in argumentation and the
quality of their arguments. The study’s findings indicated that students’ participation
in argumentation became more structured, leading to an improvement in the quality
of their arguments over time. In a study by Walker et al. (2012), an experimental
approach was employed where one group received ADI instruction, while the other
received traditional instruction. The results revealed that students in the ADI group

significantly enhanced their argumentation skills compared to those taught with
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traditional methods. Notably, there was a significant difference observed in the

utilization of evidence and reasoning.

Walker and Sampson (2013a) investigated the development of undergraduate
students’ participation in argumentation sessions within a laboratory course designed
with ADI. Their analysis indicated a significant improvement in the quality of
students’ argumentation, both orally and in written form. Songsil et al. (2019)
conducted a study using a revised version of ADI, known as revised Argument-
Driven Inquiry (rADI) and found that high school students improved their
argumentation skills through instruction designed with the rADI method. Admoko et
al. (2021) reported that the ADI learning method contributed to the development of

argumentation skills in high school students, aligning with the findings of their study.

Hosbein et al. (2021) tracked the argumentation of undergraduate students in two
chemistry courses designed with ADI, examining changes in cognitive, epistemic,
and social aspects of argumentation. While no significant differences were found in
these three aspects individually, all aspects showed a significant overall
improvement. In essence, the overall quality of argumentation within the learning

environment increased.

In terms of skills, the impact of ADI on writing skills is noteworthy. Sampson and
Walker (2012) conducted an examination of undergraduate students’ writing skills,
encompassing the quality of arguments, content knowledge, and engagement in the
peer-review process while studying science through ADI. Their findings indicated
that students provided more feedback on lower-scoring draft reports and less
feedback on higher-scoring draft reports. Moreover, over time, students’ scores in the
double-blind peer review process became more aligned with the researchers’ scores.
These observations suggested an improvement in the quality of both the initial and

revised reports throughout the implementation of ADI.

In a study by Sampson et al. (2013) involving middle and high school students, it

was found that students who learned science through ADI made significant
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advancements in argumentative writing skills during the intervention. Additionally,
Walker and Sampson (2013b) demonstrated that undergraduate students experienced
substantial improvements in both their writing skills and their ability to evaluate their

peers’ writings in a laboratory course instructed using ADI.

2.2.3.3  Effect of Argument-Driven Inquiry on Students’ Affective Factors

Walker et al. (2012) found that students’ inclination toward science witnessed a
positive upswing when they actively participated in ADI. In the current study, the
researcher identified only one investigation that explored the impact of ADI on the
affective domain of students. The relative scarcity of attention given to assessing the

influence of a practice integral to science education is somewhat perplexing.
2.3  Challenges with Inquiry, Argumentation and Argument-Driven Inquiry

Given the numerous advantages associated with inquiry, argumentation, and ADI,
one would anticipate their widespread presence in learning settings. Regrettably,
these approaches are seldom observed in science teaching environments, as noted by
Anderson (2002) and Driver et al. (2000). The reluctance to adopt these methods can
be attributed to the challenges encountered by both teachers and students in
implementing and learning through inquiry, argumentation, and ADI. Various
challenges have been identified through existing studies, and these challenges are

outlined below.

2.3.1  Challenges with Inquiry

Roehrig and Luft (2004) conducted a year-long study tracking novice secondary
science teachers to investigate the limitations influencing their implementation of
inquiry-based teaching. Through case and cross-case comparisons, the researchers
identified five primary constraints. These included deficiencies in science content

knowledge, pedagogy content knowledge, understanding the nature of science and
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scientific inquiry, teachers’ beliefs regarding teaching through inquiry, and

apprehensions related to classroom management.

Yoon et al. (2012) explored the perceptions and execution of inquiry-based teaching
by pre-service elementary teachers during their teaching experiences and the
obstacles encountered in the process. The study revealed that these pre-service
teachers encountered challenges in (1) fostering the development of students’ ideas
and maintaining their interest, (2) guiding students in the establishment of valid and
reliable experiments to test hypotheses, and (3) aiding students in the processes of
data analysis and discussion. These difficulties were attributed to the pre-service
teachers’ inadequacies in science content knowledge and pedagogy content

knowledge.

Duggan et al. (1996) reported that 12-14 year old students experienced complexity in
defining the dependent variable and controlling variables in their investigative work

on defining variables.

Krajcik et al. (1998) explored the challenges faced by middle school students in their
initial exposure to inquiry-based learning. The outcomes of the conducted case
studies revealed that the students encountered challenges in planning procedures and
formulating investigations. Specifically, they struggled with tasks such as controlling
variables, emphasizing the scientific significance of posed questions, as well as

collecting, analyzing, and drawing conclusions from data.

Edelson et al. (1999) investigated the impediments to the effective implementation of
inquiry-based learning, which undermine the process of science learning, and
identified five significant challenges. Firstly, motivating and capturing students’
interest in the subject matter was identified as a primary challenge. In the absence of
sufficient motivation, students would likely struggle or be hesitant to engage in
inquiry activities. Secondly, there was a challenge concerning students’ proficiency
in scientific investigation techniques, including data collection and analysis. Without

a grasp of these techniques, students might refrain from conducting investigations.
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Thirdly, insufficient background knowledge posed a challenge, as students with a
lack of foundational knowledge would find it difficult to develop research plans and
undertake tasks such as data collection, analysis, and interpretation. The fourth
challenge involved students managing complex, extended activities. Without proper
organization and management, students might not fully benefit from the potential of
inquiry-based learning. The fifth challenge was the inadequacy of resources. It was
crucial for inquiry-based learning technologies and activities to align with the
practical limitations of the learning context, considering factors such as existing
resources and rigid schedules. Failure to adapt to available technology or align with

the school’s existing program could lead to the failure of the instructional design.

In his comprehensive analysis of inquiry-based learning, Anderson (2002) pinpointed
three challenging dilemmas that impede the successful implementation of this
approach in science classrooms. Firstly, technical dilemmas encompassed issues such
as the lack of skills for effective teaching, the level of commitment to textbooks,
challenges associated with national assessments, difficulties in executing group
work, challenges in adapting to new roles (teacher as a guide, student as an active
learner), and insufficient professional development programs. Secondly, policy
dilemmas involved short-term or limited professional development initiatives,
resistance from parents regarding science education beyond their own experiences,
conflicts among science teachers regarding curriculum and teaching methodologies,
a shortage of available resources, and diverse opinions on equity and fairness.
Thirdly, cultural dilemmas included concerns about the quality of textbooks,
perspectives on assessment goals, and considerations about preparation for upcoming
science classes. Anderson underscored that the difficulty of preparing teachers for
inquiry-based learning surpassed the technical obstacles associated with teaching

itself.

Castro and Morales (2017) outlined the difficulties encountered by elementary
school students participating in guided inquiry activities. According to their findings,

students faced challenges in several areas: (1) acquiring sufficient background
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knowledge, (2) formulating experiments aligned with the research question,
incorporating relevant materials, establishing a logical procedure, and considering
variables, (3) executing laboratory procedures like measuring volume and utilizing a
microscope, (4) managing extended activities such as group meetings, and (5)
composing an experimental report with clear objectives, a well-structured theoretical
background, a systematic experimental methodology, appropriately labeled tables
and figures, a well-organized conclusion and recommendation, and free from

typographical and grammatical errors.

2.3.2  Challenges with Argumentation

Newton et al. (1999) conducted interviews with 14 experienced science teachers to
explore the factors influencing the reluctance to adopt argumentation-based
pedagogy in their classrooms, and they reported their findings. The primary reason
identified was the constraint of limited time, attributable to the curriculum being
heavily focused on content. Additionally, teachers’ limitations in pedagogical
knowledge, skills, and epistemological understanding contributed to a lack of
confidence. Challenges arose when discussions faced difficulties, making it
challenging for teachers to maintain discipline and motivation. Another obstacle was
the inadequacy of published materials, such as classroom books, which lacked
sufficient guidance on facilitating discussions. Teachers further noted that students
exhibited resistance to discussions, expressing a preference for following the course

book.

Sampson and Blanchard (2012) examined the impact of introducing argumentation in
science classrooms on students’ comprehension of concepts and scientific processes.
In their study, the researchers conducted interviews with secondary science teachers.
Alongside their primary investigation, the researchers inquired during the interviews
about the reasons behind teachers’ reluctance to incorporate argumentation into their
classrooms. The findings highlighted the challenges associated with integrating

argumentation into science instruction. According to the researchers, teachers
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struggled with presenting data and reasoning effectively. Many teachers perceived
the incorporation of argumentation as time-consuming, faced challenges due to
students’ inadequate background knowledge, encountered limitations in resources,

and lacked knowledge on how to effectively involve students in argumentation.

Zembal-Saul et al. (2002) examined how pre-service science teachers (PPTs)
constructed evidence-based arguments using software. The study’s findings indicated
that while the arguments were backed by evidence, PPTs encountered challenges in
constructing a more intricate form of argument, specifically justification, in contrast

to their use of evidence.

Aydeniz and Ozdilek (2016) explored the challenges faced by PPTs and their
students during the implementation of argumentation, as well as the solutions
proposed by the PPTs. The investigation into difficulties and solutions involved
analyzing responses to open-ended questions in a questionnaire provided to the
PPTs. The study revealed that PPTs encountered challenges in (1) guiding their
students in constructing arguments, (2) assessing students’ arguments, particularly
evidence and reasoning, (3) managing the timing of instruction, and (4) handling
classroom management. On the other hand, the students of PPTs faced difficulties in
constructing arguments due to (1) a lack of understanding of what argumentation
entails and how it functions, (2) conceptual comprehension challenges, and (3)
struggles in using evidence, reasoning, and rebuttal. The PPTs proposed several
solutions to address these challenges, including (1) enhancing students’ conceptual
understanding, (2) increasing the frequency of argumentation activities in the
classroom, (3) encouraging students to research the topic of argumentation before
engaging in it, and (4) capturing students’ attention through intriguing argumentation

cascs.

In a paper by Kelly et al. (1998), the authors detailed methodological procedures that
integrated various perspectives, spanning from the normative viewpoint of

philosophy to the naturalistic lens of sociolinguistics, to analyze students’ arguments.
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The outcomes revealed that high school students formulated arguments without

incorporating warrants.

Kelly and Chen (1999) investigated the discourse processes of high school students
and identified that, during the implementation, certain students persisted in making

claims without providing substantial evidence.

In their study explaining the limited emphasis on argumentation in science education,
Driver et al. (2000) noted that the primary obstacles to involving students in
argumentation were the inadequate pedagogical skills and knowledge of teachers, as
well as a lack of resources to assist teachers in facilitating argumentation in learning

settings.

Sandoval (2003) investigated the perspectives of high school students regarding the
Nature of Science (NOS), their views on epistemology, and the interplay of these
perspectives with conceptual understanding. The analysis of the findings also showed

that students struggled to provide supporting data for their claims.

Lizotte et al. (2003) created evaluation criteria while in the process of crafting
science curriculum materials. Specifically, they concentrated on assessing what they
termed students’ explanations, consisting of claim, evidence, and reasoning
components. Upon analyzing the students’ explanations using the newly devised
assessment tools, they observed that middle school students encountered challenges

in proposing reasoning.

Sadler (2004) underscored the difficulties faced by students learning science through
argumentation activities, drawing insights from the analysis of argument patterns in
previous studies by Kortland (1996) and Jiménez-Aleixandre et al. (2000).
According to Sadler, middle school students in Kortland’s research predominantly
presented arguments with direct support for their claims, lacking counterclaims or
rebuttals. Kortland hypothesized that the fundamental issues underlying these
argument patterns were students’ unfamiliarity with constructing arguments and their

insufficient knowledge about the topic. Despite implementing ten interventions, each
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lasting 45 minutes, to address these challenges, Kortland observed minimal
improvement in the students’ basic-level arguments. Sadler highlighted that, in the
study by Jiménez-Aleixandre et al., high school students engaged in discussions at
varying levels of argument quality, ranging from naive to sophisticated. Naive
arguments lacked data, support, or backing, while sophisticated arguments
incorporated justifications and backing. The researchers also noted a lack of
qualifiers or rebuttals in students’ arguments. Sadler concluded that students

encountered challenges in providing adequate justification and necessary rebuttals.

Sandoval and Millwood (2005) conducted a study aiming to explore the connection
between the conceptual understanding and epistemological understanding of
argumentation in high school students. The results revealed that students encountered

difficulties in providing ample evidence to substantiate their claims.

McNeill et al. (2006) investigated the impact of scaffolding on the written
explanations of middle school students, using the term “explanation” instead of
“argumentation” as utilized by Lizotte et al. (2003). The findings suggested that all
students, particularly those who received additional scaffolding during the

investigation, encountered challenges with the argumentation component.

Abi-El-Mona and Abd-El-Khalick (2006) recognized the argument structures and
schemes employed by high school students. As per their findings, the scholars noted
that students’ argument structures lack completeness, particularly concerning

warrants.

McNeill (2009) conducted a study concentrating on the utilization of argumentation
by teachers in science classrooms. The findings revealed that high school students

faced challenges with the reasoning component of their arguments.

Berland and Reiser (2011) investigated the argumentative discussions among middle
school students in science classrooms to ascertain whether the objectives of the
arguments were centered on sensemaking or persuasion. Their analyses uncovered

two challenges associated with these objectives. Firstly, students infrequently altered
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or refined their arguments when faced with refutation, opting to review the evidence
instead of revising their initial claims. Secondly, students encountered difficulty in
concurrently pursuing goals of sensemaking and persuasion. Some students excelled

at individual sensemaking, while others were more proficient at persuading others.

Osborne et al. (2013) conveyed that instructing high school students through
argumentation posed challenges for both students and teachers. Students struggled to
articulate arguments, hindered by a limited vocabulary and a lack of conceptual
understanding of the subject. The simultaneous learning of science content and the
epistemology of science proved complex for students. Teachers faced challenges in
classroom management when lacking confidence in teaching, and guiding

argumentative discussions and managing timing proved to be confusing for them.

Lazarou et al. (2016) conducted a study to demonstrate the utility of argumentation
not only as a collaborative endeavor but also as a systematic activity in primary
science education. Their findings also brought to light substantial challenges faced
by students in engaging in argumentation activities. As per the results, students’
arguments were deemed insufficient, limited, and simplistic. This deficiency arose
from their inability to substantiate claims with adequate reasons, and when they did
provide support, the reasons were deemed inadequate. The students encountered
difficulty expressing their thoughts, particularly in the scientific domain, due to
unfamiliarity with scientific terms. Even when using familiar terms, articulation
remained challenging. Furthermore, language proficiency posed an additional hurdle,
as students struggled with formal language use. The family environment played a
role, in influencing students’ expression; those who did not express themselves at
home tended to exhibit similar behavior in the classroom. Insufficient content
knowledge also contributed to the challenges, as profound understanding was
required to construct complete arguments. Additionally, the nature of the lesson
posed a challenge, as students found it difficult to comprehend how to connect
systematic argumentation activities. Finally, students’ lack of interest in

argumentation activities was identified as a contributing factor. The researchers also
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noted that teachers, burdened by heavy workloads, limited time, and the demands of
the curriculum and textbooks, did not employ suitable methods conducive to the
development of students’ argumentation skills, relying instead on typical activities

and questions and answers.

In their study, Novak and Treagust (2017) inquired, “Do students integrate new
evidence into their scientific explanations?” and employed a time-series research
design to address this inquiry. Their findings indicated that while students initially
faced no challenges in presenting evidence to substantiate their claims, they
encountered difficulties in revising their claims when presented with new and

conflicting evidence.

2.3.3  Challenges with Argument-Driven Inquiry

Sampson and Walker (2012) explored the obstacles faced by undergraduate students
in learning science through ADI. The initial challenge involved providing sufficient
background information, encompassing the laws and theories relevant to the
investigated topic. Furthermore, students encountered difficulties in defining key
terms and elucidating the significance of addressing the research question. The
second challenge pertained to explaining the rationale behind data collection and
experimental design, despite effectively detailing what they collected during the
investigation. The third challenge involved elucidating the significance of the
evidence and articulating why it supported the explanation. The fourth challenge
related to the incorporation of tables in the reports; some students omitted data
presentation, others used it incorrectly, and some utilized it appropriately but failed
to make references. The final challenge was the inappropriate usage of science-

specific terminology by the students.

Walker et al. (2019) investigated the challenges faced by undergraduate students in
argumentation sessions within a laboratory course structured with ADI. The study
findings revealed that students encountered difficulties in (1) modifying their claims,

even when those claims were contradicted, and (2) providing justifications for their
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claims based on laws and theories. Additionally, colleagues observed that students

tended to use evidence without proper warranting.

Kagar and Balim (2021) explored the challenges faced by middle school students in
learning science through ADI. The researchers highlighted that students encountered
difficulties in expressing their ideas publicly, seeking the opinion of a purportedly
knowledgeable friend to assess its reliability, being hesitant to change their ideas due
to a fixed mindset or lack of knowledge about the subject, collaborating with group
members, determining the research question and hypothesis, identifying variables,
designing the experiment, managing and analyzing the data, formulating a claim
based on the data, providing support for arguments, crafting counterarguments and
rebuttals, assessing their peers’ arguments, adjusting their own arguments based on
peer evaluations, and comprehending the topic presented in the introduction, be it a

scenario or concept cartoon.

40



CHAPTER 3

METHODOLOGY

In this chapter, the study’s research methodology is explained. The chapter covers
the revision of argument-driven inquiry, the pilot studies, research design, context,
participants, data collection tools, data analysis, trustworthiness, and limitations of

the study.
3.1  Revision of Argument-Driven Inquiry

Prior to the research, ADI method underwent revisions due to the identification of
disparities between the theoretical framework and the practical implementation of the
inquiry phase within the method (refer to Grooms et al., 2016; Walker et al., 2011).
The following provides a breakdown for each stage of ADI, outlining whether the

need for revision was evident and the reasons behind it.

Stage 1: Identification of the Task and the Research Question

In accordance with ADI theory (as proposed by Walker et al., 2011, Grooms et al.,
2016), the teacher assumes the role of presenting the research question, introducing
the subject matter, and guiding the investigative process. Similar to other
methodologies, such as Learning Cycle, this stage naturally involves piquing
students’ curiosity, establishing connections between their past and current

experiences, and providing clarity regarding the objectives of forthcoming activities.

In Stage 1 of the ADI application guidebook (authored by Grooms et al., 2016),
which corresponds to the introductory section in the lab handout, students are
presented with foundational knowledge. This theoretical knowledge serves as a basis

for students to apply it during their investigations. However, it is important to note
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that this theoretical knowledge encompasses more information than their prior
understanding, aiming to bridge the gap between their past knowledge and the
present inquiry. Additionally, most of the lab handouts in the guidebook contain
explanations that guide students in providing justifications for supporting their
evidence. These justifications also serve as cues for the investigations that students
are tasked with designing. In some lab handouts, you can find the claims that
essentially serve as responses to the research questions (for example, Lab 8 and Lab
11). These practices, which entail presenting students with claims and justifications
before they embark on investigations, run counter to the essence of inquiry-based
learning. True inquiry fosters a curious mindset where students actively seek answers
(as emphasized by Haury, 1993) and encourages students to indirectly acquire
scientific knowledge by conducting their own scientific inquiries, rather than directly
receiving scientific knowledge from instructors (as discussed by Jerrim et al., 2022,
and Spronken-Smith, 2012). Consequently, in the first stage of the ADI method
conducted in this study, theoretical information is intentionally removed and instead
incorporated into the subsequent stages of the method. Moreover, the situation,
which is going to be detailed in the following sections, has given rise to two distinct
argumentation sessions, namely the empirical argumentation session and the
theoretical argumentation session. Additionally, a research question has been
formulated for each argumentation session, with a primary research question for the
empirical argumentation session and a secondary research question for the theoretical

argumentation session.

To capture students’ interest effectively, the authors (Grooms et al., 2016)
predominantly incorporate real-life examples in the introductory section. However, it
i1s important to note that merely mentioning these examples does not inherently
demonstrate how the acquired scientific knowledge can be applied in these or similar
real-world scenarios. Consequently, the introductory section has been revamped to
align with context-based learning principles, which involve learning within a

context—specifically, the application of physics concepts in everyday life. Context-
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based learning, in its broadest sense, encompasses the social and cultural
environment where students, teachers, and educational institutions are situated. It has
the potential to facilitate knowledge transfer across different contexts and enhance
learning by allowing students to revisit the same physics concepts within various
real-life situations (as defined by Whitelegg & Parry, 1999). Consequently, each the
ADI activity now commences with an intriguing contextual question, enabling
students to arrive at answers by applying the knowledge they have acquired during

the ADI activity.

Stage 2: Develop a Method and then Collect and Analyze Data

In accordance with ADI theory, the second stage centers on the generation and
analysis of data. During this phase, students collaborate in groups of three or four
individuals as they devise and put into action their own methods to address the

research question.

Before embarking on the task of devising their own methods to address the research
question in the ADI conducted in this study, students formulate an initial claim in
response to the primary research question. This claim that is rooted in their prior
experiences of the students serves as a hypothesis as the inquiry process entails the
creation, testing, and refinement of hypotheses (as noted by Dewey, 1910, as cited in

Barrow, 20006).

Stage 3: Develop a Tentative Areument

As per ADI theory, students formulate a preliminary argument in response to the
research question. This argument typically comprises a claim (conclusion,
explanation, or descriptive statement), evidence (measurements or observations), and

a justification (explanation for why the evidence supports the claim).

Within the ADI conducted in this study, students modify their previously stated
claims by taking into account the measurements or observations they have made in

the previous stage. They then construct a comprehensive version of the argument,
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including the claim (conclusion, explanation, or descriptive statement), the empirical
evidence from their own research, and the empirical justification derived from their

research in response to the primary research question.

Stage 4: Argumentation Session

As outlined in ADI theory, students present their arguments to their peers and engage
in critiquing each other’s arguments. Following this session, all groups are given the
chance to refine their arguments. This stage serves as a valuable opportunity for

students to acquire the skills of sharing and critiquing.

Within the ADI conducted in this study, the argumentation session is segmented into
two parts: the empirical argumentation session and the theoretical argumentation
session. Between these two sessions, the theoretical knowledge that was removed
from Stage 1 has been introduced. The empirical argumentation session involves the
presentation of empirical evidence and empirical justifications derived from students’
investigations. On the other hand, the theoretical argumentation session encompasses
theoretical evidence and theoretical justifications, which are based on theoretical

knowledge.

Stage 5: Explicit and Reflective Discussion

According to ADI theory, this is a whole-class discussion led by the teacher.
Students share what and how they know and have the opportunity to discuss

crosscutting concepts, the nature of science, and scientific inquiry.

In the ADI conducted in this study, the knowledge possessed by students and their
understanding of it are documented in the information they write on the ADI activity
sheet. Additionally, concepts related to the nature of science and scientific inquiry

are indirectly conveyed. To prevent redundancy, this stage has been eliminated.
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Stage 6: Write an Investigation Report

As per ADI theory, students individually compose investigation reports, which
include components such as the objective, the methodology, and the argument. This

process serves as a catalyst for promoting metacognitive thinking.

As a group activity, the ADI students of the study complete the activity sheet

provided at the start of the activity while the activity is in progress.

Stage 7: Double Blind Group Peer Review

In accordance with ADI theory, each group examines multiple reports to provide

feedback. During this phase, students acquire the skills of assessment and evaluation.

The double-blind group peer review stage was eliminated from the ADI conducted in
this study, as it was deemed that the feedback obtained during the argumentation
sessions was satisfactory. In its place, the elaboration stage was introduced to enable

students to apply their newfound knowledge in different contexts.

Stage 8: Revise and Submit Report to the Instructor

As per ADI theory, following revisions made in response to the double-blind group

peer review, students present their reports to the teacher.

In the ADI conducted, after revising their activity sheets based on the argumentation

sessions, students submit these sheets to the teacher.

3.1.1 Implementation Process of Argument-Driven Inquiry in This Study

In this study, a more comprehensive analysis was conducted using TAP.
Nevertheless, the ADI conducted in this study was originally developed using the
claim, evidence, and justification model (McNeill & Krajcik, 2007). Two primary
reasons account for this choice. Firstly, the original ADI adheres to the claim,
evidence, and justification model. Secondly, the terminology utilized in TAP might

be unfamiliar to students, and it was believed that introducing TAP could potentially
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pose an external barrier for the students. The subsequent sections outline the stages

of the ADI conducted in this study along with detailed explanations.

Stage 1: Attraction of the Attention

If deemed necessary, the teacher initiates the ADI activity by providing preliminary
background information for the investigation. Subsequently, the teacher introduces a
contextual question to engage students in the activity and poses the primary and
secondary research questions. As the activity unfolds, students utilize the knowledge
they acquire to ultimately address both the contextual and research questions. The
first stage of every ADI activity carried out in this research is presented in Appendix

A.

Stage 2: Exploration

To begin, students initially formulate a provisional claim rooted in their prior
experiences as a potential answer to the primary research question, which they
document in the designated claim section of the activity sheet after the activity sheets
are distributed. This claim essentially functions as a hypothesis that guides the
development and execution of their investigation methods. Various claims put forth
by students may find support in the evidence they gather, while others may be
contradicted. Students are granted the freedom to explore in their own unique ways;
there is no requirement for everyone to pursue identical investigations, nor is there an

obligation to arrive at identical conclusions.

Once the claims have been formulated, the teacher initiates a whole-class discussion
by asking students about their strategies for designing an investigation to substantiate
these claims. This discussion includes inquiries about the tools and methods they
intend to employ, with the teacher providing explanations if the tools are unfamiliar
to the students. Subsequently, the teacher organizes students into groups and
furnishes each group with a copy of the activity sheet. Students are expected to use
this sheet to document their progress and findings throughout the activity. The

activity sheet comprises sections for recording the research questions, claim,
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evidence, justification, investigation procedures, and the ultimate answer to the
research questions. It is also crucial at this juncture for the teacher to elucidate

specific safety measures and precautions.

Students then formulate a valid investigation to gather evidence to substantiate their
claims. Later, students commence their investigations in collaborative groups,
typically consisting of 2-4 students. Throughout this investigative phase, the teacher
circulates among the groups, offering guidance and assistance as needed. All data
collected and interpretations made by students are to be recorded in the evidence

section of the activity sheet.

Stage 3: Emprical Argumentation Session

In this phase, students fill in the provided blanks on the activity sheet with their
empirical evidence, either in support of or against their initial claims, as well as their
investigation procedures. In this study, the empirical justifications derived from the
students’ investigations were not separately documented on the activity sheet. This
was because the information within the investigation procedure already encompassed
the students’ empirical justifications. Once students have completed these sections on
the activity sheet, they share their arguments and investigation procedures with the
class and offer critiques of the claims, empirical evidence, and investigation
procedures of other groups. The teacher’s duties involve probing students’ claims,
evidence, and investigation procedures to unveil the empirical justifications held by

the students, while also facilitating a thorough class discussion.

If claims, empirical evidence, and empirical justifications are inadequate, it becomes
essential to pose one or more of the following questions to enhance the

argumentation session.

e How can you refute your friend’s claim if you have evidence that your claim
is valid?

e What information would prove that your friend’s claim is invalid?
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e [s there anyone in the class who can prove that our friend’s claim is invalid?

e Before deciding on this claim, were there other claims that you discussed in
your group? Why did you give up other claims?

e How sure are you that your claim is valid? What can you do to be sure?

e How did you gather the data? Why did you use this method? Why did you
collect the data?

e What did you do to ensure that the data you collected was reliable? What did
you do to reduce the margin of error?

e How did you analyze the data? Why did you choose to do it this way?

e Could you have interpreted your measurements differently? Are you

confident that you interpreted your measurements correctly?

e Why did you choose to present your evidence in this way?

If needed, students are provided with the chance to review and discuss each other’s

evidence and clarify their investigation procedures.

Stage 4: Explanation

During this stage, the teacher elucidates the theoretical principles underlying the
investigation to the students. The theoretical evidence and theoretical justification are

embedded within the theoretical knowledge.

Stage 5: Theoretical Argumentation Session

The teacher prompts students to explain why their empirical evidence supports or
refutes their claims, utilizing the theoretical knowledge provided in the previous
stage. Students share their responses and evaluate the responses of other groups.
These student responses encompass both theoretical evidence and theoretical
justification. The teacher guides the entire class in an argumentative discussion,
similar to the empirical argumentation session. Subsequently, the teacher instructs
students to record their responses in the “justification: the claim is supported/refuted

because...” section of the activity sheet. The teacher then requests students to answer
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the primary and secondary research questions using the information they have
acquired and record the answers in the conclusion section of the activity sheet.
Lastly, the teacher revisits the contextual question posed at the activity’s outset.
When all the sections of the activity sheet are completed, students submit their

activity sheets to the teacher.

As observed, the ADI activity sheet does not include distinct sections for empirical
justification or theoretical evidence. Instead, it features an evidence section
designated for empirical evidence and a justification section intended for theoretical
justification. Introducing separate sections for empirical evidence, empirical
justification, theoretical evidence, and theoretical justification could lead to
confusion and become an extraneous challenge for students, potentially resulting in
redundant information. The primary objective was not to instruct students in the
theoretical intricacies of the method but rather to seamlessly employ the method as a
vehicle for imparting scientific knowledge and scientific skills while avoiding

repetition of content.

Stage 6: Elaboration

Students are provided with the chance to put into practice and expand upon the

theoretical knowledge they have acquired.

An example of the ADI activity materials is provided in Appendix B.
3.2  Development of Argument-Driven Inquiry Activities

This research comprises three pilot studies, all with a shared goal of crafting and
improving the Argument-Driven Inquiry (ADI) activities implemented in this study.
The researcher created these activities based on the initial five objectives outlined in
the 10™ grade optics unit of the Turkish physics curriculum. The objectives were
illumination, shadows, law of reflection, image formation at a plane mirror, and field

of view at a plane mirror.
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The "MSE 407 Laboratory Applications of Secondary Science Education II" course,
which is an elective course offered by the Mathematics and Science Education
Department at Middle East Technical University, was redesigned by the researcher
during the spring semester of the 2017-2018 academic year. The primary goal of this
redesign was to convert the course into a platform where Pre-Service Physics
Teachers (PPTs) could both learn about inquiry, argumentation and the ADI
conducted and gain practical experience in learning and teaching with the ADI. This
course was conducted for four hours per week. The initial pilot study, which took
place within the MSE 407 course, extended over a 10 weeks. Six students were
enrolled in the course, and all of them participated in the study. Among these
participants, there were five senior students and one student enrolled in the Master of
Science program within the same department, totaling six participants. Five senior
students, referred to as PPTs, took turns instructing their peers in physics using the
ADI materials created by the researcher. Additionally, the other participant, who was
also a physics teacher, delivered a physics lesson through the ADI to his own

students.

The participant who assumed the role of a teacher during the first week of the MSE
407 course received comprehensive instructions regarding the implementation of the
first ADI activity to be executed before the lesson. The ADI implementation took
place during the initial week. During the ADI implementations, the participants who
took on the role of students worked in groups of 2 or 3 individuals. The
implementations were followed by interviews in the subsequent week. Individual
interviews were conducted with the participants engaged in teaching physics with the
ADI, while a group interview was held with the participants learning physics through
the ADI. The ADI implementation and the interviews were recorded on video. The
video recordings, student-filled activity sheets from the initial activity, and the
researcher’s observation notes played a role in recognizing the challenges faced in
the process of learning and teaching physics through the ADI. This led to

adjustments in the ADI materials planned for use in the upcoming week. The pilot
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study unfolded over a 10-week period, characterized by a cycle of teacher training,
the ADI implementation, interviews, data analyses, and revisions. Revisions involved
fine-tuning research questions, contexts, design sketches for investigations, and a

decrease in the number of conceptual questions.

The second and third pilot studies were carried out during the spring semester of
2018-2019, spanning a period of 5 weeks for each of them. These pilot studies
involved a total of 7 classes of 10" grade students from two different high schools in
Ankara, including all students from these classes, their physics teachers, the
researcher of the study, and two assistants of the researcher. Two PPTs from the
previous pilot study were selected to serve as the researcher’s assistants. It is also
worth noting that 10" grade students are of average academic level compared to the

broader Turkish student population.

Before the implementation of the ADI activities, all teachers received a 3-hour
training session on how to teach physics through the ADI activities they would be
employing. During the ADI implementations, 10® grade students collaborated in
groups of four, and each ADI implication was closely observed by the researcher or
the assistants and the observation notes were taken. Following each ADI
implementation, convenient teachers and students were chosen for interviews. The
interviews were recorded in audio format. Teacher interviews were conducted
individually, while student interviews took place in groups of four. Interviews were
conducted with all the teachers and a majority of the students by the researcher or the
assistants during the implementation. By analyzing the activity sheets completed by
the students, the interviews, and reviewing the observation notes, any difficulties
encountered in the process of learning and teaching physics using ADI were
pinpointed. Subsequently, the ADI materials scheduled for implementation in the
following week were revised based on the feedback gained. In these pilot studies, the
cycles of the ADI application, interviews, data analysis and, revisions continued for a
duration of 10 weeks. In the second pilot study, changes included adjustments to

research questions, timing specifications, illustrations of investigation designs, and

51



the integration of videos in situations with insufficient visuals, along with
clarifications in both verbal and visual forms. In the third pilot study, refinements

were implemented to improve verbal and visual clarifications.
3.3  Research Design: Instrumental Case Study

The most suitable qualitative research design for this study is the case study design.
Case study design involves an in-depth exploration of an issue by examining one or
more cases within a bounded system, such as a particular setting or context
(Creswell, 2007). In a case study, researchers gather comprehensive and detailed data
from various sources, including interviews, video recordings, and documents

(Creswell, 2007).

Different types of qualitative case studies are categorized according to the
researcher’s intended use. Stake (1995) identifies three primary types: intrinsic case
study, instrumental case study, and collective case study (also known as multiple

case study).

In an intrinsic case study, the researcher’s primary focus is on the case itself,
typically because the case represents a unique or exceptional situation, such as a
specific program or an exceptionally gifted student. Unlike intrinsic case studies,
instrumental case studies shift the researcher’s focus away from the case and instead
concentrate on a particular issue or concern, such as challenges in implementing a
student-centered learning method in a classroom context. In this type of study, the
researcher selects the case that best illustrates the issue or concern, making it
observable and illustrative. On the other hand, in a collective case study, the
researcher directs attention to an issue or concern that spans multiple cases. For
instance, the researcher might investigate issues related to implementing a student-
centered learning method in two different classes—one consisting of low-achieving
students and the other with high-achieving students. This design allows for

comparisons and contrasts to be drawn between these cases.
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This research study aligns seamlessly with the instrumental case study design. The
central focus of inquiry revolves around the challenges encountered by PPTs in their
learning and application of the ADI. The implementation of the ADI activities, which
was specifically crafted by the researcher, serves as the chosen case to address this

issue.
34 Context

The "MSE 407 Laboratory Applications of Secondary Science Education II" course,
which is an elective course within Mathematics and Science Education Department
at Middle East Technical University, underwent a redesign led by the researcher
during the fall semester of the 2020-2021 academic year. This redesign aimed to
transform the course into a platform where PPTs could both learn about the ADI and
gain practical experience in learning and teaching via the ADI method. This course

ran for four hours per week and served as the context for this study.

The course comprised three distinct phases: the learning phase, the preparation
phase, and the teaching phase. In the learning phase, PPTs acquired knowledge about
inquiry, argumentation, and ADI, and subsequently participated in five ADI activities
as students. The students were organized into random pairs for each ADI activity,
with each group completing an activity sheet during the activities. There are two
primary motivations behind this approach. Firstly, it aims to remove any potential
external barriers that might emerge due to conflicts within groups in subsequent
activities. Secondly, during the argumentation sessions, the goal is to encourage
students to engage in discussions within a harmonious atmosphere rather than a
competitive one. This is because when the groups are mixed for each activity, the
students have the opportunity to become better acquainted with one another and
foster friendships. The teaching assistant, who was also the researcher, closely
monitored and guided the students’ performance. After each ADI activity, the
students received the materials of the activity which are the teacher guide,

presentation, and student handout. The primary aim of this phase was to familiarize
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the students, who were PPTs, with the ADI physics activities and help them develop
various scientific skills, particularly argumentation and scientific process skills, to

use in their future careers.

In the preparation phase, each PPT created an ADI activity on a topic of their choice
from the Turkish high school physics curriculum. Initially, the PPTs submitted their
first drafts of the activities to the teaching assistant, who then provided feedback.
Subsequently, the PPTs revised their activities based on the feedback and submitted

their final versions.

Moving to the teaching phase, the PPTs took on the role of instructors and conducted
their activities as teachers on three occasions. In the first instance, they engaged in
peer teaching, delivering lectures to their fellow PPTs using their own activities.
During this session, the teaching assistant observed but did not intervene. Field notes
were taken, and feedback was provided once the session concluded. In the second
and third instances, the PPTs carried out student teaching, instructing two different
high school classes using their revised activities. To create the high school classes,
online applications were collected from high school students from various regions of
Tiirkiye, and a random selection was made from among the applicants. When
forming the classes, a key consideration was ensuring that the grade level of the ADI
activity matched the grade level of the high school students. In other words, if the
activity was designed for a specific topic from the 9™ grade physics curriculum, the
students chosen for that activity were selected from the pool of 9" grade students.
Another key consideration was the number of the students in the classes. During the
first student-teaching session, there were 15 students in each class, but this number
increased to 20 during the second student teaching. The decision to limit the number
of students in the initial student teaching session was intentional, as it was believed
that having a larger group of students might introduce external barriers. The learning
experiences from the learning phase, emphasizing inquiry and argumentation,

contributed to the PPTs’ confidence in implementing the ADI as physics teachers
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during this phase. The second and third teaching sessions did not involve monitoring,

guidance, or feedback from the teaching assistant.

Due to the COVID-19 pandemic, the course was conducted in an online format using
Zoom. To facilitate the learning process, the teaching assistant shipped the required

experimental materials to the PPTs via a courier service.
3.5  Participants

This study employed purposive sampling (Patton, 1990) to gain a more profound
understanding of the challenges encountered by PPTs when learning and teaching via
the ADI. The study focused on three out of ten students enrolled in the MSE 407
course during the fall semester of the 2020-2021 academic year, specifically those
who were among the four lowest achievers. One of the lowest-achieving students
was considered a unique case due to special circumstances and was not included in
the primary analysis. The rationale for selecting the lowest-achieving students was
their greater difficulty in learning and teaching via the ADI compared to their peers.
The selection of these three lowest-achieving students, referred to as PPTs, was
based on several criteria, including their performance in activity sheets, midterm
results reflecting improvement in optics content knowledge, argumentation skills,
and scientific process skills, as well as their performance in the learning and

preparation phases.

All students enrolled in the MSE 407 course voluntarily participated in this study,
and consent was obtained from each student. Below, brief descriptions of the
teaching assistants and the three PPTs, including their gender, age, and academic

backgrounds were provided.

3.5.1 Teaching Assistants

Two teaching assistants were involved in this study. The primary teaching assistant

for the MSE 407 course, who also served as the researcher for this study, was a 34-
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year-old female. She earned her Master of Science degree in Physics Education from
the Department of Mathematics and Science Education at Middle East Technical
University in 2011. In the same year, she commenced her Ph.D. program in the same
department, at the same university. Between 2012 and 2022, she served as a research
and teaching assistant in the same department at the same university. Prior to this
research, she had several years of experience as a teaching assistant in courses
related to high school physics curriculum review, methods of science teaching in
secondary education, laboratory applications in secondary science education, school
experience, and practice teaching. At the time of this study, she was also pursuing
her Ph.D. in the same department. Her responsibilities in the MSE 407 course
included instructing the ADI and teaching physics through the ADI activities, as well
as facilitating the PPTs in teaching physics through the ADI activities.

The second teaching assistant for the MSE 407 course was a 28-year-old female. She
was one of the participants in the first pilot study. In 2018, she earned her bachelor’s
degree in Physics Education from the Department of Mathematics and Science
Education at Middle East Technical University. The following year, she began her
Master’s program in the same department at the same university. Since 2020, she has
been working as a research and teaching assistant in the same department. Prior to
this research, she had one year of experience as a teaching assistant in various
courses, including high school physics curriculum review, methods of science
teaching in secondary education, laboratory applications in secondary science
education, and practice teaching. During this study, she was also pursuing her
Master’s degree in the same department. Her responsibilities in the MSE 407 course

included monitoring students’ progress in all phases and taking field notes.

3.5.2 Students

To protect the confidentiality of the participants, pseudonyms were employed in this

chapter and subsequent ones.
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Ece, a 23-year-old junior female student, was pursuing a major in Physics Education
within the Department of Mathematics and Science Education. She had completed
approximately half of the physics courses provided by the Department of Physics.
During the same semester as the MSE 407 course, she was also taking courses in
curriculum development and instruction, as well as high school physics curriculum
review I. Notably, she was not currently enrolled in methods of science teaching in
secondary education I, methods of science teaching in secondary education II, high
school physics curriculum review II, laboratory applications in secondary science

education I, school experience, or practice teaching at the time of this study.

Banu, a 23-year-old junior female student, was pursuing a degree in Physics
Education within the Department of Mathematics and Science Education. She had
successfully completed approximately half of the physics courses offered by the
Department of Physics. In the same semester as the MSE 407 course, she had
enrolled in methods of science teaching in secondary education I and laboratory
applications in secondary science education I. Prior to the commencement of this
study, she had completed courses in high school physics curriculum review I and
curriculum development and instruction. Notably, at the time when this study was
conducted, she was not currently enrolled in methods of science teaching in
secondary education II, high school physics curriculum review II, school experience,

or practice teaching.

Beglim, a 23-year-old sophomore female student, was pursuing a degree in Physics
Education within the Department of Mathematics and Science Education. She had
successfully completed approximately half of the physics courses offered by the
Department of Physics. Additionally, she had taken high school physics curriculum
review | and curriculum development and instruction during the same semester as the
MSE 407 course. Notably, at the time when this study was conducted, she had not
yet enrolled in courses in methods of science teaching in secondary education I,

methods of science teaching in secondary education II, high school physics
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curriculum review II, laboratory applications in secondary science education I,

school experience, or practice teaching.
3.6 Data Collection Tools

This study employed multiple data collection tools to pinpoint the challenges
encountered by PPTs when learning and teaching via the ADI, as well as to
understand the variation in the challenges encountered by each PPT based on their
experiences. The data collection tools encompassed various sources, including video
recordings (covering the learning phase, teaching phase, semi-structured interviews,
and writing feedback sessions), course materials (comprising teacher guides,

presentations, student handouts, and activity sheets), and reflection papers.

3.6.1  Video Recordings

There is a combined total of 48 video recordings, with 5 dedicated to the learning
phase, 9 for the teaching phase (3 per PPT), 3 for feedback sessions, and 31 for the

semi-structured interviews. These videos were all recorded via Zoom.

The ADI activities during the learning phase were recorded from start to finish, with
each activity having an average duration of about 2 hours. This resulted in
approximately 10 hours of video recordings for the learning phase, which were
meticulously reviewed, transcribed, and analyzed. Within these video recordings, the
researcher closely observed the classroom dynamics, group interactions, and the
responses of each group. Throughout the learning phase, the primary teaching

assistant maintained control over the video recordings.

Most of the ADI activities were conducted in the main room where the teaching
assistants and all the PPTs were present. However, during the exploration stage and
activity sheet completion, the PPTs worked in separate groups, each assigned to a
dedicated breakout room. This arrangement aimed to prevent inadvertent exposure to

other groups’ work and discussions, mitigating the potential for confusion.
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Moreover, this separation was designed to ensure that students did not learn from
other groups’ investigative mistakes at this stage. Such errors were intended to be
discussed and critiqued during the argumentation sessions to foster critical thinking

skills.

As the primary teaching assistant managed the video recording, the areas where the
primary teaching assistant was present were captured on video. Since most of the
ADI activities occurred in the main room, all aspects of these activities held there
were recorded. When the PPTs were divided into different breakout rooms, the
primary teaching assistant moved between rooms to provide guidance, and the
activities in those rooms were also recorded. Areas not under the direct supervision
of the primary teaching assistant were not recorded. Nevertheless, discussions from
all rooms were thoroughly examined during the empirical argumentation session and
documented on the activity sheets. Therefore, the omission of certain rooms from

video recording did not pose a limitation to this study.

The ADI activities conducted during the teaching phase were meticulously recorded,
capturing the entirety of each activity, with an average duration of approximately 2
hours per session. In this context, nearly 18 hours of video recordings for the
teaching phase were carefully reviewed, and if necessary, re-examined, transcribed,
and subsequently analyzed. Within these video recordings, the researcher closely
observed the classroom dynamics, group interactions, and the responses of the

participating groups.

It 1s noteworthy that the control of video recordings during this phase rested with the
PPTs, who were also the creators and instructors of the lessons during the teaching
phase. Much like the learning phase, the majority of the ADI activities during the
teaching phase took place in the main room. During the exploration stage and while
students completed the activity sheets, the students, who were the PPTs’ own
students, worked in separate groups, each group occupying a distinct breakout room.

As the PPTs had control over video recording, only the rooms where the PPTs were
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physically present were recorded. Consequently, every aspect of the ADI activities
held in the main room was captured on video. In cases where the PPTs’ students
were allocated to different breakout rooms, those rooms where the PPTs were not
physically present were not recorded. Nevertheless, it is important to note that
discussions from all rooms were thoroughly addressed during the empirical
argumentation session and documented on the activity sheets. Thus, the absence of

the video footage from the certain rooms did not pose a limitation to this study.

For each PPT, the video recording of the interview process encompassed several

distinct components. These included:

1. A pre-learning interview conducted just before the commencement of the
learning phase.

2. A post-learning interview conducted immediately after the learning phase.

3. Pop-interviews following the learning phase activities. However, it is
important to note that pop interviews were not deemed necessary after the
fourth and fifth activities for Ece, as she had successfully addressed the
challenges she initially encountered.

4. A post-writing interview conducted immediately after the PPTs submitted
their revised ADI activities.

5. A post-teaching interview carried out after each teaching session in which the

PPTs instructed their own activities during the teaching phase.

All these interviews were recorded in their entirety. The pre-learning interviews
typically lasted an average of half an hour, while the post-interviews spanned
between 1 to 1.5 hours each. The duration of video recordings for pop interviews
varied from one PPT to another. For instance, while the one pop interview for one
PPT lasted about 10 minutes each, another PPT’s pop interview was approximately 1

hour in duration.
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In total, the extensive process of reviewing, transcribing, and analyzing these
interviews encompassed almost 28 hours of video recordings. It is noteworthy that
each interview was conducted between the primary teaching assistant and a single
PPT. During the development of interview questions, valuable insights from
observations during the learning, teaching, and preparation phases, field notes, and
expert opinion from the co-supervisor were consistently considered and incorporated.

Interview questions can be found in Appendix C.

A writing feedback session took place immediately after the PPTs submitted their
initial drafts of the ADI activities as part of the preparation phase. The duration of
video recordings for these feedback sessions varied among the PPTs. For example,
two of the PPTs’ feedback sessions lasted approximately 20 minutes each, while one

PPT’s feedback session extended to around 2 hours.

In total, the comprehensive process of reviewing, transcribing, and analyzing these
feedback sessions involved nearly 2.5 hours of video recordings. It is important to
note that each feedback session was conducted individually between the primary

teaching assistant and a specific PPT.

3.6.2  Materials of the Argument-Driven Inquiry

An ADI activity comprises several components, including a teacher guide that
provides a detailed, step-by-step explanation of how to conduct the ADI activity, a
presentation designed for both the teacher and students to use as a guide during the
activity, a handout given to students at the end of the activity that contains essential
information covered during the activity, and an activity sheet designed for students to
utilize the sample investigation box on the initial page and complete the second page

while conducting the activity (refer to Appendix B for details).

During the course of this study, the following materials and documents were utilized

as data collection tools:
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1. Five activity sheets filled out by each PPT during the learning phase.

2. One draft version and one revised version of the ADI materials generated by
each PPT during the preparation phase.

3. 44 activity sheets completed by the PPT’s students (9 from peer teaching, 15
from first high school teaching, 20 from second high school teaching) during
the teaching phase.

3.6.3  Reflection Papers

Following each activity in the learning phase, every PPT composed a reflection paper
in response to 11 questions designed to help them recognize the difficulties
encountered during this phase. Consequently, data collection also encompassed 15

reflection papers. The guideline for the reflection paper can be found in Appendix D.

3.6.4 Observations and Field Notes

The teaching assistants monitored the learning phase and the peer teaching sessions.
During their observations, both teaching assistants took detailed field notes.
Additionally, during the post-peer teaching interviews, all students enrolled in the
MSE 407 course were questioned about whether they noticed any challenges faced
by their peers while teaching physics using the ADI activities they had created. The
observations and field notes played a vital role in data collection and analysis,
assisting in participant selection and providing valuable insights during post-

interviews.
3.7  Data Analysis

The method employed for data analysis in this study was the constant comparative
method, which was originally introduced by Glaser and Strauss (1967) for the
purpose of developing grounded theory. In this method, researchers begin by
examining specific incidents derived from interviews, field notes, or documents and

then compare them to other incidents within the same or different data sets (Merriam
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& Tisdell, 2016). These initial comparisons lead to the formation of provisional
categories, which are further compared among themselves and with additional
instances until a theory emerges (Merriam & Tisdell, 2016). Due to its inductive and
comparative nature, the constant comparative method is widely utilized in qualitative
research by numerous researchers for generating findings, even without the intention

of constructing a grounded theory (Charmaz, 2014; Merriam & Tisdell, 2016).

In a sequential manner, the data sets for a PPT were examined, encoded, and re-
encoded until arriving at the final set of codes. Initially, the recording of the pre-
learning interview was reviewed and transcribed. The challenges encountered in
learning physics prior to the MSE 407 course were identified and encoded. Next, the
video recording of the first learning phase activity was observed and transcribed. The
challenges faced during this activity were categorized and encoded. Subsequently,
the activity sheet and the reflection paper for this activity were scrutinized, and the
challenges found within them were categorized and coded. Later on, the pop-
interview video recording for the same activity was viewed and transcribed, and the
challenges identified therein were categorized and encoded. The codes generated
from the data of the first activity were then compared and contrasted with those
derived from the pre-learning interview data. If any newly established codes
conflicted with those from the previous dataset, the prior dataset was re-evaluated
and re-coded. This process was repeated for subsequent activities in the learning
phase involving the same PPT. Following this, the data sets from other phases
underwent a similar analysis. Once the codes for the first PPT were established, the
same procedure was applied to analyze the second and third PPTs. Through this

methodical process, specific codes were developed.

The data analysis followed a cyclical and iterative approach, involving a minimum of
three rounds of review across all data sets to reach the final results. After the initial
analysis of all participants, a preliminary framework for analyzing the challenges

was established. The appropriateness of the initial framework was validated through
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a comprehensive literature review and discussions with colleagues knowledgeable in

argumentation and inquiry processes.

The next round involved a comprehensive reanalysis of the complete data set. During
this stage, there was an effort to conceptualize and structure the codes in alignment
with the overarching analytical framework. This included identifying the
relationships between codes, defining the scope of each code, and providing concise
summaries of their contents. Specifically, the challenges faced by the PPTs within
the general framework were identified, and grouped into categories and
subcategories. Furthermore, the meanings associated with these categories and
subcategories were elucidated based on the shared characteristics among the

challenge codes experienced by the PPTs in each phase.

The final round involved a thorough validation of the categories. The entire data set
was subjected to another round of analysis, focusing on the attributes of the
challenges faced by the PPTs, as well as the interpretations of the categories and

subcategories.

Upon examining the collected data, it became evident that the PPTs faced challenges
in various skills, such as argumentation skills, science process skills, and the ability
to notice and comprehend key concepts. The analysis revealed that challenges related
to science process skills, noticing skills, and conceptual understanding are precursors
to challenges in argumentation skills. Therefore, this study focuses on presenting
findings related to challenges in argumentation skills. These challenges involve
difficulties with the six elements of an argument (claim, data, warrant, backing,
rebuttal, and qualifier) within the TAP framework. The study encompasses both
empirical and theoretical argumentation sessions, with the terms “empirical” or
“theoretical” added to specify the type of argumentation session where a challenge
arises. For instance, if a challenge with a warrant occurs in an empirical
argumentation session, it will be termed an empirical warrant. If the challenge occurs

in a theoretical argumentation session, it will be referred to as a theoretical warrant.

64



The PPTs aim to support or refute the same claim, irrespective of whether the
argumentation session 1s empirical or theoretical. Consequently, appending

“empirical” or “theoretical” to the claim element holds no significance.

Here are Figures 3.1 and 3.2 to enhance clarity.

Empirical Qualifier
Absolutely

Claim

Empirical Data
If the luminous intensity of a light source

Table or graph showing the relationship

_), increases, the illuminance of the surface
onwhich the light falls increases.

between the luminous intensity of the light
source and the illumination of the surface

since unless

Empirical Rebuttal
All of the data collection points are very
close to each other.

Empirical Warrant
Illumination was measured by
manipulating only the luminous
intensity .

in account of

Empirical Backing

During the experiment, two or more
independentvariables are not manipulated in
orderfor the result to be valid.

Figure 3.1. Following TAP, an instance from an empirical argumentation session

Theoretical Qualifier
Absolutely

Claim

If the luminous intensity of a light source
increases, the illuminance of the surface
onwhich the light falls increases.

Theoretical Data
The light energy emitted perunit time bya
light source is called luminous intensity.

lllumination is the quantity of light falling
perpendicularly on a surface, measured per
unitarea and unit time. unless

Theoretical Rebuttal

Itis essentialto consider the characteristics of the light
source and the nature of the surrounding environment. In
certain cases, a significant increase in luminous intensity

Theoretical Warrant

‘When the luminous intensity of a light source increases, more light
is emitted by the source. As a result, a greater amount of light
reaches a given surface, leading to an increase in illumination.

might not translate directly into a proportional increase in
illuminance on a surface. Factors as the dispersal pattern
of light, the geometry of the space, and the reflective
properties of surfaces can all influence how luminous
intensity affects illumination.

in account of

Theoretical Backing

Inverse square law forilluminance

Figure 3.2. Following TAP, an instance from a theoretical argumentation session
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It is important to acknowledge that challenges with any of the TAP elements may
suggest that challenges are experienced with other TAP elements. For instance, if
invalid data is presented by a student in an argumentative discussion, there is the
likelihood that the warrant presented by s/he is also problematic. In this example,
since the origin of the problem is the data, only data-related challenges were coded in

this case. This approach was consistently followed throughout the study.
3.8 Trustworthiness

In qualitative research, trustworthiness involves assessing the precision and
reliability of the findings, whether they stem from the researcher, the participant, or
someone reading the study (Creswell & Miller, 2000). Differences in how reliability
and validity are established in qualitative and quantitative research arise from the
unique features of qualitative research design. Within qualitative research, Lincoln
and Guba (1985) introduced the concepts of credibility, transferability,
dependability, and confirmability to correspond to the roles of internal validity,
external validity, reliability, and objectivity, respectively, in quantitative research.

These criteria serve as measures of the study’s trustworthiness.

3.8.1 Credibility

Lincoln and Guba (1985) highlighted that credibility, which they equated with
internal validity, holds the utmost significance in establishing the trustworthiness of a
study. They put forward several strategies to bolster credibility, such as "prolonged
engagement, persistent observation, triangulation (data sources, methods,
investigators), peer debriefing, member checking, the reflexive journal” (p. 328). In

this study, the majority of these strategies were implemented.

3.8.1.1 Prolonged Engagement

According to Lincoln and Guba (1985), prolonged engagement at the research site

serves dual purposes. One of these aims is to achieve a comprehensive understanding
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of the research site, thus preventing any potential data distortion. As mentioned
earlier, the researcher has possessed extensive expertise in the relevant field. This
expertise has endowed the researcher with knowledge about the laboratory
environment and the equipment used in experiments. It has also facilitated a deep
understanding of the Turkish high school physics curriculum and the ability to
develop physics lessons tailored to student-centered methods that align with the
curriculum’s objectives and limitations. Furthermore, it has guaranteed that the
researcher possessed the qualifications to prepare physics teachers who were well-

prepared for the Turkish educational system.

Another aim of prolonged engagement is to give researchers the chance to establish
trust. In qualitative research, it is essential for a researcher to create an environment
in which participants feel at ease and are encouraged to express themselves candidly
(Bogdan & Biklen, 2007). Prior to this study, the researcher also held instructional
roles in other courses attended by the participants. Consequently, she had the
opportunity to establish a close familiarity with the participants during the study.
Also, the MSE 407 course was designed with the intention of fostering a comfortable
atmosphere for participants. There was no hierarchy between the teaching assistants
and the participants. During the argumentation sessions, participants could openly
discuss their own mistakes and those of their peers. The researcher who was the
primary teaching assistant actively participated in both the learning phase and the
peer teaching session of the teaching phase, within the MSE 407 course. Moreover,
the researcher shared personal contact information, including phone number and
email address, with the participants to facilitate communication outside of class. In
summary, the researcher reassured the participants that she was readily available to

assist them whenever they required support.

3.8.1.2 Persistent Observation

Lincoln and Guba (1985) described the role of persistent observation as

concentrating on the study’s intended goals and pinpointing the key aspects of the
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situation that align with those objectives. The participants were continuously
observed in classroom settings and recorded on video during the entire learning
phase, the teaching phase, the feedback, and the interview sessions. These video
recordings were thoroughly analyzed to achieve a comprehensive grasp of the
challenges encountered by the participants. This iterative process was repeated at
least two additional times until specific codes, categories, and detailed descriptions

were established.

3.8.1.3  Triangulation

Triangulation stands out as a widely employed technique for enhancing the
credibility of qualitative research. Its effectiveness lies in the utilization of multiple
approaches to counterbalance the limitations that may arise when relying solely on a

single investigator or method (Denzin, 1978).

There are four distinct types of triangulation: collecting data methodologies, data
sources, multiple investigators, and theory (Lincoln & Guba, 1985). Data collection
involved a methodological triangulation, combining various data sources, such as
video recordings of the ADI activities, individual interview videos, the ADI
materials, and reflection papers. It is important to note that triangulation of data is
not achievable when multiple sources provide divergent perspectives or ideas (Yin,
2003). The research gathered data from diverse sources, establishing data source
triangulation. In essence, the accuracy of the findings was corroborated by examining
them from different perspectives, including those of the teaching assistants and the
MSE 407 course students. Investigator triangulation was also implemented since two
researchers who were the teaching assistants were involved throughout the entire
process. These researchers observed the classroom and documented field notes
regarding the study’s participants, contributing valuable insights and ideas
concerning the challenges faced by the PPTs across all the ADI phases. Lastly, for
the purpose of theory triangulation, an exploration of the theoretical foundations

related to the difficulties encountered by students during their learning via inquiry,
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argumentation, and ADI, as well as the challenges faced by PPTs and teachers when
employing these same instructional methods, was undertaken. By comparing and
verifying the consistency of information gathered from various methodologies, a
more precise understanding of the challenges experienced by the participants was

attained.

3.8.1.4  Peer Debriefing

Peer debriefing involves seeking input and consultation from one or more colleagues
who hold no personal interest in the study, with the aim of bolstering the research’s
validity. Its purpose is to delve into aspects of the inquiry that may otherwise stay
hidden within the researcher’s own thoughts (Lincoln & Guba, 1985). In the study,
the researcher independently analyzed all the data and then conveyed and elucidated
the findings to a colleague. The researchers had a difference of opinion in just one
instance. The second researcher contended that there were challenges related to an
invalid experiment design for a group of students who claimed they created an umbra
without considering daylight in the shadow activity. However, the researcher in this
study maintained that when daylight was controlled for, the students' experiment was
valid. The difficulty encountered by the students was seen as a challenge related to
controlling variables, and this argument persuaded the second researcher. They
engaged in comprehensive discussions concerning all findings and interpretations of
the experiences until they reached a mutual consensus. Additionally, the researcher
sought input and exchanged thoughts with other colleagues who possessed a general
understanding of the study. Peer debriefing helped reduce bias and provided clarity

in the interpretations regarding the participants’ challenges.

3.8.2  Transferability

Transferability corresponds to the concept of external validity and the extent to
which research findings can be applied to other similar situations with comparable

research questions (Guba, 1981). In qualitative research, the results may not
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necessarily apply to analogous situations, and generalizability is often not pursued as
a primary objective, as some qualitative researchers argue (e.g., Denzin, 1983).
According to Lincoln and Guba (1985), a qualitative researcher cannot definitively
establish the external validity of a study; her/his role is to offer a thick description
that allows interested researchers to decide whether applying the findings to their
own context is a feasible option. In this study, the researcher provided
comprehensive information about the ADI, the context, the process, and the

participants to facilitate the transferability of the findings, but not generalizability.

3.8.3  Dependability

Dependability, which pertains to the reliability of research findings in terms of their
replicability and consistency (Lincoln & Guba, 1985), was ensured through a
rigorous process. To enhance reliability, the ADI activities were reviewed by 20
different experts. Each ADI activity was independently assessed by four experts,
with two of them being physics teachers and the other two being experts in pure
science or science education. All activities were subsequently revised based on the
feedback provided by these 20 experts. The objective of this review was to ensure
that the activities aligned with both the theoretical framework and the curriculum

objectives.

Furthermore, three separate pilot studies were conducted to evaluate the level and
effectiveness of the ADI activities used in the learning phase. The first pilot study
involved PPTs in the MSE 407 course at Middle East Technical University. The
second and third pilot studies were carried out with 10™ grade physics students in
seven different classes across two distinct high schools. It is worth noting that,
without the pilot studies carried out in high schools, the alignment of the ADI
activities with the 10™ grade Turkish physics curriculum would not have matched the
proficiency level of 10" grade Turkish students. This is because the proficiency level
of Turkish high school students tends to lag behind the expected learning outcomes

outlined in the curriculum. These high school pilot studies offered compelling
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evidence of the disparity between theory and practical classroom realities.
Additionally, all the data collection instruments were developed in consultation with

the co-supervisor.

Ultimately, segments of data from each phase were randomly chosen and subjected
to coding by an inter-rater coder, who happened to be a research assistant at the same
university. Before commencing the inter-rater coding, the codes were explained, and
she received detailed instructions on how to carry out the coding and establish
connections within the data. This measure was taken to ensure that the researchers
shared a mutual comprehension, including setting benchmarks for the coding
process. Subsequent to completing the coding, the inter-rater coder and the
researcher convened to compare their respective sets of codes. The coding and
linking procedures closely mirrored each other. Any discrepancies in the links and
codes were thoroughly discussed until conflicts were resolved, leading to a

consensus.

3.8.4  Confirmability

Confirmability refers to the practice of reducing researcher bias by substantiating
study findings with reference to raw data and providing logical explanations, as
outlined by Yildirnm and Simsek (2006). An important method for ensuring
confirmability is the utilization of an audit strategy. In this context, both the co-
supervisor and a research assistant specializing in physics education thoroughly
assessed the data collection and analysis procedures, along with their alignment and

consistency.
3.9  Ethical Issues

Ethical approvals were secured from the Ethical Committee at METU and the
Ministry of National Education for both the main and pilot studies (Refer to
Appendix E).
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The data were gathered during the physics lectures in the high schools for the second
and third pilot studies. Prior to commencing the pilot study, the students received
comprehensive information about the research, the data collection procedures, and
the type of data to be collected. They participated in the study voluntarily and were

informed of their option to withdraw from the study at any point during the process.

Furthermore, strict confidentiality measures were adhered to, with none of the
students’ names being used at any point. All data sets remained confidential, and
only the researcher had access to the data. It is also important to note that the data

collection tools were not utilized for grading the students.

In both the main study and the initial pilot study, data collection took place within an
elective course (MSE 407). Consequently, during the initial course meetings,
students were thoroughly briefed about the research, the data collection procedures,
and the nature of the data to be gathered. This comprehensive information covered
various aspects, ranging from the course details to the use of video cameras,

interviews, and the submission of reflection papers.

Following this detailed explanation, all ten enrolled students opted to participate in
the study voluntarily. They were explicitly informed of their right to withdraw from
the study at any point during its duration. Consent forms, providing a comprehensive
overview of the entire process (Refer to Appendix F), were obtained after the initial

weeks of the courses.

Furthermore, strict confidentiality measures were in place to protect the privacy of
the PPTs. Their names were never disclosed, and pseudonyms were employed for
data analysis and reporting. The researcher exclusively shared the data with experts
to gather feedback and conduct data analysis. It is also important to note that the data

collection tools were not utilized for the purpose of grading the PPTs.

No participants were subjected to deception or harm in this study. Moreover, the
researcher refrained from passing judgment on the PPTs, high school teachers, or

high school students throughout the study, fostering a sense of safety among the
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participants. Similarly, in both the main study and pilot studies, all participants
became acquainted with the researcher, ensuring that the researcher’s presence in the
classroom settings had no adverse effects on the participation of teachers, students,
or PPTs. Additionally, in the main study, the PPTs became accustomed to the
presence of video recordings throughout the entire process, eliminating any ethical

concerns associated with video recording.

Furthermore, the researcher did not overlook any ethical issues that might arise
during the data analysis. In this study, the data for the 3 selected lowest-achiever
PPTs were uniformly analyzed, with no data left unexamined. Likewise, there were
no instances of data corruption during the analysis process. The researchers adhered

to the codes and their respective meanings throughout the analysis.
3.10 Limitation

The current study has three limitations: (1) Content of the activities were limited to
the 10th grade Turkish physics curriculum, (2) activities were limited to 2 class
hours, and (3) the findings were limited to the implications of the ADI in online

settings.
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CHAPTER 4

FINDINGS

This chapter delves into the examination and interpretation of the data in relation to
the research questions. The primary aim of this study was to pinpoint the challenges
encountered by PPTs during the learning, teaching, and creation of ADI teaching

materials within ADI (Argument-Driven Inquiry) activities.

To start with, the challenges faced by the PPTs in various roles: as learners in ADI
activities, as integrators of ADI into the Turkish physics curriculum, and as
instructors in implementing ADI activities were detailed and categorized. Moving
on, the challenges faced by each PPT in accordance with their experience were

determined.

The researcher acquired data from an ADI course she had designed. The primary
data sources used in the analysis included video recordings of the ADI activities,
one-on-one interviews, materials related to ADI, reflection papers, and field notes.
The collected data underwent analysis using the constant comparative method, as
previously described in the Methodology Chapter. The results of this analysis are

presented in the subsequent sections.
4.1  Challenges of PPTs

This section encompasses challenges faced by PPTs in various phases of the MSE
407 course, including their roles as the ADI learners, responsibilities in incorporating
the ADI into the Turkish physics curriculum, and roles as instructors implementing
the ADI activities. The analysis of data and results is divided into three distinct
sections, each of which will be elaborated upon individually with detailed

explanations.
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The study, outlined in the Methodology chapter, revealed challenges among the PPTs
in argumentation skills, particularly focusing on the six elements of an argument
(claim, data, warrant, backing, rebuttal, and qualifier) within the TAP framework.
Challenges were identified in both empirical and theoretical argumentation sessions,
with specific terms denoting the session type where a challenge arises (e.g., empirical
warrant or theoretical warrant). Regardless of the session type, PPTs aimed to
support or refute the same claim, rendering the addition of "empirical" or
"theoretical" to the claim element insignificant. It is crucial to recognize that
challenges with one TAP element may indicate challenges with others. For instance,
if a student presents invalid data, it suggests potential issues with the warrant. The
study consistently coded challenges based on the primary element of concern,

following this approach throughout.

4.1.1  Challenges of PPTs Acting as Learners in ADI Activities

This specific section addresses the challenges faced by PPTs when taking on the role
of learners in the ADI activities. Challenges related to argumentation skills
encompass the hurdles PPTs confront in formulating or presenting claims, empirical
data, and empirical rebuttals. Figure 4.1 illustrates the particular challenges

encountered by the PPTs during their involvement as learners in the ADI activities.

~Failure to Formulate a Claim
—Failure to Align a Claim with the Research Question

{Claim related Challenges ]

—Failure to Control Variables

. Empirical Data related Challenges
[Cha"enges of PPTs ACtlng as Learners H—-Failum to Design a Vaild Investigation }

—Failure to Present Rebuttal to Invalid Investigation Design
—Failure to Present Rebuttal to Errors in Controlling Variables

[Empirical Rebuttal related Challenges }

Figure 4.1. Challenges of PPTs acting as learners in ADI activities
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4.1.1.1 Claim related Challenges

A claim represents an idea, assertion, or conclusion expressed by individuals and
stands as the core element within the framework, as outlined by Toulmin in 1958. As
per Padilla (1990), a hypothesis serves as a projection of the expected experiment
outcome. In the context of the ADI, students initially formulate a hypothesis, which
essentially serves as a claim derived from the past experiences and is meant to offer a
potential response to the primary research question. The participants encountered
difficulties when attempting to craft these claims as potential answers to the research
questions. At times, the participants either refrained from crafting claims altogether

or formulated claims that did not align with the research questions.

41.1.1.1 Failure to Formulate a Claim

The participants faced challenges while trying to formulate a claim as a potential
response to the primary research question. Here is an illustrative example drawn

from our data analysis:
Example:
The primary research question of the illumination activity was

e What are the factors affecting the illumination of a surface, how do they

affect it?
The claim of Begiim’s group was

e With an increase in luminous intensity, there is a corresponding rise in

illumination.

In this case, the response provided partially addressed the primary research question,
making it a potential candidate for a claim. Conversely, Begilim, in her reflective
paper, noted that she initially struggled to formulate a claim and ultimately composed

one with assistance from her group partner.

The question posed to Begilim in the reflective paper was
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e What are your thoughts on the actions taken in the exploration step? Did you
have preferences, concerns, areas of difficulty in understanding, or questions
about why certain actions were taken? Please express your opinions clearly,

providing reasons for your views.
Begilim’s response was

e Honestly, I had a difficulty in constructing a claim at first. A lot of things
took shape in my mind with the ideas of my friends. Then, I formulated a
claim with the help of my group partner. Designing our investigation setups
and experimenting was enjoyable. Working together with my partner by

brainstorming ideas was instructive and developing.

This challenge was subsequently discussed in the pop interview, and the question

was posed about the origin of this challenge as outlined in the following.
The researcher: What is the source of this difficulty?
Begiim: 1 think it is because our education system is based on memorization.

4.1.1.1.2 Failure to Align a Claim with the Research Question

The participants encountered challenges aligning with the primary research question

in formulating a claim. Here is an example exemplified from our data analysis:
Example:
The primary research question of the shadows activity was

e What distinctions exist in the process of creating an umbra versus a

penumbra?
The claim of Ece’s group was

e As the distance between a point light source and an obstacle grows, the

umbra’s dimensions decrease.
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In this specific case, the claim did not function as a response to the primary research
question. This issue was revisited in the pop-interview with Ece. The conversation

goes as follows.

The researcher: In the reflection paper, you wrote that I had difficulty in
constructing the claims and I constructed a claim that did not answer the
research question, but I realized this while experimenting. What is the reason

for constructing a claim that does not answer the research question?

Ece: I believe the research question was exceptionally clear and precise. The
obstacle in responding to this question was my unfamiliarity with the real-life
significance of the term “penumbra.” Although we encountered it in practice
questions, the concept remained abstract as we had not witnessed an actual
penumbra before. You sought distinctions between umbra and penumbra, but
I lacked the knowledge of how to produce a penumbra. Consequently, my
groupmate and I were uncertain about the formation of a penumbra,
speculating that it might become visible as we adjusted our distance from or

proximity to the light source.

While Ece does not encounter challenges in understanding the research question, it is
observed that she struggles in articulating a claim. This difficulty arises from her lack

of previous experience necessary for claim formulation.

4.1.1.2 Empirical Data related Challenges

Data refers to information, facts, or procedures utilized as proof to substantiate the
claim, as defined by Toulmin in 1958. In the context of this study, empirical data
pertains to data of either quantitative or qualitative nature that is gathered through
investigations. The participants encountered difficulties in collecting credible data
due to their inability to formulate a valid investigation and regulate variables during

the exploration stages.
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4.1.1.2.1 Failure to Design a Valid Investigation

The participants encountered challenges in designing a valid investigation, leading to
difficulties in collecting valid data. Consequently, this impacted their capacity to
present accurate data during empirical argumentation sessions. The subsequent

examples from our data analysis highlight this challenge:
Example 1:
The claim of Banu’s group in image formation at the plane mirror activity was

e The object’s distance from the plane mirror is equivalent to the distance of

the image from the mirror.

The images provided as data can be observed in Figure 4.2.a, b, and c.

aozB

Figure 4.2. Banu and the groupmate’s experimental setup in the image formation at the

plane mirror activity
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In this instance, Banu and her groupmate attempted to gauge the distance of the
image from the plane mirror by utilizing the ruler’s image. It is evident that the

participants had trouble designing a valid investigation.
The question posed to Banu related to this challenge in the reflective paper was

e What are your thoughts on the actions taken in the exploration step? Did you
have preferences, concerns, areas of difficulty in understanding, or questions
about why certain actions were taken? Please express your opinions clearly,

providing reasons for your views.
Banu’s response was

e My partner and I realized that it was wrong after we did the experiment, but

we did not know how to set up an experimental setup for this claim.

Banu and her groupmate recognize the issue they are facing, but it is not appropriate
to make a definitive statement about the exact cause. Nevertheless, from the
researcher's observations, it can be inferred that this challenge arises from the
participants' previous experiences. This is because the experiments conducted in
Tiirkiye on image formation at a plane mirror are less complex than the experiments
carried out in this research. Participants are attempting experiments that are new to

them.

Example 2

Here is an excerpt from a dialogue between the teaching assistant and the participants

during the exploration stage of the law of reflection activity.

Begiim: We are currently in the process of preparing the experimental

arrangement. Can you provide instructions on how to configure it?
The researcher: What is your claim?

Begiim, Banu: Angle of incidence equals to angle of reflection.
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The researcher: Where are you sending the beam from, Banu?

Banu: I sketched the protractor on paper to facilitate data collection, and I
directed it with an angle of incidence of 60 degrees. However, the ray did not

make contact with the mirror (Figure 4.3).

e

Figure 4.3. An image of Banu and Begilim’s exploration stage of the law of reflection

activity

Regrettably, the clarity of Figure 4.3 is insufficient given the reliance on Zoom for
this study. For improved clarity, a black arrow is employed to mark the point of
contact with the light. In this experiment, Banu and Begiim struggled with protractor
usage, placing it at a considerable distance from the mirror. Consequently, they
encountered challenges in reflecting the beam off the mirror and gathering data

effectively.

4.1.1.2.2 Failure to Control Variables

The participants faced challenges in controlling variables, impacting their ability to
collect valid data. Consequently, this affected their capability to present accurate data
during empirical argumentation sessions. Here are specific examples from our data

analysis that illustrate this challenge:
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Example 1:

The claim of Banu’s group in the field of view at a plane mirror activity was

e  When the mirror is observed from various angles, the field of view at the

mirror undergoes alterations.

The images provided as data can be observed in Figure 4.4.a, b, and c.

(b)

4
(©

Figure 4.4. Banu and the groupmate’s data in the field of view activity

When examining Figure 4.4, it is not immediately clear whether the data is valid.
During the empirical argumentation stage, Banu was asked to explain her

experimental setup. The sentence she used to describe it was as follows:

Banu: I positioned the mirror in place, and then I viewed it from the standard

upright position, followed by observing it while bending down, and finally, I
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looked at it from a slightly elevated stance. I captured images of the mirror

from these different angles.

From Banu’s statement, it can be inferred that she not only observed the mirror from
various angles but also adjusted her distance from the mirror simultaneously. In other
words, she simultaneously manipulated both the independent and controlled
variables, without properly controlling the latter variable. She failed to notice that,
despite attempting a controlled experiment, she was altering two variables

simultaneously.

Example 2:

The claim of Banu’s group in the shadows activity was

e If there is only one light source in the environment, an umbra forms (on the

screen behind the opaque object).

The image provided as data can be observed in Figure 4.5.

&

Figure 4.5. Banu and the groupmate’s experimental setup in the shadows activity

During the exploration stage, Banu and her partner believed they were utilizing a
single light source and detecting an umbra on the screen. However, in reality, they

were employing two light sources and observing a penumbra on the screen. They did
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not consider that the Sun, which served as an additional light source, could impact
the experiment’s outcomes. Additionally, the light source they employed was not
sufficiently distant to be considered a point source; instead, it was considered a
circular light source. The count of light sources and the distance between the light
source and the opaque object constituted variables that required proper control. As a

result, the data they collected was invalid.

At the onset of the shadows activity, Banu and her partner devised an experiment
involving adjusting the proximity of the light source to the opaque obstacle (Figure
4.6). Despite observing a penumbra on the screen, Banu remarked to her partner,
"But it is not a penumbra; it is an umbra. The area of the umbra is getting bigger."
This indicates a lack of full understanding of fundamental shadow concepts,
including umbra, penumbra, point light source, spherical light source, etc., typically
covered in high school. The deficiency in conceptual comprehension serves as a
hindrance to regulating the distance variable of the investigation conducted in the

exploration stage (Figure 4.5).

Figure 4.6. Banu and the groupmate’s investigation at the onset of the shadows

activity

4.1.1.3 Empirical Rebuttal related Challenges

A rebuttal is a statement that opposes any aspect of an argument, as defined by
Toulmin in 1958. The participants encountered challenges when it came to noticing
the invalid data presented by their peers during the empirical argumentation sessions.

Consequently, the collected data must be required a rebuttal. However, due to their
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challenges in noticing flawed data, they also faced challenges when employing a

rebuttal.

4.1.1.3.1 Failure to Present Rebuttal to Invalid Investigation Designs

The participants encountered challenges in noticing invalid data resulting from
problematic experimental designs throughout the investigation process. However,
their difficulties in noticing such invalid data also impeded their capacity to present a
rebuttal effectively. Here is a specific instance from our data analysis that

exemplifies this challenge:

Example:

The claim of Banu’s group in image formation at the plane mirror activity was

e The object’s distance from the plane mirror is equivalent to the distance of

the image from the mirror.

The images provided as data can be observed in Figure 4.2.a, b, and c.

W)

Figure 4.2. Banu and the groupmate’s experimental setup in the image formation at the

plane mirror activity
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In this instance, Banu and her group partner attempted to gauge the distance of the
image from the plane mirror by utilizing the ruler’s image, resulting in invalid data.
It is evident that Banu and groupmate had trouble designing a valid experiment,
which in turn posed challenges in gathering valid data, subsequently giving rise to

presenting valid data to support their claim. So, the rebuttal must be
e The data is invalid due to the flawed experimental design.

Beneath, a segment of the argumentative discussion pertaining to the image
formation at a plane mirror activity of Banu and her group partner during the

empirical argumentation session is presented.

The researcher: Friends, in your opinion, can we trust the experiment

conducted by Banu and Alin?

Begiim: Actually, what Banu and Alin did seemed logical to me. For instance,
if we consider that they placed the object at 3 cm, would not it naturally
reflect at that same 3 cm point on the mirror? Similarly, when I placed an
object at 5 cm, it also reflected at 5 cm, so we can observe that the distance

remains consistent.

Begiim challenged with the interpretation of Banu and Alin’s experimental design
and could not pinpoint the error, which subsequently hindered her ability to present it

as a rebuttal.

4.1.1.3.2 Failure to Present Rebuttal to Errors in Controlling Variables

The participants faced challenges in noticing invalid data arising from the
simultaneous manipulation of two variables during the investigation process.
However, their challenges in detecting such invalid data also hindered their ability to
effectively present a rebuttal. Here are specific examples from our data analysis that

illustrate this challenge:

Example 1:
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The claim of Alin and Behin was

e The size of the penumbra we witness enlarges as the opaque object gets

closer to the circular light source.

They utilized images of their data collection process as evidence. (Figure 4.7.a and b)

— —

(a) (b)
Figure 4.7. Images captured during Alin and her groupmate’s experiment
Alin and Behin not only adjusted the distance between the obstacle and the light
source by moving the obstacle closer to the light source, but they also altered the
distance between the obstacle and the screen. Therefore, they simultaneously

modified two variables. So the rebuttal must be

e The data is invalid due to a lack of attention to the necessity of controlling the

second variable.

Beneath, a segment of the argumentative discussion pertaining to the shadows

activity during an empirical argumentation session is presented.

The researcher: Alin and Behin, could you refresh our memory regarding

your claim and provide an overview of your experiment?
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Alin: We said “The size of the penumbra we witness enlarges as the opaque
object gets closer to the light source.” as the claim. We used a circular light
source and an opaque obstacle in the experiment. We moved the obstacle
closer to the source, moved it further away from the source, and observed the

penumbra on the screen.
The researcher: Alin, do you believe that the data you gathered is reliable?

Alin: T gauged the separation between the obstacle and the light source, as

well as the distance between the obstacle and the screen.

The researcher: So, everyone, do you believe that Alin managed to gather

reliable data?

Canay: No, it is because Alin did not specify the extent to which they
manipulated the distances. Furthermore, I am uncertain whether she

consistently maintained the light source and the screen in a fixed position.

The researcher: I was present with them throughout the experiment. They did
not move the light source and the screen at all; instead, they occasionally

moved the obstacle.

Alin: T continuously measured the distances between the obstacle, the source,

and the screen.
Canay: Okey, then. There is no problem.
The researcher: Friends, do you believe that Alin’s experiment was flawless?

Dila: I believe the issue lies in the motion of the obstacle. When she moves
the obstacle, she changes both the distance between the obstacle and the
screen and the distance between the obstacle and the source. We conducted

the same experiment but we kept the obstacle and the screen stationary, only
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manipulating the distance between the light source and the obstacle, ensuring

that the distance between the obstacle and the screen remained constant.

The researcher: We heard about two experiments conducted to support the
same claim. In your opinion, who do you think is correct in what they are

saying, Alin or Dila?
Banu, Canay: Dila.
The researcher: Why?

Itir: Because Dila and her group partner did not simultaneously modify two
variables. They conducted their experiment by altering only the independent

variable.

None of the participants engaged in the argumentative discussion; only Banu was
able to join later when another experiment, conducted correctly, was being

explained.

The subsequent excerpt is from the dialogue between Banu and the researcher in the

relevant pop-interview.

The researcher: In the pop-interview following the prior activity, the
[llumination activity, concerning the argumentation sessions, you mentioned
there were instances where you could not express your thoughts as intended.

Did you encounter a similar challenge in the Shadows activity?

Banu: No, I did not face the same issue. This week, regardless of my

certainty in my knowledge, I expressed my thoughts openly.

It is evident to note that Banu’s inability to participate in the argumentative
discussion was not due to hesitation but rather because she did not notice the error in
the data collection process until a correctly conducted experiment was being

explained. Consequently, she had difficulty challenging it using rebuttal.
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Example 2:
The claim of Banu and Ilke was

e In the presence of two light sources in the surroundings, we can observe both

penumbra and umbra on the screen situated behind the opaque object.

They utilized image of their data collection process as evidence. (Figure 4.8)

Figure 4.8. Image captured during Banu and ilke’ experiment

The following excerpt is from the argumentative discussion that occurred in the

empirical argumentation stage of the shadows activity.

The researcher: Ilke, can you share your claim with us?

Ilke: In the presence of two light sources in the surroundings, we can observe

both penumbra and umbra on the screen situated behind the opaque object.

The researcher: Friends, do you believe this experiment is accurate? In this
setup, they have two light sources and an opaque obstacle, and they say that

they observed both umbra and penumbra on the screen. Is this claim correct?

Begiim: Yes, 1 think it is true because we have conducted the same

experiment and seen the same thing.
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The researcher: Banu (groupmate of Ilke), can you show us the experimental

setup? Begiim, why do you think it is true?

Begiim: Because when we held the two light sources close enough to connect
them, we saw an umbra in the center and a thin penumbra around it. Then,

when we moved the light sources apart, we saw two penumbrae.

The data is invalid since the daylight is also another light source that needs to be
controlled. Due to the influence of natural daylight on the experiment’s results, Banu
and Ilke were unable to observe an umbra on the screen at any point. So the rebuttal

must be

e The data is invalid due to a lack of attention to the necessity of controlling the

existence of daylight.

Begiim had the same challenge as Banu’s group and failed to identify the mistake in

the data collection procedure, leading to her struggle in presenting it as a rebuttal.

4.1.2 Challenges of PPTs Integrating ADI into the Turkish Physics
Curriculum

This specific section is related to the difficulties faced by the PPTs when
incorporating the ADI into the Turkish physics curriculum. The participants opted
for various objectives for the ADI activities they would create and carried out
research aligned with their chosen objectives. Due to the challenges they
encountered, each participant selected one objective from among them. The finalized

agreed-upon objectives and the articulated research questions are outlined below.
The objective of Begiim’s ADI activity was

e Students examine the factors influencing the resistance of a solid conductor.
a) They establish connections between variables using experiments or
simulations and formulate a mathematical model. Mathematical calculations

are not included.
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b) The changes in conductor resistance due to temperature variations and the

interpretation of resistance using color codes are excluded.
The research questions of Begiim’s ADI activity were

e What are the factors affecting the resistance of a solid conductor, and in what

ways do they impact? What underlies the theory behind your response?

The objective of Banu’s ADI activity was

e Students investigate the factors influencing torque.
a) Students draw conclusions about the variables affecting torque through

experiments or simulations.
The research questions of Banu’s ADI activity were

e Which is the simpler option for performing push-ups: with knees or on toes,

and why? What underlies the theory behind your response?
The objective of Ece’s ADI activity was

e The student clarifies that the buoyant force on objects in still fluids is a result
of the difference in pressure forces.
a) Archimedes’ Principle is elucidated, involving a comparison of the
magnitudes of the buoyant force and the object’s weight in scenarios
involving floating, suspension, and sinking.
b) An outline of the mathematical model for buoyancy is presented,

although specific mathematical calculations are not included.
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The research questions of Ece’s ADI activity were

e What are the factors affecting buoyancy, and in what ways do they impact?

What underlies the theory behind your response?

Upon analyzing the data collected during their experiences in preparing ADI
materials, it became evident that the participants faced challenges regarding
formulating theoretical data and theoretical warrant in the development of ADI
materials. The particular challenges experienced by the participants in the

preparation phase are presented in Figure 4.9.

Theoretical Data related Challenges
~Failure to Conprehend the Theoretical Foundation behind the Connection between the Dependent and Independent Variables

[Challenges of PPTs Integrating ADI into Turkish Physics Curriculum]

Theoretical Warrant related Challenges
~Failure to Establish a Logical Connection between the Dependent and Independent Variables based on the Theoretical Foundation

Figure 4.9. Challenges of PPTs Integrating ADI into the Turkish physics curriculum

4.1.2.1 Theoretical Data related Challenges

According to Toulmin’s 1958 definition, data includes information, facts, or
procedures used as evidence to bolster a claim. In the scope of this research,
theoretical data refers to facts or information that forms the theoretical foundation
underpinning the connection between variables. This information is embedded in the
explanation stage. The participants struggled to understand the theoretical basis

underlying the connection between the dependent and independent variables.

41211 Failure to Comprehend the Theoretical Foundation behind the
Connection between the Dependent and Independent Variables

The participants struggled to understand the theoretical basis that forms the

connection between the dependent and independent variables, which is referred to as
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theoretical data. An illustrative example from our data analysis highlights this

challenge.

Example

The theoretical data Beglim incorporated in the explanation stage of the ADI activity
does not provide an adequate theoretical foundation for explaining the relationship
between the variables affecting the resistance of a solid conductor. The theoretical

data given in Begiim’s ADI activity was

e All matter consists of atoms, and when electrons within a conductor are part
of an electrical circuit, they interact with atoms as they attempt to advance in

their path.

This statement is correct, but it lacks completeness. For completeness, it should be as

follows.

o Electrical resistance is primarily caused by the collisions of electrons with
atoms and other electrons within a material. As electrons move through a
conductor, they interact with the atomic structure of the material. These
interactions, which include collisions with atoms and other electrons, impede
the flow of electrons and give rise to resistance. The phenomenon is a result
of the opposition that the material presents to the movement of electric

current.

The data that must be presented at the explanation stage was

e Electrical resistance is primarily caused by the collisions of electrons with

atoms and other electrons within a material.

This suggests that Begum has not completely understood the theoretical basis for
elucidating the connection between the variables influencing the resistance of a solid

conductor. This situation became even more apparent in the 'Challenges of PPTs
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Acting as Teachers' stage. Beglim's struggle with conceptual understanding also led

to challenges in presenting theoretical data.

4.1.2.2  Theoretical Warrant related Challenges

As per Toulmin’s 1958 definition, a warrant serves as the link connecting data to a
claim by elucidating how and why the data supports the claim. In the context of this
study, theoretical warrant pertains to the connection between variables grounded in a
theoretical foundation. Participants faced challenges in establishing this connection

based on theoretical foundations.

4.1.2.2.1 Failure to Establish a Logical Connection between the Dependent
and Independent Variables based on Theoretical Foundation

While participants did not experience issues with the theoretical data itself, they
encountered challenges in formulating the theoretical warrant for the connection
between variables based on that theoretical data. A specific example from our data

analysis highlights this particular difficulty.
Example
Here is a segment from the post-writing interview held with Ece.

The researcher: Did you encounter any challenges or issues while composing

the theoretical argumentation stage?

Ece: I faced a challenge because I mixed up justifications with conclusions in

my own thoughts.
One of the claims in the Ece’s ADI activity was

e With the augmentation of gravitational acceleration, buoyancy also increases.

The theoretical data given by Ece in the explanation stage was

e The buoyant force applied to an object by the fluid results from the variance

in pressure forces acting on the object from above and below.

96



And the theoretical warrant composed by Ece was

e With an increase in gravitational acceleration, the buoyant force will also rise.
In reality, for the object’s net force to be zero, there needs to be a buoyant

force proportional to the weight of the object.
The theoretical warrant was supposed to be

e As gravitational acceleration increases, the difference in pressure forces

above and below the object grows, resulting in an increased buoyant force.

In this case, the statement written by Ece as a theoretical warrant is neither false nor
a justification because it lacks the necessary theoretical data. The assertion that the
object remains in equilibrium when the net force on it is zero is a consequence, not a
cause, of the change in the magnitude of the buoyancy force. In this context, the
theoretical data should be the cause. As Ece acknowledged during the interview, she

struggled with distinguishing cause-and-effect relationships.

4.1.3  Challenges of PPTs Acting as Teachers in ADI Activities

This specific section focuses on the challenges that arise when the PPTs take on the
role of instructors in the ADI activities. The challenges during the teaching phase
involve the hurdles that the PPTs encounter while presenting, guiding or questioning

claims, empirical data, empirical warrants, theoretical data, and theoretical warrants.
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Figure 4.10 visually represents the specific challenges encountered by the

participants while serving as teachers in the ADI activities.

Claim related Challenges

-+Failure to Question the Claim

—Failure to Question the Alignment of the Claim with the Research Question
-+Failure to Question the Alignment of the Claim with the Investigation

Empirical Data related Challenges

~Failure to Question the Emprical Data

—Failure to Question Errors in Investigation Design

= Failure to Question Errors in Controlling Variables

~Failure to Guide Students in Variable Identification

~Failure to Guide Students in Variable Control

-Failure to Guide Students in Independent Variable Manipulation

[Challenges of PPTs Acting as Teachers ]
Empirical Warrant related Challenges
—Unnecessary Leading of Empirical Warrant

Theoretical Data related Challenges
—+Presenting Insufficient Theoretical Data

Theoretical Warrant related Challenges
—+Failure to Request Theoretical Warrant
—+Failure to Prompt a Logical Connection between the Dependent and Independent Variables based on Theoretical Foundation

Figure 4.10. Challenges of PPTs acting as teachers in ADI activities

4.1.3.1 Claim related Challenges

A claim, as defined by Toulmin in 1958, is an idea, assertion, or conclusion central to
the framework. According to Padilla (1990), a hypothesis acts as a projection of the
anticipated outcome in an experiment. In the ADI conducted in this study, students
first develop a hypothesis, essentially functioning as claims drawn from their prior
experiences, aimed at providing a potential answer to the primary research question.
The participants faced challenges in scrutinizing the presence of a claim, as well as

the alignment of the claim with both the research question and the investigation.

4,1.3.1.1 Failure to Question the Claim

In instances where the students of the participants discussed the investigation
process, serving as an empirical warrant for this study without articulating their
claims, there were occasions when the participants failed to recognize the absence of
the claim. This led to a lack of inquiry into its existence. To illustrate this concern, a

specific instance from the data analysis is provided:
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Example

The conversation during the empirical argumentation session of Begiim’s peer

teaching session unfolds in the following manner.

Canay: We had three claims. Initially, we examined the impact of resistivity.
To do this, we maintained constant length and cross-sectional area, mirroring
Itir and her partner’s approach, which enabled us to isolate the influence of
resistivity on resistance. Subsequently, we applied a similar method to length
and cross-sectional area. We held resistivity and cross-sectional area constant
while varying length, and we kept length and resistivity constant while

adjusting cross-sectional area.
Begiim: Very good, do you agree with Canay?

In this case, there is no statement available for agreement, as Canay is merely
outlining the process. To clarify, Canay did not elaborate on the specific claims being
made, and Beglim did not inquire about the presence of any claims. In essence,
Beglim raised a challenge by noticing the absence of a clear claim and thus

questioning it.

4.1.3.1.2 Failure to Question the Alignment of the Claim with the Research
Question

In accordance with the ADI, the claim presented should serve as the response to the

primary research question. Instances arose where the claims made by the

participants’ students deviated from the research question, and in certain cases, the

participants did not scrutinize such occurrences due to a lack of awareness. An

illustrative example from our data analysis is as follows:

Example

Here is an excerpt from Banu’s interaction with her students during the empirical

argumentation session of her peer teaching.

99



Banu: Is there anyone willing to present their claim to the class?

Itir: We suspended the bag from our arm while keeping our arms parallel to
the ground. Initially, our claim was that we would experience increased
torque on our arm as the bag’s distance from the support point increased. This
claim was indeed substantiated when we hung the bag at various positions
along the arm. We detected the greatest force when the bag was suspended at

the wrist.

Banu: Have any of our fellow students attempted to test the claim that
increased torque would be experienced on the arm that is parallel to the

ground as the bag’s distance from the support point increased?

In this specific example, the data collected aligns with the students’ claim and is
relevant to the subject being taught. The issue for Banu in this context is her failure
to recognize that the students’ claim is not formulated as a response to the primary

research question, and therefore, she does not inquire about it.

4.1.3.1.3 Failure to Question the Alignment of the Claim with the
Investigation

Following the ADI, it is essential to conduct an investigation that substantiates the

presented claim. Instances occurred where the claims put forward by the participants’

students did not correlate with the investigation the students were conducting, and in

certain situations, the participants did not scrutinize such occurrences due to a lack of

awareness. An illustrative example from our data analysis is as follows:
Example
Here is an excerpt from the empirical argumentation stage of Ece’s peer teaching.

Ece: Let us see who did what. I think Begum and Canay concentrated on the
effect of the submerged volume on the buoyancy. Can you share your actions

with us?
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Canay: We experienced some confusion in our experiment. We possessed
wooden blocks with varying masses of 2, 4, and 5 kilograms, all constructed
from the same material. As the masses differed, we claimed that when
buoyancy increased, the volume submerged beneath the water’s surface
would also increase. To test this claim, we successively immersed the 2 kg, 4
kg, and 5 kg objects in water and observed a clear and proportional rise in

both buoyancy and the volume submerged.

Ece: Are you of the opinion that there might be an issue with the experiment

carried out by Canay and her groupmate?

Ilke: We also explored how the volume of submersion affects buoyancy,
albeit through a distinct approach. We immersed a wooden block into a liquid
with a density of 2 units, keeping its volume and weight constant throughout.
Our sole manipulation involved gradually lowering it with a device, not
altering its physical characteristics. Remarkably, our findings mirrored those
of the prior experiment: as the volume of submersion increased, so did the

buoyancy.

Ece: Do you believe that the experiment carried out by Ilke and her partner

can be considered a trustworthy or dependable one?
Canay, Itir: Yes.

Ece: Alright, Banu and Dila conducted an experiment where they altered the

liquid’s density. Could you please provide information about your findings?

Canay and Begiim claimed that as buoyancy increased, the submerged volume

beneath the water’s surface would correspondingly increase. As evident from Canay

and Begilim’s investigation, they essentially attempted to alter the submerged volume

and explored its impact on buoyancy. In reviewing Canay and Beglim’s claim, it is

apparent that the dependent variable and independent variable are interchanged. Ece

failed to notice this and thus questioning the claim.
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4.1.3.2 Empirical Data related Challenges

Data, as outlined by Toulmin in 1958, constitutes information, facts, or procedures
employed as evidence to support a claim. In the context of this study, empirical data
encompasses both quantitative and qualitative data gathered through investigations.
This section encompasses the participants’ difficulties in questioning the empirical
data, errors in the investigation design, and the variable control. Additionally, it
involves guiding students, where challenges arise from the participants’ own
difficulties in variable identification, variable control, and manipulation of the

independent variable.

4.1.3.2.1 Failure to Question the Empirical Data

Instances occurred when the students of the participants introduced claims without
referencing empirical data and empirical warrants. Unfortunately, on some
occasions, the participants failed to realize this, resulting in a missed opportunity to
discuss the validity and reliability of that data. To exemplify this concern, specific

examples from the data analysis are provided:

Example 1

The discussion in the empirical argumentation stage of Begiim’s peer teaching

experience proceeds as follows:

Begiim: llke, please share with us what you have experimented with, your

claim, and the outcomes you have achieved.

Ilke: We investigated the impact of length on resistance. Initially, we claimed
that increasing the length would lead to a decrease in resistance. However,
our experimental findings contradicted our expectations. It turned out that as
we increased the wire’s length, it exhibited the opposite behavior. We
anticipated that greater length would result in less resistance as if it would

facilitate the passage of current more easily.
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Begiim: Prior to conducting the investigation, you held the belief that the

material exhibited greater resistance to electricity when its length was shorter.
Ilke: That was our assumption, but the actual outcome did not align with it.

Begiim: That is the reason, my friends, why conducting experiments and
simulations is truly enjoyable. Sometimes, our preconceived notions do not
match reality, and it is fascinating to observe the differences. Thank you for

sharing, Ilke. Now, Lara, can you tell us about your experiment?

In this case, Begiim faced difficulties in attending to the data collected. Begiim did
not initiate a discussion about the data in ilke and her groupmate’s investigation.
Additionally, she did not create an opportunity for her classmates to provide rebuttals

if they encountered flawed data.

Example 2

Here is an excerpt from Banu’s interaction with her students during the empirical

argumentation stage of her peer teaching.

Banu: Is there anyone willing to present their claim to the class?

Itir: We suspended the bag from our arm while keeping our arms parallel to
the ground. Initially, our claim was that we would experience increased
torque on our arm as the bag’s distance from the support point increased. This
claim was indeed substantiated when we hung the bag at various positions
along the arm. We detected the greatest force when the bag was suspended at

the wrist.

Banu: Have any of our fellow students attempted to test the claim of that
increased torque would be experienced on the arm that is parallel to the

ground as the bag’s distance from the support point increased?
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In this specific example, Itir presented and elucidated the experiment they conducted.
Itir refrained from discussing her data and its collection method. Banu’s shortcoming
stems from her failure to pose a question that could initiate a conversation regarding
her students’ data or the experimental process. This action by Banu hindered the
potential for an argumentative discussion and prevented her students from offering a

rebuttal in the event of encountering flawed data.

4.1.3.2.2 Failure to Question Errors in Investigation Design

This challenge encompasses situations where participants overlooked mistakes made
by their students in designing investigations, resulting in a failure to question these

errors. A concrete example from our data analysis illustrates this issue:

Example

Here is a portion of Banu’s communication with her students in the empirical

argumentation session of her peer teaching.

Banu: Have any of our fellow students attempted to test the claim of that
increased torque would be experienced on the arm that is parallel to the

ground as the bag’s distance from the support point increased?
Lara, Ilke: We did.
Banu: What have you observed?

Nke: Teacher, we employed three different weights: a half-liter bottle with
full of water, a 1 kg dumbbell, and a 2 kg dumbbell. For each case, one arm
was maintained parallel to the ground, and an attempt was made to hold it
steady with the weights. We also experimented with placing the weights
inside the elbow and overlapping the lower arm over the upper arm,
essentially squeezing the inner elbow. We still maintained the arm parallel to
the ground. It was notably more challenging to maintain the position of the

arm when the arm was extended. Furthermore, we attempted the same with a
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4 kg dumbbell and found it impossible to lift when the arm was fully
extended. However, when we used the inside of the elbow we managed to lift

it.

Banu: What are your thoughts on the experiment conducted by Ilke and Lara?

Can we consider it as valid?
Itir: T am not quite clear on how they grip the dumbbell.

Canay: However, it is possible that the way you are positioning your arm
might also offer some support, potentially making it more manageable to

hold. I cannot be entirely certain.

Inir: For instance, if you were to attach a rope to the dumbbell and suspend it
from your elbow, would it produce the same outcome as when you close the

elbow?
Ilke: 1 thought it would.

Behin: She would need to apply more force because, as the arm bends at the

elbow, the center of mass of the lower arm would be nearer to the pivot point.

Banu: In fact, Ilke and Lara simultaneously experimented with something
else. They mentioned that they tested a half-liter water bottle, a 1 kg
dumbbell, and a 2 kg dumbbell. What distinctions did you notice among these

1tems?

In this instance, Ilke and Lara, while investigating the impact of the lever arm’s

length on torque, unintentionally shorten the lever arm both by shortening the arm

and by simultaneously bringing the weight closer to the pivot point. They essentially

reduce the lever arm’s length in two different ways simultaneously. Although it may

not appear to be an issue, it actually poses an investigation design challenge. As

Banu did not notice the challenge posed by ilke's group, it is significant that Banu
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redirects her attention to another claim made by ilke and her partner without

scrutinizing this challenge.

4.1.3.2.3 Failure to Question Errors in Controlling Variables

This challenge includes the instances that occurred when the participants failed to
observe errors made by their students in controlling variables, consequently
neglecting to inquire about these errors. Here is a specific example gleaned from our

data analysis:

Example

During Banu’s first high school teaching, a group comprising two individuals

presented the following claim.

e Performing push-ups on your knees is simpler because it decreases the weight

involved, allowing for a more comfortable execution of the exercise.

The interaction between Banu and the students who presented this claim during the

exploration stage unfolds as follows.
Banu: What did you guys do, what did you try?

Alp: Teacher, for the initial experiment, I actually had a similar idea. We
always had the weight on our wrists, and first, I attempted to raise my arm
straight by moving it from my shoulder. Then, with the weight still on my
wrist, | tried to lift my arm using only my elbow, without moving my upper
arm. It is almost like the elbow is acting as the knee in the push-up scenario. I

find it quite similar to the push-up example.
Banu: What were your sensations or experiences during this experiment?

Alp: Lifting with our elbow was more effortless. This was because we had to
support the weight of the entire arm in addition to the extra weight when

lifting from the shoulder.
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Banu: So, what factor are you investigating here?

Alp: T am examining the scenario of performing push-ups on the knees, as the

weight of our lower legs is not involved.
Banu: So, you are investigating how weight impacts torque.

Akay: No, teacher, the factor is not weight. He is suggesting that it both

increases and decreases the distance to the pivot point.

Banu: His actual thought process is as follows: When I lift from the elbow,
only the weight of the lower arm affects the torque. However, when I lift
from the shoulder, the weight of the entire arm affects the torque. He actually

wants to discuss this aspect.

The exchange between Banu and the students who put forth this claim in the

empirical argumentation session is described as follows.

Banu: Alp, could you please explain what you carried out in your

investigation?

Alp: The weight was consistently placed on our wrists. First, we lifted our
wrists with our arms fully extended. Then, with the weight still on our wrist,
we lifted it using our elbow without any movement in the upper part of our
arm. It felt easier when we lifted it from the elbow. This was because when
we did not involve the upper part of our arm, there was no extra weight, and it
also demonstrated that we did not engage the lower part of our legs when

doing push-ups on the knees.

Banu: Baran, you conducted an investigation to examine how the angle
affects torque. Would you mind sharing your findings and experiences

regarding the angle factor?
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In this case, the demonstration experiment conducted by Alp and Akay raises some
concerns. They simultaneously manipulated both the weight and length variables.
Furthermore, the control of the angle variable does not appear to be adequate. During
the exploration stage, Akay referred to the independent variable as length, while Alp
mentioned weight. Despite this inconsistency, Banu did not identify her students’
issue with manipulating variables simultaneously by not taking into variable control.
Consequently, the students were unable to gather valid data in the exploration stage,
and thus the data they presented during the empirical argumentation stage lacks
validity. It appears that Banu did not attend this challenge and inquire about the
validity of the data.

4.1.3.2.4 Failure to Guide Students in Variable Identification

This challenge involves instances where participants’ students do not commit errors
in variable control, but the participants misguide them due to their own difficulties in

identifying variables. Here is an illustrative example drawn from our data analysis:

Example

The data section of the activity sheet completed by Itir and Lara as part of Ece’s peer

teaching is shown below.

Table 4.1. Emprical data of Itir and Lara

Density of the | Density of the Buoyancy Volume of
object (K/L) liquid (K/L) force (N) the object
(L)
0.40 0.50 19.60 5
0.40 1 19.60 5
0.40 1.20 19.60 5
0.40 1.50 19.60 5

Feedback from Ece on this table was

e The experiment was conducted improperly. Given that the object’s density is

lower than that of the liquid, it remains afloat. Consequently, variations in the
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density of the liquid lead to alterations in the object’s submerged volume,
making it challenging to observe changes in buoyancy. In reality, two
variables were simultaneously altered by adjusting both the object’s

submerged volume and the density of the liquid.

The experiment was sound, as illustrated by this example. The issue lied in Ece’s
feedback, where she mistakenly attributed a problem. Itir and Lara did not
manipulate two variables simultaneously; they solely adjusted the density of the
liquid and observed the corresponding change in the submerged volume. Ece,
however, interpreted the submerged volume as a variable requiring control, rather
than recognizing it as a dependent variable. In this context, Ece faced challenges
stemming from her struggles with variable identification. This challenge led to a

misinterpretation of the students’ data.

4.1.3.2.5 Failure to Guide Students in Variable Control

This difficulty arises in situations where the participants’ students effectively manage
variable control without making errors, but the participants inadvertently guide them
incorrectly due to their own struggles in controlling variables. Here is a concrete

example extracted from our data analysis:

Example

Ece’s dialogue with her fellow students in one of the breakout rooms while her peers
were engaged in their investigation during the exploration stage of her peer teaching

was

Ece: Is there a problem?
Begiim: How can we create two distinct volumes of an identical substance?

Ece: Do the substances you place in the water need to be identical? Do you
submerge the wooden block in the water? What amount of the volume do you

notice submerging?
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Canay: 5L

Ece: And what is the buoyancy force acting on it?

Canay: 49N

Ece: Alright, remove the wooden block, and immerse the brick in the water.
Canay: Submerged volume is 2.5L.

Ece: And what is the buoyancy force acting on it?

Canay: 24.5N

Ece: Is buoyancy the sole factor in action in this situation?

Canay: The brick sank because it possessed greater density than water,

making it beyond the capacity of buoyancy to keep it afloat.
Ece: And what are we examining?

Canay: Effect of submerged volume. Is it possible to carry out the

investigation in this manner?
Ece: Yes.

In this case, Ece’s students were hesitant to simultaneously alter the volume of
submersion and the density of the object they submerged in water, so they sought
Ece’s guidance. However, Ece proposed conducting the experiment by
simultaneously modifying two variables. It is common knowledge that the object’s
density does not impact buoyancy, but due to the scientific inquiry process, during
the exploration stage, students are typically advised to modify only the independent
variable while maintaining all other factors constant. It is quite evident that Ece is

encountering a challenge in variable control due to her own challenge.

4.1.3.2.6 Failure to Guide Students in Independent Variable Manipulation
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This difficulty entails the participants providing inaccurate guidance to their students

regarding the manipulation of the independent variable in the investigation.

Example

In the empirical argumentation session of her peer teaching, Banu’s students debated
the impact of the length of the lever arm and force on torque. However, they did not
address the angle between the force and the lever arm. Subsequently, the ensuing

conversation transpired between Banu and her students at the same stage.

Banu: Do we require an additional claim to respond to the research question

regarding whether another factor can influence torque?
Canay: I have no idea.

Banu: In what manner does the angle between the force and the lever arm

impact?

Itir: For instance, if we suspend the bag at an angle other than perpendicular

to the ground, I am not quite clear about what you mean by “angle”.

Banu: For instance, we held the bag in our hands, demonstrating it like this
(Banu lifted the bag by raising her arm from the shoulder approximately 10-
15 degrees from a position parallel to the ground without bending her elbow)
and like this (Banu lowered the bag by lowering her arm from the shoulder
approximately 10-15 degrees from a position parallel to the ground without

bending her elbow).

Following Banu’s explanations, the students proceeded to conduct the demonstration
experiment. In this instance, Banu provided insufficient and inaccurate details about
the demonstration experiment. She demonstrated the experiment twice using her arm,
and in both demonstrations, the angle between the force and the lever arm remained
the same. Given that this demonstration experiment relies on sensory perception, it is

crucial to carry out the experimentation with great care. To gather meaningful data,
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one measurement should be taken with the arm parallel to the ground, while the other
measurements should consistently occur either above or below the arm’s parallel
position. Furthermore, there should be substantial differences in the angle values
measured to distinctly discern in which position the arm experiences more strain. It is
evident that Banu encountered challenges in handling the independent variable
associated with experimenting, particularly in terms of manipulating the variable

effectively.

4.1.3.3 Empirical Warrant related Challenges

According to Toulmin’s 1958 definition, a warrant acts as the connection between
data and a claim, explaining the reasons and ways in which the data supports the
claim. In this study, empirical warrant specifically addresses the validity and
reliability of empirical data. The participants encountered difficulties in indirectly

probing the aspects related to the empirical warrant.

4.1.3.3.1 Unnecessary Leading of Empirical Warrant

This challenge involves an excess of directive guidance in the argument-driven
questioning of empirical warrants. Here is a specific example derived from our data

analysis:
Example
The claim of Itir and her partner in Beglim’s peer teaching was
e When the resistivity of the substance increases, its resistance increases too.

The provided passage was extracted from the dialogue between Begiim and her

students in the empirical argumentation session of her peer teaching experience.

Inir: Our intention was to investigate the connection between resistivity and
resistance and to do so, we maintained a constant cross-sectional area and

length while examining the resistance of materials across 5 distinct resistivity
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values, as seen on the screen. What we observed was that as the resistivity of

the material increased, the resistance increased.

Begiim: Friends, what are your thoughts on the experiment conducted by Itir
and her partner? Personally, I find it quite impressive. What are your opinions
on the reliability of their data? For instance, during the experiment, did you
notice any factors, such as changes in length occurring simultaneously and

consistently? Or do you believe it was a well-executed experiment?

Canay: Did Itir and her partner not investigate how resistivity impacts

resistance?
Begiim: Yes, they investigated how resistivity impacts resistance.
Canay: What is the reason for altering the length? I am puzzled by that.

Begiim: That is precisely the question I had in mind. Do you believe such
modifications are necessary? I mean, for instance, why do you think they
adjusted the resistivity while keeping the cross-sectional area and length
constant, without simultaneously adjusting the cross-sectional area or length
at a consistent rate? Their observation, as you mentioned, pertains to the
influence of resistivity on resistance. Therefore, did you apply a similar

approach to the factor you were investigating? What were your claims?

In this case, it is clear that Begiim provided an overabundance of directional

guidance of empirical warrant, which contradicts the principles of inquiry-based

learning. Instead of actively engaging other students in the class by asking a question

like, “Is your friend’s result reliable?” she explicitly inquires about variable control,

effectively concluding the discussion.

Theoretical Data related Challenges

As per Toulmin’s definition in 1958, data comprises information, facts, or

procedures employed as supporting evidence for a claim. In the context of this study,
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theoretical data denotes facts or information that establishes the theoretical
foundation supporting the relationship between variables. This section encompasses
the difficulties faced by the participants in presenting the theoretical basis linking the

variables.

4.1.3.4.1 Presenting Insufficient Empirical Data

The participants did not understand the theoretical foundation behind the connection
between variables, and they struggled to articulate this foundation during the
explanation stage. Consequently, they did not notice when their students presented
claims without referencing theoretical data, and the participants faced challenges in
questioning the theoretical foundation. A specific example from the data analysis is

provided to illustrate this concern.

Example

The theoretical data presented by Begiim at the explanation stage was

e All matter consists of atoms, and when electrons within a conductor are part
of an electrical circuit, they interact with atoms as they attempt to advance in

their path.

In this instance, the theoretical data presented by Begiim, fell short of being
comprehensive. To make it sufficient, she should have elaborated on resistance at the
micro level, elucidating that the resistance of substances to electric current results
from the collisions between conduction electrons and intrinsic particles within the
material, such as atoms. As a result, she had data related challenges as discussed in
the challenges of PPTs integrating ADI into the Turkish physics curriculum section.
While she can articulate the concept of resistance at the macro level, she struggles to
elucidate the micro-level understanding, which constitutes the theoretical foundation

linking the variables.

Begiim proceeds the theoretical argumentative discussion of her peer teaching in a

subsequent manner.
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Begiim: Now, friends, 1 encourage you to rethink your thoughts and
observations. I would like a few of our peers to recap the points we have
covered thus far, and I pose the question once more: What, in your opinion,
are the elements that influence a solid conductor’s resistance? Friends, I am

curious to know: upon what does resistance truly rely?

Canay: Allow me to share one of them. The resistance of a conductor is
contingent upon the conductor’s length, exhibiting a direct correlation. With
an increase in length, the electron mobility within becomes progressively
restricted, resulting in an elevated resistance. This is because resistance
functions as a restraining factor on electron movement, and the longer the
wire, the more constrained the electron motion becomes. Hence, there exists a

direct proportionality between them.

Begiim: That is excellent. Ece, could you please identify another factor

influencing resistance?

In this specific example, Beglim did not notice whether Canay’s response contained
the theoretical data. Consequently, Begiim encountered obstacles when questioning
her peers regarding theoretical data, and therefore theoretical warrant and theoretical

rebuttal in the discourse.

As the theoretical argumentation session of Beglim’s peer teaching nears its
conclusion, there is an exchange between Begiim, Itir, and Behin in the following

manner.

Inr: We have observed that an increase in resistivity results in higher
resistance. When we inquire about the reasons for the rise in resistance, based
on the information you have provided, it stems from the unique arrangement
of atoms and molecules within each substance. As electrons traverse through
it, the greater their encounters with these atoms, the more collisions they

undergo. In other words, the more congested their path becomes, the greater
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their resistance. This, in turn, leads to elevated resistivity and overall

resistance, given a consistent length and cross-sectional area.
Begiim: Yes, thank you Itir.

Behin: Professor, I do not entirely concur with Itir. Did not we discuss that
elevating the count of free electrons leads to reduced resistivity? In other
words, we established that a decrease in the number of free electrons results
in lower resistivity. Is not it, in fact, the quantity of free electrons that holds
more significance than the atomic and molecular arrangement when

considering the impact on resistivity?

Begiim: Free electrons play a crucial role in the generation of electrical
current. However, in a similar manner, for instance, the atomic configuration
of carbon differs from that of copper, and it influences the arrangement of

atoms similarly.

In the dialog between Begiim, Itir, and Behin, Beglim’s inability to provide a
satisfactory response to Behin’s question serves as evidence that Begiim lacks a deep
conceptual understanding of the theoretical foundation behind the connection
between the variables. In the explanation stage, Begiim omits the formation of
resistance through electron and atom collisions. In contrast, Itir mentions collisions,
possibly drawing from her prior knowledge. Behin disagrees with Itir, attempts to
use Begiim’s information to create a warrant, and concludes with a question. Begiim

struggles to provide a meaningful answer to Behin’s question.

Begiim admitted to the confusion in the post-peer teaching interview in the following

manner.

Begiim: 1 should better prepare for the micro level of resistance because I did
not anticipate causing such confusion among the students. There was
widespread confusion about it, and I contributed to it. I will address and

clarify that part.
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4.1.3.5 Theoretical Warrant related Challenges

In Toulmin’s 1958 definition, a warrant functions as the connection between data and
a claim, elucidating the reasons and processes by which the data supports the claim.
In this study, a theoretical warrant relates to the connection between the dependent
and independent variables established on a theoretical foundation. The participants
encountered challenges in requesting the theoretical warrant, they preferred
presenting it directly. Furthermore, they faced difficulties in scrutinizing the
establishment of connections between the dependent and independent variables based

on theoretical foundations.

4.1.3.5.1 Failure to Request Theoretical Warrant

This challenge involves the participants in the theoretical argumentation session
attempting to provide theoretical warrants directly instead of questioning their
students. An illustrative instance from the data analysis is offered to demonstrate this

particular concern.

Example

Beglim’s speech at the theoretical argumentation session of her peer teaching started

as follows:

e Now, let us imagine you are in the shoes of an electron, attempting to
navigate through a sea of atoms. It is a straightforward idea: the more
difficulty you encounter, the higher the resistance you face. Difficulty equates
to resistance. So, to amplify the resistance, you need to create conditions that
make the electron’s journey more challenging. If you increase the length,
extending the path you must traverse endlessly, you will continually
encounter obstacles, which means your resistance as an electron will surge.
Put yourself in the electron’s position. Similarly, when you reduce the cross-

sectional area, and envision yourself squeezing and maneuvering through a
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narrower space; your task becomes more strenuous, and as a result, your
resistance increases.

Now, delving into the concept of resistivity, consider that the arrangement of
atoms varies from one substance to another. In some materials, atoms are
densely packed, while in others, they are more sparsely distributed.
Consequently, your resistance fluctuates based on how easy or challenging
your journey is. The concept of resistivity elucidates this phenomenon. If we
place ourselves in the electron’s perspective, we can intuitively grasp this

relationship.

In this instance, Begum’s consecutive participation in the entrance of the theoretical
argumentation session is observed. It became evident that instead of guiding students
through argumentative discussions with questions, Begum attempted to explain the
secondary research question. Notably, the factors influencing the resistance of a solid
conductor were explained using analogies, with a lack of theoretical data
presentation. To make it sufficient, she should have elaborated on resistance at the
micro level, elucidating that the resistance of substances to electric current results
from the collisions between conduction electrons and intrinsic particles within the
material, such as atoms. As a result, she struggled to guide students through
argumentative discussions with questions and grasp the finer nuances of the physics

topic at a microscopic level.
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4.1.3.5.2 Failure to Prompt a Logical Connection between the Dependent and
Independent Variables based on Theoretical Foundation

The challenge encompasses the participants’ difficulty in questioning their students

when there is a failure to establish the logical connection between the dependent and

independent variables on theoretical grounds. Here is a concrete example derived

from our data analysis:

Example

The conversation that took place between Itir, Lara, and Ece during Ece’s peer
teaching while Ece’s students were in breakout rooms completing the conclusion

parts of their activity sheets is detailed as follows.

Inr: We have not conceptually understood why buoyancy increases as

gravitational acceleration increases.

Ece: Okay, not everyone has understood this. Now let us imagine that I am on
Earth and I have an apple. On Earth, let us say, this apple weighs 30 N, and it

floats. Since the apple is floating, what is the buoyancy force acting on it?
Iur: 1t is equal to its weight.

Ece: Certainly. If the weight were any more, the apple would have
submerged; if it were any less, the apple would have ascended, even flown.
Now, consider the moon; let us assume the weight of the same apple on the
moon is 20 N. Consequently, the buoyant force required to achieve
equilibrium will decrease proportionally. This is because buoyancy needs to

equal the weight, as the net force must remain at zero.

In this instance, Ece’s response to why the buoyancy force increases with an increase
in gravitational acceleration is essentially a statement that must serve as a theoretical
warrant and provide justification. Unfortunately, Ece’s response does not provide a

theoretical warrant since it lacks the theoretical data which is that the buoyant force
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acting on an object in a fluid is the difference in pressure forces applied to the

submerged volume of the object from above and below.
The explanation about this section in Behin and Ilke’s activity sheet is as follows.

e When gravity decreases, the weight of the object decreases. Since the
maximum buoyant force that the liquid can apply to the object will be as

much as its weight, it will also decrease.

One of the responsibilities assigned to the participants during the teaching phase was
to provide feedback or pose questions when they noticed errors on their students’
activity sheets. Ece did not offer any feedback or ask questions on Behin and ilke’s

statement, highlighting her struggles in interpreting the students’ reply.
4.2  Challenges Encountered by Each PPT based on Their Experience

This segment addresses the challenges encountered by each participant in their
respective experiences. The examination of the data and findings is segmented into
three distinct sections, each of which will be individually explored with

comprehensive explanations.

4.2.1  Challenges Encountered by Begiim based on Her Experience

Begiim, in her role as a learner, encountered several challenges. These included
difficulties in articulating a claim during the illumination activity, challenges in
controlling variables and addressing errors in controlling variables in the shadows
activity, and struggles in devising a valid investigation in the law of reflection
activity. Additionally, she faced challenges in presenting a rebuttal to an invalid
investigation design in the image formation at the plane mirror activity. The entirety
of the challenges experienced by Begiim in her role as a learner is illustrated in

Figure 4.11.
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Figure 4.11. Challenges of Begilim acting as a learner in ADI activities

It is noteworthy that Begiim did not face a challenge in designing a valid
investigation during the image formation at the plane mirror activity. However, she
encountered a challenge in refuting her classmates’ invalid investigation design
during the same activity, despite the interconnected nature of these challenges
suggested by their names. The distinction arises from the divergent claims
participants sought to substantiate. Begiim and her groupmate devised an experiment
to validate the claim that ‘the image in a plane mirror is laterally symmetric to the
object.” In contrast, their friends, whose experiment Begiim could not refute, posited

the claim that ‘the distance of the object to the plane mirror is equal to the distance of
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the image of the object to the plane mirror.” Consequently, the contents differed

significantly in the two cases.

An essential observation is that Begiim faced varying difficulties as the activity
changed, confirming the content-dependent nature of argumentation and science
process skills. The alteration in the activities resulted in a shift in both the context
and the content, presenting Beglim with diverse challenges associated with the
relevant skills. This did not imply that skills were unteachable; certain aspects were
learnable. However, when transitioning to a new activity and encountering

unfamiliar elements within it, new challenges emerged.

In her role as a developer, Begiim faced just one challenge. This encompassed
difficulties in comprehending the theoretical foundation underpinning the connection
between the variables, which is the theoretical data in this study. The challenge

experienced by Begiim in her role as a developer is depicted in Figure 4.12.

Failure to Establish a Logical Connection
between the Dependent and Independent
Variables based on the Theoretical
Foundation

Failure to Conprehend the Theoretical
Foundation behind the Connection between
the Dependent and IndependentVariables

Preparation Phase Challenges

1
Developing an
ADI Activity

Preparation Phase Activity

Figure 4.12. Challenges of Begiim acting as a developer in ADI activities

A notable observation emerges from Begiim’s engagement in the ADI activities

while assuming the role of a learner; her challenges were prominently associated
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with empirical data. Conversely, upon transitioning from a learner to a developer, her

challenges became more salient in grappling with theoretical data.

In her capacity as a teacher, Beglim encountered numerous challenges. During her
peer teaching experience, she experienced difficulties in addressing the absence of a
claim, the absence of empirical data, and questioning the empirical warrant
indirectly. Additionally, she faced challenges in presenting the theoretical foundation

supporting the connection between variables and requesting the theoretical warrant.

In her high school teaching experiences, Begiim successfully addressed the
difficulties associated with questioning the lack of a claim and requesting the
theoretical warrant. However, she continued to face difficulties in questioning the
empirical data, questioning the empirical warrant with an unnecessary leading, and
presenting the theoretical data insufficiently. The comprehensive array of challenges

Begilim encountered in her role as a teacher is delineated in Figure 4.13.
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Figure 4.13. Challenges of Begiim acting as a teacher in ADI activities
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It is crucial to underscore that the absence of instances related to failure to question
errors in investigation design, failure to question errors in controlling variables, and
failure to guide students in variable identification, variable control, and independent
variable manipulation in Figure 4.13 does not imply that Begiim did not encounter
these challenges. Instead, it indicates that circumstances conducive to experiencing
these challenges did not arise. To confront challenges such as failure to question
errors in investigation design or controlling variables, Beglim would have first
needed to overcome the initial difficulty of failure to question the empirical data.
Similarly, the absence of instances related to failure to prompt a logical connection
between the dependent and independent variables based on theoretical foundations
does not suggest that Begiim did not face this challenge. Confronting this challenge
would necessitate addressing the antecedent challenge of failure to present the

theoretical data.

Upon scrutinizing Figures 4.11, 4.12, and 4.13 collectively, a clear pattern emerges.
When Begilim assumed the role of a learner in ADI activities, she encountered no
challenges related to the theoretical data and the theoretical warrant. However, in her
role as a teacher in the ADI activities, challenges surfaced in effectively presenting
these insights within the ADI materials and probing them during her teaching

experiences.

4.2.2  Challenges Encountered by Banu based on Her Experience

In her learner role, Banu faced challenges with aligning claims (shadows),
controlling variables (shadows, image formation at the plane mirror, field of view at
a plane mirror), presenting rebuttals to errors in controlling variables (shadows), and
formulating valid investigations (law of reflection, image formation at the plane

mirror). The challenges are depicted in Figure 4.14.
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Figure 4.14. Challenges of Banu acting as a learner in ADI activities

Significantly, Banu encountered a challenge in obtaining valid data as a result of
facing difficulties in devising a valid investigation and controlling variables during

the learning phase.

In her role as a developer, Banu did not encounter any related challenges. However,
in her role as a teacher, Banu faced several difficulties. During her peer teaching
experience, she struggled with questioning the alignment of a claim with the research
question, probing the empirical data, addressing errors in investigation design,
addressing errors in controlling variables, guiding students in independent variable
manipulation, and prompting a logical connection between the dependent and
independent variables based on theoretical data. In her first high school experience,

her only setback was in questioning errors in controlling variables and overcoming
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other challenges. In her second high school experience, she successfully overcame
her difficulty in questioning errors in controlling variables. The comprehensive array

of challenges Banu encountered in her role as a teacher is delineated in Figure 4.15.
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Figure 4.15. Challenges of Banu acting as a teacher in ADI activities
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Upon analyzing Figures 4.14 and 4.15, a notable distinction emerges. Banu
encountered a challenge in the teaching phase that was absent during the learning
phase. In her learning phase, Banu did not face any difficulty in manipulating the
independent variable. In her teaching experience, Banu selected torque as the focus,
and while she faced no challenges with length and force, two factors influencing
torque, she struggled with manipulating the angle. Banu did not consistently face
challenges in identifying variables, particularly in subjects concerning angles, as

illustrated by these instances.

4.2.3  Challenges Encountered by Ece based on Her Experience

In her learner role, Ece faced various challenges, including struggles in devising a
valid investigation and failing to counter invalid investigation design in the
illumination activity. She also encountered difficulties in aligning a claim with the
research question and presenting a rebuttal to errors in controlling variables in the
shadows activity. Importantly, Ece overcame her challenges and did not encounter
challenges in the law of reflection activity, image formation at the plane mirror
activity, and field of view at a plane mirror activity. A comprehensive overview of

the challenges experienced by Ece in her learner role is depicted in Figure 4.16.
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Figure 4.16. Challenges of Ece acting as a learner in ADI activities

It is notable that Ece did not encounter challenges in controlling variables during the
shadows activity. However, she did face a challenge in refuting errors made by her
classmates in controlling variables in the same activity, despite the interconnected
nature implied by the names of these challenges. Both Ece’s group and another group
in the class conducted experiments to validate the same claim: ‘As the distance of a
point light source from an obstacle increases, the size of the umbra on the screen
situated behind the obstacle decreases.’. The discrepancy arises from the differing
approaches the groups took in their investigations. While Ece’s group altered the

position of the point source, the other group changed the position of the obstacle.
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Although the other group incorrectly replicated the same experiment as Ece and her
groupmate, Ece did not recognize the error in the incorrect experiment and,
consequently, could not offer a rebuttal. In essence, even when the data collection
processes are similar, the absence of challenges with controlling variables for one
individual does not guarantee an ability to notice issues with the controlling variables

used by others.

A crucial observation is that, akin to Begiim, Ece confronted different challenges as
the activity changed. The shift in activity led to a change in both the context and the
content, exposing Ece to a spectrum of challenges related to argumentation and

science process skills.

As a developer, Ece encountered a solitary challenge, which involved struggles in
establishing a logical connection between the dependent and independent variables
based on a theoretical foundation, specifically the theoretical warrant in this study.

The challenge experienced by Ece in her developer role is illustrated in Figure 4.17.

Failure to Establish a Logical Connection I
between the Dependent and Independent |

Variables based on the Theoretical
Foundation '

Failure to Conprehend the Theoretical ‘
Foundation behind the Connection between
the Dependent and IndependentVariables

Preparation Phase Challenges

+— — 1
Developing an ADI
activity

Preparation Phase Activity

Figure 4.17. Challenges of Ece acting as a developer in ADI activities
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A significant observation arises from Ece’s engagement in the ADI activities: while
assuming the learner role, she encountered no challenges in the theoretical
argumentation session. Conversely, upon transitioning from the learner role to the
developer role, the challenges she faced in establishing a logical connection between
the variables based on the theoretical foundation, specifically the theoretical warrant,

became more evident.

In her role as a teacher, Ece faced several challenges. During her peer teaching
experience, she encountered difficulties in scrutinizing the alignment of claims with
the investigation, addressing the empirical data, and guiding students in variable
identification and control. Additionally, she struggled with requesting theoretical
warrants and questioning the connection between the dependent and independent

variables based on theoretical foundations.

In her high school teaching experiences, Ece did not face challenges pertaining to
questioning the alignment of claims with the investigation, addressing the empirical
data, guiding students in variable control, and requesting theoretical warrants.
However, she persisted in encountering challenges related to guiding students in
variable identification and questioning the connection between the dependent and
independent variables based on theoretical foundations. The complete set of

challenges Ece experienced in her teacher role is outlined in Figure 4.18.
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Figure 4.18. Challenges of Ece acting as a teacher in ADI activities
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It is essential to emphasize that Ece’s challenge in guiding students in variable
identification is not uniform across all student claims. Ece encountered this challenge

specifically in the following two claims when her students used a floating object:

1. If the density of an object in a fluid increases (decreases), the buoyancy

force acting on the object increases (decreases).

2. If the density of the fluid increases (decreases), the buoyancy force acting

on the object in the fluid increases (decreases).

During student investigations involving a floating object, they observed that
increasing the density of the object led to an increase in its submerged volume, and
increasing the density of the fluid resulted in a decrease in the submerged volume,
consistent with expectations. Unfortunately, Ece perceived this scenario as involving
the simultaneous alteration of two variables, as detailed in the explanation under the
failure to guide students due to difficulty in variable identification. In these
examples, the submerged volume is a dependent variable; however, Ece perceived it

as a controlled variable.

Upon examining Figures 4.16, 4.17, and 4.18 collectively, a distinct pattern becomes
evident. Ece faced no challenges related to variable identification when adopting the
roles of a learner and a developer in the ADI activities. However, challenges arose
when she assumed the role of a teacher. As previously explained, Ece conducted
teaching experiences using the material prepared during the preparation phase. Even
though the material remained consistent, there was a shift in Ece's role, resulting in a

novel challenge.

Another notable insight emerges from Ece’s participation in the ADI activities: when
taking on the role of a learner, she faced no difficulties during the theoretical
argumentation session. However, as she shifted from the learner role to the developer
role and subsequently to the teacher role, the difficulties in prompting a logical
connection between the variables based on the theoretical foundation, particularly the

theoretical warrant, became more apparent.
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CHAPTER 5

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS FOR
FURTHER STUDIES

This chapter is divided into three parts. The initial section covers the discussion of
the findings. The second section delves into the potential implications of the results
for educators’ practices. Finally, the third section offers recommendations for future

studies.
5.1  Discussion of the Findings

The objective of this study was to explore the challenges encountered by pre-service
physics teachers (PPTs) in various roles: as learners in ADI activities, as integrators
of ADI into the Turkish physics curriculum, and as instructors implementing ADI
activities. In pursuit of this objective, revisions were made to argument-driven
inquiry (ADI) method, prompted by the recognition of disparities between its
theoretical framework and practical implementation during the inquiry phase (see
Grooms et al., 2016; Walker et al., 2011). Subsequently, the researcher undertook a
redesign of the MSE 407 Laboratory Applications of Secondary Science Education II
course during the spring semester of the 2020-2021 academic year. This elective
course, offered by the Mathematics and Science Education Department at Middle
East Technical University, involved four hours of weekly instruction. The course was
structured into three phases: the learning phase, the preparation phase, and the
teaching phase. The challenges faced by the three lowest-achieving students in all
phases were scrutinized to enhance our comprehension of the challenges encountered

by the PPTs.
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The study encountered a variety of challenges for the PPTs, with each difficulty
leading to another. Upon reviewing the gathered data, it became apparent that the
PPTs struggled with different skills, including argumentation, science process, and
grasping essential concepts. The analysis indicated that difficulties in science
process, and conceptual understanding have served as antecedents to challenges in
argumentation. As a result, this research emphasizes presenting findings specifically
related to challenges in argumentation skills. Accordingly, Toulmin’s (1958)
structural model, Toulmin Argument Pattern (TAP), was employed to identify
challenges related to argumentation skills. TAP comprises six components: Claim,
data, warrant, backing, qualifier, and rebuttal. The study incorporates both empirical
and theoretical argumentation sessions, with the inclusion of the terms “empirical”
and “theoretical” to precisely identify the nature of the argumentation session in

which a challenge emerges.
In this regard, the findings, along with the discussions, are elucidated as follows:

Finding 1: The PPTs faced challenges with the argumentation skills of formulating
and presenting claims, empirical data, and empirical rebuttals while acting as learners

in the ADI activities.

In the context of the ADI, the process of claim formulation takes on a pivotal role,
serving as a bridge between participants’ past experiences and their attempts to
address the primary research question. The claim, akin to a hypothesis in inquiry
research settings, becomes a focal point of exploration. This study unveils a nuanced
landscape where participants grapple with the intricate task of crafting claims that
not only draw from their experiences but also align closely with the overarching
research questions. The challenges encountered in this phase are multifaceted, with
instances where participants refrained from aligning the claims with the primary
research questions or formulating claims altogether, reflecting the complexities
inherent in this cognitive process. This departure from conventional practices sheds

light on the distinctive nature of claim formulation within the ADI framework.

136



Comparing the findings of the current study with earlier investigations in both
argumentation and science process skills literature, intriguing disparities surface.
While existing studies often underscore the challenge of modifying claims (Berland
& Reiser, 2011; Kagar & Balim, 2021; Novak & Treagust, 2017; Walker et al.,
2019), even when faced with refuting evidence, this study introduces a novel
dimension by emphasizing the initial formulation of claims. This shift in focus is
particularly relevant in the ADI setting, where the integration of inquiry adds layers
of complexity to the entire process. The authenticity of the inquiry process in this
study exposed the claim (hypothesis) derived from prior experiences, allowing us to
recognize the inherent challenges encountered by the participants. Notably, the
exploration into hypothesis formation challenges aligns with existing literature, albeit
limited in the domain of undergraduate students. Kagar and Balim’s (2021) study on
science learning through ADI among middle school students resonates with the
findings of this study, revealing difficulties in determining research questions and
formulating hypotheses. The extension of these challenges to the undergraduate
level, as evidenced in this study, underscores the need for tailored pedagogical
approaches that address the intricacies of hypothesis formation within the ADI

framework.

The challenges participants faced in collecting empirical data reveal a crucial aspect
of the limitations within the setting of the ADI. The difficulty in controlling variables
and devising a valid experiment, leading to compromised data presentation during
empirical argumentation sessions, underscores a specific hurdle in the ADI approach.
Interestingly, while these challenges are distinctly categorized in the literature as
empirical data-related issues, the absence of studies differentiating between empirical
and theoretical data challenges within the ADI is notable. This gap in the literature
points towards an opportunity for future research to delve into the nuanced

intricacies of data-related challenges specific to ADI.

Comparing the ADI to existing literature on argumentation and inquiry, it becomes

evident that challenges related to argumentation skills and scientific process skills
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have been extensively explored across educational levels. The alignment of the
findings of this study with existing literature highlights consistency in the struggles
encountered by students in different educational settings. When considering
challenges related to science process skills, our study aligns with existing literature
focused on middle school students. The difficulties in designing a valid experiment,
controlling variables, and various aspects of inquiry learning identified in this study
find resonance in the challenges faced by students at the middle school level, as
reported by Castro and Morales (2017), Duggan et al. (1996), Kacar and Balim
(2021), and Krajcik et al. (1998). This alignment emphasizes that challenges in the
ADI are not unique but share commonalities with broader educational settings,
potentially contributing to a more comprehensive understanding of the challenges

associated with scientific learning.

Moreover, the findings of the study align with existing literature that highlights
challenges in argumentation skills, particularly regarding the use of evidence. Kelly
and Chen (1999), Sandoval (2003), and Sandoval and Millwood (2005)
independently observed that high school students frequently formulate arguments
with limited or no utilization of evidence. This consistent observation across multiple
studies emphasizes a pervasive challenge in argumentation skills, resonating with the

identification of similar issues within the ADI context.

Examining argument patterns in prior research by Jiménez-Aleixandre et al. (2000),
and Sadler (2004) further underscores the significance of the findings of this study.
Sadler emphasizes the challenges faced by high school students engaged in
argumentation activities, noting varying levels of argument quality, ranging from
naive to sophisticated. The identification of naive arguments, characterized by claims
made without supporting data, aligns with the observations in the ADI framework.
This alignment strengthens the argument that challenges in argumentation skills,
particularly the use of evidence, are not unique to the ADI but are part of broader
issues observed in diverse educational settings. The integration of these findings into

the broader literature on argumentation contributes to a more comprehensive
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understanding of the challenges students face in developing effective argumentation

skills.

The challenges participants faced in noticing invalid data and subsequent difficulties
in presenting empirical rebuttals highlight a critical aspect of the limitations within
the ADI framework. The issues stem from flawed investigation designs or errors in
controlling variables, leading to the collection of invalid data. These challenges
necessitate an empirical rebuttal, but the participants encountered further obstacles in

recognizing and addressing the invalidity of the data.

Interestingly, the literature lacks explicit categorization of challenges related to
rebuttals as either empirical or theoretical, specifically addressing the struggles of
undergraduate students in managing rebuttals. However, existing studies focusing on
challenges across different educational levels provide insights into the broader

educational settings.

The findings of this study align with existing literature on ADI challenges. Kacar and
Balim’s (2021) exploration of science learning through ADI among middle school
students revealed difficulties not only in constructing counterarguments and rebuttals
but also in evaluating peers’ arguments. This resonates with the observations of
challenges faced by undergraduate students in presenting empirical rebuttals within

the ADI framework.

Additionally, Aydeniz and Ozdilek (2016) delved into the challenges encountered by
students of PPTs during an argument-based implementation, identifying difficulties
in utilizing rebuttals. Sadler’s (2004) emphasis on challenges faced by students
learning science through argumentation activities, drawing on the argument patterns
identified by Kortland (1996) and Jiménez-Aleixandre et al. (2000), further supports
our findings. Sadler noted that middle school students in Kortland’s study often
provided direct support for their claims without incorporating counterclaims or

rebuttals, reflecting similarities with challenges observed in our study.
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Furthermore, Sadler highlighted the varying levels of argument quality among high
school students in the Jiménez-Aleixandre et al. study, ranging from naive to
sophisticated, with sophisticated arguments sometimes lacking rebuttals. This
alignment with the observations of this study emphasizes that challenges in
managing rebuttals, even at the undergraduate level, echo broader issues observed

across different educational levels.

On the other hand, this study reveals a gap in the existing literature concerning
challenges related to the noticing of invalid investigation designs and errors in
controlling variables. While challenges related to rebuttals have been explored to
some extent, the specific difficulties in recognizing flawed designs and errors in
controlling variables within the ADI context remain unaddressed in the current
scholarly discourse. This points to a unique contribution of our study, shedding light
on an aspect that has been overlooked in the broader literature on argumentation and
inquiry.

While this study did not explicitly focus on challenges related to warrants, the
broader literature reveals significant issues in this domain, particularly in the sphere
of science learning through argumentation. Lazarou et al. (2016) highlighted
challenges among primary school students, noting that their arguments were often
insufficient, limited, and simplistic. The root cause of this inadequacy lay in their
struggles to support claims with reasons, and even when attempts were made, the

provided reasons were frequently deemed inadequate.

Extending this observation to high school students, various studies, including Lizotte
et al. (2003), Kelly et al. (1998), Abi-El-Mona and Abd-El-Khalick (2006), McNeill
(2009), Aydeniz and Ozdilek (2016), and Sadler (2004), collectively underscored the
challenges encountered in constructing arguments without proper warrants. These
studies collectively reveal a persistent struggle among high school students to

effectively support their claims with well-reasoned justifications.
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Turning to the specific sphere of ADI, Sampson and Walker (2012) delved into
challenges faced by undergraduate students using this approach. Their findings
highlighted difficulties in providing adequate background information, explaining the
purpose of data collection and experimental design, justifying claims with laws and
theories, and appropriately using science-specific terminology. This aligns with the
broader literature on warrants, emphasizing that challenges in this area persist even at

the undergraduate level, with ADI not immune to these difficulties.

Similarly, Walker et al. (2019) explored undergraduate students’ struggles in
argumentation sessions designed with ADI, revealing specific challenges in
justifying claims with laws and theories and using evidence without proper
warranting. This observation supports the notion that ADI while providing a unique
framework for science learning, does not eliminate the broader challenges associated

with warrants in argumentation.

Furthermore, Zembal-Saul et al. (2002) found that PPTs faced challenges in
constructing complex forms of arguments, such as justification, beyond mere
evidence presentation. This aligns with the challenges observed in ADI and
reinforces the idea that while ADI may enhance certain aspects of argumentation,

challenges related to warrants persist and are not entirely addressed by this approach.

Finding 2: The PPTs faced challenges with the argumentation skills of constructing
theoretical data and theoretical warrant while integrating ADI into the Turkish

physics curriculum.

Within the realm of theoretical data challenges identified in this study, participants
grappled with the difficulty in grasping the theoretical foundation that underpins the
connection between variables — constituting theoretical data. This nuanced challenge
extends further to the formulation of the theoretical warrant, a critical aspect
denoting the link between the dependent and independent variables grounded in a

theoretical foundation.
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Interestingly, the term “theoretical warrant” encapsulates the crux of this challenge,
highlighting the need for participants not only to understand the theoretical data itself
but also to articulate a coherent and well-justified connection between variables
based on that data. The intricacies involved in this process shed light on the depth of
challenges inherent in the theoretical aspect of the ADI.

Comparing these findings to the broader literature, a noticeable dearth of studies
specifically addressing challenges in lesson preparation related to inquiry,
argumentation, or ADI in this specific context is apparent. The scarcity of literature
addressing the intricacies of formulating theoretical warrants, as observed in this
study, points to an underexplored facet in the existing discourse on science

education.

However, Sampson and Blanchard’s (2012) exploration of why secondary science
teachers refrained from incorporating argumentation into their classrooms offers a
valuable point of alignment with the findings of this study. Their study, akin to this
study, emphasized the challenges faced by teachers in presenting data and reasoning.
While not directly addressing the formulation of theoretical warrants, Sampson and
Blanchard’s work highlights a parallel struggle in the broader spectrum of
incorporating argumentation in science education, underscoring the intricate nature
of presenting data and reasoning, a theme resonant with this study’s focus on

theoretical data challenges.

This alignment with Sampson and Blanchard’s work contributes to a broader
understanding of challenges in science education, emphasizing that the difficulties
observed in this study are not isolated but share commonalities with challenges faced
by educators in various instructional settings. The theoretical data-related challenges
identified in this study, when viewed in light of the existing literature, underscore the
need for a more comprehensive exploration of the theoretical dimensions within the

ADI framework and its implications for effective science learning. This presents an
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avenue for future research to delve deeper into the intricacies of theoretical data

challenges within the ADI and their implications for instructional practices.

Finding 3: The PPTs faced challenges with the claims, empirical data, theoretical
data, empirical warrants, and theoretical warrants while acting as teachers in the ADI

activities.

The challenges encountered by the PPTs within the ADI offer a nuanced
understanding of the complexities involved in guiding students through the scientific
reasoning process. Delving into these challenges unveils specific dimensions related

to claims, empirical data, theoretical data, empirical warrant, and theoretical warrant.

In terms of claims, the PPTs grappled with multifaceted challenges, including the
failure to question the claim, assess alignment with the research question, and
evaluate alignment with the investigation. These challenges underscore the intricate
nature of guiding students in constructing meaningful claims within the ADI
framework. Surprisingly, the literature lacks specific studies delving into claim-
related challenges in ADI, argument-based or inquiry-based approaches. This gap
highlights the unique contribution of this study in shedding light on an underexplored

aspect of science pedagogy.

Empirical data challenges for the PPTs within the ADI extend beyond conventional
issues such as overlooking errors in investigation designs and controlling variables.
One distinctive challenge identified is the neglect to question the empirical data,
signifying a need for targeted support in data collection methodologies within the
ADI framework. This challenge underscores the unique intricacies associated with
empirical data collection in the ADI, necessitating specialized guidance to enhance

PPTs’ competence in this aspect.

The struggles faced by the PPTs in guiding students, arising from their difficulties in
identifying variables, controlling variables, and manipulating independent variables,
present a notable point of departure from challenges commonly identified in the

literature. This misalignment emphasizes the necessity for targeted support structures
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tailored explicitly to the ADI’s distinctive features. While existing literature
acknowledges challenges in guiding students through inquiry-based teaching (Yoon
et al., 2012), the specific nuances related to variable manipulation within the ADI
suggest a need for a more tailored approach to teacher professional development and

training.

In the broader context of inquiry-based teaching, Yoon et al. (2012) explored
challenges faced by pre-service elementary teachers and identified difficulties in
guiding students to conduct valid experiments and support data analysis due to
insufficient science and pedagogy content knowledge. The alignment of these
findings with the results of the present study further emphasizes the universality of
challenges faced by educators when implementing inquiry-based approaches across

different educational levels.

Theoretical data challenges reveal a gap in preparing teachers to present the
theoretical foundation underlying the connection between variables effectively. This
stands as a unique challenge within the ADI, with limited comparative studies in the
literature. The findings align with Sampson and Blanchard’s exploration of teachers
refraining from incorporating argumentation, emphasizing challenges in presenting

data and reasoning (Sampson & Blanchard, 2012).

Empirical and theoretical warrant-related challenges for the PPTs highlight the need
for a nuanced understanding of warrant issues within the ADI. The unnecessary
leading of empirical warrant, the failure to request the theoretical warrant, and the
failure to inquire about the establishment of the connection between the variables
based on the theoretical foundation underscore the intricacies involved in guiding

students through justifying claims.

The absence of notice regarding students’ argumentation and science process skills
points to an overarching challenge in teacher awareness and guidance. This adds a
layer of complexity to the discussion, emphasizing the need for professional

development focusing on honing teachers’ observational skills. While not
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categorized into empirical and theoretical groups and not examined in the same depth
as in this study, there are two studies in the literature that closely align with these
findings. One study was identified focusing on challenges related to guidance
through questioning data and warrant. Additionally, only one study was found
exploring the reasons why argumentation-based pedagogy was not favored in
classrooms. The findings of this study align with existing literature. Aydeniz and
Ozdilek (2016) examined the challenges encountered by PPTs during argument-
based science learning. The study revealed that PPTs faced difficulties in guiding
students in constructing arguments and assessing their arguments, particularly
concerning evidence and reasoning. Newton et al. (1999) conducted interviews with
14 experienced science teachers to investigate the reasons why argumentation-based
pedagogy was not preferred in their classrooms. The study highlighted that limited
pedagogical knowledge, skills, and epistemological understanding among science
teachers were significant factors, contributing to a lack of confidence and guidance in

facilitating discussions.
Finding 4: The challenges faced by each PPT vary for each phase and each activity.

Begiim’s Journey

Begiim, a 23-year-old sophomore female student, was pursuing a Physics Education
degree in the Department of Mathematics and Science Education. She had
successfully completed about half of the physics courses offered by the Department
of Physics. Additionally, during the same semester as the MSE 407 course, she had
taken high school physics curriculum review I and curriculum development and
instruction. It is worth noting that at the time of this study, she had not yet taken
courses in methods of science teaching in secondary education I, methods of science
teaching in secondary education II, high school physics curriculum review II,
laboratory applications in secondary science education I, school experience, or

practice teaching.
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In her role as a learner, Begiim encountered a diverse set of challenges that
contributed to her overall educational journey. These challenges included difficulties
in articulating a clear claim during the illumination activity, navigating complexities
in controlling variables and presenting a rebuttal to the peers' errors regarding
variable control in the shadows activity, facing challenges in formulating a valid
investigation in the law of reflection activity, and countering an invalid investigation
design in the image formation at the plane mirror activity. The transition between
activities brought about a change in both context and content, leading Begiim to
confront various challenges related to essential skills. It is crucial to note that facing
different challenges in each activity does not necessarily imply a lack of skill

acquisition.

To assess skill development, pre-tests and post-tests were administered to the PPTs
before and after the learning phase. The science process skills test by Burns et al.
(1985) served as one of the assessment tools. Beglim's scores on the scientific
process skills test improved from 17 in the pre-test out of 24 to 23 in the post-test out
of 24. In the pre-test, she struggled with hypothesis formulation and variable
identification questions, but in the post-test, mistakes were limited to a single
variable identification question. While the test results indicate an improvement in
skills, engaging in new activities, encountering different content, and facing diverse

contexts may introduce unique challenges.

It is worth highlighting that during the fall semester of 2020-2021, Begiim
concurrently took the optics and waves course resulting in an FD grade. However,
she excelled in the MSE 407 course with an AA grade. Initially unfamiliar with the
content of each activity, Begiim acquired optics concepts through the study,

presenting a potential challenge.

In her role as a developer, Begiim faced challenges in grasping the theoretical
underpinnings that form the basis for the relationship between variables, particularly

in the context of theoretical data within this study. Prior to MSE 407, Begiim
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completed an introductory electricity course with a moderate grade of CB. This
course covered the subject matter she chose for her ADI activity, "Factors affecting
the resistance of a solid conductor," but approached it from a macro perspective.
Transitioning to her ADI activity, she had to delve into the micro-level
considerations, addressing the factors influencing the resistance of a solid conductor
as the theoretical data. Given that this represented her initial foray into macro-micro

teaching, encountering such a challenge was expected.

As a teacher, Beglim faced a multitude of challenges. While engaged in peer
teaching, she grappled with addressing the claim, the empirical data, and the indirect
questioning of the empirical warrant. Moreover, she encountered difficulties in
presenting the theoretical foundation that underpins the connection between
variables, requesting the theoretical warrant. During her high school teaching
experiences, Beglim did not face challenges related to querying the claim and
requesting the theoretical warrant. Nevertheless, she persisted in grappling with
difficulties in questioning the empirical data, unnecessary leading of empirical
warrant, and presenting the theoretical foundation supporting the connection between

variables.

It is crucial to emphasize that the absence of instances related to challenges like
failing to question errors in investigation design, controlling variables, and guiding
students in variable identification, control, and manipulation does not imply Begiim
did not encounter these challenges. Instead, it indicates that circumstances conducive
to experiencing these challenges did not arise. To tackle challenges like failing to
question errors in investigation design or controlling variables, Begiim would have

first needed to overcome the initial difficulty of failing to question empirical data.

Similarly, the absence of instances related to failing to prompt a logical connection
between dependent and independent variables based on theoretical foundations does

not suggest Begiim did not face this challenge. Addressing this challenge would
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require first overcoming the antecedent challenge of failing to present theoretical

data.

Upon thorough analysis of Beglim's roles as a learner, developer, and teacher, a
notable pattern comes to light. When taking on the role of a learner in ADI activities,
Begiim encountered no challenges related to theoretical data and the theoretical
warrant. However, when assuming the role of a teacher in the ADI, she faced
difficulties in articulating these insights effectively within the ADI materials and
probing them during her teaching experiences. This phenomenon may be attributed
not only to Begiim's shift in roles but also to the novelty of her engagement with the

specific subject she is addressing at a micro level for the first time.

Banu’s Journey

Banu, a 23-year-old junior female student, was pursuing a degree in Physics
Education within the Department of Mathematics and Science Education. Having
successfully completed about half of the physics courses offered by the Department
of Physics, she was concurrently enrolled in methods of science teaching in
secondary education I and laboratory applications in secondary science education I
during the same semester as the MSE 407 course. Before the initiation of this study,
she had finished courses in high school physics curriculum review I, and curriculum
development and instruction. Notably, at the time of this study, she was not currently
taking courses in methods of science teaching in secondary education II, high school

physics curriculum review I, school experience, or practice teaching.

Banu's role as a learner in the ADI activities revealed challenges in aligning claims,
controlling variables, presenting rebuttals, and devising valid investigations across
various tasks such as shadows, law of reflection, image formation at the plane mirror,
and field of view at a plane mirror. Despite an improvement in scientific process
skills, reflected in her test scores rising from 19 to a perfect 24, Banu encountered

persistent challenges when introduced to new content in subsequent ADI activities.
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Of particular interest is Banu's perfect score in the science process skill post-test,
suggesting optimal development in these skills. However, the recurrence of
challenges in designing valid investigations and controlling variables underscores the
nuanced nature of skill transfer. While the test questions provided a comprehensive
examination of the experimentation process, the active participation and discovery
process in the ADI activities introduced potential wvariations in challenge

manifestation.

Additionally, Banu's completion of the optics and waves course before MSE 407,
despite an average CC grade, highlighted her initial unfamiliarity with the content of
each ADI activity. Her subsequent excellence in the MSE 407 course, securing an

AA grade, demonstrated a significant learning curve.

In her role as a developer, Banu navigated through her responsibilities without
encountering any discernible challenges. However, the transition to the role of a
teacher brought forth a set of complexities. During her peer teaching experience, she
grappled with a spectrum of challenges, including questioning claim alignment,
probing empirical data, addressing errors in investigation design, managing errors in
controlling variables, guiding students due to her struggles in manipulating the
independent variable, and scrutinizing the connection between dependent and

independent variables based on theoretical data.

Banu's initial high school teaching experience presented a singular setback, primarily
revolving around questioning errors in controlling variables, as she successfully
overcame other challenges. Remarkably, in her subsequent high school teaching
experience, she triumphed over her earlier difficulty in questioning errors related to

controlling variables.

An intriguing observation is the emergence of a challenge in the teaching phase that
was absent during the learning phase. While Banu faced no issues in manipulating
the independent variable in her learning phase, a different scenario unfolded in her

teaching experience. Choosing torque as the focal point, Banu navigated effortlessly
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through length and force, the two factors influencing torque, but encountered

difficulties with manipulating the angle.

Independent variable manipulation did not consistently pose challenges for Banu,
particularly in topics related to angles. This is evident in her learning phase, where
she struggled with angle measurement in the laws of reflection activity. The
recurrence of a similar problem suggests that Banu's challenge in independent
variable manipulation might be rooted in the concept of angles. This nuanced
exploration delves into the multifaceted nature of challenges encountered by Banu in

her various roles and phases within the ADI framework.

Ece’s Journey

Ece, a 23-year-old junior female student, was pursuing a Physics Education major
within the Department of Mathematics and Science Education. She had completed
approximately half of the physics courses offered by the Department of Physics. In
the same semester as the MSE 407 course, Ece was concurrently enrolled in
curriculum development and instruction, along with high school physics curriculum
review . It is worth noting that she was not currently registered for courses in
methods of science teaching in secondary education I, methods of science teaching in
secondary education II, high school physics curriculum review II, laboratory
applications in secondary science education I, school experience, or practice teaching

during the period of this study.

In her role as a learner, Ece encountered a spectrum of challenges, including
difficulties in formulating a valid investigation and presenting a rebuttal to an invalid
investigation design in the illumination activity. Additionally, she faced challenges
aligning a claim with the research question and countering errors in controlling
variables during the shadows activity. Notably, the law of reflection activity, image
formation at the plane mirror activity, and field of view at a plane mirror activity

posed no challenges for Ece.
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Despite her lack of challenges in controlling variables during the shadows activity,
Ece struggled to refute errors made by her classmates in this area, highlighting the
interconnected nature of these challenges. Both Ece's group and another group in the
class aimed to validate the same claim, but differing approaches led to discrepancies.
While Ece's group adjusted the point source's position, the other group altered the
obstacle's position. Despite the other group incorrectly replicating Ece's experiment,
she failed to recognize the error and, consequently, could not offer a rebuttal. This
emphasizes that even with similar data collection processes, one individual's absence
of challenges in controlling variables does not ensure an ability to identify issues

with others' variable control.

Regarding Ece's performance on the scientific process skills test, an improvement
from 23 in the pre-test out of 24 to a perfect score in the post-test was observed.
While the test results suggest skill improvement, engaging in new activities, and
encountering different content may introduce unique challenges. Ece demonstrated
high proficiency in science process skills before the study commenced. During the
learning phase, initial challenges emerged due to new content, but she navigated
them more effortlessly than other participants, leveraging her advanced skills. It is
essential to recognize that answering skill-related test questions does not directly
translate to practical skill application. Real-world situations involve exploration and
novelty, requiring effective handling of uncertainties, mainly related to context and

content in this study.

Crucially, Ece's prior completion of the optics and waves course, earning a DD
grade, suggested unfamiliarity with the optics content. However, excelling in MSE

407 with an AA grade indicated her adeptness at overcoming challenges.

In her role as a developer, Ece grappled with a unique challenge, focusing on the
intricacies of establishing connections between variables based on a theoretical
foundation, with a particular emphasis on the theoretical warrant within this study. A

notable observation emerges from Ece's participation in the ADI activities: while in
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the learner role, she encountered no obstacles during the theoretical argumentation
phase. However, as she transitioned to the developer role, the challenges she faced in
logically connecting variables based on the theoretical foundation, specifically

regarding the theoretical warrant, became more apparent.

Furthermore, Ece's academic background before taking MSE 407, specifically
completing General Physics 1 with a CC grade, raised potential challenges related to
the theoretical warrant in her prepared activity. This difficulty stemmed from the
necessity to establish connections between gravitational acceleration, pressure, and
buoyancy—a relationship not explicitly covered in General Physics 1. This course
lacked a conceptual focus and failed to establish connections between these
mentioned concepts. While Ece encountered no issues in establishing relationships
involving the other two variables affecting buoyancy force (object sinking volume-
pressure-buoyant force and liquid density-pressure-buoyant force), she faced
challenges in connecting gravitational acceleration, pressure, and buoyant force due
to the abstract nature of gravitational acceleration, posing visualization difficulties.
Additionally, despite the curriculum including the impact of gravity on pressure and
buoyancy, comprehensive teaching on this aspect was lacking, as national exam
questions seldom covered it. Ece, in interviews, acknowledged her insufficient
knowledge in this subject area, contributing to challenges with the theoretical

warrant.

In her capacity as a teacher, Ece confronted various challenges. Throughout her peer
teaching experience, she grappled with challenges in evaluating the alignment of
claims with the investigation, addressing the absence of empirical data, and guiding
students, influenced by her own struggles in variable identification and control.
Furthermore, she faced difficulties in requesting theoretical warrants and in querying
the connection between the dependent and independent variables based on theoretical

foundations.
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Contrary to her experiences during peer teaching, during her high school teaching
experiences, Ece did not encounter challenges related to evaluating the alignment of
claims with the investigation, addressing the absence of empirical data, guiding
students due to her own struggles in variable control, and requesting theoretical
warrants. Nevertheless, she continued to face challenges related to guiding students
due to her own difficulties in variable identification and questioning the connection

between the dependent and independent variables based on theoretical foundations.

It is crucial to underscore that Ece's difficulty in guiding students with variable
identification was not uniform across all student claims, manifesting specifically in
scenarios involving floating objects. Two claims exemplify this challenge, where Ece
perceived the submerged volume, a dependent variable, as a controlled variable due
to the simultaneous alteration of two variables. This misperception occurred despite

student investigations aligning with expectations.

Interestingly, Ece encountered no challenges related to variable identification in her
roles as a learner and a developer in the ADI activities. However, challenges surfaced
when she assumed the role of a teacher. Notably, Ece achieved full scores in the
post-test administered after the learning phase of the science process skill test. This
discrepancy suggests that while she excels in variable identification, challenges,
particularly related to floating objects, persist as content-dependent issues, aligning

with the experiences of the other two participants.

Finding 5: Argumentation skills and science process skills, along with the challenges

associated with them, vary based on the specific content.

Acquiring argumentation or science process skills as a PPT does not automatically
imply its mastery in all contents as highlighted by Jiménez-Aleixandre et al. (2000)
and Unal (2012). In the pertinent literature, numerous investigations affirm the
development of argumentation skills in courses centered on argumentation (see Bell
& Linn, 2000; Kuhn, 2010), and the enhancement of science process skills in

inquiry-based courses (see Constantinou et al., 2018; Mattheis & Nakayama, 1988).
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However, this research demonstrated that challenges with scientific process skills or
argumentation skills, once overcome for a specific content, resurface when the

content changes.

Finding 6: The success of PPTs as students in ADI activities does not guarantee

their success as teachers in ADI activities.

Proficiency in science process skills and argumentation skills is contingent on the
specific content. Simultaneously, possessing these skills does not guarantee the
ability to notice and question them. To be an effective ADI teacher, it is imperative
to possess and utilize all the mentioned skills. Consequently, the success of PPTs as
students in the ADI activities does not necessarily ensure their success as teachers in

the ADI activities.

Beglim’s engagement in the ADI activities yielded a noteworthy insight. Assuming
the role of a learner in these activities, she encountered no difficulties in
understanding the theoretical foundation behind the connection between variables
and applying this understanding to establish connections based on theoretical
foundations. Her challenges were predominantly associated with empirical data in
the learning phase. However, as she progressed from a learner to a developer and

teacher, her challenges became more prominent in dealing with theoretical data.

Likewise, during the teaching phase, Banu faced a challenge that was not present in
the learning phase. While in her learning phase, Banu did not encounter any issues
with manipulating the independent variable, this challenge surfaced for the first time

when she moved on to the teaching phase.

Additional notable insights arise from Ece’s participation in the ADI activities. Ece
encountered no difficulties with variable identification in her roles as a learner and a
developer in the ADI activities. Nevertheless, challenges surfaced when she assumed
the role of a teacher. It is also noteworthy that while in the learner role, she faced no
challenges during the theoretical argumentation session. However, as she progressed

from the learner to the developer and subsequently to the teacher role, the challenges
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in establishing the connection between variables based on the theoretical foundation,

specifically the theoretical warrant, became more apparent.
5.2  Implications for Practice

The findings from the data analysis in this study indicate that the PPTs face
significant challenges in argumentation skills, scientific process skills, conceptual
understanding as well as skills related to noticing, guiding, and questioning based on
argumentation and science process skills. Additionally, these challenges are
interconnected in a sequential manner. Recognizing this as a significant issue is
crucial because becoming a proficient ADI teacher cannot be achieved solely by
enhancing the argumentation and scientific process skills of teachers or pre-service
teachers. Notably, teachers also need to develop their noticing, guiding, and
questioning skills and conceptual understanding. Addressing this multifaceted
challenge is essential for effective teacher preparation and professional development

in the sphere of the ADI.

Participating in the ADI courses where PPTs take on the role of students does not
guarantee the improvement of their argumentation skills, scientific process skills, and
noticing, guiding, and questioning based on argumentation and science process skills.
While there is noticeable progress, characterizing this advancement as skill
development would be inaccurate. As demonstrated by this study, argumentation and
science process skills are dependent on content. Recognizing this, teacher training
programs should focus on developing these skills in various contents. Additionally,
ongoing professional development for teachers should consider the dynamic nature

of challenges faced in different phases and activities.

Curriculum designers should take into account the identified challenges within the
ADI when developing science education curricula. Emphasizing the development of
argumentation and science process skills within a framework dependent on content

should be integrated into curriculum goals and objectives. This ensures that
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educational materials and activities align with the specific challenges posed by the

ADI, fostering a more realistic and effective learning experience.

The findings emphasize the importance of tailored pedagogical approaches for
different phases and activities. Therefore, lecturers integrating the ADI into the
undergraduate curriculum should pay special attention to the mentioned challenges.
This implies a need for comprehensive lesson planning that addresses potential
hurdles in specific phases. Additionally, teacher training programs should
incorporate strategies to tackle challenges specific to each role, such as learner,

developer, and teacher, in the ADI activities.

The alignment of challenges identified in the ADI with existing literature on
argumentation and science process skills across different educational levels
emphasizes the shared difficulties faced by students. This alignment supports the
notion that the ADI challenges are not isolated but share commonalities with broader
educational settings. Educational practices should consider this alignment to ensure a

coherent and integrated approach to skill development.

The study reveals unique challenges within the ADI, such as the difficulties in
formulating theoretical data and warrants. These challenges point to the need for
specialized guidance in understanding and presenting theoretical foundations, which

could be incorporated into teacher training programs.

The lack of noticing of students' argumentation and science process skills highlights
a significant challenge in teacher guidance. This introduces an additional layer of
complexity to the conversation, underscoring the importance of professional
development that specifically targets the enhancement of teachers' observational

skills.
5.3 Recommendations for Further Studies

Research addressing the challenges faced by students in the realms of argumentation

and science process skills in science lessons is notably limited. Existing studies
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predominantly concentrate on the challenges encountered by middle school students
in science learning through argumentation and/or inquiry-based approaches. This
underscores the necessity of emphasizing research endeavors dedicated to unraveling
the challenges associated with argumentation skills and scientific process skills
among undergraduate students, particularly those in pre-service teacher education

programs.

There is a scarcity of studies examining the challenges encountered by teachers or
pre-service teachers in the preparation and teaching of argumentation and/or inquiry-
based science lessons. This dearth of research suggests a need for further

investigations in various contexts to unveil diverse challenges in this domain.

The exploration of the interconnected challenges regarding skills in science
education is a novel contribution. This research exclusively focused on physics
courses and PPTs. Expanding similar investigations to other science courses like
astronomy, chemistry, biology, etc., involving both PPTs and experienced teachers
across various levels, would significantly enhance the depth and scope of knowledge

in the field of science education.

The research was conducted online due to the coinciding pandemic period. A
valuable avenue for enrichment would involve replicating the study in a traditional

live classroom setting and subsequently comparing the outcomes.

In the explanation stage of the ADI method formulated in this research, theoretical
data was discreetly provided to the students, anticipating that they would observe the
PPTs and apply them during the theoretical argumentation session. As an alternative
iteration of the ADI, credible sources might be supplied to students during the
explanation stage, enabling them to acquire trustworthy information and access
theoretical data independently. This could serve as a valuable suggestion for an

innovative project.

This study has demonstrated the effectiveness of the revised ADI method in an

online setting. As a result, the integration of technological advancements with the
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ADI method can be explored. For instance, the ADI activities could be incorporated

into web-quests, providing avenues for various research endeavors.

Longitudinal studies to track the development of argumentation and science process
skills over an extended period, examining how challenges persist, evolve, or
diminish as PPTs transition from learners to developers and teachers in the ADI

activities can be conducted.

The challenges faced by PPTs in the ADI activities with those encountered by
educators using different pedagogical approaches. This could provide insights into
the unique difficulties associated with the ADI and contribute to refining teacher

training programs.

Effective strategies within teacher training programs to address challenges related to

argumentation and science process skills in various ADI roles can be investigated.
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APPENDICES

A. Initial Stage for Each of the ADI activities

1. Aydinlanma Ogretmen Materyali

Kazanmimlar
10.4.1.2. Isik siddeti, 151k akist ve aydinlanma siddeti kavramlar: arasinda
iliski kurar.
a. Deney yaparak veya simiilasyonlarla aydinlanma siddeti, 151k siddeti,
15tk akist kavramlart arasinda iliski kurulur.
b. Isik siddeti, 151k akisi ve aydinlanma siddeti kavramlar: ile ilgili
matematiksel modeller verilir. Matematiksel hesaplamalara girilmez.

Bir 151k kaynaginin birim zamanda yaydigi 151k enerjisine 151k siddeti denir. | ile
gosterilir. Birimi candela (cd)’dir. Ozdes 151k kaynaklar icin 151k siddeti, kaynagin
parlaklig1 yani lambadan ¢ikan 1s1n sayisi ile ilgilidir. Sekil 1°de farkli parlaklikta
ampuller gortilmektedir. Soldaki ampul daha az parlak olan, yani 151k siddeti daha

az olandir.

Sekil 1. Farkhlslk siddetine sahip ampuller
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Bir 151k kaynaginin karsisina yerlestirilen yiizeye birim zamanda dik olarak gelen
151k 151nlarinin miktarina 11k akisi denir. @ (fi) ile gosterilir. Birimi liimen (Im)’dir

(Sekil 2).

Masa
Sekil 2. Yiizeye dik olarak gelen 1sinlar

Birim ylizeye diisen 151k akist miktarina aydinlanma siddeti denir. Aydinlanma
siddeti, E ile gosterilir. Birimi lix (Ix)’tlr. Sekil 2°de kitabin kapagina birim
zamanda gelen dik 1s1n miktar1 151k akisimi verir. Kitap kapagini birim karelere
bolersek, birim zamanda bir birim kareye gelen dik 1sin miktar1 aydinlanma
siddetini verir.

Sili’de Isik Kirliligi (5 dk)

Bu adimin amact 6grencilerin derse ilgisini ¢ekmektir. Bunun igin ilk once
Sili’de 11k kirliligi fotografimi gosterelim (Sekil 3) ve bu konuda yazili olan
bilgiyi verelim.
Sekil 3’te Sili’de yanlis aydinlatma sonucu olusan 151k kirliligi goriintiisiinti
gorebiliriz. Isik kirliligi 15181n yanhis miktarda, yanlis yerde, yanlis yonde ve yanlig
zamanda kullanilmasindan kaynaklanan enerji israfidir. Monte Patria’da yer alan
g0l kenarindaki bu yerlesim yeri 11k kirliligini 6nleme caligmalari igin pilot bdlge

olarak sec¢ilmis ve 2005 yilinda aydinlatma sistemi diizeltilmistir.

Sekil 3. Sili'de 151k kirliligi
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Siz aydmlatma miihendisi olsaydiniz ve goreviniz bu bolgedeki 11k kirliligini
onlemek olsaydi, yapacaginiz degisiklikler neler olurdu? Neden?

Bu soruyu cevaplayabilmek i¢in ilk olarak asagidaki arastirma sorusunu
cevaplamaliy1z.

Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Aydinlanma siddetini etkileyen faktorler nelerdir, nasil etkilerler?

Verdiginiz cevabin altinda vatan teori nedir?

2. Golge Ogretmen Materyali

Kazammlar
10.4.2.1. Saydam, yart saydam ve saydam olmayan maddelerin 151tk gegirme
ozelliklerini aciklar.
a. Ogrencilerin golge ve yart golge alanlarim cizmeleri ve aciklamalar:
saglantr.
b. Golge ve yari gélge ile ilgili matematiksel hesaplamalara girilmez.

Derse baslamadan once, 6grencilere deney foyiinii dagitalim. llk adimin amaci,
deney oncesi gerekli on bilgiyi vermektir. Bunun igin, argiimantasyon

aktivitesine asagida yazili olan teorik bigiyi vererek baslayalim.

Isik Gegirgenliklerine Gore Maddeler (5dk)

Uzerine gelen 15181 geciren maddelere saydam maddeler denir (Sekil 1). Ornegin
cam goriiniir 15132 gore saydam maddedir. Uzerine gelen 1518 bir kismini gegirip
bir kismini tutan ya da yansitan maddelere yar1 saydam maddeler denir (Sekil 2).
Yar1 saydam maddeler 15181n yayilarak gegmesine izin verir. Ornegin buzlu cam ve
yaglh kagit goriiniir 1513a gore yart saydam maddelerdir. Uzerine gelen 15181
gecirmeyen maddelere saydam olmayan (opak) maddeler denir (Sekil 3).
Etrafimizdaki birgok cisim saydam olmayan maddeden meydana gelmistir. Ornegin

tahta ve metal 15181 gegirmezler, ¢ilinkii saydam degildirler.
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Tam Golge ve Yar1 Golge

Ortaokulda ogrendigimiz gibi, maddeler {izerine diisen 15181 gecirmediginde,
maddenin arka tarafinda karanlik bir bolge olusumuna neden olurlar. Isigin
ulasamadig1r bu karanlik bolgeye golge denir. Eger karanlik bolgeye hic 151k
ulagmiyorsa, olusan golgeye tam golge; kismen 151k ulasiyorsa, olusan golgeye yari
golge denir.

Tutulma Hatti (10 dk)

Gilines tutulmasi; Ay, Diinya ile Giines arasina girdiginde meydana gelir. Bu
durumda; Ay’in golgesi Diinya iizerine diiser ve biz Giines tutulmas1 gézlemleriz

(Sekil 4). Diinya tizerindeki gdlgede hem tam gdlgeyi (golgenin merkezindeki hig

151k almayan kisim) hem yar1 gélgeyi (tam golgenin etrafindaki kismen 151k alan

kisim) birlikte gorebiliriz.

Yari Golge

Tam Golge

Sekil 4. Gunes Tutulmasi ¢izimi
Sekil 5’te 2006 yilinda Tiirkiye’de bazi sehirlerde gézlemlenen Giines tutulmasinin

asama agsama c¢ekilmis fotograflarinin birlestirilmis halini gérmekteyiz.
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Sekil 5. 2006 yilinda gergeklesen Giines tutulmasi'nin fotograflar1 (Bogazigi tiniversitesi)

Goriildiigi gibi Ay’in, Giines Oniine gegcmesi esnasinda ilk olarak parcali Gilines
tutulmasi gozlemleriz; yani Ay, Giines’in bir parcasini kapatmis olarak goriiriiz
(Sekil 6). Ardindan tam Gilines tutulmasi gozlemleriz; yani Ay, Glines’i tamamen
kapatmis ve Gilines ile ayn1 boyutta goriiriiz (Sekil 7). Sonra tekrardan pargali
Gilines tutulmasi gozlemleriz. Tam Giines tutulmasi sirasinda Gilines’in etrafinda

gordiiglimiiz 151kl alan Giines’in atmosferidir.

Sekil 6. Parcali Giines Tutulmasi Sekil 7.Tam Giines Tutulmasi

Biitiin Giines tutulmalarinda, tam tutulma goézlemlemeyebiliriz. Bagka bir deyisle,
bazi Giines tutulmalar1 parcali tutulma olarak baglar ve parcali tutulma olarak biter

(Sekil 8).

Sekil 8. Pargali Giines tutulmasi

Sekil 9°da gosterilen haritada, 2006 yilinda gerceklesen Gilines tutulmasinin tim
hattin1 yani tutulmay1 hangi iilkelerin izleyebildigini gorebiliriz. Haritadaki gri
bolge, tutulmanin gézlemlendigi bolgedir. Dikkatle bakarsaniz tiim Tiirkiye halki
tutulmay1 gozlemlemis ancak Tirkiye’den gozlemlenen Giines tutulmasi haritada

farkli gri tonlarinda gdsterilmistir.
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Sekil 9. 2006 y1l1 Giines tutulmasi hatti

Tiirkiye’ye daha yakindan bakalim (Sekil 10). Tutulma hattinda 6rnegin; Antalya

¢ok koyu bir gri ton {lizerinde iken, Ankara daha acik bir gri ton iizerindedir.

zanneic

Sekil 10. 2006 yil1 Giines tutulmasi hatti

Giines tutulmasi hattinda farkli tonlar kullanilmasinin nedeni nedir?
Bu soruyu cevaplayabilmek ic¢in ilk olarak asagidaki aragtirma sorusunu
cevaplamaliyiz.

Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Tam golge ve vari gdlge olusumu arasindaki fark/farklar nelerdir?

Verdiginiz cevabin altinda yatan teori nedir?

3. Yansima Kanunlar1 Ogretmen Materyali
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Kazammlar

10.4.3.1. Isigin yansimasini, su dalgalarinda yansima olayiyla iliskilendirir.
a. Yansima Kanunlart iizerinde durulur.
b. Isigin diizgiin ve daginik yansimaswnin ¢izilerek gosterilmesi saglanir.
. Gorme olayinda yansimanin rolii vurgulanir.

Derse baslamadan once, 6grencilere deney foyiinii dagitalim. llk adimin amact,
deney oncesi gerekli on bilgiyi vermektir. Bunun icin, argiimantasyon aktivitesine
asagida yazili olan teorik bigiyi vererek baslayalim.

Yansima (3 dk)

Bildiginiz gibi, 1ginlarin herhangi bir yiizeye carpip dogrultu degistirerek bulundugu

ortama geri donmesine yansima denir.

Isik 1511 diiz bir yiizeyle karsilastiginda tipki bir su dalgasinin diiz bir engelle
karsilastiginda davrandigi gibi davranir (Sekil 1). Su dalgalarinda yansima olayimni
aciklamak icin dalga onciilleri ve ilerleme yonii kullanilirken, 1sikta yansima
olaymi aciklamak i¢in 1s1n  kullanilir. Ortaokulda ogrendigimiz gibi; 151k
kaynagindan ¢ikip yiizeye carpan 1sina gelen 1sin, yiizeyden dogrultu degistirerek
bulundugu ortama geri donen isma yansiyan isin denir. Gelen 1smin, yilizeye
carptig1 noktadan yiizeye dik c¢izilen dogruya yiizeyin normali denir. Gelen 151n ile
normal arasindaki agiya gelme acisi, normal ile yansiyan 15in arasindaki agiya

yansima agisi denir.

su dalgalari 11k
N Gelen N Yansiyan
; Isin ' Isin
6 :6 ; ‘
[ = ]
engel dizlem ayna

Sekil 1. Dogrusal su dalgasiin ve 1s181n, dogrusal engelden yansimasi
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Ay’daki Ayna (7 dk)

Bu adimin amact 6grencilerin derse ilgisini ¢ekmektir. Bunun igin ilk once
Ay’a yerlestirilen ayna sistemi hakkinda asagidaki bilgiyi verelim ve Apollo 14
kapsaminda yerlestirilen ayna sisteminin fotograflarini (Sekil 2-Sekil 5)

gosterelim.

Amerika ve Rusya, ayr1 ayr1 yaptiklar1i uzay yolculuklari sirasinda Ay’in bazi
konumlarina kiiciik diizlem aynalardan olusan ayna sistemleri yerlestirmislerdir.
Sekil 2°de Amerika’nin, Apollo 14 ile Ay’a yerlestirdigi ayna sisteminin fotografini
gorebiliriz. Bu aynalar, Ay iizerine sabitlenmislerdir. Higbir sekilde hareket

edemezler, aynalarin1 hareket ettiremezler.

Sekil 2. Ay iizerindeki ayna

Sekil 3, Apollo 14 astronotlarin egitimi i¢in kullanilan modeli gostermektedir,
Ay’a yerlestirilen modelin benzeridir. Yuvarlak goriinen kisimlar, 3 tane diizlem

aynanin birlestirilerek olusturulan ayna sisteminin bulundugu kisimlardir.

Sekil 3. Ay'a yerlestirilen yna modeli
Ayna sistemine daha da yakindan bakalim (Sekil 4). Bu kisim, 3 tane diizlem

aynanin ii¢iiniin de birbirine dik olacak sekilde birlestirilmesiyle olusturulmustur.
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Sekil 4. Ay'daki ayna sisteminin bir yansitici boliimii

3’lii ayna sistemi isimli videoyu izleyelim.

Bilim insanlari, Diinya’dan Ay’daki bu aynalar iizerine lazer 1s1n1 géndermektedir.
Videoda da gordiigiimiiz gibi 151n bu yuvarlak kisimlara ulasip (Sekil 4), bu aynalar
lizerinden yanstyarak Diinya’ya geri ddnmektedir. Isin ilging tarafi, Diinya’dan Ay’a
gonderilen 1s1n ile Ay’dan Diinya’ya donen 1s1n, aynaya hangi aci ile ulastigi fark
etmeksizin her zaman birbirine paraleldir. Dolayisi ile 151n gonderildigi yere ya
da gonderildigi noktanin hemen yakinina geri donmektedir. Bu sayede bilim
insanlari, Diinya ve Ay arasindaki mesafeyi hesaplamaktadirlar. Izledigimiz
videoda, dikkat ettiyseniz 151n sadece iki aynadan yansiyarak gittigi yolun
paralelinden geri dondii. Birbirine dik olarak yapistirilmis iki ayna, giden 1511 ayni

dogrultuda geri dondiirmek i¢in yeterlidir.

Diinya’dan yiiz binlerce km uzakliktaki Ay {izerinde bulunan ayna sistemine
gonderilen lazer isinlart nasil oluyor da yansidiktan sonra, aynaya gittigi yolun

paralelinden geri doniiyor?

Bu soruyu cevaplayabilmek icin ilk olarak asagidaki aragtirma sorusunu

cevaplamaliy1z.
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Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Yansima Kanunlari nelerdir? Verdiginiz cevabin altinda vatan

teori nedir?

4. Diizlem Aynada Gériintii Olusumu Ogretmen Materyali

Kazammlar

10.4.4.1. Diizlem aynada goriintii olusumunu acgiklar.
a. Diizlem aynada goriintii ozellikleri, yapilan c¢izimler iizerinden
aciklanir.
b. Kesisen ayna, aynanmn dondiiriilmesi, hareketli ayna ve hareketli cisim
konularina girilmez.

Derse baslamadan énce, 6grencilere deney foyiinii dagitalim. llk adimin amact,
deney oncesi gerekli on bilgiyi vermektir. Bunun i¢in, argiimantasyon aktivitesine

asagida yazili olan teorik bigiyi vererek baglayalim.

Diizlem Ayna (2 dk)

Ayna, bir camin arkasi aliminyum ya da glimiis gibi bir metalle sirlanarak yapilan
yansitic1 yiizeylerdir. Diizlem aynalar, yansitic1 yiizeyi diiz olan aynalardir. Uzerine
gonderilen paralel 151k demetini, paralel olarak geldigi ortama yansitirlar.

Evlerimizde kullandigimiz duvar aynalari, diizlem aynalara 6rnektir (Sekil 1).

Sekil 1. Dﬁglém Ayna
Ucuran Sandik (3 dk)
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Bu adimin amaci ogrencilerin derse ilgisini ¢cekmektir. Bunun icin ilk once
Uguran Sandik isimli videoyu 6grencilere izletelim ve ardindan asagida yazili
olan soruyu ogrencilere soralim.

Nasil oluyor da videoda izledigimiz bu 6grenci havada asili kaliyor (Sekil 2)?

Sekil 2. Havada asili kalan 6grenci

Bu soruyu cevaplayabilmek icin ilk olarak asagidaki arastirma sorusunu

cevaplamaliy1z.

Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Diizlem aynada goruntii 6zellikleri nelerdir? Verdiginiz cevabin

altinda vatan teori nedir?

5. Goriis Alani Ogretmen Materyali

Kazammlar

10.4.4.1. c. Deney ve simiilasyonlarla goriis alanina etki eden degiskenler ile
ilgili ¢ikarum yapilmast saglanir. Cikarim yapilirken saydam ve saydam
olmayan engeller de dikkate alinir. Matematiksel hesaplamalara girilmez.
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Derse baslamadan once, ogrencilere deney foyiinii dagitalim. llk adimin amaci,
deney oncesi gerekli on bilgiyi vermektir. Bunun i¢in, argiimantasyon

aktivitesine asagida yazili olan teorik bigiyi vererek baglayalim.

Goriis Alam (5dKk)

Bir aynada gorebildigimiz alana goriis alam denir. Sekil 1°de sariya boyali olarak

gosterilen alan, aynaya bakan kisinin goriis alanidir.

Ayna

Sekil 1. Goriis alan1

Siiriicii Aynalar

Bu advmin amaci 6grencilerin derse ilgisini ¢ekmektir. Bunun igin, ilk once
stiriicti aynalarmmin fotograflarim (Sekil 2) gosterelim ve ardindan asagida yazili
olan bilgiyi verelim.

Bir bagkasina ait arabayi kullanmadan Once koltugun pozisyonunu ve aynalari
kendimize gore ayarlamamiz gerekir (Sekil 2). Cilinkii bizim boyumuzdan farkli bir

boya sahip bir kisinin ayna ayarlar1 bizim i¢in uygun degildir.

Sekil 2. Siiriicii aynalar

188



Koltugun pozisyonunu ve aynalarin yoniini degistirdigimizde degisen goris

alanimizdir. Nasil degisir? Cevabinizin teorik temeli nedir?

Bu soruyu cevaplayabilmek icin ilk olarak asagidaki arastirma sorusunu

cevaplamaliy1z.

Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Diizlem aynada goriis alanina etki eden degiskenler nelerdir, nasil

etkilerler? Verdiginiz cevabin altinda vatan teori nedir?
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Goriis Alani Ogretmen Materyali

Kazammlar

10.4.4.1. c. Deney ve simiilasyonlarla goriis alanina etki eden degiskenler ile
ilgili ¢ikarim yapilmas: saglanir. Cikarim yapilirken saydam ve saydam
olmayan engeller de dikkate alinir. Matematiksel hesaplamalara girilmez.

Derse baslamadan énce, 6grencilere deney foyiinii dagitalim. Ilk adimin amact,
deney oncesi gerekli on bilgiyi vermektir. Bunun icin, argiimantasyon

aktivitesine asagida yazili olan teorik bigiyi vererek baslayalim.

Goriis Alani (5dk)

Bir aynada gorebildigimiz alana goriis alam denir. Sekil 1°de sariya boyali olarak

gosterilen alan, aynaya bakan kisinin goriis alanidir.

Ayna

Sekil 1. Goriis alani
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Siiriicii Aynalar:

Bu adimin amaci 6grencilerin derse ilgisini ¢ekmektir. Bunun igin, ilk once
stirticii aynalarinin fotograflarini (Sekil 2) gosterelim ve ardindan asagida yazili
olan bilgiyi verelim.

Bir bagkasina ait arabayi kullanmadan 6nce koltugun pozisyonunu ve aynalari
kendimize gore ayarlamamiz gerekir (Sekil 2). Ciinkii bizim boyumuzdan farkli bir

boya sahip bir kisinin ayna ayarlar1 bizim i¢in uygun degildir.

/ "
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Sekil 2. Siiriicii aynalar
Koltugun pozisyonunu ve aynalarin yoniinii degistirdigimizde degisen goriis

alanimizdir. Nasil degisir? Cevabinizin teorik temeli nedir?

Bu soruyu cevaplayabilmek icin ilk olarak asagidaki arastirma sorusunu

cevaplamaliy1z.

Arastirma Sorusu

Simdi, arastirma sorusunu soralim.

Arastirma sorusu: Diizlem aynada goriis alanina etki eden degiskenler nelerdir, nasil

etkilerler? Verdiginiz cevabin altinda yatan teori nedir?
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Deney Zamam (15dk)

2 kisilik gruplar olusturalim.

Osrencilerden, bu adimda arastirma sorusunu cevaplamak icin, asagida verilen
deney diizeneklerinden en az bir tanesini se¢ip, ona gore iddia yazmalarini ve
veri toplamalarini isteyelim. Toplanan tiim veriler icin o6grencilerden
gozlemlerini  ¢izmelerini, fotografini ¢ekmelerini  ya da yazili olarak
aktarmalarin isteyelim ve tiim bunlart 6grenci foyiindeki deney kutusuna not
etmelerini isteyelim.

Iddia, kanmit sunmaksizin ortaya atilan ifadedir. Ogrenciler; iddialarin

yapacaklart deneyin muhtemel sonucu olarak, deneyden énce yazacaklardir. Bu
iddialarin  bazilar1 deney sonrasit kanitlarla desteklenirken, bazilar: ise
ctirtitiilecektir.

Osrencilerin arastirma sorusuna verdikleri tahmini cevaplar dogrultusunda
iddialarint olusturmalarima yardim edelim. Ogrencilerden gelen her anlamli
iddiayr not edelim. Herkes istedigi sekilde deney yapabilir. Herkesin ayni deneyi
yapma zorunlulugu olmadigi gibi, ayni sonuglara ulasma zorunlulugu da yoktur.

Elimizdeki materyaller ile deney tasarlama zamani. Ik olarak iddialarimiz
olusturalim. Daha sonra iddialarimizin dogrulugunu kontrol etmek amagh
deneyimize baglayalim. Gozlemlerimizi ¢izim, fotograf ya da yazili olarak

kaydedelim.
Arastirma sorusunu cevaplayabilmek i¢in nasil bir diizenek olusturabiliriz?

—2>Bir aynanin Oniinde yer degistirerek (saga ya da sola ilerleyerek) goézlem
yapabiliriz, aynaya yaklasip uzaklasarak gozlem yapabiliriz ya da boyutlar1 farkli
baska aynalar kullanarak gézlem yapabiliriz. Goriisii engelleyen materyalleri aradan
kaldirabiliriz.

Kullanilabilecek 6rnek malzemeler:

e Diizlem ayna (Farkli boyutlarda iki diizlem ayna)
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Dikkat!

Ogrencilere asagidaki uyariyr yapalim.

e Apynalar ile elimizi kesmeyelim.

Bilimsel Tartisma (15 dk)

Bu adimda, ogrenciler kendi iddialarini destekleyen ya da ciiriiten kanitlarin
ogrenci foytindeki_deney kutusuna yazip, sinifla paylasacaklar ve birbirlerini
elestirecekler. BU amacgla, ogrencilerin argiimanlarini (iddia ve kanit)

sorgulayarak, simnifta tartisma ortami olusturalim. Eger iddia ve kanitlar
yetersizse dgrencilere asagidaki argiimantasyon gii¢lendirme sorularindan
uygun olanlarindan birini soralim. Gerekirse, dgrencilere birbirlerinin ve
kendilerinin kanitlarini kontrol etme, deney siireglerini aciklama firsati verelim.

Ogrenci foyiine yazdigimiz argiimanlarmmizi (iddia ve kanit) sinifla paylasarak
bilimsel tartismaya baglayalim. Argiimanlarimiz iddialar, iddialarimiz1 destekleyen
kanitlar icermelidir. Iddialar, grubumuzun arastirma sorusuna verdigi cevaplardir.

Kanitlar, topladigimiz verilerin yorumu ve analizidir.

Kimler, neyi incelemisti? iddiamzi hatirlatir misiniz? Ne buldunuz? Kanitlariniz

nelerdir? Bu kanitlara nasil ulagtiniz?

Ogrencilerden gelmesi muhtemel iddialar ve kanitlar:

Iddia 1: Diizlem aynaya yaklastigimizda aynada gordiigiimiiz alan biiyiir.

Kanit 1: Diizlem aynada goriinen alan ¢izimi /fotografi / yazili anlatim1 ve yorumu.

Iddia 2: Diizlem aynanin solundan sagina hareket etttigimizde sol tarafi goriirken,

sagindan soluna hareket ettigimizde sag tarafi goriiriiz.
Kanit 2: Diizlem aynada goriinen alan ¢izimi /fotografi / yazili anlatim1 ve yorumu.
Iddia 3: Diizlem ayna biiyiidiik¢e goriis alani biiytir.

Kanit 3: Diizlem aynada goriinen alan ¢izimi /fotografi / yazili anlatim1 ve yorumu.
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Argiimantasyon Giiclendirme Sorulari

e Iddiamizin dogru olduguna dair kanitiniz varsa, arkadasimizin iddiasin1 nasil
cliriitebilirsiniz?

e Hangi bilgi arkadaglarinin iddiasinin yanlis oldugunu kanitlar?

e Smifta arkadaglarimizin iddiasinin yanlis oldugunu kanitlayabilecek biri var
mi1?

e Bu iddiaya karar vermeden Once, grubunuzda tartistiginiz baska iddialar var
miydi? Diger iddialardan neden vazgectiniz?

e Iddianmizin gecerli oldugundan ne kadar eminsiniz? Emin olmak icin ne
yapabilirsiniz?

e Verileri nasil topladiniz? Neden bu yontemi kullandiniz? Neden bu verileri
topladiniz?

e Topladiginiz verilerin giivenilir oldugundan emin olmak ic¢in ne yaptiniz?
Hata payimizi diislirmek i¢in ne yaptiniz?

e Verileri nasil analiz ettiniz? Neden o sekilde yapmaya karar verdiniz?

e Kanitlarmiz1  farkli  yorumlayabilir miydiniz?  Kanitlarmizi  dogru
yorumladiginizdan emin misiniz?

e Neden kanitlarinizi bu sekilde sunmaya karar verdiniz?

Eger, yukarida bahsi gecgen iddialarin benzeri iddialar 6grenciler tarafindan
olusturulmadiysa ve deneyi yapilmadiysa ogretmen tarafindan yapimalidir. Bu
durumda;

‘Simdiye kadar sinifta yapilan deneyler, arastirma sorusunu cevaplamak igin
veterli mi? Bagka bir iddiada bulunmaya gerek var mi?’ gibi sorularla

ogrencileri sorgulayalim ve deneyi 6gretmen olarak biz yapalim.
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Goriis Alam (10 dk)

Artik bu isin fizigini konusabiliriz. Kanitlarimizin neden iddialar1 destekledigini
konusabilmek ve basta sorulan arastirma sorusunu cevaplayabilmek igin goriis

alaninin ne oldugunu 6grenmemiz gereklidir.

Az dnce 6grendigimiz gibi, bir aynada gorebildigimiz alana goriis alam denir. Sekil
1’de sartya boyali olarak gdsterilen alan, aynaya bakan kisinin goriis alanidir. Goriis
alaninda bulunan biitiin cisimlerden (eger arada opak bir engel yok ise) aynaya gelen
1s1nlar, ayna iizerinden yansir, goziimiize gelir ve goriirliz. Goriis alaninin sinirlarini,
aynanin uglarindan goziimiize gelen 1sinlar belirler. Ciinkii bu 1sinlar, aynadan
yanstyarak goziimiize gelen son 1sinlardir. Bunlara ug 151n denir. Sekil 1°de kirmizi
olarak cizilen 1sinlar, goriis alanmnin smirlarint belirleyen ug¢ 1smlardir. Kirmizi
1sinlarin arasindaki sar1 bolgedeki 1sinlar aynaya gelip, yansima sonucu goziimiize
gelir ve sar1 bolgeyi goriiriiz. Kirmizi 1ginlar disindaki beyaz bdlgeden aynaya gelen
1sinlar, yansima sonucu goziimiize gelmez ve beyaz bolgeyi géremeyiz. Kisacast sari
bolge bizim goriis alanimizdir. Goriis alanini bulmak istedigimizde, ilk olarak
gbzlimiize aynanin u¢ noktalarindan geldigini diislindiiglimiiz 1sinlar1 ¢izeriz.

Ardindan bu yansiyan 1s1nlarin, aynaya gelen 1ginlarimni ¢izeriz.

Ayna

Sekil 1. Goriis alani
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*Kisa yol: Goriis alanin1 bulmak i¢in en kisa yol, bakan kisinin ayna diizlemine gore
simetrigini alip (¢iinkii aynaya bakan kiginin goriintiisii, diizlem aynaya gore
simetrigidir.), bakan kiginin goziinden aynanin uglarindan gegecek sekilde ¢izgi
cizmektir. Aynanin On tarafinda, ¢izgiler arasinda kalan alan, aynaya bakan kisinin

goriis alanidir (Sekil 3).

Sekil 3. Goriis alant bulmanin kisa yolu

Bilimsel Tartisma 2 (20 dk)

Simdi, ogrencilere gosterdikleri kanitlarin iddialar1 neden destekledigini

soralim ve cevaplarim ogrenci foyiindeki deney kutusuna yazmalarini isteyelim.

Ogrencilerin ~ sorulara verdikleri cevaplari  dinledikten sonra, kendi
nedenlerimizi verelim. Verilen teorik bilgi bu sorulart cevaplamak icin yeterli
olacaktir. Son olarak, ogrencilere dersin basinda sorulan arastirma sorusunu

tekrar soralim.

Deneylerimizden elde ettigimiz kanitlar bazilarimizin iddialarimi  ¢iirtitiirken,
bazilarimizin iddialarini1 destekledi. Peki, neden? Simdi, bunu 6grenme vakti. Bunun

i¢in, 0grendigimiz teorik bilgiyi kullanarak sorulan sorulari cevaplayalim.

Diizlem aynaya yaklastigimizda goriis alan1 neden biiyiir?
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Sekil 4. Farkli uzakliklardaki gézlemciler i¢in goriis alani

Diizlem aynanin solundan sagina dogru hareket ettigimizde neden sol tarafi, sagindan

soluna dogru hareket ettigimizde neden sag tarafi goriiriiz?

Gorug alani
Sekil 5. Farkli yonlerdeki gézlemciler icin goriis alani

Diizlem ayna biiyiidiik¢e goriis alan1 neden artar?
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4'<< Ayna A Ayna

Sekil 6. Farkli boyutlardaki aynalar i¢in goriis alani

Arastirma Sorusuna Doniis

Simdi, ogrencilere dersin basinda sordugumuz aragtirma sorusunu tekrar

soralim ve cevaplarim 6grenci foyiindeki _deney kutusundaki sonuc¢ kismina

yazmalarini isteyelim.

Arastirma sorusu: Diizlem aynada goris alanina etki eden degiskenler nelerdir, nasil

etkilerler? Verdiginiz cevabin altinda yatan teori nedir?

Diizlem aynaya yaklastigimizda goriis alani biiyiir, ¢iinkii 6nceden ayna lizerinden

yanstyarak géziimiize ulagsmayan 1sinlar, ulasmaya baglar.

Diizlem aynanin Oniinde saga hareket ettigimizde sol alani, sol tarafa hareket
ettigimizde sag tarafi goririiz, ¢linkii biz saga hareket ettigimizde, sol taraftan
yanstyan 1sinlar gézlimiize ulasirken; sola hareket ettigimizde, sag taraftan yansiyan

1s1nlar géziimiize ulagir.

Diizlem ayna biiytidiik¢e goriis alan1 artar, ¢linkii ayna kii¢iikken aynaya ulasamayan

1sinlar, aynaya ulagsmaya ve oradan yansiyarak goziimiize ulagsmaya bagslar.

Siiriicii Aynalarma Doniis

O halde, koltugun pozisyonunu ve aynalarin yoniinii degistirdigimizde goriis alani

nasil degisir? Cevabinizin teorik temeli nedir?
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e Aynanin soluna oturdugumuzda, aynayr saga yonlendirerek, aynadan daha
once goremedigimiz sag tarafi gorebiliriz. Ya da sol kenarimizdaki dikiz
aynasini daha da sola yonlendirdigimizde, daha once gormedigimiz sol tarafi
gorebiliriz.  Koltugumuzu yukar1 c¢ikartarak, aynadan daha Once
goremedigimiz alt tarafi gorebiliriz. Koltugu on tarafa yaklastirarak, dolayisi
ile aynaya yaklasarak, goriis alanimiz1 biiyiitebiliriz. Geri goriisii saglayan
dikiz ve yan aynalara sofor koltugundan baktigimizda arkamizdaki trafigi
sorunsuz bir sekilde gorebiliyor olmamiz gerekir (Sekil 7). Goriis alanimizi,

arkamizdaki trafigi gorebilecek sekilde ayarlamaliy1z.

Sekil 7. Siiriiciiniin dikiz aynalarindan goriis alanlar1

Ornek (15 dk)

Bu adimda, ogrencilere ogrendikleri teorik bilgiyi uygulama firsati sunalim.

Peki, Sekil 1°deki gibi aynaya bakiyor olsaydik, sar1 ile boyal1 alandaki tiim cisimleri
aynaya bakarak gorebilir miydik? Neden?

e Hayir. Goriis alanimizda da olsa, cisimden yansiyan isinlar goziimiize
ulasmiyorsa o cismi goremeyiz. Ornegin Sekil 8’de aynaya bakan c¢ocuk,
hemen arkasinda bulunan toz pembe battaniyenin orta kismini goremez,
sadece kenar kisimlarint goriir. Gormek i¢in tek sart, battaniyeden yansiyan
isinlarin, ayna iizerinden yansiyarak ¢ocugun goziine gelmesi. Battaniyenin

orta kismindan yansiyan isinlarin, ¢ocuk tarafindan aynaya wulasmasi
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engellenir, dolayisi ile bu 1smnlar ¢ocugun goziine ulagamaz. Sonug olarak orta

kismi1 goremez.

Sekil 8. Aynaya bakan ¢ocuk

Ornek: (2007 OSS)

Dlsey kesiti ge- diizlem
kildeki ~ gibi K, ayna
olan dizenek-

te, O noktasin- | ”
dan aynaya ba- LO
kan bir gbz- \o
lemci dizlem | p_
ayna oniine | °
konan K, L, M, “~g
N, P celik bilye-

lerinden hangisinin gorintiisiinii géremez?

O
v
H
i

A) K B) L M DI N EYP

e K, tiim bilyeler gézlemcinin goriis alaninda olmasina ragmen K {izerinden
yansiyan 1sinlar M cismine ¢arpar ve aynaya ulasamaz.
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Kisa yol: O noktasinin, diizlem aynaya gore simetrigini alalim. Ciinkii O
noktasindan bakan gézlemcinin aynadan gordiigli goriintii ile, ayna olmadig:
durumda O noktasiin simetrisinden baktigindaki goriintii aynidir (Sekil 3’1
hatirlayalim.). O noktasim1 ve diizlem aynayr yok gibi dislinelim.
Gozlemcinin, bilyeleri gorebilmesi i¢in, bilyelerden gozlemcinin goziine 1s1n
gelmelidir. Bu sebeple, bilyelerden, O’nun simetrisine 1s1n ¢izelim. L,M,N
ve P’den yansiyan ismlar gozlemciye ulasirken; K’dan yansiyan 1sinlar M
bilyesi tarafindan engellenir. Gozlemci K’y1 géremez.

dazlem

PEEEL W EEE
U Nl

Ornek: Diizlem aynaya yaklastigimizda/uzaklastigimizda, viicudumuzun

gordiigiimiiz boliimii degisir mi?

Hayir. Daha iyi anlamak i¢in Sekil 9’u inceleyelim. Sol taraftaki gorselde
aynaya yakin duran kiz, sag taraftaki gorselde aynaya uzak durmaktadir. Iki
gorselde de ug¢ 1smlar yardimiyla kizin goriis alanini ¢izersek, basinin
tepesinden ellerine kadar olan bdlgenin goriis alani igerisinde oldugunu
goriiriirliz. Aynaya olan uzakligimizi degistirsek de, viicudumuzun aynada

gordiigiimiiz boliimli her zaman aynidir.

Sekil 9. Aynaya olan uzakligimizin viicudumuzun gérdiigiimiiz boliimiine etkisi

Son olarak, ogrencilerin foylerini 6gretmene teslim etmelerini isteyelim ve konu
ile ilgili calisma kagidini 6¢rencilere dagitalim.
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Student Activity Sheet

Goriis Alani Deney Foyii

Arastirma sorusu: Diizlem aynada g0Oris alanina etki eden degiskenler nelerdir, nasil

etkilerler? Verdiginiz cevabin altinda vatan teori nedir?

Ornek Deney Kutusu

Arastirma Sorusu: Aydinlanma siddetini etkileyen faktorler nelerdir, nasil etkilerler?
Verdiginiz cevabin altinda yatan teori nedir?

Iddia:Lamba ile aydinlanan yiizey arasindaki uzaklik azalirsa, yiizeyin aydinlanma
siddeti artar.

Kamnit:

Lamba ile aydinlanan yiizey arasindaki uzaklik Aydinlanma siddeti
20 cm 1300 lix

40 cm 190 lix

70 cm 55 lix

Bu soruyu cevaplamak icin ne yaptik?: Telefon feneri ile masamizin {izerini
aydmlattik ve aydinlanan yiizeyin aydinlanma siddetini 6lgmek i¢in yilizeye 151k Olger
koyduk. Lamba ile 151k Olger arasindaki dik uzakligr degistirdik, 11k 6l¢erde okunan
degeri not aldik. Isik 6lcerden okudugumuz deger aydinlanma siddeti idi. Uzaklik bizim
bagimsiz degiskenimiz, aydinlanma siddeti bagimli degiskenimiz idi. Isik siddeti ise
kontrollii degiskenimizdi. Lamba ile 151k 6lcer arasindaki uzakligi degistirirken, deneyde
diger her seyi sabit tuttuk. Cinkii, bir deneyde ayni anda iki ya da daha fazla degisken
degistiremeyiz. Eger degistirirsek, aydinlanma siddetinde olan degisikligin hangi
degiskenden oldugunu anlayamayiz.

Neden: iddiamiz dogruland: ¢iinkii lamba ile 151k Slcer arasindaki uzaklik azalirsa, 151k
Olcer yiizeyine daha fazla 1s1n gelir, 151k akisi artar dolayisi ile aydinlanma siddeti artar.
Sonug¢: Smifta yapilan tiim deneylerin sonuglarin1 verilen teorik bilgi ile
birlestirdigimizde su sonuca ulastik: Isik siddetini arttirdigimizda, lambadan ¢ikan 1gm
miktar1 artar, dolayist ile 151k Slgere gelen 151n miktari artar yani 11k akisi artar. Isik akisi
artarsa, aydinlanma siddeti artar. Isik Olger ile lamba arasindaki uzaklik arttiginda,
cihazin ekranina carpan 1smlarin miktar1 azalmigtir. Yani, cihazin yilizeyine diisen 151k
akist dolayisi ile yiizeyin aydinlanma siddeti azalmistir. Isik Olgerin yiizeyi, lambaya
baktiginda yani 151k 1ginlari, 151k Slcerin yilizeyine dik geldiginden ylizeyin aydinlanma
siddeti en biiyiik olur, ¢iinkil 151k Olcerin ylizeyine gelen 1s1n sayist maksimum olur.
Isinlarin ylizeye gelme agis1 arttik¢a, hem yiizeye gelen 151in sayist azalir hem de 1simlar
acili gelmeye baslar. Dolayisi ile ylizeyin aydinlanma siddeti azalir.
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Deney Kutusu
ddia:

Kanit:

Bu soruyu cevaplamak icin ne yaptik?

Neden: iddiamiz dogrulandy/ciiriitiildii ciinkii...

Sonug:

Student Handout

Goriis Alan1 Calisma Kagidi

Bir aynada gorebildigimiz alana goriis alam denir. Sekil 1°de sariya boyali olarak

gosterilen alan, aynaya bakan kisinin goriis alanidir. Gorilis alaninda bulunan biitiin
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cisimlerden (eger arada opak bir engel yok ise) aynaya gelen 1sinlar, ayna tizerinden
yansir, goziimiize gelir ve goriirliz. Goriis alaninin sinirlarini, aynanin uglarindan
goziimiize gelen 1sinlar belirler. Ciinkii bu 1sinlar, aynadan yansiyarak goziimiize
gelen son 1ginlardir. Bunlara ug 151n denir. Sekil 1’de kirmiz1 olarak ¢izilen 1sinlar,

g0Oriis alaninin sinirlarini belirleyen ug 1sinlardir.

Ayna

Sekil 1. Goriis alant

Kirmiz1 1ginlarin arasindaki sari bolgedeki i1sinlar aynaya gelip, yansima sonucu
gbziimiize gelir ve sar1 bolgeyi goriiriiz. Kirmizi 1sinlar digindaki beyaz bolgeden
aynaya gelen 1ginlar, yansima sonucu géziimiize gelmez ve beyaz bolgeyi goremeyiz.
Kisacasi sar1 bolge bizim goriis alanimizdir. Goriis alanin1 bulmak istedigimizde, ilk
olarak goziimiize aynanin u¢ noktalarindan geldigini diisiindiiglimiiz 1sinlar1 ¢izeriz.

Ardindan bu yansiyan 1ginlarin, aynaya gelen 1sinlarini ¢izeriz.

*Kisa yol: Goriis alanin1 bulmak i¢in en kisa yol, bakan kiginin ayna diizlemine gore
simetrigini alip (¢linkii aynaya bakan kisinin gOriintiisii, diizlem aynaya gore
simetrigidir.), bakan kisinin gbziinden aynanin uglarindan gececek sekilde cizgi
cizmektir. Aynanin 6n tarafinda, ¢izgiler arasinda kalan alan, aynaya bakan kisinin

goriis alanidir (Sekil 2).

Sekil 2. Goriis alant bulmanin kisa yolu

Gorag Alan
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Diizlem ayna Onunde ileri-geri hareket ederek va da saga-sola hareket ederek va da

aynanin bovutunu degistirerek g0rus alanimizi degistirebiliriz.

Diizlem aynaya yaklastigimizda goriis alanimiz biiytir, ¢iinkii aynaya yaklagtigimizda
Onceden ayna iizerinden yansiyarak goziimiize ulasmayan isinlar (turuncu bolgeden
gelen 1sinlar), ulagsmaya baslar (Sekil 3). Sekilde aynaya uzak olan gozlemci sadece
sar1 alan1 gorebilirken, yaklastiginda sar1 alana ek olarak turuncu alani da gérmeye

baglar.

Sekil 3. Farkli uzakliklardaki gézlemciler icin goriis alani

Diizlem aynanin solundan sagina dogru hareket ettigimizde sol tarafi, sagindan
soluna dogru hareket ettigimizde sag tarafi goriiriiz, clinkii biz saga hareket
ettigimizde, sol taraftan aynaya gelen 1sinlar yansiyarak goziimiize ulasabilirken; biz
sola hareket ettigimizde, sag taraftan gelen 1sinlar yansiyarak goziimiize ulasabilir

(Sekil 4).

Gorug alani

Sekil 4. Farkli yonlerdeki gozlemciler igin goriis alani

Diizlem ayna biiyiidiik¢e goriis alani artar, ¢linkii ayna kiiciikken aynaya ulagamayan

1sinlar, aynaya ulasmaya ve oradan yansiyarak goziimiize ulasmaya baslar (Sekil 5).
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AL Ayna

Sekil 5. Farkli boyutlardaki aynalar i¢in goriis alani

Ornek: Peki, Sekil 1°deki gibi aynaya bakiyor olsaydik, sari ile boyali alandaki tiim

cisimleri aynaya bakarak gorebilir miydik? Neden?

Cevap: Hayir. Goriis alanimizda da olsa, cisimden yansiyan isinlar goziimiize
ulagsmiyorsa o cismi goremeyiz. Ornegin Sekil 6°da aynaya bakan ¢ocuk, hemen
arkasinda bulunan toz pembe battaniyenin orta kismini goremez, sadece kenar
kisimlarin1  goriir. Gormek igin tek sart, battaniyeden yansiyan isinlarin, ayna
tizerinden yansityarak c¢ocugun goziine gelmesi. Battaniyenin orta kismindan
yanstyan 1smnlarin, ¢ocuk tarafindan aynaya ulagmasi engellenir, dolayisi ile bu

1sinlar cocugun goziine ulasamaz. Sonug olarak orta kismi goéremez.

- R

N

Sekil 6. A};néya bakan éocuk
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Ornek: (2007 OSS)

Disey kesiti e- diizlem
kildeki gibi
olan dlzenek-
te, O noktasin-
dan aynaya ba-
kan bir go6z-
lemci dizlem
ayna onine
konan K, L, M,
N, P celik bilye-
lerinden hangisinin gorintisini géremez?

A) K B) L M DN BYP

Cevap: K, tiim bilyeler gozlemcinin goriis alaninda olmasina ragmen K iizerinden

yansiyan 1sinlar M cismine ¢arpar ve aynaya ulagsamaz.

*Kisa yol: O noktasinin, diizlem aynaya gore simetrigini alalim. Ciinkii O
noktasindan bakan gbzlemcinin aynadan gordiigli goriintii ile, ayna olmadig
durumda O noktasinin simetrisinden baktigindaki goriintii aymidir (Sekil 2’yi
hatirlayalim.). O noktasim1 ve diizlem aynayi yok gibi diisiinelim. Gozlemcinin,
bilyeleri gorebilmesi icin, bilyelerden gdzlemcinin goziine 15in gelmelidir. Bu
sebeple, bilyelerden, O’nun simetrisine 1s1n ¢izelim. L,M,N ve P’den yansiyan 1sinlar
gozlemciye ulasirken; K’dan yansiyan i1sinlar M bilyesi tarafindan engellenir.

Gozlemci K’y1 gbremez.
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Ornek: Diizlem aynaya yaklastigimizda/uzaklastigimizda, viicudumuzun

gordiigiimiiz bolimii degisir mi?

Cevap: Hayir. Daha iyi anlamak icin Sekil 7’yi inceleyelim. Sol taraftaki gorselde
aynaya yakin duran kiz, sag taraftaki gorselde aynaya uzak durmaktadir. Iki gorselde
de u¢ 1smlar yardimiyla kizin goriis alanini gizersek, basinin tepesinden ellerine
kadar olan bdlgenin goriis alami igerisinde oldugunu goriiriiriiz. Aynaya olan
uzakligimizi degistirsekte, viicudumuzun aynada gordiigiimiiz boliimii her zaman

aynmdir.

Sekil 7. Aynaya olan uzakligimizin viicudumuzun gordiigiimiiz boliimiine etkisi

Soru: Bir bagkasina ait arabay1 kullanmadan 6nce koltugun pozisyonunu ve aynalari
kendimize gore ayarlamamiz gerekir. Ciinkii, bizim boyumuzdan farkli bir boya

sahip bir kisinin ayna ayarlar1 bizim i¢in uygun degildir (Sekil 8).

Sekil 8. Siiriicii aynalar

Cevap: Koltugun pozisyonunu ve aynalarin yoniinii degistirdigimizde degisen nedir?
Nasil degisir? Neden? Degisen goriis alanidir. Aynanin soluna oturdugumuzda,

aynay1 saga yonlendirerek, aynadan daha once géremedigimiz sag tarafi gorebiliriz.
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Ya da sol kenarimizdaki dikiz aynasin1 daha da sola yonlendirdigimizde, daha dnce
gormedigimiz sol tarafi gorebiliriz. Koltugumuzu yukarn c¢ikartarak, aynadan daha
once goremedigimiz alt tarafi gorebiliriz. Koltugu on tarafa yaklastirarak, dolayisi ile
aynaya yaklasarak, goriis alanimiz1 biiyiitebiliriz. Geri goriisli saglayan dikiz ve yan
aynalara sofor koltugundan baktigimizda arkamizdaki trafigi sorunsuz bir sekilde
gorebiliyor olmamiz gerekir (Sekil 9). Gorilis alanimizi, arkamizdaki trafigi

gorebilecek sekilde ayarlamaliyiz.

Sekil 9. Siiriicliniin dikiz aynalarindan goriis alanlari
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C. Interview Questions

Pre-Learning Interview Questions

1.

w»ok »wN

Bu ders/caligsma ile ilgili herhangi bir sorunuz var mi?

Sizce, fizik nedir?

Sizce, 6grenciler/insanlar neden fizik 6grenmeli?

Sizce, fizik nasil 6gretilmeli?

Ogrencilik hayatimizda (ortaokul/lise/iiniversite) fizik dersleriniz vardi. Bu
deneyimlerinizi diislindiiglinlizde sizde izi kalan bir fizik 6gretmeniniz var
m1? Hangi fizik 6gretmenin neyi iyi/kotii yapryordu? Nasil yapmasini
onerirsiniz? Neden? Ornek verebilir misin?

Fizik 6grenirken zorluk/sorun yasadiniz mi? Evet ise, bunlar neydi? Bu
zorluklari/sorunlar1 nasil astiniz? Bu yasadigin zorluk az once bahsettigin
ogretmenlerle mi ilgiliydi?

Ogrencilik hayatimzda online ders aldniz. Daha 6nce almis miydiniz?
Basarili buldugun/ basarisiz buldugun online ders var miydi? Bu dersin
ozellikleri nelerdi? Ne iyiydi? Ne kotliydii? Neden? Bu bahsettiginin

ogretmenle ilgisi var miyd1? Ne yapilmasini isterdin? Ornek verebilir misin?

. Daha o6nce online derslerde zorluk/sorun yasadiniz mi? Evet ise, bunlar

neydi? Bu sorunlar1 nasil astiniz? Bu yasadigin zorluk az once bahsettigin
ogretmenlerle mi ilgiliydi? Keske bu dersi almasaydik, neden bu adam bu
dersi veriyor dedirttigi oluyor mu?

Ogrencilik hayatinizda (ortaokul/lise/iiniversitede) laboratuarda uygulama
yaptiniz m1? Sizde iz birakan uygulama (deney) oldu mu (Vaaav dedirten, uff
dedirten)? Peki vaaaaw /ufffff demenizin kaynagi nedir (deney, 6gretmen, foy
vb) Ogretmen neyi iyi yaptginda/ kéti yaptiginda hosuna
gidiyordu/gitmiyordu? Nasil yapilmasini dnerirsiniz? Neden? Ornek verebilir

misin?
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10.

11.
12.

13.

Daha once lab derslerinde zorluk/sorun yasadiniz mi? Evet ise, bunlar
neydi? Bu zorluklari/sorunlari nasil astiniz

Argilimantasyon sizce nedir? Sorgulama sizce nedir?

Duydunuz mu? Biliyor musunuz? Daha 6nce arglimantasyon deneyiminiz
oldu mu? Daha once inquiry deneyiminiz oldu mu? Bunlarla ilgili ders
aldmiz m1? Aldiginiz derslerin igeriginde gecti mi? Dersin herhangi bir
yerinde gecti mi? Arkadaslarindan alan oldu mu? Nasildi? Bu
deneyimlerinizde zorluk/sorun yasadiniz mi? Evet ise, bunlar neydi? Bu
sorunlar1 nasil astiniz?

Bu dersten beklentileriniz nelerdir? Bu derste karsilagsmayi beklediginiz
zorluk/sorun var mi1? Varsa nelerdir? Bu dersin size katki (bilgi, beceri)

saglayacagm diisiiniiyor musunuz? Ornek verebilir misiniz?

Post-Learning Interview Questions

l.
2.
3.

Sence, fizik nasil 6gretilmeli?
Su ana kadar dersimizle ilgili deneyimin nasild1?
ADI kullanarak isledigimiz dersimizin begendigin ydnleri nelerdir? Ornekler

vererek nedenini agiklar misin?

. ADI kullanarak isledigimiz dersimizin begenmedigin ve gelistirilmesi

gerektigini diisiindiigiin yonleri nelerdir? Ornekler vererek nedenini agiklar
misin?
Grupga c¢alisiliyor olmasi/Gruplarin  her hafta degisiyor olmasi/deney
siiresinin sinirlt  olmasy/bilingli olarak deneylerde hata yapmaniza izin
veriliyor olmasi senin her hangi bir zorluk/sorun yasamana sebep oldu mu?
Bu deneyimin sana katki (bilgi ve/veya beceri) sagladigini diistiniiyor musun?
a. Evet ise, bunlar 6rneklendirebilir misin?
b. Hayir ise, sence sebebini agiklar misin?

Ogrencilik hayatinda sen de izi kalan (olumlu ve olumsuz) fizik

Ogretmenlerini tekrar hatirlamani istiyorum. Dersin 0gretim gorevlisi olarak
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10.

11.

12.

13.

14.

15.

benim o dgretmenlerinden daha iyi oldugum yonlerim var miydi? Evet ise
ornek verebilir misin?

Benim o o6gretmenlerle kiyaslandigimda, daha zayif oldugum noktalar var
miydi1? Ornek verebilir misin? Zayif oldugum noktalarda kendini gelistirmesi
acisindan neler yapmami onerirsin? Neden?

Bu deneyimini, 6grencilik hayatinda sen de izi kalan (olumlu ve olumsuz)
(online) dersleri tekrar hatirlamani istiyorum ile kiyaslayacak olursan, bu ders
ile ilgili neler sOyleyebilirsin? Bu dersin hangi o6zelligi/ozellikleri diger
(online) derslerden iyidir/kotiidiir?  Nasil yapilmasini Onerirsin? Neden?
Ornek verebilir misin?

Bu dersin o derslerden daha iyi oldugunu diislindiigiin yonleri var miydi?
Evet ise 6rnek verebilir misin?

Bu dersin o derslerden, daha zayif oldugu noktalar var miydi? Ornek verebilir
misin? Zayif oldugu noktalar1 gelistirmem agisindan neler yapmami
Onerirsin? Neden?

Bu deneyimini, 6grencilik hayatinda sen de iz birakan (olumlu ve olumsuz)
laboratuvar dersleri/uygulamalarini tekrar hatirlamani istiyorum Bu dersin o
derslerden daha iyi oldugunu diisiindiigiin yonleri var miydi? Evet ise 6rnek
verebilir misin?

Bu dersin o derslerden, daha zayif oldugu noktalar var miydi? Ornek verebilir
misin? Zayif oldugu noktalar1 gelistirmem agisindan neler yapmami
onerirsin? Neden?

Bu dersin simdiye kadar olan kisminda (learning phase) sende iz birakan
(olumlu ve olumsuz) aktivite/kisstm oldu mu? Hangisi? Neden? Nasil
gelistirebilirim?

ADI ilgi ¢ekme, kesfetme, argiimantasyon 1, aciklama, argiimantasyon 2,
derinlestirme adimlarindan olusur. ADI’nin adimlarinda gelistirmek istedigin
bir kisim var mi? Varsa hangisi? Neden? Ya da siralamada degisiklik

yapmay1 diistiniir miisiin? Evet ise, nasil? Hangi neden(ler)le?
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Post-Preparation Interview Questions

1.

ADI aktivitesini ve gerekli materyalleri hazirlarken takip ettigin yolu

anlatmani istiyorum. Materyalleri hazirlarken, hangi ¢calismalar1 yaptin?

. Her asama (arastirma, yazma vb) i¢in deneyimin nasildi? Bu asamanin

begendigin yonleri nelerdir? Ornekler vererek nedenini agiklar mismm? Bu
asamada her hangi bir zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden?
Ornek verebilir misin?

Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?
Coziim oOnerin nedir? ADI kullanilarak hazirlanan materyalleri inceledin mi?
(Orn: deney foyleri, makalelerde yer alan aktiviteleri, ADI nin kitabimi, ADI
youtube sayfasini, ADI web sayfasini, benim hazirladigim materyalleri vb)

a. Evet ise, inceledigin materyallerden faydalandin mi1? Ne Oolgiide
faydalandin? Birebir Ornekteki adimlari takip ettin mi? Hayir ise
neden? Birebir 6rnekteki i¢erigi kullandin m1? Hayir ise neden?

b. Hayir ise, neden?

Bu kazanima ait farkli materyaller (6rn: deney foyleri, kitaplar, web sayfalar)
inceledin mi?

a. Evet ise, inceledigin materyallerden faydalandin mi? Ne O0lgiide
faydalandin? Birebir 6rnegin aynisin1 m1 kullandin? Hayir ise neden?
Faydalandigin materyallerin giivenilir olup olmadigini kontrol ettin
mi?

b. Hayir ise, neden?

5. On bilgi yazma ile ilgili deneyiminden bahsedelim. Nasildi? Ornekler vererek

agiklar misin?
a. Kazanimminla ilgili 6n bilgi verip vermemen ile ilgili bir arastirma
yaptin mi1?
1. Evet ise, nerelerden/hangi kaynaklardan faydalandin? (kitap,
miifredat, ortaokul miifredati, websiteleri vb)

ii. Hayir ise, neden?
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b.

Bu boliimii hazirlarken her hangi bir zorluk/sorun yasadin m1? Evet
ise, nelerdir ve neden? Ornek verebilir misin? Bu zorlugu/sorunu
asabildin mi? Evet ise, Nasil astin? Hayir ise, neden? Coziim Onerin

nedir?

6. Kullanacagin baglami hazirlama deneyiminden bahsedelim. Nasildi?

Ornekler vererek aciklar misin?

a.

Kullanacagin ~ baglam  icin  nerelerden/hangi  kaynaklardan
faydalandin?

Baglam sec¢iminde/yaziminda zorluk/sorun yasadin mi? Evet ise,
nelerdir ve neden? Ornek verebilir misin? Bu zorlugu/sorunu
asabildin mi? Evet ise, nasil astin? Hayir ise, neden? Coziim Onerin
nedir?

Farkli baglam segeneklerin vardiysa, neden simdi kullandigini tercih
ettin?

Baglam soru yaziminda zorluk/sorun yasadin mi? Evet ise, nelerdir
ve neden? Ornek verebilir misin? Bu zorlugu/sorunu agabildin mi?
Evet ise, nasil astin? Hayir ise, neden? C6ziim 6nerin nedir?

Baglam ile kazanimi iliskilendirme konusunda zorluk/sorun yasadin
mi1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Bu
zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?

Coziim 6nerin nedir?

7. Arastirma sorusunu yazma deneyimin nasildi? Ornekler vererek aciklar

misin?

a.

Arastirma sorusunu yazma/baglam ile iliskilendirme konusunda
zorluk/sorun yasadin m1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir
ise, neden? Coziim Onerin nedir?

Farkli arastirma sorusu segeneklerin vardiysa, neden simdi

kullandigini tercih ettin?

215



8. Gelmesi muhtemel iddialari, kanitlar1 ve nedenleri yazma (birbirleri ile

iliskilendirme) deneyimine gecelim. Nasildi1?

a.

Iddialar1, kanitlar1 ve nedenleri yazarken bir kaynaktan faydalandin m1
yoksa kendin mi yazdin? Faydalandiysan, hangi kaynaklardan
faydalandin?
Iddia yaziminda zorluk/sorun yasadin m1? Evet ise, nelerdir ve neden?
Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil
astin? Hayir ise, neden? C6ziim 6nerin nedir?
Kanit yaziminda zorluk/sorun yasadin mi1? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Coziim 6nerin nedir?
Neden yaziminda zorluk/sorun yasadin mi? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Coziim Onerin nedir?
Iddia, kanit ve nedenleri iliskilendirme konusunda zorluk/sorun
yasadin m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Bu
zorlugu/sorunu asabildin mi? Evet ise, nasil agtin? Hayir ise, neden?
Cozlim onerin nedir?
Ogrencilerden gelebilecek yanlis ihtimalleri (yanhs iddialari,
aragtirma sorusunu cevaplamayan iddialari, sunulabilecek yanlig
kanitlar1 ya da yanlis gerekceleri vb ) g6z onilinde bulundurdun mu?
1. Evet ise, nelerdir? Bu durum ile ilgili deneyimin nasildi?
Ornek verebilir misin?
ii. Hayir ise, neden?
iii.  Yanlis thtimalleri kurgulama konusunda zorluk/sorun yasadin
m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Bu
zorlugu/sorunu agabildin mi? Evet ise, nasil astin? Hayir ise,

neden? Coziim onerin nedir?

9. Deney (simiilasyon/demo) boliimiinii hazirlarma asamasma gelelim. Bu

asama ile ilgili deneyimin nasild1? Ornekler vererek agiklar misin?
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a. Hangisini (deney/simiilasyon/demo) kullanacagina nasil karar verdin?

b. Kullanacagin deney (simiilasyon/demo) icin nerelerden/hangi
kaynaklardan faydalandin?

c. Bu boliimiin yaziminda zorluk/sorun yasadin mi1? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden?

d. Farkli deney/simiilasyon/demo segeneklerin vardiysa, neden simdi
kullandigini tercih ettin?

e. Bu deneyi yapan/demoyu yapan/ simiilasyonu kullanan 6grencinin,
hangi zorluklari/sorunlar1 yagayabilecegini goz oniinde bulundurdun
mu?

i. Evet ise, bu durum ile ilgili deneyimin nasild1? Ornek verebilir
misin? Sence, 6grencin hangi zorluklari/sorunlar1 yasayabilir?
(Simulasyon kullanimi, simulasyon sinirliliklari, simulasyonda
yer alan hatalar, deney sinirliliklari, giivenlik 6nlemleri, deney
hatalar1  vb.) Belirttigin zorlugu / sorunu yasarlarsa nasil
asabilirsin?

ii. Hayir ise, neden?

f. Ogrencilerinin  yasayabilecegi  zorluklari/sorunlart  kurgulama
konusunda zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden?
Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil
astin? Hayir ise, neden? C6ziim 6nerin nedir?

g. Varsa, deneyin (simiilasyonun/demonun) smirliliklar1 nelerdir? Bu
siurliliklart agmak i¢in 6gretmen materyalinde neler yaptin?

h. Deneyi (simiilasyonu/demoyu) denedin mi?

1. Deneyi  (simiilasyonu/demoyu) ve kazanim ile kolayca
iliskilendirebildin mi?

i. Hayir ise, neden? Cozliim 6nerin nedir?

10. Argiimantasyon 1 adimini yazma deneyimin nasil gecti? Ornekler vererek

agiklar misin?
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a.

Bu boliimiin yaziminda zorluk/sorun yasadin mi? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet

ise, nasil astin? Hayir ise, neden? Coziim onerin nedir?

11. Agiklama adimim yazma deneyimin nasil gecti? Ornekler vererek agiklar

misin?

a.

Bu béliimiin yaziminda zorluk/sorun yasadin mi1? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Coziim onerin nedir?

Uygun gorselleri bulma /agiklama ile iligkilendirme konusunda
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Orek verebilir
misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir

ise, neden? Coziim 6nerin nedir?

12. Argiimantasyon 2 adimimi yazma deneyimin nasil gegti? Ornekler vererek

agiklar misin?

a.

Bu boliimiin yaziminda zorluk/sorun yasadin m1? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Coziim 6nerin nedir?

Uygun gorselleri bulma /nedenler ile iliskilendirme konusunda
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir

ise, neden? Coziim Onerin nedir?

13. Derinlestirme adimin1 yazma deneyimin nasil gecti? Ornekler vererek agiklar

misin?

a.

Bu boliimiin yaziminda zorluk/sorun yasadin m1? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Coziim onerin nedir?

Uygun gorselleri bulma /sorular ile iliskilendirme konusunda
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir

ise, neden? Coziim Onerin nedir?
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14. Gelistirdigin materyallerde, Ogrencileri yanlis yonlendirebilecek ya da
kavram yanilgisina sebep olabilecek noktalari, 6grencilerin sahip oldugu 6n-
bilgileri goz 6nilinde bulundurdun mu? Evet ise, bu noktalar nelerdir? Hayir
ise, neden?

a. Eger Ogrencileriniz bu noktalarda zorlanirlarsa, bir 6gretmen olarak
neler yaparsiniz?

15. ADI aktivitesi ve gerekli materyalleri hazirlama siirecinin size katki
sagladigin1 diislinliyor musunuz? Evet ise, nelerdir? (Konuya Ogrencinin
goziinden bakmak, kavramsal bilgi ve simulasyon (deney) kullanimi,
simulasyon (deney) kullaniminin bir derse entegre edilmesi vb.)

16. Kendinizi ders anlatmaya yeterli hissediyor musunuz? Hayir ise, neden?

Coziim Onerin nedir?

Post (Peer/High School 1/High School 2) Teaching Interview Questions
1. ADI aktivitesiyle kendi arkadaslarina (lise 6grencilerine) ders anlatmak tizere
yapmis oldugun hazirliktan bahsetmeni istiyorum. Neler yaptin? . Bu
deneyimin sana katkilar1 ne oldu?
a. Vermis oldugum doniitlere ilave degisiklikler yaptin mi? Evet ise,
bunlar nelerdi? Neden bu ilave degisiklikleri yaptin?
b. Hazirlik asamasinda olumlu ya da olumsuz sende iz birakan bir
durumla karsilastin m1?. Evet ise, bunlar nelerdi? Neden ve neden?
c¢. Hazirlik asamasinda seni en ¢ok zorlayan sey ne oldu? Bu konuda
neden zorlandigini diisiiniiyorsun? Bu zorlugu nasil astin/sorunu nasil
giderdin?Benzer bir hazirlik icerisinde olan baska birine bu zorlugu
yasamamasl i¢in neler onerirsin?
2. ADI kullanarak isledigin ders deneyimin hakkinda konusmak istiyorum.
Sence nasild1? Ornekler vererek agiklar misin?
a. Sende olumlu iz birakan bir durum oldu mu? Evet ise ne(ler)

oldugunu ve nedenini agiklar misin?
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Olumsuz etkilendigin durum oldu mu? Evet ise ne(ler) oldugunu ve
neden(ler)ini agiklar misin? Bu durum derste zorluk/sorun yasamana
sebep oldu mu? Evet ise, nasil bir zorluk yasadigini anlatir misin?
Hazirlik siirecinde bdyle bir zorluk/sorun yasanabilecegini ve
yasanmas1 durumunda bu siireci nasil yonetecegini planlamig miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil? Hayir ise, neden
asamadigini disiiniiyorsun? Bir sonraki ders anlatimin ig¢in ¢6ziim
onerin nedir?

Dersin herhangi bir yerinde senden destek isteyen, bazi noktalari
anlamadigini belirten, “bunu neden yapiyorum” diyen 6grenci oldu
mu? Evet ise, deneyimini anlatir misin? Hazirlik siirecinde, boyle bir
durum yasanacagint Ongdrmiis milydiin? Evet ise, bu durumun
istesinden gelmeye dair planlama yapmis miydin? Bu zorlugu/sorunu
asabildin mi? Evet ise, nasil? Hayir ise, neden? Bir sonraki ders
anlatimin i¢in ¢o6ziim 6nerin nedir?

Kullandigin gorseller yeterli miydi? Uygun muydu? Herhangi bir
zorluk/sorun yasamana sebep oldu mu? Evet ise, bunlar
nelerdinelerdir ve neden? Orek verebilir misin? Daha énceden boyle
bir zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis
miydin? Bu zorlugu/sorunu agabildin mi? Evet ise, nasil astin? Hayir
ise, neden? Bir sonraki ders anlatimin i¢in ¢6ziim onerin nedir?
Gelistirdigin materyallerin (Ogretmen materyali, dgrenci c¢alisma
kagidi, ADI adimlar1 deney foyii, ppt) siireci yonetmene etkisi nasil
oldu? Olumlu ya da olumsuz.

ADI kullanarak hazirladigin ders anlatimin sirasinda herhangi bir
asamasinda, bir seyin eksik oldugunu (6rn: malzeme eksikligi, bilgi
eksikligi, gorsel eksikligi, yonlendirme eksikligi vb.) ve bu eksik olan
sey dersime dahil edilmis olsaydi gercekten iyi olurdu diye diislindiin

mii? Evet ise, nedir ve neden?
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g. Bahsettiklerin disinda baska bir zorluk/sorun yasadin mi1? Evet ise,
nelerdir ve neden? Ornek verebilir misin? Daha onceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

h. Ogrencilerin dersin hakkindaki goriisleri sence nasildi? Neye
dayanarak bunu soyliiyorsun?

3. On bilgi agiklama ile ilgili deneyiminden bahsedelim. Nasild1? Ornekler
vererek agiklar misin?

a. Bu boliimii aciklarken her hangi bir zorluk/sorun yasadin m1? Evet
ise, nelerdir ve neden? Ornek verebilir misin? Daha énceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

4. Baglami aciklama deneyiminden bahsedelim. Nasildi? Ornekler vererek
acgiklar misin?

a. Baglam agiklamada zorluk/sorun yasadin mi? Evet ise, nelerdir ve
neden? Ornek verebilir misin? Daha énceden bdyle bir zorluk/sorun
yasanirsa, siireci nasil yoOnetecegini planlamis miydin? Bu
zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?
Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

b. Baglamin ilgi ¢ekti mi? Hayir ise, baglamini degistirmeyi diisiiniir
miisiin? Evet ise, yeni baglam tercihin nedir? Hayir ise ??

c. Baglam sorusunu agiklamada zorluk/sorun yasadin m1? Evet ise,
nelerdir ve neden? Ornek verebilir misin? Hazirlik siirecinde bdyle bir
zorluk/sorun yasanabilecegini ve bu durumda silireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin igin

¢Ozlim Onerin nedir?

221



d. Baglam sorusunu degistirmeyi diisliniir miisiin? Evet ise, yeni baglam
sorusu tercihin ne olur?

e. Baglam ile kazanimi iliskilendirme konusunda zorluk/sorun yasadin
m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Hazirlik
siirecinde bdyle bir zorluk/sorun yasanabilecegini ve yasanmasi
durumunda siireci nasil yonetecefini planlamis miydin? Bu
zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?
Bir sonraki ders anlatimin i¢in ¢éziim Onerin nedir?

f. Ogrencilerin baglam ile kazammu iliskilendirme konusunda
zorluk/sorun yasadi m1? Evet ise, neden iliskilendiremediklerini
diisiiniiyorsun? Hazirlik siirecinde du durumun yasanabilecegini, ve
bu durumda ne yapacagini planlamis miydin? Bu zorlugu/sorunu
asabildin mi? Evet ise, nasil astin? Hayir ise, sence neden? Bir sonraki
ders anlatimin i¢in ¢6ziim 6nerin nedir?

5. Arastirma sorusunu aciklama deneyimin nasildi? Ornekler vererek aciklar
misin?

a. Aragtirma sorusunu agiklama/baglam ile iligkilendirme konusunda
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Orek verebilir
misin? Daha onceden bdyle bir zorluk/sorun yasanirsa, siireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin igin
¢Ozlim Onerin nedir?

b. Ogrencilerin arastirma sorusunu anlama/baglam ile iliskilendirme
konusunda zorluk/sorun yasadi mi? Evet ise, nelerdir ve neden?
Omnek verebilir misin? Daha ©6nceden bdyle bir zorluk/sorun
yasanirsa, siireci nasil yonetecegini planlamis miydin? Bu
zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?
Bir sonraki ders anlatimin igin ¢6ziim 6nerin nedir?

c. Aragtirma sorunu degistirmeyi diisliniir miisiin? Evet ise, yeni

arastirma sorusu tercihin nedir?
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6. Kesfetme adimi1 deneyimin nasild1? Ornekler vererek agiklar misin?

a. Ogrencilerinden gelen iddialardan bahseder misin, nasildi? (Dogru

iddia, yanlis iddia, aragtirma sorusunu cevaplamayan iddia vb)

Geldiyse, dgrencilerinden gelen yanlis iddia ve aragtirma sorusunu
cevaplamayan bir iddia ongordiigiin bir iddia miydi? Yanls iddia ya
da arastirma sorusunu cevaplamayan iddia geldiginde siireci
yonetmekte herhangi bir zorluk/sorun yasadin mi1? Evet ise, nelerdir
ve neden? Ormek verebilir misin? Daha onceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamig miydin?
Bu zorlugu/sorunu agabildin mi? Evet ise, nasil astin? Hayir ise,

neden? Bir sonraki ders anlatimin i¢in ¢6ziim Onerin nedir?

7. Deney/simiilasyon/demo asamasindan bahseder misin? Nasild1?

a. Kanit toplama asamasinda herhangi bir zorluk/sorun yasadin mi1? Evet

ise, nelerdir ve neden? Ornek verebilir misin? Daha 6nceden boyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?
Ogrencilerin kanit toplarken grup olarak m1 ¢ahist1? Evet ise, gruplar
kac kisiden olusuyordu?

Ogrencilerin iddialar1 igin kanit toplarken herhangi bir zorluk/sorun
yasadin m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Daha
onceden bdyle bir zorluk/sorun yasanirsa, siireci nasil yOnetecegini
planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil
astin? Hayir ise, neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin

nedir?

d. Deneyi/simiilasyonu/demoyu degistirmeyi diisiiniir miisiin?

8. Argiimantasyon 1 adimi deneyimin nasildi? Ornekler vererek agiklar misin?

a. Bu boliimii yonetirken zorluk/sorun yasadin mi? Evet ise, nelerdir ve

neden? Ornek verebilir misin? Daha 6nceden boyle bir zorluk/sorun

yasanirsa, siireci nasil yonetecegini planlamis miydin? Bu
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zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise, neden?
Bir sonraki ders anlatimin i¢in ¢6ziim Onerin nedir?

Olduysa, dogru iddialar i¢in toplanan dogru kanitlar1 tartisirken stireci
yonetmekte herhangi bir zorluk/sorun yasadin mi? Evet ise, nelerdir
ve neden? Ornek verebilir misin? Daha 6nceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim Onerin nedir?

Olduysa, dogru iddialar i¢in toplanan yanlis kanitlari tartisirken siireci
yonetmekte herhangi bir zorluk/sorun yasadin mi? Evet ise, nelerdir
ve neden? Ornek verebilir misin? Daha ©6nceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu agabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

Geldiyse, yanlis iddia ya da arastirma sorusunu cevaplamayan iddia
icin toplanan kanitlar1 tartisirken siireci yonetmekte herhangi bir
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Daha onceden boyle bir zorluk/sorun yasanirsa, siireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin icin

¢Ozlim Onerin nedir?

9. Aciklama adim1 deneyimin nasil gecti? Ornekler vererek agiklar misin?

a.

Teorik bilgiyi agiklamada zorluk/sorun yasadin mi1? Evet ise, nelerdir
ve neden? Ornek verebilir misin? Daha 6nceden bdyle bir
zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,
neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

Ogrencilerin teorik bilgiyi anlamada zorluk/sorun yasadin mi? Evet
ise, nelerdir ve neden? Ornek verebilir misin? Daha 6nceden bdyle bir

zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis miydin?
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Bu zorlugu/sorunu asabildin mi? Evet ise, nasil astin? Hayir ise,

neden? Bir sonraki ders anlatimin i¢in ¢6ziim Onerin nedir?

10. Argiimantasyon 2 adimi deneyimin nasil gecti? Ornekler vererek agiklar

misin?

a.

Bu boliimde tartismay1 yonetirken herhangi bir zorluk/sorun yasadin
m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Daha dnceden
boyle bir zorluk/sorun yasanirsa, siireci nasil yonetecegini planlamis
miydin? Bu zorlugu/sorunu asabildin mi? Evet ise, nasil agtin? Hayir
ise, neden? Bir sonraki ders anlatimin i¢in ¢6ziim 6nerin nedir?

Ogrencilerin iddia, kanit ve nedenleri iliskilendirme konusunda
zorluk/sorun yasadi m1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Daha 6nceden bdyle bir zorluk/sorun yasanirsa, siireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin igin

¢Ozim Onerin nedir?

11. Derinlestirme adim1 deneyimin nasil gecti? Ornekler vererek agiklar misin?

a.

Bu bdliimde agiklamayi/tartismayr  yonetirken herhangi  bir
zorluk/sorun yasadin mi1? Evet ise, nelerdir ve neden? Ornek verebilir
misin? Daha onceden bdyle bir zorluk/sorun yasanirsa, siireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin icin
¢Ozlim Onerin nedir?

Gelistirdigin materyallerde, 6grencileri yanlis yonlendirebilecek ya da
kavram yanilgisina sebep olabilecek noktalar var miydi? Evet ise, bu
noktalar nelerdir? Bu durum herhangi bir zorluk/sorun yasamana
sebep oldu mu? Evet ise, nelerdir ve neden? Ornek verebilir misin?
Daha Onceden bdyle bir zorluk/sorun yasanirsa, siireci nasil
yonetecegini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin icin

¢Ozlim Onerin nedir?
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12. Ogrencilerin, hazirladigin deney fdylerini sana doldurulmus olarak ders
sonunda gonderdiler. Ogrencilerinin teslim ettikleri foyler bekledigin gibi
miydi? Nasildi1?

a. Deney fOylerini degerlendirirken, O0grencilerinin, varsa, karsilastig
zorluklari/sorunlar: fark ettin mi? Evet ise, nelerdir? Ornek verebilir
misin? Bu zorlugun/sorunun kaynagi ne olabilir? Bir sonraki ders
anlatimin i¢in ¢oziim 6nerin nedir?

b. Ogrencilerinin fdylerini degerlendirirken herhangi bir zorluk/sorun
yasadin m1? Evet ise, nelerdir ve neden? Ornek verebilir misin? Daha
onceden boyle bir zorluk/sorun yasanirsa, degerlendirmeyi nasil
yapacagini planlamis miydin? Bu zorlugu/sorunu asabildin mi? Evet
ise, nasil astin? Hayir ise, neden? Bir sonraki ders anlatimin icin
¢Oziim Onerin nedir?

13. Gelistirdigin ADI aktivitesini arkadaglarina sunma siirecinin sana katki
sagladigimi diistiniiyor musun? Evet ise, nelerdir? (ger¢ek sunumun pilotu
olabilir, 6grencilerle yasayacagim sorunlari 6nceden gormek olabilir, siireci
yonetme becerileri (sorgulama, argiimantasyon, bilimsel silire¢ becerileri,
bilimsel okuryazarlik, kavramsal anlatim) gelismis olabilir.)

14. Kendini, lise 0grencilerine ders anlatmaya yeterli hissediyor musun? Hayir

ise, neden? Coziim Onerin nedir?
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D. Reflection Guideline

1. 1lgi cekme adiminda yapilanlar:

e On bilgi verildi.

e Baglam kullanild.

e Baglam sorusu soruldu.

e Arastirma sorusu soruldu.

Yukarida verilen bilgiler géz oniinde bulunduruldugunda, ilgi ¢ekme adiminda
yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz, begenmediginiz,
anlamakta ve/veya gerceklestirmekte zorlandiginiz veya neden yaptiginizi

sorguladiginiz.

2. Kesfetme adiminda yapilanlar:

e Iddialar olusturuldu.

e Deney diizenekleri tasarlandi.

e Deneyler yapildi.

e Veri toplandu.

e Toplanan veriler kanit olarak sunuldu.

Yukarida verilen bilgiler g6z Oniinde bulunduruldugunda, kesfetme adiminda
yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz, begenmediginiz,
anlamakta ve/veya gerceklestirmekte zorlandigimiz veya neden yaptiginizi

sorguladiginiz herhangi bir sey oldu mu? Gerekgeleri ile birlikte acik¢a yaziniz.

3. Argiimantasyon oturumu 1 adiminda yapilanlar:
¢ Olusturulan iddialar ve toplanan kanitlar sinifla paylasildi.
e Bagskalarinin olusturdugu iddialar ve kanitlar 6grenciler tarafindan elestirildi.

e Bilimsel tartisma ortami yaratildi.

Yukarida verilen bilgiler g6z 6niinde bulunduruldugunda, argiimantasyon oturumu

1’de yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz, begenmediginiz,
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anlamakta ve/veya gerceklestirmekte zorlandiginiz veya neden yaptiginizi

sorguladiginiz herhangi bir sey oldu mu? Gerekgeleri ile birlikte acik¢a yaziniz.

4. Aciklama adiminda yapilanlar:

e Ogrencilere yaptiklar1 deneyin altinda yatan teorik bilgi 6gretim elemani

tarafindan verildi.

Yukarida verilen bilgiler goz oOniinde bulunduruldugunda, aciklama adiminda
yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz, begenmediginiz,
anlamakta ve/veya gerceklestirmekte zorlandiginiz veya neden yaptiginizi

sorguladiginiz herhangi bir sey oldu mu? Gerekgeleri ile birlikte agikca yaziniz.

5. Argiimantasyon oturumu 2 adiminda yapilanlar:

e Oprencilere gosterdikleri kanitlarm, iddialarini neden destekledigi soruldu.

e Bilimsel tartisma ortami yaratildi.

e Ogrencilerin gosterdikleri kanitlarin, iddialarini neden destekledigi bilgisi
Ogretmen tarafindan verildi.

e Arastirma sorusu cevaplandi.

e Baglam sorusu cevaplandi.

Yukarida verilen bilgiler g6z Oniinde bulunduruldugunda, argiimantasyon
oturumu 2’de yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz,
begenmediginiz, anlamakta ve/veya ger¢eklestirmekte zorlandiginiz veya neden
yaptigimizi sorguladiginiz herhangi bir sey oldu mu? Gerekgeleri ile birlikte agikca

yaziniz.

6. Derinlestirme adiminda yapilanlar:
e Ogrencilere 6grendikleri teorik bilgiyi uygulama firsat1 olarak bir kavramsal

soru ve bir OSYM simav sorusu soruldu.

Yukarida verilen bilgiler géz 6niinde bulunduruldugunda, derinlestirme adiminda

yapilanlar hakkindaki goriisleriniz nelerdir? Begendiginiz, begenmediginiz,
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anlamakta ve/veya gerceklestirmekte zorlandiginiz veya neden yaptiinizi

sorguladiginiz herhangi bir sey oldu mu? Gerekgeleri ile birlikte acik¢a yaziniz.

7.

10.

11.

ADI aktivitesi sirasinda, 6gretim elemaninin 6gretimi ile ilgili begendiginiz
ve begenmediginiz yoOnlerini ve begenmediginiz yonleri hakkinda
tavsiyelerinizi gerekgeleri ile birlikte aciklayiniz.

Deney foyili hakkindaki goriislerinizi (begendiginiz ve begenmediginiz, varsa
anlamakta zorlandigimiz yonlerini ve gelistirmek i¢in Onerilerinizi)
aciklayiniz.

ADI aktivitesi sirasinda herhangi bir noktada kendinize “Bunu neden
yaptyorum?” diye sordunuz mu? Cevabiniz Evet ise, hangi durumda bu
sekilde diislindiinliz? Bununla ilgili olarak “6gretim elemani” ile iletisime
gectiniz mi? Evet ise, sorunuza aldiginiz cevap sizi tatmin etti mi?

ADI aktivitesi sirasinda herhangi bir asamasinda, bir seyin eksik oldugunu
(6rn: malzeme eksikligi, bilgi eksikligi, gorsel eksikligi, yonlendirme
eksikligi vb.) ve bu eksik olan sey ADI aktivitesine dahil edilmis olsaydi
gercekten iyi olurdu diye diisiindiinliz mii? Cevabimiz evet ise liitfen
aciklaymiz.

ADI aktivitesi sirasinda yukarida bahsi gegen konular disinda belirtmek

istediginiz herhangi bir sey var ise agikca belirtiniz?
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E. Ethical Approvals

UTGULANALIETIE ARASTMA Mz exen!

APPULD CTHCS REBEARCH CENTER

. ORTA 00GU TEENIK UNIVERSITESI
! MIDDLE EAST TECHNICAL UNIVERSITY

Mootk ) AL
30 CCAK 2019
Ko Degerlendirme Sonucu

Génderen: ODTU insan Arastirmalan Etik Kuruly {AER)

gi: Insan Aragtemalan Etik Kunuly Bayvurusy

San Dog.Or, Omer Faruk OZ0EMIR

Dangmankiine yapuiine Dilber DEMIRTAS'In “Baglamsal Argiimantasyon Tabanli Sorgulama ile
Iglenen Fazlk Derslerinin, Argiimantasyon Yabank Sorgulama ile fslenen Firik Dersleri ile
Keyastandigunda, Cankaya'da 10. Sinef Ofrencilerin Basarsina, Arglmantasyon Becerilerine, Bilimse!
Siireg Becarilerine ve Fizik Dersing Kary Yutumlaring Etidilorl Nederdie?” baghkli arastirmas: Insan
Aragtirmalan Etik Kurudy tarafndan UyRun govilmag ve 039-00TU-2009 protokel numaras: e
anaylsamighr,

Saywlaremla bilgilerinize sunanm,

Prof. Dr. Tulin GENG G2

Bagkan

Prof. Dr, Ayhan SOL Prof. Dr. Asyhan Garbiz DEMIR

Oye Cye
Prof. Or. Yagar KONDAKG Dog. Dr. Emre SELOUK

on [ £ .

o /
Dag. D Pndr KAYGAN Or. Or. Oyesi AR Emre TURGUT
Uye Oye
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Oniversiteniz Ortadgretim Fen ve Matematik Alanlan Egitimi Anabilim Dali dokiors
Ogrencisi Dilber DEMIRTAY® "Bajlamsal Argiimantasyon Tabanh Sergulama ile
Islencn Fizik Derslerinin, Arglimantasyon Tabanlh Sorgulama ile islenen Fizik Dersler]
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F. Consent Forms

Goniillii Katilim Formu
Degerli katilimci,

Bu ¢alisma ODTU Egitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi boliimii
doktora 6grencisi Dilber DEMIRTAS tarafindan yiiriitiilmektedir. Calismanin amaci,
‘Argumantasyon Odakli Sorgulama (ADI)” modeline gore hazirlanmis fizik dersinin
fizik Ogretmen adaylarinin becerilerine etkilerini arastirmak ve ADI ile fizik
Ogrenirken/Ogretirken 6gretmen adaylarinin yasadiklar1 zorluklari/sorunlar1 ortaya
cikarmaktir. Calismanin amacini gergeklestirebilmek igin 10. sinif optik iinitesinin
Aydinlanma, Golge, Yansima Kanunlari, Diizlem Aynalar ve Goriis Alani konulari
i¢in igerikler arastirmaci tarafindan hazirlanmis; 7 farkli 10. siifta pilot ¢alismasi
yapilmis ve var olan Ol¢lim araglar1 diizenlenmistir. Bunun i¢in 2020-2021 6gretim
yili gliz donemi igerisinde arastirmaci tarafindan gelistirilen icerikle belirlenen
konularda ders islenecektir ve konulara baslamadan ve bittiginde testler
uygulanacaktir. Ardindan, katilimcilarin ders hazirlamasi istenecek ve 3 farkli sinifta
ADI kullanarak aynm1 konuyu 6gretmesi istenecektir. Tiim donem boyunca diizenli

olarak katilimcilar ile miilakatlar yapilacaktir.

Olgiim araglarina verdiginiz cevaplar tamamiyle gizli tutulacak ve sadece arastirmaci
tarafindan  degerlendirilecektir; elde edilecek bilgiler bilimsel yayinlarda
kullanilacaktir. Isim ve kimlik bilgileriniz, hicbir sekilde kimseyle

paylasilmayacaktir.

Gelistirilen igerikler genel olarak kisisel rahatsizlik verecek sorular1 icermemektedir.
Ancak, katilim sirasinda herhangi bir nedenden 6tiirii kendinizi rahatsiz hissederseniz
herhangi bir agamada aragtirmadan ¢ekilebilirsiniz. Boyle bir durumda arastirmaciya,

arastirmay1 tamamlayamayacaginizi belirtmeniz yeterli olacaktir.
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Calisma hakkinda daha fazla bilgi almak icin Dilber DEMIRTAS ile iletisim

kurabilirsiniz. Calismaya sagladiginiz katki i¢in simdiden ¢ok tesekkiir ederim.

Saygilarimla,

Ars. Gor. Dilber Demirtag
Matematik ve Fen Bilimleri Egitimi Bolimii

Orta Dogu Teknik Universitesi, Ankara

Bu ¢alismaya tamamen goniillii olarak katiliyorum ve istedigim zaman yarida
kesip calismadan cekilebilecegimi biliyorum. Verdigim bilgilerin bilimsel amach
yayinlarda kullanilmasint kabul ediyorum. (Formu doldurup imzaladiktan sonra

uygulayiciya geri veriniz).

Ad Soyad Tarih Imza
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Research Project — Funding from METU Scientific
Research Center)

Reseacher and Physics Teacher

Comparison of Effects of Traditional Laboratory
Applications and Microcomputer Based Laboratory
Applications on 9" and 10" Grade Students’
Achievements, Attitudes, Self-efficacies, Scientific
Process Skills on the subjects of Mechanics and
Electricity. (Ministry of Education Project — Funding
from The Scientific and Technological Research
Council of TURKIYE (TUBITAK)

PROFESSIONAL DEVELOPMENT

09.07.2018-13.07.2018

29.09.2017-30.09.2017

14.09.2017-16.09.2017

26.08.2017-28.08.2017

Presenter

The Conference of International Research Group on
Physics Teaching (GIREP-MPTL)

San Sebastian/SPAIN

Workshop Leader

3 Bursa Sky Observation Festival

Niliifer National Education Management-
Bursa/TURKIYE

Presenter

3" National Physics Education Congress
Gazi University-Ankara/TURKIYE

Presenter and Member of Organization Committee
15" Astronomy Teacher Training Seminars
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02.02.2017-03.02.2017

28.09.2016-30.09.2016

03.06.2016-04.06.2016

05.12.2015-06.12.2015

10.09.2015-12.09.2015

06.07.2015-10.07.2015

22.06.2015-26.06.2015

11.06.2015-14.06.2015

12.09.2014

11.09.2014-14.09.2014

Cide National Education Management-
Kastamonu/TURKIYE

Member of Organization Committe
13" Astronomy Teacher Training Seminars
Middle East Technical University-Ankara/TURKIYE

Presenter
12 National Science and Math. Education Congress
Black Sea Technical University-Trabzon/TURKIYE

Workshop Leader

2" Bursa Sky Observation Festival
Yildirim National Education Management-
Bursa/TURKIYE

Member of Organization Committe
5" Astronomy Teacher Training Seminars
Middle East Technical University-Ankara/TURKIYE

Member of Organization Committe
2" National Physics Education Congress
Middle East Technical University-Ankara/TURKIYE

Presenter

The Conference of International Research Group on
Physics Teaching (GIREP)

University of Wroclow-Wroclow/POLAND

Participant

1* International Summer School for Sciences, History
and Philosophy of Sciences & Science Education
University of Lille-Lille/FRANCE

Workshop_Leader
1% Bursa Sky Observation Festival
Yildirim Governship-Bursa/TURKIYE

Presenter

2" Physics Education without Barriers Workshop
Cukurova University-Adana/TURKIYE

Presenter
11" National Science and Math. Education Congress
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11.08.2014-15.08.2014

14.03.2014-15.03.2014

07.08.2013-13.08.2013

23.04.2013

14.03.2013-15.03.2013

15.06.2012-28.06.2012

17.08.2010-28.08.2010

04.07.2010-10.07.2010

Cukurova University-Adana/TURKIYE

Lecturer- In-service Physics Teacher Training
Physics Teaching Methods and Techniques Seminar
Ministry of Education, Teacher Training and
Development General Management-
Antalya/TURKIYE

Presenter
New Perspectives in Science Education Conference
Libreria University-Florance/ITALY

Participant

The 23" Jyviskyld Summer School- Using Language
to Teach  Science

Jyviskyla University- Jyvéaskyla/FINLAND

Presenter and Member of Organization Committee
1*' Physics Education without Barriers Workshop
Middle East Technical University-Ankara/TURKIYE

Presenter
New Perspectives in Science Education Conference
Libreria University-Florence/ITALY

Participant
Summer Camp-Overseas Education Collage, Chinese

Education
Xiamen University-Xiamen/CHINA

Participant

Summer School of Utrecht Science and Mathematics
Education

Utrecht University-Freudental Institute-
Utrecht/HOLLAND

Participant

Summer School V on Nuclear Collective Dynamics
TUBITAK-Feza Gursey Institute-Istanbul/ TURKIYE
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LANGUAGES

Turkish(Native)
English(Fluent)
Chinese(Intermediate)
Spanish(Elementary)

COMPUTER LITERACY

MS Office applications (Excel, Word, Powerpoint, Publisher etc.)(Advanced)
Windows (Advanced)

Internet Tools (Advanced)

Spss 20 (Upper Intermadiate)

Moodle (Upper Intermadiate)

Iteman (Intermediate)

Linux (Intermediate)

SCHOLARSHIPS & AWARDS

The Scientific and Technological Research Council of TURKIYE
(TUBITAK) Participation in Abroad Scientific Activities Fellowship / 2015
The Scientific and Technological Research Council of TURKIYE
(TUBITAK) Participation in Abroad Scientific Activities Fellowship / 2013
The best website award-Fidatsu / 2011

Dean’s High Honor List / 2010-2011 (Spring)

Dean’s Honor List / 2006-2007 (Fall & Spring), 2007-2008 (Spring)
ECETAS Limited and Industry Company Success Scholarship / 2000-2011
Turkish Government Scholarship for Higher Education / 2004-2010

INTERESTS

Astronomy

Learning Languages
Swimming

Drawing and Painting
Reading books
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RESEARCH AREAS

e Physics Education

e Argumentation

e Inquiry Based Learning Approach
e Context Based Approach

e Argument-Driven Inquiry

e Astronomy Education

e Special Education

PUBLICATIONS

BOOKS:
Biilbiil, M. S., Cansu, U., Garip, B., Demirtas, D. & Eryurt, K. (2013) Herkes i¢in

Basit Malzemeler ile Matematik, Igneli Sayfa- Cebir uygulamalari, Ankara:
Pegem Akademi.

BOOK CHAPTERS:

Demirtas, D. (2023). Electric Field. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 8. Unlimited Educational Services.

Demirtas, D. (2023). Electricity. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Electromagnetic Induction. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Electromagnetism. In K. Ozmen (Ed.), Physics Teacher’s
Solutions Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Electrostatics. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 8. Unlimited Educational Services.

Demirtas, D. (2023). Force. In K. Ozmen (Ed.), Physics Teacher’s Solutions Grade
8. Unlimited Educational Services.

Demirtas, D. (2023). Lenses. In K. Ozmen (Ed.), Physics Teacher’s Solutions Grade
10. Unlimited Educational Services.
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Demirtas, D. (2023). Light and Shadow. In K. Ozmen (Ed.), Physics Teacher’s
Solutions Grade 7. Unlimited Educational Services.

Demirtas, D. (2023). Magnetism. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 8. Unlimited Educational Services.

Demirtas, D. (2023). Magnetism. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 9. Unlimited Educational Services.

Demirtas, D. (2023). Magnets. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Mechanical Properties of Matter. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 12. Unlimited Educational Services.

Demirtas, D. (2023). Momentum and Impulse. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 11. Unlimited Educational Services.

Demirtas, D. (2023). Newton’s Law of Motion. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 11. Unlimited Educational Services.

Demirtas, D. (2023). Pressure. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 7. Unlimited Educational Services.

Demirtas, D. (2023). Reflection of Light. In K. Ozmen (Ed.), Physics Teacher’s
Solutiins Grade 7. Unlimited Educational Services.

Demirtas, D. (2023). Refraction of Light. In K. Ozmen (Ed.), Physics Teacher’s
Solutions Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Resistors. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 10. Unlimited Educational Services.

Demirtas, D. (2023). Sound Waves. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 9. Unlimited Educational Services.

Demirtas, D. (2023). Thermal Properties of Matter. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 12. Unlimited Educational Services.

Demirtas, D. (2023). Waves. In K. Ozmen (Ed.), Physics Teacher’s Solutions Grade
9. Unlimited Educational Services.

Demirtas, D. (2023). Work and Energy. In K. Ozmen (Ed.), Physics Teacher’s
Solutions Grade 7. Unlimited Educational Services.
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Demirtas, D. (2023). Work, Energy and Power. In K. Ozmen (Ed.), Physics
Teacher’s Solutions Grade 11. Unlimited Educational Services.

Akgiimiis, 1., & Demirtas, D. (2022). Sound Waves. In K. Ozmen (Ed.), Physics
Grade 9. Unlimited Educational Services.

Demirtas, D. (2022). Electric Field. In K. Ozmen (Ed.), Physics Grade 8. Unlimited
Educational Services.

Demirtas, D. (2022). Electricity. In K. Ozmen (Ed.), Physics Teacher’s Solutions
Grade 9. Unlimited Educational Services.

Demirtas, D. (2022). Electromagnetic Induction. In K. Ozmen (Ed.), Physics Grade
10. Unlimited Educational Services.

Demirtas, D. (2022). Electrostatics. In K. Ozmen (Ed.), Physics Grade 8. Unlimited
Educational Services.

Demirtas, D. (2022). Magnetism. In K. Ozmen (Ed.), Physics Grade 9. Unlimited
Educational Services.

Demirtas, D. (2022). Pressure. In K. Ozmen (Ed.), Physics Grade 7. Unlimited
Educational Services.

Demirtas, D. (2022). Work and Energy. In K. Ozmen (Ed.), Physics Grade 7.
Unlimited Educational Services.

Demirtas, D., & Akgiimiis, I. (2022). Light and Shadow. In K. Ozmen (Ed.), Physics
Grade 7. Unlimited Educational Services.

Demirtas, D., & Akgiimiis, 1. (2022). Reflection of Light. In K. Ozmen (Ed.),
Physics Grade 7. Unlimited Educational Services.

Toprak, T., & Demirtas, D. (2022). Electric Current. In K. Ozmen (Ed.), Physics
Grade 9. Unlimited Educational Services.

Toprak, T., & Demirtas, D. (2022). Electricity. In K. Ozmen (Ed.), Physics Grade
10. Unlimited Educational Services.
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ARTICLE:

Biilbiill, M. S., Garip, B., Cansu, U. & Demirtas, D., (2012). Mathematics
instructional materials designed for blinds: Needle page. llkogretim-Online
Dergisi, ISSN: 1305-3515.

PROCEEDINGS:

Demirtag, D., Yildirnm (2018). Preservice Physics Teachers’ Challanges in
Implementing Context-Based Argument Driven Inquiry (CADI) Activities.
The GIREP-EPEC Conference: Wroclaw.

Eryllmaz, A., Garip, B., Demirtas, D., Ozdemir, O.F., Yildirim (2017).
OGRETMENLERIN KALITELI MATERYAL IHTIYACINA BiR COZUM:
ODTU FiZiK SAHNESI ORNEGI. 3. Ulusal Fizik Egitimi Kongresi, (p. 82).
Ankara. Rerieved from
http://ufek.gazi.edu.tr/docs/UFEK2017 Ozetler/mobile/index.html#p=94

Eryilmaz, A., Ozdemir, O.F., Yildinm, U., Eraslan, F., Eryurt, K., Garip, B.,
Demirtas, D. (2016). TURKIYE’DE LISE OGRENCILERININ FiziK
KONULARINDAKI KAVRAM  YANILGILARININ  COGRAFIK
BOLGELERE GORE HARITALANMASI. 12. Ulusal Fen Bilimleri Ve
Matematik Egitimi Kongresi, (p. 280). Ankara. Retrieved from
http://www.ufbmek.org/wp-content/uploads/2016/10/Bildiri-%C3%96zet-
Kitap%C3%A7%C4%B1%C4%9F%C4%B1.pdf

Eryilmaz, A., Ozdemir, O.F., Yildirrm, U., Eraslan, F., Eryurt, K., Garip, B.,
Demirtas, D. (2016). LISE OGRENCILERININ KUVVET VE HAREKET
KONUSUNDAKI KAVRAM  YANILGILARI VE KINEMATIK
GRAFIKLERINI ANLAMA KONUSUNDA YASADIGI ZORLUKLAR. 12.
Ulusal Fen Bilimleri Ve Matematik Egitimi Kongresi, (p. 281). Ankara.
Retrieved from http://www.ufbmek.org/wp-content/uploads/2016/10/Bildiri-
%C3%96zet-Kitap%C3%A7%C4%B1%C4%9F%C4%B1.pdf

Eryilmaz, A., Ozdemir, O.F., Yildirrm, U., Eraslan, F., Eryurt, K., Garip, B.,
Demirtas, D. (2016). LISE OGRENCILERININ BASIT ELEKTRIiK
DEVRELERI VE GEOMETRIK OPTIK KONUSUNDAKI KAVRAM
YANILGILARI. 12. Ulusal Fen Bilimleri Ve Matematik Egitimi Kongresi, (p.
281). Ankara. Retrieved from http://www.ufbmek.org/wp-
content/uploads/2016/10/Bildiri-%C3%96zet-
Kitap%C3%A7%C4%B1%C4%9F%C4%B1.pdf

Eryilmaz, A., Ozdemir, O.F., Yildirrm, U., Eraslan, F., Eryurt, K., Garip, B.,
Demirtag, D. (2016). LISE OGRENCILERININ YEDI COGRAFIK
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http://www.ufbmek.org/wp-content/uploads/2016/10/Bildiri-%C3%96zet-Kitap%C3%A7%C4%B1%C4%9F%C4%B1.pdf

BOLGEYE GORE KAVRAM YANILGILARI DAGILIMI VE
OGRENCILERIN KAVRAM YANILGILARI ARASINDAKI ILiSKi
ANALIZI. 12. Ulusal Fen Bilimleri Ve Matematik Egitimi Kongresi, (p. 282).
Ankara. Retrieved from http://www.ufbmek.org/wp-
content/uploads/2016/10/Bildiri-%C3%96zet-
Kitap%C3%A7%C4%B1%C4%9F%C4%B1.pdf

Yildirim, U., Eryurt, K., Demirtas, D., Garip, B. (2015).Relationship between Pre-
service Physics Teachers FCI Performance and Their Feedback on FCI
Results. The GIREP-EPEC Conference: Wroclaw.

Biilbiil, M.S., Garip, B., Demirtas, D., Eryurt, K. . (2014). Engelsiz Fizik Egitim
Calistayr: Yeniden Canlandirma Uygulamalari. 12. Ulusal Fen Bilimleri ve
Matematik Egitimi Kongresi, (p. 728). Adana.

Garip, B., Ozpolat, E., Demirtas, D. & Biilbiil, M.S. (2014). Schools for All. New
Perspectives in Science Education Conference. Libreria Universitaria.

Retrieved from https://conference.pixel-
online.net/NPSE/files/npse/ed0003/FP/0191-SEDP156-FP-NPSE3.pdf

Bulbul, M. S., Demirtas, D., Garip, B. & Oktay, O. (2013). Re-simulating”: physics
simulations for blind students. New Perspectives in Science Education
Conference. Libreria Universitaria. Retrieved from http://conference.pixel-
online.net/npse2013/common/download/Paper pdf/292-SDP02-FP-Bulbul-
NPSE2013.pdf

Bulbul, M. S., Garip, B., & Demirtas, D. (2013). Testing context based, self learning
material with a blind student: a wisdom box. New Perspective in Science
Education  Conference.  Libreria  Universitaria.  Retrieved  from
http://conference.pixel-
online.net/npse2013/common/download/Paper pdf/296-SDP03-FP-Bulbul-
NPSE2013.pdf

Biilbiil, M. S., Cansu, U., Demirtas, D., & Garip, B. (2012). Igneli sayfa ile gérme
engellilerin kullandig1 diger matematik 6grenme setlerinin karsilastirilmasi. X.
Ulusal Fen Bilimleri ve Matematik Egitimi Kongresi (p. 434).

Biilbiil, M. S., Demirtas, D., Cansu, U., Oktay, O. & Garip, B. (2012). Views and
Recommendations about 9th Grade Force and Motion Unit From Physics
Teachers who studied with Visually Impaired Students. Applied Education
Congress (s. 220-221). Ankara: Metu.
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